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Preface

The German edition of the Handbook of Print Media
— Technologies and Production Methods was pub-
lished and introduced to the market during the book
fair in Frankfurt/Main in October 2000.

The translation work for the English edition was
started in 1999 immediately after the manuscripts for
the German edition had been prepared.

The translation of the German preface follows this
preface. The German preface describes in detail the ori-
gins of this handbook, the goals regarding contents and
readership, and in particular the comprehensive coop-
eration with experts from academia and industry in the
fields of science, research, development, education and
from publishing and the communication industry
worldwide.

I have expressed my recognition and gratitude to the
many experts and partners in this cooperation and
would like to do so again here.

The translation for the English edition was done by a
team of international translators, headed by Dr. René
Bosewitz (The Translators AG, Heidelberg, Germany).

The proof-reading and refinement, especially re-
garding specialist terminology and the optimization of
the description of the technical content, was supported
from the beginning by Professor Frank Romano and
Professor Frank Cost of the RIT (Rochester Institute of
Technology)/College of Imaging Arts & Science in
Rochester/NY (USA) and myself.

In my capacity as editor, author within the large group
of authors, and project manager I was responsible for the
content of the handbook and its scientific and technical
quality. I was deeply involved in the process of enhanc-
ing the translation and learned a lot with the translators
when explaining the technical facts, answering questions
and showing what had to be described.

This handbook is, therefore, not “only” a translation
of the German edition. It includes many improve-
ments, additional information and descriptionsin text,

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)

pictures and graphs for enhancing the educational and
technological presentation.

The handbook is written in “international” English.
The rules for syllable separation and punctuation are
based mainly on “Merriam-Webster’s Collegiate Dic-
tionary”, and “The Chicago Manual of Style”. The ty-
pographical details, the fonts and page layout are opti-
mized for easy reading.

I would like to thank the whole team working on the
translation, especially the afore-mentioned experts for
their patience, efforts and support in creating a valu-
able international handbook, which is now ready for
worldwide use.

The units for technical specification/quantities are stat-
ed in the international SI-system (metric) and only a
few quantities are stated additionally in imperial units
directly in the text. Detailed tables of physical/technical
quantities and conversions are given in Section 14.2.

We took special care to choose terminology which is
used and understandable worldwide and exploited this
consistently throughout the whole book (sometimes
giving additional terms). This was a great challenge and
the reader should excuse us if some terms are different
from those he is familiar with.

The bibliography (references and further reading) in
the several sections/chapters is basically identical to
that of the German edition. There is, however, some
additional information from international publica-
tions to support the English speaking readership. In
any case where an English edition exists we added this
in or replaced the German edition with this.

Most of the addresses, for example of research insti-
tutes and associations, are stated in their native lan-
guage. We have not given a translation for these. If of-
ficial names exist in English, in some cases we have sub-
stituted them for the German or added them in.
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Preface

Together with best regards and wishes from Bernhard
Schreier (Dipl.-Ing.), the Chairman of the Manage-
ment Board of Heidelberger Druckmaschinen AG to
all readers, partners and experts from the printing,
publishing and communications industry, I hope and
trust both personally and on behalf of Heidelberg that
readers will gain an equal amount of pleasure and prof-
it from this book, the Handbook of Print Media. It
should contribute to ensuring the continuing eco-
nomic, high-quality production and availability of
print media in today’s age of information — both in
conjunction as well as in competition with electronic

media. The handbook should also help to ensure that
the influence of innovations, advanced and new tech-
nologies, market and customer demands on these in-
dustries and their further growth be evolutionary
rather than revolutionary, and that print media con-
tinue to contribute to the maintenance, expansion and
further development of a high degree of education, cul-
ture, progress and quality of life throughout the world.

Helmut Kipphan

Heidelberger Druckmaschinen AG
Heidelberg, December 2000

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)



Preface of the German Edition

The technological change and evolution in the printing,
publishing and communications industry and increasing
market requirements in terms of quality, costs and dis-
tribution of print media, have led to a considerable
change in the technologies and processes used for their
production. Digitalization, automation, synergistic tech-
nologies and innovations are further signs of improve-
ments, developments and new production methods and
processes. Demand on print media is also influenced by
the spread of electronic media together with new possi-
bilities in information storage and availability, produc-
tion and design of print media and the creation of new
multimedia products, in particular as well as the work-
flow stages involved in media production.

Processes and equipment used to produce print me-
dia require the use of a wide range of innovative tech-
nologies and components from all areas of technology
and industry — the need for cross-functional, interdis-
ciplinary working is particularly strong in the graphic
arts industry and therefore involves cooperating with
partners from many industrial sectors.

It is the advances in computer and networking tech-
nology, digital control and processing of production
equipment within the total production chain in print
media creation — that is from concept to the final print
media product — which more than anything else have
enabled the traditional production areas of prepress,
press and postpress to evolve together and be realized
for practical use.

Digital workflow has become a reality, Computer to ...
technologies characterize production with their wide
range of possibilities for realizing digital print produc-
tion. Novel printing technologies, production methods
and strategies have become possible and are being used
in practice.

Digitalization has also created the premedia sector in
which information for distribution is created as a dig-
ital master that forms the basis for duplication via both
print media and electronic media.

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)

In order to produce and supply media products and
services, companies, management and technical per-
sonnel, trainees, teachers and instructors must adapt
equally to existing and continually developing new
structures, technologies and opportunities in today’s
information society. Investment decisions must be
made from a commercial, technical, market and cus-
tomer-specific point of view, based on a wide range of
business and technical performance factors and criteria.

Information and knowledge on this meteoric devel-
opment and new possibilities have been published in
numerous books and papers in technical literature and
presented and discussed at national and international
symposia and conferences, but mostly only describing
specific subjects. However, it is difficult for the indi-
vidual to keep up-to-date and form a comprehensive
picture based on traditional technologies and process-
es. In this respect the far reaching content and didactic
design of the Handbook of Print Media should make
it an essential aid and tool in everyday practice.

The original ideas for producing a handbook of print
media are based on my conversations in June 1996 with
Dr. Hubertus v. Riedesel (Dipl.-Phys.) of the Springer
Publishing Company in Heidelberg during one of the
symposia of the “Rhein-Neckar — discussion group for
Physical Research in Industry and University” (an ini-
tiative of the University of Heidelberg and the indus-
try). Conversations between the management of the
publishing house, and Hartmut Mehdorn (Dipl.-Ing.),
Chairman of the Management Board of Heidelberger
Druckmaschinen AG at that time, and myself provid-
ed the impetus for putting these ideas into practice.
Fascination with the wide range of subject matter and
products of the graphic arts industry and the experience
of two successful globally active enterprises based in the
same city of Heidelberg led to the unanimous decision
by the Board of Heidelberger Druckmaschinen AG in
December 1997 to publish the “Handbook of Print Me-
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dia — Technologies and Production Methods” in Ger-
man in the year 2000 and an English edition soon after.

It was, in particular, Hartmut Mehdorn, who under-
took to meet the urgent need for further education and
training in the printing and publishing industry and
supported the project through his creative and ex-
tremely active involvement.

The following events lend particular significance to
the year 2000 for the graphic arts industry and Heidel-
berg: the 600™ birthday of Johannes Gutenberg, the in-
ventor of letterpress printing using movable metallic
type, the required tools and a printing press; the 150t
anniversary of Heidelberger Druckmaschinen AG and,
linked to this, the inauguration of the Print Media
Academy based in Heidelberg.

With the Print Media Academy as a new center for
communication, qualifications and knowledge within
a worldwide network for the whole printing and pub-
lishing industry, and the Handbook of Print Media,
Heidelberg continues to contribute to the improve-
ment and dissemination of knowledge about the re-
quirements of industry and promote the advancement
of the graphic arts and communications industry.

An examination of the current literature showed that
a large number of good text books and much educa-
tional literature is already available, covering most
subjects and areas of the printing and publishing in-
dustry as well as a large quantity of individual publi-
cations, but also that there is considerable demand for
an up-to-date, clear and comprehensive presentation
of the whole subject.

Thus, the concept of the handbook took shape, whose
main focus was the need to give state-of-the-art treat-
ment to the whole spectrum of modern print media
production and to make clear, topical facts available, ex-
plaining subjects, such as the following in particular:

+ traditional technologies and new innovative pro-
cesses in all stages of production;

+ detailed treatment of novel digital printing techno-
logies, especially non-impact printing processes;

+ the positioning of print media, electronic media
and multimedia;

+ the positioning of the various printing processes
based on their performance characteristics and the
market segments of print media;

+ presentation of the trends in the production of
print media, taking economic and technological re-
quirements into account;

+ training, education, research, development trends
and strategies;

« state-of-the-art production equipment, systems
and technologies, taking account of the products of
numerous well known manufacturers from around
the world;

+ environmental protection and safety technology;

+ historical evolution of printing;

+ reviews of standards, norms, training centers and
research establishments, societies, associations and
organizations of the printing and publishing indu-
stry, as well as international technical conferences,
etc.

The handbook should therefore serve as a standard ref-
erence for technical communication and further edu-
cation; it should provide technical personnel and man-
agers of printing and publishing houses, of the graph-
ic arts and communications industry, supply industry,
scientific bodies, trade associations and experts in re-
search and education, trainees and students with com-
prehensive information. In addition, however, it
should give those who are not familiar with the indus-
try the opportunity to learn about the theory and prac-
tice of print media production and to develop an
awareness of new areas.

The wide scope of the handbook means that there has
been a deliberate use of repetition in the individual
chapters. This enables the reader to first become famil-
iar with the broad area of a subject and then use cross-
referencing to study the complementary information
given in other chapters.

The handbook provides a solid foundation for ac-
quiring basic information and gaining an understand-
ing and knowledge of the subjects’ interrelationships.
References to specialist and complementary literature
help to provide more in-depth information. It repre-
sents a building block and reference work for training
programs and further education — also in the context
of the programs of the Print Media Academy — and is
aimed at an international readership having a broad
range of different interests.

The CD-ROM that accompanies the handbook
makes it a true multimedia product. The CD-ROM in-
cludes the complete handbook, enables a full text
search and contains additional aids to provide a con-
venient and focused method of searching and infor-
mation gathering. It also provides a user friendly guide
to the extensive text and the numerous figures.

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)
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There is an up-to-date explanation of the state-of-the-
art with respect to subject matter, referring in general
to the end of 1999. However, many new products and
technologies, which were not to be publicized until
May 2000 at Drupa (the world’s largest exhibition of
print media) have already been taken into account.
Statements on the trends and forecasts are based on
current facts and extensive experience as well as infor-
mation obtained around the world.

The editor and publisher have agreed to update the
handbook in subsequent editions, so that it forms a
standard work for the production of print media.

It is with pleasure that I undertook the extremely stim-
ulating tasks which Heidelberger Druckmaschinen AG
entrusted to me as leader of the project to create the
handbook, as well as taking charge of the technical con-
tent, and acting as the editor. This afforded me a par-
ticular opportunity and responsibility for creating and
making the subject matter available while Springer, in
close cooperation, undertook the production and mar-
keting.

The diverse subject matter as well as Heidelberg’s aim
to represent technologies, products and systems as in-
dependent of their manufacturer as possible led from
the outset to the idea of creating the handbook by em-
ploying a team of authors drawn from science, re-
search, education, academia and industry. This was
coupled with the skill, knowledge, competence and ex-
perience of the Heidelberg Group, but predominantly
with external authors.

One of the greatest challenges was to set up the team
of authors, to discuss and agree on the subject matter
and content, to match the authors to the current tasks
and to complement the team during the editing process.
The initial meeting of a core team of authors took place
in Heidelberg in March 1998. Additional authors were
still being included in the team until August 1999.

A great deal of thanks is due to all authors. They per-
formed their tasks well and were willing to agree to sug-
gestions and improvements so that the handbook
could appear to come “from a single mold” despite the
large number of authors. Thanks also go to the many
experts, who are not named here but whose words and
deeds contributed to the content and progress of the
project.

Professor Arved C. Hiibler (Dr.-Ing.) and Professor

Wolfgang Beier (Dr.-Ing.) of the Institute for Printing
and Media Technology at the Technical University of
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Chemnitz supported the coordination of the technical
matter. In closest collaboration with the editor they
contributed to ensuring that the manuscripts met the
quality demanded of the handbook in terms of content
and educational value, and that the contributions were
as consistent as possible.

The English translation of the handbook was begun
immediately following production of the German
manuscript. The English translation team was sup-
ported by international experts with experience in the
graphic arts industry, Professor Frank Cost and Pro-
fessor Frank Romano of the RIT (Rochester Institute
of Technology)/College of Imaging Arts & Sciences in
Rochester/NY (USA). They undertook the task of per-
forming a general check of the translations produced
regarding the language and then once again for con-
tent, resulting in a number of improvements. This al-
so meant that the experience and interests of interna-
tional experts, teachers and readers could be taken in-
to account to an even greater extent.

Special thanks are also due to the employees in my
department of Technology & Innovation Research,
Dr. Martin Schmitt-Lewen (Dipl.-Phys.) and Walter
d’Heureuse (Dipl.-Ing.), who continually supported
me during the whole project through their critical and
constructive contributions on the clarification of tech-
nical questions, but also for their patience and under-
standing in the often difficult situations caused by
scheduling. Special mention goes to their support in
working on the manuscripts for proof-reading and
correction as well as searching for and acquiring mate-
rial for illustrations. Thanks also to SciTech Consul-
tants GmbH/Heidelberg, Germany, who worked in
close cooperation with us from the beginning of the
project regarding communication and timing between
the various parties for both the German and English
edition. The work included the competent and accu-
rate proof-reading of all the versions of the chapters
right up to going to print.

I am particularly keen to thank all of the companies,
experts and customers all over the world for the many
conversations, the advice, suggestions and constructive
criticism on the wide range of subjects and queries on
the production of print media and the demands on the
means of production. It was only with this information
and support, mainly based on years of close coopera-
tion and continual personal contacts, that we could
take an up-to-date and comprehensive view of the

IX
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interests and requirements of the users of production
equipment and systems as well as their customers. This
applies both to the gathering of the material for the
book and the handling and treatment of the individual
topics. This ensured that the handbook relates to in-
dustrial practice, lends equal support to owners, man-
agers and employees in the various workplaces of a
printing/publishing company and also offers trainees
and students useful, practice-oriented information,
knowledge, skill and experience.

Many thanks also for the support received from col-
leagues and experts in the Heidelberg Group world-
wide as well as the numerous contacts in companies in
the supply industry, partners in cooperation and com-
petitors, as well as experts and partners in institutions
and organizations for industrial and academic re-
search.

The selection and creation of illustrations posed a par-
ticular challenge and represented a subject of special
interest to me personally, firstly with respect to the
quality of the images and secondly from the point of
view of a representative selection of examples of prod-
ucts from as many suppliers as possible. Special thanks
to all companies and experts whose understanding and
helpfulness provided us with illustrations and infor-
mation either directly or indirectly. Great care has been
taken to name all sources; if there are omissions, please
accept our apologies.

The skills, competencies, abilities, experiences and
partners of the Heidelberg Group and Springer were
used to produce a high-quality handbook in terms of
content, illustration and design in a relatively short

time and to make it available to a broad readership. It
was always a common goal for me, Heidelberg and
Springer to produce the very highest quality. Readers
and users of the handbook are urged to provide sug-
gestions and advice on how it may be updated and im-
proved. This information will help in the preparation
of a subsequent edition broadly based on a desire for
continuous improvement.

Personally and on behalf of Heidelberger Druck-
maschinen AG and together with the best regards and
wishes of the Chairman of the Management Board of
Heidelberg, Bernhard Schreier (Dipl.-Ing.) to all read-
ers, partners and experts in the printing, publishing
and communications industry, I hope and trust that
readers will gain an equal amount of pleasure and prof-
it from this book, the Handbook of Print Media. It
should help in allowing print media to continue to be
produced and supplied economically and in high qual-
ity in today’s age of information — both in conjunction
as well as in competition with electronic media. It
should also mean that the influence of innovations, ad-
vanced technologies and market and customer de-
mands on these industries and their further develop-
ment will be evolutionary rather than revolutionary
and that print media will continue to contribute to the
maintenance, expansion and further growth of a high
degree of education, culture, progress and quality of
life throughout the world.

Helmut Kipphan
Heidelberger Druckmaschinen AG
Heidelberg, April 2000
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Authors and their Contributions

As explained in the preface, a team of authors from sci-
ence, research, academia and industry was formed to
create the handbook. Editing of the diverse and com-
prehensive subject matter resulted from close coopera-
tion with Professor Helmut Kipphan (Dr.-Ing. habil.),
the editor, who was also in charge of the content and
scope of the handbook, its technical and scientific qual-
ity and who is also the main author.

Many contributions — sections as well as complete
chapters — were produced by individual authors. Nu-
merous sections also arose out of the cooperation of
several authors, mainly author and co-author. Co-au-
thors are named if they have made important contri-

Beier, Wolfgang, Prof. Dr.-Ing.

Institut fiir Print- und Medientechnik,
Technische Universitit Chemnitz,

(Institute for Print and Media Technology,
Technical University of Chemnitz), Chemnitz
1.4.5 + 2.3 « 3.1 (without 3.1.7) - 14.1.1,14.2 « 15.

Briies, Stefan, Prof. Dr. rer. nat.
Kommunikationstechnologie-Druck, Bergische
Universitit-Gesamthochschule Wuppertal,
(Department of Communication Technology — Print
Media, University of Wuppertal), Wuppertal
1.4.1,1.4.2 * 3.2.6,3.2.9, 3.2.11.

Dalton, Keith, BSc (Hons)
Heidelberger Druckmaschinen AG, Heidelberg
114, LL5 * 13.3.

Dolezalek, Friedrich, Ph.D.

FOGRA Forschungsgesellschaft Druck e.V,,
(Graphic Technology Research Association),
Miinchen

3.L.7,3.2.2 + 13.2.3 + 14.4, 14.5, 14.6.
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butions to the content and scope of the section. Sections
or chapters which were written by one author in total
or as the main author, are in bold print in the following
list, while co-authors are named for sections or chap-
ters in normal type (for contributions which are rough-
ly equal there is no distinction made between author
and co-author).

All contributions to the handbook were edited with a
desire for unity of style of text, images and graphics, a
clear structure and an educationally useful design with
the support of the editor’s staff, colleagues and the co-
ordinators in cooperation with all of the authors.

Dérner, Gerhard 0., Dipl.-Ing.

Berufsgenossenschaft Druck und Papierverarbeitung,
(Institution for Statutory Accident Insurance and
Prevention in the Printing and Paper Converting
Industry),Wiesbaden

13.2.2.

Friedl, Friedrich, Prof.
Hochschule fiir Gestaltung,
(Art Academy), Offenbach
1.2.1.

Fuchs, Boris, Dipl.-Ing.

Frankenthal

1.6.2.2,1.9.2 + 2.1.3, 2.1.6.2, 2.2.1, 2.2.2, 2.2.4 * 8.1.1
(without 8.1.1.5) « 13.1.1.

Hiibler, Arved C., Prof. Dr.-Ing.

Institut fiir Print- und Medientechnik,
Technische Universitit Chemnitz,

(Institute for Print and Media Technology,
Technical University of Chemnitz), Chemnitz
1.9.1,1.9.3 « 8.1.2,8.1.3 « 9.1,9.2 * 14.5-14.7 « 15.
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Preface

The German edition of the Handbook of Print Media
— Technologies and Production Methods was pub-
lished and introduced to the market during the book
fair in Frankfurt/Main in October 2000.

The translation work for the English edition was
started in 1999 immediately after the manuscripts for
the German edition had been prepared.

The translation of the German preface follows this
preface. The German preface describes in detail the ori-
gins of this handbook, the goals regarding contents and
readership, and in particular the comprehensive coop-
eration with experts from academia and industry in the
fields of science, research, development, education and
from publishing and the communication industry
worldwide.

I have expressed my recognition and gratitude to the
many experts and partners in this cooperation and
would like to do so again here.

The translation for the English edition was done by a
team of international translators, headed by Dr. René
Bosewitz (The Translators AG, Heidelberg, Germany).

The proof-reading and refinement, especially re-
garding specialist terminology and the optimization of
the description of the technical content, was supported
from the beginning by Professor Frank Romano and
Professor Frank Cost of the RIT (Rochester Institute of
Technology)/College of Imaging Arts & Science in
Rochester/NY (USA) and myself.

In my capacity as editor, author within the large group
of authors, and project manager I was responsible for the
content of the handbook and its scientific and technical
quality. I was deeply involved in the process of enhanc-
ing the translation and learned a lot with the translators
when explaining the technical facts, answering questions
and showing what had to be described.

This handbook is, therefore, not “only” a translation
of the German edition. It includes many improve-
ments, additional information and descriptionsin text,
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pictures and graphs for enhancing the educational and
technological presentation.

The handbook is written in “international” English.
The rules for syllable separation and punctuation are
based mainly on “Merriam-Webster’s Collegiate Dic-
tionary”, and “The Chicago Manual of Style”. The ty-
pographical details, the fonts and page layout are opti-
mized for easy reading.

I would like to thank the whole team working on the
translation, especially the afore-mentioned experts for
their patience, efforts and support in creating a valu-
able international handbook, which is now ready for
worldwide use.

The units for technical specification/quantities are stat-
ed in the international SI-system (metric) and only a
few quantities are stated additionally in imperial units
directly in the text. Detailed tables of physical/technical
quantities and conversions are given in Section 14.2.

We took special care to choose terminology which is
used and understandable worldwide and exploited this
consistently throughout the whole book (sometimes
giving additional terms). This was a great challenge and
the reader should excuse us if some terms are different
from those he is familiar with.

The bibliography (references and further reading) in
the several sections/chapters is basically identical to
that of the German edition. There is, however, some
additional information from international publica-
tions to support the English speaking readership. In
any case where an English edition exists we added this
in or replaced the German edition with this.

Most of the addresses, for example of research insti-
tutes and associations, are stated in their native lan-
guage. We have not given a translation for these. If of-
ficial names exist in English, in some cases we have sub-
stituted them for the German or added them in.
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Preface

Together with best regards and wishes from Bernhard
Schreier (Dipl.-Ing.), the Chairman of the Manage-
ment Board of Heidelberger Druckmaschinen AG to
all readers, partners and experts from the printing,
publishing and communications industry, I hope and
trust both personally and on behalf of Heidelberg that
readers will gain an equal amount of pleasure and prof-
it from this book, the Handbook of Print Media. It
should contribute to ensuring the continuing eco-
nomic, high-quality production and availability of
print media in today’s age of information — both in
conjunction as well as in competition with electronic

media. The handbook should also help to ensure that
the influence of innovations, advanced and new tech-
nologies, market and customer demands on these in-
dustries and their further growth be evolutionary
rather than revolutionary, and that print media con-
tinue to contribute to the maintenance, expansion and
further development of a high degree of education, cul-
ture, progress and quality of life throughout the world.

Helmut Kipphan

Heidelberger Druckmaschinen AG
Heidelberg, December 2000

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)



Preface of the German Edition

The technological change and evolution in the printing,
publishing and communications industry and increasing
market requirements in terms of quality, costs and dis-
tribution of print media, have led to a considerable
change in the technologies and processes used for their
production. Digitalization, automation, synergistic tech-
nologies and innovations are further signs of improve-
ments, developments and new production methods and
processes. Demand on print media is also influenced by
the spread of electronic media together with new possi-
bilities in information storage and availability, produc-
tion and design of print media and the creation of new
multimedia products, in particular as well as the work-
flow stages involved in media production.

Processes and equipment used to produce print me-
dia require the use of a wide range of innovative tech-
nologies and components from all areas of technology
and industry — the need for cross-functional, interdis-
ciplinary working is particularly strong in the graphic
arts industry and therefore involves cooperating with
partners from many industrial sectors.

It is the advances in computer and networking tech-
nology, digital control and processing of production
equipment within the total production chain in print
media creation — that is from concept to the final print
media product — which more than anything else have
enabled the traditional production areas of prepress,
press and postpress to evolve together and be realized
for practical use.

Digital workflow has become a reality, Computer to ...
technologies characterize production with their wide
range of possibilities for realizing digital print produc-
tion. Novel printing technologies, production methods
and strategies have become possible and are being used
in practice.

Digitalization has also created the premedia sector in
which information for distribution is created as a dig-
ital master that forms the basis for duplication via both
print media and electronic media.
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In order to produce and supply media products and
services, companies, management and technical per-
sonnel, trainees, teachers and instructors must adapt
equally to existing and continually developing new
structures, technologies and opportunities in today’s
information society. Investment decisions must be
made from a commercial, technical, market and cus-
tomer-specific point of view, based on a wide range of
business and technical performance factors and criteria.

Information and knowledge on this meteoric devel-
opment and new possibilities have been published in
numerous books and papers in technical literature and
presented and discussed at national and international
symposia and conferences, but mostly only describing
specific subjects. However, it is difficult for the indi-
vidual to keep up-to-date and form a comprehensive
picture based on traditional technologies and process-
es. In this respect the far reaching content and didactic
design of the Handbook of Print Media should make
it an essential aid and tool in everyday practice.

The original ideas for producing a handbook of print
media are based on my conversations in June 1996 with
Dr. Hubertus v. Riedesel (Dipl.-Phys.) of the Springer
Publishing Company in Heidelberg during one of the
symposia of the “Rhein-Neckar — discussion group for
Physical Research in Industry and University” (an ini-
tiative of the University of Heidelberg and the indus-
try). Conversations between the management of the
publishing house, and Hartmut Mehdorn (Dipl.-Ing.),
Chairman of the Management Board of Heidelberger
Druckmaschinen AG at that time, and myself provid-
ed the impetus for putting these ideas into practice.
Fascination with the wide range of subject matter and
products of the graphic arts industry and the experience
of two successful globally active enterprises based in the
same city of Heidelberg led to the unanimous decision
by the Board of Heidelberger Druckmaschinen AG in
December 1997 to publish the “Handbook of Print Me-
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Preface of the German Edition

dia — Technologies and Production Methods” in Ger-
man in the year 2000 and an English edition soon after.

It was, in particular, Hartmut Mehdorn, who under-
took to meet the urgent need for further education and
training in the printing and publishing industry and
supported the project through his creative and ex-
tremely active involvement.

The following events lend particular significance to
the year 2000 for the graphic arts industry and Heidel-
berg: the 600™ birthday of Johannes Gutenberg, the in-
ventor of letterpress printing using movable metallic
type, the required tools and a printing press; the 150t
anniversary of Heidelberger Druckmaschinen AG and,
linked to this, the inauguration of the Print Media
Academy based in Heidelberg.

With the Print Media Academy as a new center for
communication, qualifications and knowledge within
a worldwide network for the whole printing and pub-
lishing industry, and the Handbook of Print Media,
Heidelberg continues to contribute to the improve-
ment and dissemination of knowledge about the re-
quirements of industry and promote the advancement
of the graphic arts and communications industry.

An examination of the current literature showed that
a large number of good text books and much educa-
tional literature is already available, covering most
subjects and areas of the printing and publishing in-
dustry as well as a large quantity of individual publi-
cations, but also that there is considerable demand for
an up-to-date, clear and comprehensive presentation
of the whole subject.

Thus, the concept of the handbook took shape, whose
main focus was the need to give state-of-the-art treat-
ment to the whole spectrum of modern print media
production and to make clear, topical facts available, ex-
plaining subjects, such as the following in particular:

+ traditional technologies and new innovative pro-
cesses in all stages of production;

+ detailed treatment of novel digital printing techno-
logies, especially non-impact printing processes;

+ the positioning of print media, electronic media
and multimedia;

+ the positioning of the various printing processes
based on their performance characteristics and the
market segments of print media;

+ presentation of the trends in the production of
print media, taking economic and technological re-
quirements into account;

+ training, education, research, development trends
and strategies;

« state-of-the-art production equipment, systems
and technologies, taking account of the products of
numerous well known manufacturers from around
the world;

+ environmental protection and safety technology;

+ historical evolution of printing;

+ reviews of standards, norms, training centers and
research establishments, societies, associations and
organizations of the printing and publishing indu-
stry, as well as international technical conferences,
etc.

The handbook should therefore serve as a standard ref-
erence for technical communication and further edu-
cation; it should provide technical personnel and man-
agers of printing and publishing houses, of the graph-
ic arts and communications industry, supply industry,
scientific bodies, trade associations and experts in re-
search and education, trainees and students with com-
prehensive information. In addition, however, it
should give those who are not familiar with the indus-
try the opportunity to learn about the theory and prac-
tice of print media production and to develop an
awareness of new areas.

The wide scope of the handbook means that there has
been a deliberate use of repetition in the individual
chapters. This enables the reader to first become famil-
iar with the broad area of a subject and then use cross-
referencing to study the complementary information
given in other chapters.

The handbook provides a solid foundation for ac-
quiring basic information and gaining an understand-
ing and knowledge of the subjects’ interrelationships.
References to specialist and complementary literature
help to provide more in-depth information. It repre-
sents a building block and reference work for training
programs and further education — also in the context
of the programs of the Print Media Academy — and is
aimed at an international readership having a broad
range of different interests.

The CD-ROM that accompanies the handbook
makes it a true multimedia product. The CD-ROM in-
cludes the complete handbook, enables a full text
search and contains additional aids to provide a con-
venient and focused method of searching and infor-
mation gathering. It also provides a user friendly guide
to the extensive text and the numerous figures.
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Preface

There is an up-to-date explanation of the state-of-the-
art with respect to subject matter, referring in general
to the end of 1999. However, many new products and
technologies, which were not to be publicized until
May 2000 at Drupa (the world’s largest exhibition of
print media) have already been taken into account.
Statements on the trends and forecasts are based on
current facts and extensive experience as well as infor-
mation obtained around the world.

The editor and publisher have agreed to update the
handbook in subsequent editions, so that it forms a
standard work for the production of print media.

It is with pleasure that I undertook the extremely stim-
ulating tasks which Heidelberger Druckmaschinen AG
entrusted to me as leader of the project to create the
handbook, as well as taking charge of the technical con-
tent, and acting as the editor. This afforded me a par-
ticular opportunity and responsibility for creating and
making the subject matter available while Springer, in
close cooperation, undertook the production and mar-
keting.

The diverse subject matter as well as Heidelberg’s aim
to represent technologies, products and systems as in-
dependent of their manufacturer as possible led from
the outset to the idea of creating the handbook by em-
ploying a team of authors drawn from science, re-
search, education, academia and industry. This was
coupled with the skill, knowledge, competence and ex-
perience of the Heidelberg Group, but predominantly
with external authors.

One of the greatest challenges was to set up the team
of authors, to discuss and agree on the subject matter
and content, to match the authors to the current tasks
and to complement the team during the editing process.
The initial meeting of a core team of authors took place
in Heidelberg in March 1998. Additional authors were
still being included in the team until August 1999.

A great deal of thanks is due to all authors. They per-
formed their tasks well and were willing to agree to sug-
gestions and improvements so that the handbook
could appear to come “from a single mold” despite the
large number of authors. Thanks also go to the many
experts, who are not named here but whose words and
deeds contributed to the content and progress of the
project.

Professor Arved C. Hiibler (Dr.-Ing.) and Professor

Wolfgang Beier (Dr.-Ing.) of the Institute for Printing
and Media Technology at the Technical University of
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Chemnitz supported the coordination of the technical
matter. In closest collaboration with the editor they
contributed to ensuring that the manuscripts met the
quality demanded of the handbook in terms of content
and educational value, and that the contributions were
as consistent as possible.

The English translation of the handbook was begun
immediately following production of the German
manuscript. The English translation team was sup-
ported by international experts with experience in the
graphic arts industry, Professor Frank Cost and Pro-
fessor Frank Romano of the RIT (Rochester Institute
of Technology)/College of Imaging Arts & Sciences in
Rochester/NY (USA). They undertook the task of per-
forming a general check of the translations produced
regarding the language and then once again for con-
tent, resulting in a number of improvements. This al-
so meant that the experience and interests of interna-
tional experts, teachers and readers could be taken in-
to account to an even greater extent.

Special thanks are also due to the employees in my
department of Technology & Innovation Research,
Dr. Martin Schmitt-Lewen (Dipl.-Phys.) and Walter
d’Heureuse (Dipl.-Ing.), who continually supported
me during the whole project through their critical and
constructive contributions on the clarification of tech-
nical questions, but also for their patience and under-
standing in the often difficult situations caused by
scheduling. Special mention goes to their support in
working on the manuscripts for proof-reading and
correction as well as searching for and acquiring mate-
rial for illustrations. Thanks also to SciTech Consul-
tants GmbH/Heidelberg, Germany, who worked in
close cooperation with us from the beginning of the
project regarding communication and timing between
the various parties for both the German and English
edition. The work included the competent and accu-
rate proof-reading of all the versions of the chapters
right up to going to print.

I am particularly keen to thank all of the companies,
experts and customers all over the world for the many
conversations, the advice, suggestions and constructive
criticism on the wide range of subjects and queries on
the production of print media and the demands on the
means of production. It was only with this information
and support, mainly based on years of close coopera-
tion and continual personal contacts, that we could
take an up-to-date and comprehensive view of the
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Preface of the German Edition

interests and requirements of the users of production
equipment and systems as well as their customers. This
applies both to the gathering of the material for the
book and the handling and treatment of the individual
topics. This ensured that the handbook relates to in-
dustrial practice, lends equal support to owners, man-
agers and employees in the various workplaces of a
printing/publishing company and also offers trainees
and students useful, practice-oriented information,
knowledge, skill and experience.

Many thanks also for the support received from col-
leagues and experts in the Heidelberg Group world-
wide as well as the numerous contacts in companies in
the supply industry, partners in cooperation and com-
petitors, as well as experts and partners in institutions
and organizations for industrial and academic re-
search.

The selection and creation of illustrations posed a par-
ticular challenge and represented a subject of special
interest to me personally, firstly with respect to the
quality of the images and secondly from the point of
view of a representative selection of examples of prod-
ucts from as many suppliers as possible. Special thanks
to all companies and experts whose understanding and
helpfulness provided us with illustrations and infor-
mation either directly or indirectly. Great care has been
taken to name all sources; if there are omissions, please
accept our apologies.

The skills, competencies, abilities, experiences and
partners of the Heidelberg Group and Springer were
used to produce a high-quality handbook in terms of
content, illustration and design in a relatively short

time and to make it available to a broad readership. It
was always a common goal for me, Heidelberg and
Springer to produce the very highest quality. Readers
and users of the handbook are urged to provide sug-
gestions and advice on how it may be updated and im-
proved. This information will help in the preparation
of a subsequent edition broadly based on a desire for
continuous improvement.

Personally and on behalf of Heidelberger Druck-
maschinen AG and together with the best regards and
wishes of the Chairman of the Management Board of
Heidelberg, Bernhard Schreier (Dipl.-Ing.) to all read-
ers, partners and experts in the printing, publishing
and communications industry, I hope and trust that
readers will gain an equal amount of pleasure and prof-
it from this book, the Handbook of Print Media. It
should help in allowing print media to continue to be
produced and supplied economically and in high qual-
ity in today’s age of information — both in conjunction
as well as in competition with electronic media. It
should also mean that the influence of innovations, ad-
vanced technologies and market and customer de-
mands on these industries and their further develop-
ment will be evolutionary rather than revolutionary
and that print media will continue to contribute to the
maintenance, expansion and further growth of a high
degree of education, culture, progress and quality of
life throughout the world.

Helmut Kipphan
Heidelberger Druckmaschinen AG
Heidelberg, April 2000
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1.1

111 PrintMedia .............ccoiiiinun.n. 4
1111 Books ... 5
1112 Magazines ........... ..o, 5
1113 NeWSPapers ..........oeuiininiunennns 6
1.1.1.4 Brochures ........................... 6
1.1.1.5 Other Printed Media . .................. 6
1.1.2 ElectronicMedia ...................... 6
1.1.1  Print Media

Topical surveys on the significance and use of print
media prove that the need for print media is growing
worldwide. This is indicated by the fact that at the end
of the millenium Time Magazine acknowledged the
sociocultural significance of the invention and utiliza-
tion of book printing and elected Johannes Gutenberg’s
work as the most crucial event of the millennium. It is
true that the age of electronic media has started; how-
ever printed information is and remains omnipresent.

Depending on level of education, income, and
household type, between US$ 20 and US$ 55 per
month and household were spent in Germany in 1997
on books, brochures, magazines, and newspapers.

The market for print products offers more variety
than ever before. Usually, printed products are catego-
rized into commercial printing and periodicals. This
classification differentiates printed matter with regard
to its frequency of publication. Since the production
process also depends largely on these basic conditions,
printshops usually specialize in one or the other mar-
ket segment.

Commercial printing refers to print products that
are produced occasionally (e.g., catalogs, brochures,
leaflets, business cards, etc.). Periodicals are printed
matter that appears periodically (e.g., newspapers,
journals, magazines). Publishing houses and compa-
nies are the typical clients for periodicals printing.

The variety of print media is illustrated in figures
1.1-1 and 1.1-2. Another way of categorizing printed

Communication Technologies

113 Multimedia .............. ..., 7
1.1.4 Distribution and Market Volume ........ 8
1.1.5 Trends and Scenarios for the Future .. ..... 10
1151 Changes in the Traditional

Printing Sector ................. .. .... 10
1.15.2 Integration of New Media............... 1
Fig. 1.1-1

Variety of print media: magazines, brochures, posters, books, etc.
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Fig. 1.1-2 Packaging: bags, folded boxes

products is by splitting them into special product
groups. These individual groups are described briefly
in the following.

1111 Books

Gutenberg’s work and his invention, printing with
movable lead type, in the middle of the fifteenth cen-
tury triggered a revolution in book production. A
much greater proportion of the population had the
chance to acquire education, culture, and information
than had ever been possible with hand-written books.
Consequently, illiteracy decreased in the following
centuries. Books continued to be colored by hand
even after Gutenberg’s invention, so that very colorful
volumes of high quality comparable to earlier ones
were still produced.

For over 500 years letterpress was the dominant
printing technology for books. Only when phototype-
setting and lithographic printing became widespread
in the 1970s did the printed book turn into a low cost

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)

mass medium. It was not only more efficient produc-
tion processes but also the availability of inexpensive
paper that were decisive reasons for the breakthrough
of books as mass media. The printed book developed
its independent appearance over time. The form of
the type used moved away from imitated script types
to its own type forms.

The number of new book titles produced has grown
continually since Gutenberg’s invention. Even today,
in the age of electronic media, annual growth rates in
book production are still recorded. With close to
eighty thousand titles produced annually, Germany is
one of the biggest markets for books in the world
today. Only China and Great Britain produced more
titles in 1997 (cf. fig. 13.3-8). In 1998 more than 500
million books worth over 3.5 billion Euros were pro-
duced in Germany.

The extensive range of books is classified on the one
hand in terms of content; on the other, it extends from
high-quality, thread-stitched leather volumes with a
gilt edge to simple perfect-bound pocket books/
paperbacks. Books are offered both in one color (book
printing) as well as in top-quality multicolor art pub-
lications. The range of books available today in
Germany has risen to over 770000 titles. The same
applies to other printed products such as magazines,
periodicals, newspapers, and brochures.

1.1.1.2 Magazines

The range of magazines consists mainly of period-
icals, including trade magazines, journals, and illus-
trated magazines. Trade magazines cover a limited
field, thus attracting a limited specialist readership.
Unlike books, production costs for magazines are not
paid for exclusively by the final consumer. Often more
than half of the costs are financed by advertising.

Magazines are usually published by publishing
houses just like books. Unlike books, magazines usu-
ally have a shorter lifespan. This is due to the content
and it is a major characteristic of the periodical. Since
magazines have a limited length of use and differ from
books greatly in terms of content, their external form
also differs from that of books.

Magazine production differs considerably from
book production. Magazines are generally multicol-
ored booklets with a flexible cover. They often have a
high circulation and are bound using simple binding
processes (e.g., wire-stitching, perfect binding). De-
pending on the circulation, magazines are printed
with sheet-fed offset or web offset presses, but
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rotogravure presses are also used for magazines with a
very high circulation.

1.1.1.3 Newspapers

The newspaper is still one of the most significant mass
media today. The first newspapers appeared at the start
of the seventeenth century. Pamphlets in the sixteenth
century were the precursor of the newspaper. Most
newspapers are produced daily and have a high circu-
lation. Some daily papers even appear a few times per
day, to ensure that their content is very up-to-date.
The two most important categories of newspapers are
daily papers (dailies) and weekly papers.

The external appearance of newspapers differs con-
siderably from that of magazines. Newspapers nor-
mally consist of large-size loose sheets. Several of
these loose sheets are combined during production
and form an individual section of the paper. A news-
paper consists of several sections/parts with varying
content called “newspaper books.”

Generally, newspapers are produced on special news-
paper printing presses. These presses are highly pro-
ductive web presses, which can print on uncoated pa-
per, at low cost. The traditional newspaper used to be
black and white. Modern printing presses are able to
print in color economically. This has created the op-
portunity to adapt the newspaper’s appearance to to-
day’s expectations (color photographs, color TV), but
also to conform to the wish of many advertising cus-
tomers that their advertisements be published in color.
The production of a newspaper is mainly financed by
advertising inserts and advertisements. For this reason
the ultimate consumer price for a newspaper is rela-
tively low.

1.1.1.4 Brochures

Along with advertising inserts, which we come across
every day in newspapers and magazines, there is a
large market for leaflets and product descriptions.
Such printed matter is referred to as brochures. Unlike
magazines and newspapers, they are not published
periodically. Brochures are commercial print work.
Another significant difference from newspapers or
magazines is the usually low print volume of
brochures.

Today, brochures are generally printed in color and
are available either as folded individual sheets or
bound copies. They are of better quality than news-
papers. Brochures are mainly used to describe some-
thing particular (e.g., company, product). Brochures

are mostly used for advertising; therefore production
costs are normally borne by the advertiser and not by
the reader.

11.1.5 Other Printed Media

Packaging represents another important group of
printed products. It can be made of very different
materials such as paper, cardboard, plastic, metal,
glass, and so on. In the first place, packaging is used to
protect the actual goods inside, but it also makes for
an attractive presentation. At the same time packaging
is also printed on to provide information about the
package content. All the major printing technologies
are used for printing packaging — often in a combina-
tion of several technologies.

1.1.2 Electronic Media

Electronic media were developed in the twentieth cen-
tury and together with printed products (print media)
became important for communicating information.
This trend continues today and is characterized partic-
ularly by the use of computers and the Internet. In
addition to the latest developments in the Internet and
World Wide Web, electronic media also include the
more conventional radio and television along with the
corresponding forms of storage such as video and
audio recordings on CD-ROM and DVD-ROM as well
as animations.

Electronic media, as is the case with print media, al-
so involve a chain of creation and transmission which
depends on the specific form of the media. As a rule,
the first stage in this process consists in generating the
contents, for instance, for recordings onto audio or
video tape. In some cases, information is converted
from one medium to another, such as from conven-
tional film to video. In the case of web pages though,
content can also be computer-generated, thus allowing
for the use of content from both the real and the vir-
tual worlds.

Animations may describe scenes and “tracking
shots”; in the end, running an animation results in a
chronological sequence of pixel images, that is,
almost a video flow. The description of an animation
can be considerably more compact and efficient than
the transmission of the video sequence. Therefore,
the actual animation may only be executed on a final
output device such as a powerful presentation com-
puter.
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In the preliminary phase, scripts are usually com-
piled (at least in a professional environment) as we
know them from traditional film. In the case of elec-
tronic media products, the specific demands on the
presentation must already be taken into account in the
design stage. The reasons for this include the low local
resolution (in comparison to print products) and the
restriction of the output format (e.g., the size of the
monitors or even windows within the overall monitor
display).

Distribution may be in a saved form on data media
(CD-ROM, video tape/audio tape, and storage medi-
um for sound) or be live, for instance, for transmis-
sion of a concert or sports event. In both cases, an
attempt is made to restrict the volume of data because
of the limited capacity of the storage media or because
of the limited bandwidth of communication chan-
nels. Compression techniques play an important role
here. They permit the reduction of data without a
noticeable loss of quality. The underlying transmis-
sion technologies may be varied, ranging from Inter-
net connections via dedicated switched connections,
such as satellite routes, or high-speed links via cable
or glass fiber, to private or company networks, also
with various technology (company television, In-
tranets).

The presentation systems, for instance, computer
monitors, television screens, projector devices, audio
reproduction systems (loudspeakers, headphones) are
generally at the end of the transmission chain. Before
these systems can respond though, codings and com-
pression processes might have to be reversed with cor-
responding components (software and hardware) to
represent the transmitted data. In the place of presen-
tation systems, memory can also be found there that
records the data transmitted, for instance, to reproduce
it at another time.

The use and dissemination of electronic media can
be regulated with protection rights which are, however,
relatively easily infringed; this applies particularly to
digital data where the copy is just as good as the origi-
nal. Modern procedures deal with protective mecha-
nisms against unauthorized copying both in the

« cryptography field, that is, encoding data to prevent
unauthorized use
as well as

« in the digital watermarking field, that is, importing
information into the digital data stream which is
not visible to the normal observer, but which can
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be detected in order to determine the location at
which the data was made available.

Inabroader sense, electronic media also include in par-
ticular interactive applications: media which appear dif-
ferently depending on user intervention. These include
computer games, interactive simulations, or virtual re-
ality applications. This leads directly on to multimedia
concepts which are described in the following section.
Please refer to chapter 11 for more details.

1.1.3 Multimedia

The term “multimedia” is closely connected with to-
day’s computers and output devices such as monitors,
loudspeakers, and printers and their capacity for re-
producing various types of information (text, images,
sound, animation, etc.). Multimedia systems do not
just output these different types of information; these
systems make it possible to simultaneously create
multimedia information and interact with other
multimedia documents (data files on data storage
units, such as a server and CD-ROM).

Although the term “multimedia” is relatively new,
what lies behind it is not (see also sec. 11.7). Multime-
dia means nothing more than making use of several
types of information (text, images, graphics, anima-
tion, video and audio sequences) in one publication. As
illustrated in figure 1.1-3, this also includes print media
(e.g., CD-ROM in a book).

Human communication is multimedial as humans
transmit information, for instance in a conversation, by
talking and gesticulating simultaneously. The technical
application of using several media simultaneously to re-
produce content is not new either. Thus, for example,
television can simultaneously transmit information us-
ing text, image, and sound. The addressing of several
sensory organs combined with the advantages of using
individual media has synergetic effects making the mul-
timedia product an attractive option.

The success of the multimedia concept becomes
clear with television and the so-called “new electronic
media” such as the Internet or CD-ROM publications.
CD-ROM publications are not multimedia documents
as such. A CD-ROM is merely a medium on which var-
ious types of information (such as text, sound, video,
etc.) can be stored. Only if, for example, text, sound,
and animation are combined on a CD-ROM, could one
speak of a multimedia CD-ROM. Types of information
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Fig. 1.1-3 Structure for producing electronic media, print media, and multimedia documents

(text, sound, image, video) must not be confused with
medium (data carrier, e. g., paper, CD-ROM, disk, etc.).

The same applies to Internet publications; here too,
different types of information have to be linked with
one another before you have a multimedia presenta-
tion. Hypertext as an additional type of information is
in itself not a multimedia document; only when hy-
perlinks point to multimedial contents does a hyper-
text become a multimedial hyperlink document.

The play-back devices (computer, television, etc.) for
electronically stored information are not even close to
addressing all the sensory organs of a human being. To-
day’s multimedia products are not yet able to invoke
the senses of smell and touch. A medium which can be
used to pass on a fragrance to consumers, or to call on
the sense of touch by certain surface properties in ad-
dition to transmitting text and visual information is,
for example, paper. One might therefore say that paper
is a multimedial product. However, printed informa-
tion lacks dynamism and interaction. With play-back
devices for electronically stored information there is al-
so a potential for appealing to the senses of touch and
smell in the future (e.g., transmission of vibrations/os-
cillations and temperature via operating elements).

1.1.4 Distribution and Market Volume

The printing industry is a sector consisting predomi-
nantly of small and medium-sized companies. Around
90% of all printing companies worldwide employ less
than twenty people (fig. 1.1-4).

The growth of the printing industry is influenced es-
sentially by macroeconomic factors such as economic
development and consumer demand. Worldwide, the
printing industry contributes 1-12% to the gross added
value of the processing industry.

In the industrial countries the production volume of
the printing industry has a share of 0.5-4% in the gross
domestic product (GDP). In emerging markets this
share may even amount to 20% of the gross domestic
product. In the USA the printing industry is the sixth
largest industrial sector and has therefore a clear eco-
nomic significance for the country.

In 2000 the 430000 printing companies worldwide
will achieve a turnover in the range of 430—460 billion
US dollars. Figure 1.1-5 shows the distribution of this
volume according to individual product segments. The
areas of advertising and commercial printing as well as
packaging and label printing make up the most im-
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Fig. 1.1-4 _
Segmentation of printing companies by

number of employees (in %) Central Europe 9 [ 14 [7]
(Heidelberg estimates on the basis of .

worldwide sources of information) North America ) | T | 7 |

Middle and South America 89 | 7 ]4]

Eastern Europe 65 | 20 | 15 |

Asia/Pacific 95

[] <20 [] 20-50 []>50

_ Commercial/
Packaging/Labels Advertising printing
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Books
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Newspapers

— 16%
a%a(l)/ilnes Catalogs

4%

Fig. 1.1-5

Distribution of worldwide market volume by individual products (not
including the SOHO/“Small Office, Home Office” market) (Heidel-
berg estimates on the basis of worldwide sources of information)

portant product segments with current sales of 129-138
billion US dollars. Catalogs are the least important in
terms of sales.

Figure 1.1-6 shows the segmentation according to re-
gion. It can be seen from the diagram that 93% of vol-
ume is concentrated in the regions of North America
and Central Europe, as well as Asia/Pacific. Within
these regions the most important markets are the USA,
Germany, Great Britain, and Japan, which alone ac-
count for 50%.
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Fig. 1.1-6
Distribution of market volume by individual regions (Heidelberg
estimates on the basis of worldwide sources of information)

North America has the greatest per capita consump-
tion of print products per year. This is six times greater
than the worldwide average consumption of 58 US dol-
lars (fig. 1.1-7). An analysis of individual countries
shows a more differentiated picture. Japan has the
highest per capita consumption at 480 US dollars while
the USA, at 342 US dollars, is closely followed by Singa-
pore at 320 US dollars. The greatest future growth is ex-
pected to be in China, South East Asia, Latin America,
and Eastern Europe.
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Per capita consumption of print products per year in US dollars (Heidelberg estimates on the basis of worldwide sources of information,

status: 1998)

115 Trends and Scenarios
for the Future

The worldwide growth in gross domestic product up
to the year 2002 is estimated to be 3.4% p.a. In com-
parison the volume of print products is predicted to
rise by 2.5-3% that is, there is a potential market of
452—488 billion US dollars by the year 2002.

As far as printed matter world-wide is concerned,
packaging and label printing shows strong growth
while the other product segments such as advertising
and commercial printing, newspapers, catalogues,
magazines, and books show a moderate increase (fig.
1.1-5). There is an enormous variation in growth be-
tween individual regions or countries. Hence the great-
est future growth rates are expected in China and oth-
er emerging markets, whereas the highly developed
economies will show only slight increases.

The printing industry as a whole has generally been
undergoing enormous structural and technological
change for several years. Apart from the changes af-
fecting the traditional printing sector, the integration
of new media (e.g., CD-ROMs, online services) into
existing product offers represents the greatest chal-
lenge to the graphic arts industry in the years to come.

1.1.5.1 Changes in the Traditional Printing Sector
The trend towards the “one-man press” as a result of in-
creasing automation of all the steps in the process of a

printing house will create an enormous potential for
innovation in the field of machinery and equipment
but also in processing in the coming years. The best ex-
ample of this is in the area of prepress, where techno-
logical developments mean that the average expected
product life cycle of the equipment is only eighteen
months.

Printing processes are being increasingly controlled
and adjusted electronically, which leads to consistent
high quality and greater productivity. Digital workflow
also means that productions are completed more rap-
idly. Hence more than half of the orders for commer-
cial printers arrive in digital form. By the year 2002 this
figure is expected to be over 65%. This is the only way
of shortening delivery times for print products and
meeting the high customer demand for quality.

All printing companies are expected to offer greater
flexibility in the processing of a large variety of sub-
strates, inks, and methods of print finishing. This
means that there is a visible trend for all print products
to employ multicolor as well as decorative and special
colors. In addition, run lengths are getting shorter since
experts believe that the greatest chance of growth lies
in the market for small, color work with a fast turn-
around time.

The information and communication sector is ex-
pected to provide a positive impulse for the whole
printing industry. Recently, electronic publishing has
revolutionized the world of prepress. The use of com-
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puter to film, computer to plate and computer to press sys-
tems is already widespread and is undergoing contin-
uous growth. In order to achieve a smooth flow of dig-
ital data from prepress via press to postpress, the inte-
gration, networking and digitalization of all processing
steps is essential. Over forty leading manufacturers in
the graphic arts industry are cooperating on an inter-
national scale to develop a standard for data flow
through the so-called “CIP3 concept” (CIP3 interna-
tional cooperation of prepress, press and postpress, see
also sec. 8.2.3). Practical application and world-wide
expansion are well on the way.

1.1.5.2 Integration of New Media

Beside the classical areas of activity — the production of
print media — other services are becoming more im-
portant. Hence the design of print media, the creation

| Technological change > 2010
Electronic
media
50%
1995 Growth: approx. 9% p.a.
Electronic
media 30%
Print media Growth: approx. 3% p.a. Prlngorl}edla
70% °
Fig.1.1-8

Development trends in the market for print and electronic media
(Status:1999; worldwide sources of information)

of multimedia products (CD-ROMs, Internet sites,
print media in combination with electronic media,
etc.), consulting services, and individual training are
being requested more and more by the printing and
publishing industry. The increasing power of electron-
ic media (especially CD-ROM, Internet) will increase
competitive pressure on the print media and partially
replace print products while at the same time creating
new print jobs.

Despite strong growth in electronic media (fig. 1.1-8),
the market for print media remains large and attractive
since a high proportion of the ever-growing advertis-
ing expenditure flows into print media, and the de-
mand for print and electronic media especially world-
wide is increasing.

The trend towards increasing advertising expendi-
ture in print media is shown in figure 1.1-9. North
America and Europe show moderate growth with rates
of 3.1% p.a., and 4.6% p.a. respectively. In Asia adver-
tising expenditure in print media is rising by 6.1% p.a.
The regions of greatest growth, admittedly starting
from a low level, are Central and South America and
the rest of the world with two-digit growth rates per
year.

As the Internet continues to grow, the sale of goods
and services via data networks is increasingly regarded
as a new method of generating sales by many busi-
nesses. The customer is able to choose from an almost
unlimited range of goods 24 hours a day. All that is
needed is a PC, which the customer uses to connect via
modem to the net. Figure 1.1-10 shows the spread of
computers online worldwide, while figure 1.1-11 shows
the distribution of connections by country.

In 1997 the Internet was used by around 9o million
people. By the year 2005 it is projected that there will

Fig.1.1-9 70000
Advertising expenditure for print media in North America
individual regions [1.1-1] 60000 ././.744
“ 50000
S Europe
= 40000 rsia/Paci
= 20000 - sia/Pacific
20000 Central and South
10000 ’_—hmﬂenca
0 » : 4 ‘ X Rest of the World
T T T T 1
1996 1997 1998 1999 2000
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be more than 400 million users. According to a study
by Active Media Research, New York, three thousand
companies interviewed worldwide said that annual
turnover for online shopping via the Internet had in-
creased four-fold. By the year 2001 the turnover from
trade on the Internet (electronic commerce) is expect-
ed to have reached a level of US dollars 220 billion
[1.1-4], equivalent to about 1% of the volume of world
trade. Eighty percent of this is made up of transactions
between individual companies (business-to-business).
Even large, globally active businesses are still making
little use of the opportunities the Internet has to offer.
There are large global differences as far as online con-
nections but also use of the Internet are concerned.
With the exception of the Scandinavian countries, Eu-
rope lags far behind developments in North America.

At the turn of the millennium Internet users are creat-
ing great problems for advertising agencies. In about 80%

200 183.6
2 0 146.8
= 1157
21004 889
g
< 50+
1997 1998 1999 2000

Fig. 1.1-10 Number of computers networked worldwide [1.1-2]

of cases they are male, around thirty years old, educated,
and have a passion for computers. Sixty percent of all
users visit fewer than ten web sites per month. Hence it
is impossible for advertising agencies to reach a particu-
larly differentiated target group, in contrast to the possi-
bility of targeted advertising messages in individual print
media. Whether and at what rate the Internet is exploit-
ed depends to a considerable extent on the acceptance of
the new technologies by a broad population base.

In this respect, participants in a study were asked
about their expected use of print media in by year 2001.
Figure 1.1-12 shows the result of this survey. The ma-
jority of the population expect to be making at least as
much and possibly even more use of print media. This
positive correlation in the use of new and old media has
been established by several studies (amongst others
[1.1-5] and [1.1-6]). The combined use grows propor-
tionally with the level of education (e.g., [1.1-7]).
Hence, from the point of view of the user, there is no
indication that by 2002 the Internet will cover sub-
stantial parts of the print markets.

History has demonstrated that the “new media replace
old media” theory did not hold true in the past [1.1-8]:

+ During the 1920s:
Radio was to replace printing.
* 1950s:
Television was to replace printing.
* 1980s:
The computer was to replace printing.

Strong decrease

3%
Rest of the World Strong increase Decrease
14% 14% 10%
North America
49%
Japan
10%
Increase
25%
Europe No change
28% 48%
Fig. 1.1-11 Fig. 1.1-12

Distribution of computers connected online by country [1.1-2]

Survey on the expected use of print media in 2001 [1.1-3]
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* 1990s:
The Internet was to replace printing.

The fact is that print is still a dominant medium and is
continuing to grow.

Besides the Internet, the CD-ROM also has an im-
portant part to play. These powerful data carriers, on
which a wealth of product information, pictures, video
sequences, etc. can be stored easily and cost-effective-
ly, have already firmly established themselves as a part
of everyday life. However, as soon as the necessary in-
frastructure is in place and covers a large geographic
area, the Internet should reduce the popularity of the
CD-ROM as a medium for data transfer. As a medium
for storage, the CD-ROM will be replaced by more ef-
ficient media.

We can very easily imagine so-called hybrid forms
appearing — that is, combinations of various media
such as magazine and CD-ROM, Internet and CD-
ROM, or Internet and print. In other words: multime-
dia information transfer.
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As shown in figure 1.2-1, the production flow involved
in the production of print media comprises the stages
of prepress, the actual printing process (press) itself, and
finishing (postpress). These individual production
stages are connected by the flow of materials, such as
printing plates between prepress and press and print-
ed sheets between press and postpress. Interconnec-

Production of Print Media

1.2.3 Printing ......... ..ot 29
1.2.4 Postpress/Finishing .................... 33
1.2.5  Digital Production Equipment

inthe Workflow ...................... 35
126 Premedia ............... .. .. ... ...... 38

tion between the production stages has become in-
creasingly marked by the data flow. Information is ex-
changed both for the actual production of special
printed products and for the organization of the busi-
ness and the production cycles. Information and data
are an essential requirement for the optimal and reli-
able functioning of individual production processes
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Fig. 1.2-1 Production flow, material and data flow for print media production
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and equipment, and for efficient, high-quality, and
economic production.

Figure 1.2-1 shows that the content, layout, and form
of the printed product are based on information in the
form of originals and also particularly on data. Figure
1.2-1 also depicts how the printed product is delivered
via the distribution system to the end-user/consumer;
here, too, organization and distribution benefit from
the data technology.

The production chain of prepress, press, and post-
press is logistically interlinked through storage areas
for the materials needed for the production as well as
by storage areas for the semi-finished and end products
of the printing job. The use of efficient production
management and archive systems for data to link and
support all the manufacturing stages in the creation of
printed products is becoming increasingly the state of
the art.

The individual stages and areas involved in the pro-
duction of printed matter are explained below. Full de-
scriptions with numerous details will be found in later
sections of the book.

The quality of a printed product is ultimately deter-
mined by its content, effect, and benefit to the
client/consumer. The visual quality is obviously affect-
ed by high-grade processes and procedures for pro-
ducing the print media. However, it is to a large extent
determined by the conception of the print medium in
text, graphics, and pictures, the representational form
of the contents, that is, by layout, typography, and
graphic design.

Before going into the actual production process —the
economical and high quality duplication of informa-
tion through printing tailored to the customers and the
market — we will describe the rudiments of design.

1.21 Layout, Typography, Graphic Design

The development of type, typography, and graphic de-
sign is an important part of the history of culture as a
whole. Although knowledge of other spheres of culture
such as painting, music, and literature is much more
widespread, it is the symbols constituting language that
make communication and the dissemination of
knowledge throughout the world possible. These three
areas are inextricably linked: type is an essential ele-
ment of typography and typography is (besides illus-
tration and photography) an essential part of graphic
design. Each of these means of communication and de-
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sign has its own subtly different historical develop-
ment, which can provide detailed insights into the
whole of human development from a historical, tech-
nical, and aesthetic perspective.

1211 Type

Origin of Type

Type first developed over the course of time as a mag-
ical feat on man’s journey out of the unknown. It was
a pictographic system of type that probably grew out of
the human craving for knowledge and communica-
tion. These pictographic symbols lacked accuracy and
precision, they were ciphers in need of interpretation.
As human understanding grew deeper and more re-
fined, so too did the need to design and set down clear-
er, more universal and accessible codes.

Pictographic system was followed by logograms,
which were derived from the sound of the spoken word
(fig. 1.2-2). Each word had its own symbol, and the
more distinctive and developed a spoken language was,
the greater the number of symbols it had. There were
well developed writing systems in China, India, Egypt,
Mesopotamia and some other countries.

Around 3000 BC the Sumerians developed cuneiform
script, a syllabic writing system made up of about six
hundred characters. The next decisive step was the de-

R X § AP
T RPAT

Fig. 1.2-2 Minoan hieroglyphs (above), Minoan linear type (below)

49AAIAYTH@IALMYFOIFPI WX

ABFAEFH®IKLMPOMPSTYPY
ADAFAHIKIMMOPOLSTVX

Fig. 1.2-3
Alphabets (Phoenicia, Greece, Rome; sixth to third centuries BC)
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velopment of the consonant alphabet by the Phoenicians
around 1400 BC. This alphabet consisted of twenty-two
letters. It was derived as a simplified version of Egypt-
ian hieroglyphs and Babylonian cuneiform script. The
Phoenician alphabet (fig. 1.2-3) formed the basis of all
European writing systems.

Around 1000 BC the Greeks adopted Phoenician
script and introduced the symbols a, e, i, 0, and u. The
Roman alphabet was based on this development by the
Greeks. The Roman capital script “Capitalis monu-
mentalis” was developed (fig. 1.2-4), the increasing use
of which led to the formation of the first lower case type.
These early centuries AD also saw the move away from
scrolls to the form of books still in use today.

Fig. 1.2-4
Roman capitals “Capitalis monumentalis”; alphabet on the plinth of
Trajan’s column in Rome (AD 113)

The Middle Ages (fourth to fifteenth centuries) was
a time of extensive writing and design. The carriers of
written characters and text were clay, stone, wood, silk,
papyrus, and then parchment. In the 7th century pa-
per from China reached the Middle East, and from
there Spain and the rest of Europe. The invention of
duplicable printing first in China (c. 870), then in Ko-
reawith movable metal type (c.1403), and finally Guten-
berg’s technical developments in letterpress printing
(c. 1440) heralded a new era of communication, re-
placing the hitherto handwritten one-off texts which
required rewriting in order to be passed on.

While at first old types were simply molded in lead
for the new technology, new typefaces soon developed
which have retained their formal elegance and charac-
ter as model typefaces to this day: important designs
originate from Claude Garamond (1480-1561), Nicolas
Jenson (1420-1480), and Aldus Manutius (1459-1515).
Soon after Gutenberg’s invention two distinct techni-
cal concepts regarding typeface co-existed in parallel:
the Roman types Antiqua and Cursive, and the broken
types Fraktur, Gothic, and Schwabacher (fig.1.2-5). From
these basic forms, which were derived from the hand-
written script, thousands of different typefaces were
developed that had slight but important differences be-
tween them. Technical innovations as well as the quest
for aesthetic improvements each led to yet more vari-
ants.

Fig. 1.2-5 Types.
a Roman types: Antiqua and Cursive;
b Broken types: Fraktur and Gothic
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Renaissance-
Antiqua
Stempel

Garamond*

Baroque Antiqua
Caslon No. 540

Classicistic
Antiqua
Walbaum**

serif-pointed
Antiqua
Memphis*

Sans serif
Antiqua
Futura®*

Antiqua-
Variants
Hobo

Script and
brush scripts
Brush Script

Broken
typefaces
Bold Fraktur

Fig. 1.2-6
Classification of typefaces (examples from DIN 16518, engl. version
available)

Classification of Typefaces
The classification of typefaces formulated in 1964 (DIN
16518) allows the technical differences of all typefaces
to be grouped into eleven distinct styles (see also ex-
amples of type in fig. 1.2-6):

. Venetian Renaissance-Antiqua (Venitian)
. French Renaissance-Antiqua (Old Face)

. Baroque-Antiqua (Transitional)

. Classical-Antiqua (Modern Face)

. Serif-pointed Linear Antiqua (Slab Serif)

. Sans Serif Linear Antiqua

. Roman Variants (Decorative and Display)
. Script

. Handwritten Antiqua (Handwriting)

. Broken types

. Foreign types (non-Latin, non-Roman).

O coNl oW W N -

—
= O

Even the latest typefaces may be technically under-
stood and classified using these groups. At present
there is a new amended DIN classification in prepara-
tion, the content of which is, however, still under dis-
cussion.

The basic construction of letters with their corre-
sponding descriptions is shown in figure 1.2-7. The
construction of letters in digital form is explained in
section 3.1.1.3 and figure 3.1-2.

Design of Typefaces

Despite the numerous alphabets in existence, surpris-
ing new typefaces continue to be invented whose form
best fits the spirit of their age. Some of the most im-
portant designers of the past were Anton Janson

Fig. 1.2-7
Construction of letters and naming of B C 5
elements .
G 6
H A 2 D 4
1 3 F
E
| A X-height G Capline height 1 Serif
&L B Ascender H Type height 2 Bowl
K C Ascender | Leading 3 Connection stroke
D X-height K Type spacing 4 Stem
E Descender 5 Ear
F Base line 6 Counter
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(1620-1687), William Caslon (1692-1766), John Bas-
kerville (1708-1775), Giambattista Bodoni (1740—-1813),
and Justus Erich Walbaum (1768-1837). Important
typeface designers of the twentieth century were Emil
Rudolf Weiss (1875-1942) with Weiss Antiqua and
Weiss Gothic, Rudolf Koch (1876-1934) with Wallau
and Cable, Paul Renner (1878-1956) with Futura and
Plaque, Eric Gill (1882—1940) with Gill and Perpetua,
Georg Trump (1896-1985) with City and Delphin,
Karlgeorg Hoefer (1914—2000) with Salto and Perma-
nent, Hermann Zapf (b. 1918) with Palatino and Opti-
ma, and Giinter Gerhard Lange (b. 1921) with Arena
and Concorde.

Among the typeface designers who create today’s sig-
nificant and widely used alphabets are Hans Eduard
Meier (b. 1922) with Syntax and Syndor, Ed Benguiat
(b.1927) with Souvenir and Barcelona, Adrian Frutiger
(b. 1928) with Meridien and Frutiger, Matthew Carter
(b.1937) with Galliard and Bitstream Charter, and Ger-
ard Unger (b. 1942) with Swift and Gulliver. In the im-
mediate present the new designs of Hermann Zapf and
Adrian Frutiger are receiving particular attention. With
his Zapfino typeface (1998), Zapf developed a calli-

- /e
Wie kann man /n' der M/{/?//f/mw/zém
. - ~ -
. e/ ./ )
0‘/‘/»1/1/1 Jew /J/t’/L ;J;z IE/‘/((((/L WA/‘ té/l /))/((‘[z’/‘/z wedhen J[%//./
L - e /
Raun man ccne Fran, wenn s ire Lawnen hat,
7, /)
“ak:{//uz wu/z/u /j\;//l/fﬁ///{ J
ltﬂ/z//‘f( schon u/mm/((/z /)1(4/ ohne dick */(/\474/1/
'/‘
clnfact ans //(/1(#1 meur ly e den b//(/[(/l(/r/l/z/c ecnes 1{/1/;¢/1‘
Hat /'A' cin Buck, sz(/z/ f{’/%z'/‘/léé %(' Lust zu einem /1/144/1'/1/
e Ve - Yo
m///z’( 4 A St d//(/l oder auch wickts tun,
von // yu@/f/ W S éff//(f\/ud//ﬂ/( /(/z/zém
i dick amémz > Werden dee . S/f/i«/z von /)m/u/z uum[/m
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Einen /szﬂ&w' ok iﬂ/m Jier gie Rdnnen nické Kixsen!

i /—{’ J V0 l1/z/'rz’
Zapfino No. 1 ns von s

Fig. 1.2-8
Zapfino of Hermann Zapf (1998); Zapf wrote this text in his notebook
in 1944; the characters were the beginnings of Zapfino

graphic typeface that has achieved surprising technical
versatility in this group of typefaces (fig.1.2-8) by draw-
ing on the possibilities of computer technology.

Frutiger’s typeface Univers (fig. 1.2-9) was developed
during the years 1953 to 1957 and became a classic of the
modern age. In 1997 it was revised within the Linotype
Library as Linotype Univers with 59 type styles (up to
then, there were 21 type styles), making it all the more
versatile in use.

Despite all the changes and advantages brought by
technology compared to the Middle Ages, the design of
typefaces is still a process which has lost nothing of the
seriousness of the original way of thinking, of knowing
what constitutes technical and aesthetic quality, and of
the need to familiarize oneself with the essential ele-
ments of symbols for communication. Only few de-
signers have so far succeeded in achieving the highest
quality with their typefaces.

Besides Western typefaces (see DIN 16518 classifica-
tion), there is an extremely large group of non-Latin,
foreign types that have developed in their own way and
have highly elaborate technical requirements: among
others, there are Greek, Cyrillic, Hebrew, Arabic, Chi-
nese, or Japanese types, which, with slight differences
in typeface design, represent the languages of those re-
gions and provide a diverse range of alphabets per-
mitting typographic forms rich in detail (fig. 1.2-10).

Fig. 1.2-9
Univers of Adrian Frutiger; examples of the various type designs
(around 1955)
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Cyrillic

Fig. 1.2-10 Examples of non-Latin script

1.21.2 Typography

Type in its various forms is a fundamental require-
ment of typography. To put it simply, typography is
basically the design of printed text using and arranging
typefaces to create continuous text on a printed page.
The selection of available typefaces used to portray
texts and textual content and the layout of words and
texts on pages or other text carriers such as boards and
signs is an area of design requiring many years of ap-
prenticeship or study, followed by consistent practice
for purposes of refinement, improvement, or change.

All printing elements such as text or lines, but also
the non-printing segments such as empty areas or
spaces, have their own measuring system, the point sys-
tem (fig. 1.2-11). It was developed in 1795 by Francois
Ambroise Didot and his son Firmin. One point (pt)
measures about 0.38 mm. One Cicero corresponds to
12 points or 4.5 mm. In Anglo-American countries the
unit pica/point is used, which, at about 4.2 mm, is
smaller than the Franco-German system.

Choosing the individual design elements for the
typographical job at hand is done by selecting from
a system consisting of many interrelated parts. As
with all design problems, there are no hard and fast
rules for making this selection, but only approxima-
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e Point system (DTP-point)
(mainly used nowadays)
1 pt=1/72 Inch =0.353 mm
12 pt=1Pica=4.23mm
6 Pica=1Inch

e Point system (Pica system)
1 pt=0.351 mm
12 pt=1Pica=4.21 mm

e Didot system in photosetting
(Franco-German standard system), [lead type]
1 p=0.375mm [0.376 mm]
12 p=1c(Cicero) = 4.5 mm [4.51 mm]

Fig.1.2-11
Comparison of typographic and metric systems of measurement

tions gained from experience, which can vary over
time and from different perspectives. The designer’s
ability to interpret form is very important in choos-
ing the font. The Linotype FontExplorer can be very
helpful in this respect. This new typeface browser en-
ables selection of the correct fonts according to many
design criteria.

It is apparent that the sensitive use of typeface deter-
mines the quality of the typography and that a fresh ap-
proach must be used for every job. After the choice of
font comes the setting of the font sizes (fig. 1.2-12) for
the various parts of the text, the setting of the type styles
(e.g., light, regular, or semi-bold), and the inclination
(e.g., normal or italic). The font color and style (e.g.,
upper case, lower case, mixed) must also be deter-
mined.

Once these have been decided it is necessary to es-
tablish the fext structure: how far apart the individual
lines are, what degree of line spacing (leading) there will
be, what column width should be set and which justifi-
cation will be selected. There is a distinction between
justified (fig. 1.2-13a), unjustified (fig. 1.2.-13b), and cen-
trally justified. It is important to establish whether each
of the text paragraphs is to have an indent.

A few of the recommendations for good, legible
typography indicate what the basic problems of design
are: there should be a maximum of around 60 charac-
ters per line and around 4o lines per page. Lengthy texts
should be set no smaller than 9 point and no larger than
11 point. The leading (line spacing minus size of type
height) should be 2 point.
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4 pt Palatino
6 pt Palatino

8 pt Palatino

10 pt Palatino

12 pt Palatino

14 pt Palatino

ABCDEFGHIJKLMNOPQRSTUVWXYZ
abedefghijklmnopgrstuvwxyz 1234567890, 5 [1{}£5!26&

ABCDEFGHIJKLMNOPQRSTUVWXYZ
abedefghijklmnopqrstuvwxyz 1234567890.,:; [ [{}£$!?&

ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijklmnopqrstuvwxyz 1234567890.,:; [[{}£$!?&

ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijklmnopqrstuvwxyz 1234567890.,:;[[{}£$!?&

ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijklmnopqrstuvwxyz 1234567890.,:;“ [|{}£$!?&

ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijklmnopqrstuvwxyz 1234567890.,:;“ [[{}£$!?&

Fig. 1.2-12 Example of type sizes in Palatino

The Dover road lay, as to
him, beyond the Dover mail,
as it lumbered up Shooter’s
Hill. He walked uphill in the
mire by the side of the mail as
the rest of the passengers
did, not because they had the
least relish for walking
exercise, under the
circumstances, but because
the hill, and the harness, and
the mud, and the mail, were
all so heavy, that the horses
had three times already
come to a stop, besides once
drawing the coach across
the road, with the mutinous

The Dover road lay, as to

him, beyond the Dover mail,

as it lumbered up Shooter’s
Hill. He walked uphill in the
mire by the side of the mail
as the rest of the passen-
gers did, not because they
had the least relish for
walking exercise, under the
circumstances, but because
the hill, and the harness,
and the mud, and the mail,
were all so heavy, that the
horse had three times
already come to a stop,
besides once drawing the

b

Fig. 1.2-13 Layout.
a Justified;
b Unjustified

The technical requirements of lead type and the
typesetting system created for it determined to alarge
extent the form typography was to take. As a rule
right angle designs with horizontal lines were creat-
ed. Various aesthetic ideas repeatedly gave rise not
only to new typefaces but also novel typographical
styles.

The twentieth century saw the appearance of
historically oriented shapes (figs. 1.2-14 and 1.2-15) and
expressionist and pictorial styles. There were function-
al and elemental styles, as well as experimental fads
such as psychedelic or punk typography (figs. 1.2-16 to
18). Typography used graphic and pictorial elements as
typefaces or alternatively created pictures using letter-
ing. However, the basic typographic styles for reading
matter have not changed since Gutenberg’s time, but
have been continually refined.

Layout and Typography of the Present Book

The technical construction of the present book was es-
tablished at the planning stage by making various mu-
tually compatible decisions about the design. Taking
this as an example the extracts show the best methods
of designing a book to optimize its legibility and aes-
thetic impact.

Typefaces

Basic Typeface/Body Type:

Springer Minion Plus Regular, 10/11.3 pt (type size/ line
spacing);

for marking (emphasis): Springer Minion Plus Italic,
10/11.3 pt.

Headings:
Linotype Univers Condensed Bold, in color (similar to
Pantone 647c¢),
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Fig.1.2-14
Cover page of the trade journal Graphische Technik (July 1940)

Fig. 1.2-15
Cover page of price list done in Art Noveau
(approx. 1900)
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Fig. 1.2-16 Expressionist book jacket (Ernst Ludwig Kirchner 1924)
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Fig. 1.2-17
Event poster with functional elements for representing the content
(Max Huber 1948)

First-Level (title): 36/36 pt;
Second-Level: 18/19 pt;
Third-Level: 12/13 pt;
Fourth-Level: 10/11.3 pt.

Headers (Headings without Order Numbers):
First-Level: Linotype Univers Condensed Bold, 10/11.3 pt,
black;

Second-Level: Springer Minion Plus Bold, 10/11.3 pt.

Numbering of Figures and Tables:
Linotype Univers Condensed Bold, 9/9.5 pt, in color.

Figure Inscriptions:
Linotype Univers Condensed Light, 9/9.5 pt, black.

Typeface for Captions:
Linotype Univers Condensed Light, 9/9.5 pt, black.

Fig. 1.2-18
Psychedelic poster for a concert from the flower-power movement
(Wes Wilson 1966)

Column Lines/Running Head:
Linotype Univers Condensed Light, 9/9.5 pt, in color.

Special Typefaces:
Springer Symbol, Heidelberg Symbol.

Page Layout
The text is set justified on the base line grid in two
columns; highlights are italicized; paragraphs start
with a 3 mm indent in the first line.

A bullet is used as the first-level numbering symbol;
a dash (en rule) is used as the second-level number-
ing symbol. There is an empty line spacing before
and after a list. The following paragraph is not in-
dented.

Besides pure typeface decisions all other aspects of
the book were also determined:
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+ the page format (193 mm X 242 mm),
+ the type area with two columns (156 mm X 200 mm),
* the column width (76 mm).

The figures are preferably single column, double col-
umn, or 1.5 column width; the frames are 100% colored
and o.4 pt thick (for figures without a background), all
figures with a background (e.g., photographs) remain
frameless; pictures are centered within the frame.

Figure captions appear below the figure and are set
justified; for 1.5 column width figures they are next to
the figure and unjustified; the distance between the
caption lines and the edge of the picture is 3 mm.

The figure number stands on its own if the caption
text is longer than one line, otherwise it is at the be-
ginning of the line without a following period. The
part-figure designations (a, b, ¢, etc.) are printed black
and in bold. They are always placed on their own line.

1.21.3 Graphic Design

For many centuries design was of a conservative nature
and governed mostly by religious content. The demand
for consumer goods that increasingly accompanied the
expanding economic systems after the French and par-
ticularly the industrial revolutions led to an avalanche of
printed matter. Up to the late nineteenth century, designs
were mostly black and white, printed on paper, and rela-
tively rare. In the twentieth century printed products
such as posters, advertisements, prospectuses, maga-
zines, and of course books, became important media and
were widely distributed. This meant that information
had to be continually designed to attract attention. This
was achieved through long print runs, large formats, a
striking amount of color, but also topical subjects.
Photographs soon came to be used as well as illustrations.

Design in the Twentieth Century
The first high points of this new age were the great
number of artistic-illustrative posters of surprising de-
sign produced by designers such as Henri de Toulouse-
Lautrec, Jules Cheret, Eugéne Grasset and A. A. Mucha
(fig. 1.2-19). These designers were situated between the
fine and applied arts, between the personal and gener-
al form. Informational subject matter also increased:
the design of packaging, direction indicators, forms,
charts, and corporate literature became tasks that no
longer had to be solved with ardent artistic feeling but
with clear conceptual designs.

It was the American William Addison Dwiggins who
in 1922 first used the professional title “Graphic De-
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Fig. 1.2-19 lllustrative poster (Jules Cheret 1893)

signer” to describe more accurately the new type of de-
signer, who was no longer to be an artist in the tradi-
tional sense. This title describes someone who has spe-
cialized in the design of visual communication and
brings together the design tools of typography, illus-
tration, photography, and printing with the aim of in-
forming, teaching, or influencing. The term soon
caught on.

The development of graphic design was influenced
from widely divergent directions. On the one hand
there were the traditionalists, who created designs
using traditional artists’ tools. On the other hand
methods using new ideas of form and content arose,
which made this new area of design an unmistakable
part of twentieth century culture. The greatest contri-
bution to this was the work of the “Bauhaus”, a design
school in Germany (fig. 1.2-20). The teachings of this
school, which was in existence from 1919 to 1933, were
further developed in Switzerland (fig. 1.2-21). After
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Fig. 1.2-20
Magazine cover in elemental design (Jan Tschichold 1925)

1945, exemplary achievements from the USA trans-
formed this European development into the varied and
differentiated field which characterizes graphic design
in the world today (fig. 1.2-22).

1.22 Prepress

Prepress includes all the steps which are carried out be-
fore the actual printing, the transferring of informa-
tion onto paper or another substrate (fig.1.2-23). Tradi-
tional prepress is divided into three areas:

« composition, that is, recording text, formatting text,
and pagination;

* reproduction of pictures and graphics, and particu-
larly color separations for multicolor printing;

+ assembly and platemaking, i.e., the assembly of text,
picture, and graphic elements into complete pages,
(page layout/make-up), from pages to print sheets,

Fig. 1.2-21
Concert poster in the style of “Swiss typography” (Josef Miller-
Brockmann 1960)

Fig. 1.2-22
Advertisement for a magazine in contextual text-picture combina-
tion (Gene Federico 1953)
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Fig. 1.2-23 Prepress in the production flow for the generation of printed products

and also the making of the printing plate as the ve-
hicle of information in the printing press (fig.1.2-24).

Chapter 3 gives a detailed description of both so-
called conventional prepress (sec. 3.1) and digital pre-
press (sec. 3.2).

Composition Technology

For centuries composition technology was dominated by

the pioneering invention of Gutenberg — the letterpress

with movable type. This process remained practically un-

changed from the fifteenth until the end of the nine-

teenth century. Letters molded from lead were assembled

into words, lines, and blocks of text (manual typesetting).

Composition only became mechanized towards the end

of the nineteenth century in the wake of industrializa-

tion. In 1885 Ottmar Mergenthaler developed a line cast-

ing machine, which became known by its trade name

“Linotype.” It made it possible to compose whole lines of

matrices by means of a keyboard and to fill them with

molten lead. This machine dominated composition un- Fig. 1.2-24

til the 1960s — along with “Monotype”, which operated in  prgpress with conventional film stripping and digital master prepa-
asimilar way but produced individual letters,and the still  ration (text, images, graphics) with EDP systems
indispensable manual typesetting.
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As quicker and more effective printing technologies
began to replace letterpress, particularly offset and
gravure printing, the traditional lead composition was
improved by innovations. Photocomposition began to be
developed in the 1940s —at first, as an analog process, in
which text was exposed letter by letter onto film through
matrices. The breakthrough for photocomposition,and
with it the decline of lead composition, first came at the
beginning of the 1970s with digital photocomposition
systems. This involved the transfer onto film of lines of
text entered via a keyboard into the processor of a com-
puter by means of cathode ray tubes and later by laser.

Pictures and Graphics

In the early days pictures and graphics were integrated
in printed products in the form of woodcuts, and cop-
per and steel engravings. Reproduction technology in the
modern sense did not come in until the end of the nine-
teenth century as photographic procedures made it
possible to capture pictures on film and to screen them,
that is, to break them up into small dots. (Screening is
necessary because with conventional printing tech-
nologies it is only possible to produce solid tints and
not continuous tones. The continuous tone effect is
simulated for the human eye by printing a number of
tiny halftone dots of varying sizes next to one anoth-
er.) An extra step with multicolor printing is the sepa-
ration of colors, that is, the breaking down of color pho-
tos into the process colors used for the print (usually
cyan, magenta, yellow, and black).

In letterpress printing the screened and separated film
served first as an original for etching a relief in a metal
surface (plate or printing block) from which prints were
made. In offset printing the films can be used directly for
platemaking. To check color reproduction quality before
printing, a test print or proof can be made. This proof is
produced photomechanically from the color separation
films and simulates the result of the printing process.

In the 1970s the scanner emerged, which is used to op-
toelectronically scan, separate in colors, and screen
originals and either directly record them on film by laser
or first store them as digital data for further processing
in a image processing system. Figure 1.2-25 shows a
scanner for producing color separations, such as the
ones for a four-color print shown in figure 1.2-26.

Platemaking

The task of platemaking is to assemble text, pictures,
and graphics into pages and pages into sheets. Since the
printing formats of most printing presses are essen-

Fig. 1.2-25 Drum scanner for image capture (Tango, Heidelberg)

tially larger than the page format of the printed prod-
uct, several pages are almost always printed on one
sheet. The next step is to produce the plate for the par-
ticular printing technology.

The image carriers used for letterpress printing were
traditionally made by combining blocks of text (con-
sisting of individual letters or lines that were prepared
in typesetting) and the blocks from reproduction to
produce large metal forms. The platemaking for letter-
press printing “flexography” is discussed in detail in
section 2.3.3.

For offset printing the process films (text, graphics,
and pictures) in accordance with the page arrangement
are first mounted onto a film in the size of the printing
format (offset assembly). The assembly then serves, at
the subsequent stage for the purposes of photographic
image transmission onto an offset plate in a contact
method (offset platemaking). At the next stage the plate
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Fig. 1.2-26
Color separations for four-color printing
(Heidelberg)

serves as the image carrier for the offset press. In every
printing technology a plate must be produced for each
color to be printed.

Figure 1.2-24 shows how conventional methods (film
assembly) as well as computer systems are used for art-
work preparation (text, image, graphics) in prepress.
Figure 1.2-27 shows how film assembly is set in the
copying frame for platemaking in conventional copy-
ing process. Both films or plates can also be exposed us-
ing digital systems directly based on digital data, as is
explained later.

For gravure printing, so-called Helioklischographs
have been in use since the 1970s to make printing plates.
Here, the films are mounted on the copy drum and the
signals produced by an optoelectronic scanning head are
transmitted to control an engraving stylus. This simul-
taneously engraves the image onto a copper cylinder
which serves as the image carrier for gravure printing.

Digital Prepress
Through innovations aimed at achieving digital pre-
press, an evolutionary change has taken place since the
end of the 1980s in prepress which has almost entirely
eliminated the classical division into the three areas of
composition, reproduction, and platemaking.

During the 1980s, desktop publishing (DTP) became
a serious alternative in prepress. This came as a result
of the development of personal computers (PC) with
full graphic capacity (e.g., Apple Macintosh), worksta-
tions, professional layout, graphic, and image process-
ing software, the page description language PostScript,
and high-resolution laser imagesetters with raster im-
age processors (RIP).

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)

Fig. 1.2-27
Positioning of the film assembly in the copying frame for platemak-
ing (Heidelberg)

Desktop publishing means that the capture and edit-
ing of text, the capture of pictures (scanning) and their
editing, and designing of graphic elements, as well as
the completing of pages (layout) can be carried out at
one computer station. Used together with an output
unit (imagesetter) the PC can also carry out color sep-
arations and screening of the finished pages, so that the
whole page is exposed on a film (full-page film).

Obviously there are also programs for the digital
sheet assembly which take over imposition and the po-
sitioning of printing aids (register marks, cutting
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marks, etc.). With the help of a large-format image-
setter, films can also be produced in the format of the
printing press. computer to film technology is the state
of the art.

At the beginning of the '9os DTP took over the
prepress almost overnight and has now almost
completely replaced the specialized composition and
image editing systems as well as photomechanical
reproduction. Since around 1995 (even earlier for
gravure printing), computer to plate technology (CtP) has
played an increasingly important role. CtP means that
the printing plate is imaged directly and the interme-
diate step of imaging a film is abandoned. In gravure,
the cylinder is directly engraved using digital informa-
tion. A further step in the production flow is therefore
eliminated and ultimately all the prepress steps are car-
ried out from a single computer workstation. There are
already offset printing presses that use integrated ex-
posure units to expose the plates in the press (direct im-
aging). Since no film is used in CtP, a previous proof
must be made digitally, usually in the form of a proof
print on a special dye sublimation, ink jet, or thermal
printer.

Figure 1.2-28 shows how a full-page film is made in
digital prepress with a computer to film unit and laser
imaging of the film. Figure 1.2-29 shows how the print-

Fig. 1.2-28
Full-page film output on a computer to film
system (Herkules, Heidelberg)

ing plate is produced directly from the database of the
digitally described printing sheet.

These technological changes in prepress have also
brought about fundamental changes in the types of job
offered in prepress. The tasks of the three classical oc-
cupations of compositor, reproduction technician, and
platemaker can today be carried out at one work place
by a single skilled worker. This was taken into account
in Germany in 1998, when a new course training can-
didates to become “media designers” (see sec. 13.1.2)
was created. After successful training the media de-
signer is proficient in all prepress processes. Conse-
quently, it is considered by many to be the most de-
manding occupation in the graphics industry.

Thanks to DTP practically any author or graphic artist
who has access to a PC and the appropriate software can
perform at least some of the steps involved in prepress.
Although this has opened up many opportunities to in-
dividuals, it has, unfortunately, also resulted in an in-
creasing flow of poor-quality printed products flooding
the market. The creation of printed products by com-
puter requires not only mastery of the program used and
the necessary typography and design know-how, but
above all an accurate understanding of the subsequent
printing and finishing processes. It is usually only
trained experts who are endowed with this expertise.
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The diagrams in figure 1.2-30 show the process of
evolution in prepress from the individual steps of com-
position, reproduction, and assembly to an integrated
process for platemaking.

1.2.3 Printing

Printing is described as the process of transferring ink
onto paper (or another substrate) via a printing plate
(fig. 1.2-31). In the course of the centuries many differ-
ent printing technologies have been developed and
these can be divided into four main technologies ac-
cording to the type of image carrier used as shown in
figure 1.2-32.

Fig. 1.2-29
Computer to plate system for digital imag-
ing printing plates (Trendsetter,

In section 1.3 (and in particular in chaps. 2 and 5) the
different printing technologies are dealt with in detail.
In section 1.6 printing presses and systems are de-
scribed in detail. First, a short overview.

Letterpress (Relief) Printing. Here, the printing ele-
ments (letters, lines, dots, etc.) are raised. When the
printing plate is inked, the ink adheres to the raised
(printing) parts and is then transferred under pres-
sure onto the printing substrate. The main examples
of this printing technology are letterpress which, un-
til a few decades ago, was the dominant printing tech-
nology and flexography which, by the middle of this
century, had started to be used more and more in
packaging printing. With traditional letterpress

Heidelberg/Creo)

Manuscripts
Manu- | Compo- T» ——
scripts sition | Text films extiies with digital

Assembled | Plate- |Printing Pictures repro (DTP) Printing
Line il Assembly [— > ki > and —
Pictures ne |m's/‘ films MaKing | plate Graphics Computer to Plate | Plate
) Repro- |screen films T (CtP)

Graphics, | duction Image/

graphic files
a b

Fig. 1.2-30 Evolution in prepress through digitalization of the processing sections.

a Conventional prepress (around 1980);
b Digital prepress (around 1997)
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Fig. 1.2-31 The printing process in the production flow for printed products
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Ink
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Gravure printing

Mesh
N W e

Image carrier (stencil)

Screen printing

Fig. 1.2-32
The four main conventional printing technologies (in principle)

printing a hard metal printing plate (lead) is used and
in flexography a flexible, soft rubber or plastic plate is
employed.

Gravure Printing. Here, the printing elements are re-
cessed. The gravure cylinder surface is covered with
low viscosity ink (“flooded”) and then passed under
a doctor blade which removes all the excessive ink,

leaving ink only in the recesses. The printing materi-
alis pressed onto the cylinder surface and takes up the
ink from the recesses. The main examples of gravure
printing are rotogravure printing and, in the area of
arts and crafts, copperplate engraving and die-stamp-
ing (also security printing).

Lithography. Here, printing and non-printing ele-
ments are at the same planographic level but are usu-
ally made from different materials (e. g.,aluminum and
polymer coating) with different chemical and physical
surface properties. During printing, the non-printing
elements are usually made ink-repellent first (by wet-
ting) and the plate is then inked so that the ink is tak-
en up only by the printing areas. The main example of
lithography is offset printing, which is today the domi-
nant printing technology. Offset printing is an indirect
printing technology, that is, the ink is first transferred
to an intermediate carrier (rubber blanket) and from
there onto the substrate (fig. 1.2-33).

Screen Printing. Here, the printing plate consists of a
fine mesh (e.g., nylon). The non-printing elements of
the mesh are blocked by a coating (stencil). As with
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Fig. 1.2-33

Four-color sheet-fed offset press with a central control console and
measuring and control technology.

a Press diagram;

b Press with remote control console (Speedmaster 74-4-P, Heidel-
berg)

gravure printing, the screen plate is covered with ink
and a squeegee (blade) is passed over it. Through the
pressure of the squeegee the ink is pushed through the
screen onto the substrate lying below (see also fig. 2.4-11).

Printing Systems. In addition to the image carrier, each
of these printing technologies require a back pressure
element which presses the substrate onto the image car-
rier to transfer the ink. Gutenberg’s press, an adapted
wine screw-type press, worked on the principle of “plane
to plane”, that is, the image carrier and the back pressure
element were flat. Middle- and large-sized letterpress
machines of the nineteenth and twentieth centuries
worked on the principle of “plane against cylinder”, i.e.,
with a flat image carrier and a back cylinder which rolls
on the image carrier. The currently dominant technolo-
gies of offset printing, as well as gravure printing and
flexography, work entirely on the principle of “cylinder
against cylinder” to achieve entirely rotating motion
sequences in the printing unit. Only in this way is it pos-
sible to achieve the production speeds expected today of
5000 up to 100000 impressions per hour. Multicolor
printing presses, where several printing units are locat-
ed one after the other, are largely constructed on the
cylinder/cylinder basis.
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Figure 1.2-33 shows a multicolor sheet-fed offset press
together with the relevant control and measuring
equipment in the print room. Figure 1.2-34 gives an im-
pression of the production process in the press room
of a printing company.

The four classic (conventional) printing technolo-
gies have one thing in common: the image carriers
(masters) have a physically stable structure and are
therefore not variable, that is to say, with the same im-
age carrier it is possible to reproduce the same image
in high quality many times.

Beginning in the middle of the twentieth century
several technologies have been developed that are
known today as “nom-impact printing technologies”
(NIP technology). With these technologies, the print-
ing plate is newly imaged for each printed copy (e.g.,
electrophotography) or the ink is directly transferred
(without a plate or image carrier) onto the substrate
(e.g.,ink jet). One page after another can then be print-
ed with a different content — even if there are limita-
tions with respect to quality and productivity.

An example for a printing system based on elec-
trophotography is the set-up for digital multicolor
printing in figure 1.2-35. A detailed description is given
in section 1.3.3 and chapter 5.

Until a few years ago the non-impact technology was
no alternative to conventional printing technologies as
far as either quality, speed of production or cost were
concerned. However, in recent years in particular, elec-
trophotographic printing has been greatly improved
and has therefore become a genuine alternative in some
print media market sectors. This is particularly true of
low-volume printwork and jobs involving variable data

Fig. 1.2-34 Press room of a printing company
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Fig. 1.2-35

Printing system for four-color printing (NIP technology: electropho-
tography).

a Schematic representation;

b Printing system (with sorter for collating individual sheets)
(CLC 1000, Canon)

and/or information (such as mailings), since the image
can easily be completely changed for each copy.

Sheet-fed and web-fed presses. Printing presses can be
engineered as either sheet-fed or web-fed presses.
Sheet-fed presses have a feeder, one or more printing
units, and a delivery (see also fig. 1.2-33). In the feeder
the sheets are taken from a pile, aligned, and forward-
ed to the first printing unit. The sheets are transported
through all the printing units by grippers. In the deliv-
ery the printed sheets are collected in a pile.

Web-fed presses (fig. 1.2-36) have a reel stand, from
which the paper web is fed to one or more printing
units. This web is then fed straight to a print finishing
unit or a rewinder after printing.

Web presses for high-quality print production are
fitted with dryers to prevent smearing of the ink dur-
ing print finishing. This is why heat-set inks are used

Fig. 1.2-36 Web-fed offset printing system (M-600, Heidelberg)

in offset printing. Newspaper offset printing is usually
carried out with cold-set inks, which do not require a
special dryer, but offer a lower quality. Gravure and
flexographic (letterpress) printing requires a drying
section after each printing unit, i. e. after printing each
individual color.

Offset printing presses and non-impact presses are
designed as web-fed and sheet-fed presses, while
gravure presses and flexographic presses are almost
exclusively engineered as web presses. Web presses
reach higher speeds than sheet-fed presses and have
the advantage that in-line finishing is easier to carry
out. Web presses are usually designed for one partic-
ular type of product only (e.g., newspapers). Typical
market segments are newspapers, magazines, packag-
ing, and continuous/business forms. Sheet-fed press-
es have the advantage of shorter set-up times, less
start-up waste, and variable formats and substrates.
Almost all kinds of printed matter can be produced
on sheet-fed presses where high quality and flexibili-
ty is a primary concern.

Conventional printing presses have become increas-
ingly automated in recent decades. Today, almost all
presses come with a remote control station which is used
to control most of the press functions. Tasks which were
previously always performed manually, such as format
adjustment, changing of the printing plate, correction
of the register, and cleaning of the rollers and cylinders,
can now be carried out at the push of a button. A digi-
tal interface for prepress makes it possible to preset the
ink flow for a particular printing plate. Several manu-
facturers already offer offset presses with integrated im-
aging systems, so-called computer to press/direct imag-
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ing presses (see sec. 4.4). By their very nature, non-im-
pact printing presses are already highly automated and
can be almost completely controlled by computer.

In the last twenty years the automation of the print-
ing press has led to a considerable increase in produc-
tivity and has raised the quality of both printed prod-
ucts and the work place while contributing to eco-
nomically efficient production of printed matter.

1.24 Postpress/Finishing

Print finishing (postpress) includes all those steps
which are carried out after printing on paper or an-
other material has taken place (fig. 1.2-37). Finishing
processes are as diverse as the methods of producing
printed products, whether they involve books, news-
papers, folding boxes, or sets of labels. In this section
only the most common processes are described. Print
finishing is dealt with comprehensively in chapter 7.
Processes such as cutting, folding, gathering, and bind-
ing are important print finishing technologies for pro-
ducing a finished product. Figure 1.2-38 shows finishing
processes using cutting and folding machines. The sys-
tem shown in figure 1.2-39 is an example of gathering and

Fig. 1.2-38
Cutting and folding machines for finishing in the press room
(Heidelberg)

finishing folded sheets. Figure 1.2-36 shows clearly how a
web offset press, which includes a folder and other print
finishing equipment, can produce complete brochures.
Classical bookbinding, the production of hardcovers,
today represents just a small part of the total finishing
process. The following list includes the most important

/
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Fig. 1.2-37 Finishing processes in the production flow for printed products
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Fig. 1.2-39

Gathering of folded sheets and further pro-
cessing (stitching, cutting/3-side trimming,
packaging) for the production of brochures
(Prosetter 562, Heidelberg)

types of print finishing processes and related companies
or departments of industrial print finishing:

* Bookbinders produce hardcovers and also perfect-
bound (glued soft cover) brochures with higher
print volumes.

+ Newspaper and magazine printing companies have
web printing presses (offset or gravure) with inte-
grated print finishing units (in-line finishing).

* Packaging printers produce a great variety of pack-
aging either off-line (e.g., folding boxes) or in-line
(e.g., polyethylene carrier bags).

* Label printers are highly specialized in print finish-
ing with automated cutting, die-cutting, and
packing machines.

+ Small and medium-sized printing companies are
mostly connected with finishers where business
stationery and other commercial printwork is
processed, and perfect-bound and saddle-stitched
brochures are produced.

Important print finishing techniques are explained be-
low using brochure-making as an example: With per-
fect-bound brochures, glue is applied to the back and a
stiff paper cover is attached (e.g., paperbacks, mail-or-
der catalogues, and telephone books). Saddle-stitched
brochures consist of several inserted double pages,
which are fastened together at the fold with wire (e.g.,
magazines, periodicals). The production of brochures
proceeds in five stages, which are explained below:

* Cutting (guillotine cutting). When several folded
sheets (signatures) are printed with the same con-
tent on a large-format press, they must first be se-
parated. The same applies to brochure covers and
bound-in inserts (e.g., reply cards) which are most-
ly printed in multiple-ups, i.e. many copies with
the same content on one sheet. Cutting machines

work with vertical blades, which can cut through
the paper pile to a depth of around 20cm (see also
fig. 1.2-38).

+ Folding. The print sheets, which contain several
printed pages, are folded with folders depending on
format size (fig. 1.2-40). Imposition means arran-
ging the pages on the sheet so that after folding and
gathering several folded sheets, the pages are in the
correct sequence. Imposition is a prepress process
but always depends on the requirements or condi-
tions of the finishing process.

In perfect binding (fig. 1.2-40b) the individual folded
sheets are arranged behind one another, so sheet one
contains pages 1-8 and sheet two contains pages 9—16.
In saddle-stitching (fig. 1.2-40a) the folded sheets are
placed inside one another, so sheet one contains the 8
outside pages (1—4 and 13-16) and sheet two, the inside
eight pages (5-12).

* Gathering/collating. If a thirty-two-page brochure is
printed with eight pages per sheet, it has four signa-
tures. (The sections of a brochure are also called sig-
natures). With a print volume of one thousand
copies there will be four piles of one thousand
folded sheets after folding. These must then be
separated and arranged in accordance with the spe-
cifications of the brochure to be produced. Arran-
ging sheets after one another (for perfect binding) is
called collating and is carried out by special colla-
ting machines.

Putting signatures inside one another (for saddle-
stitching) is called gathering. This is carried out
mostly on saddle-stitchers (fig. 1.2-39), which also
carry out the sequential operations of stitching and
three-side trimming.

* Perfect binding/wire-stitching. The assembled signatu-
res for a perfect-bound brochure are first routed on
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Fig. 1.2-40

Imposition layout (8-page, folded sheet) for two print sheets for a
16-page brochure.

a Layout for back-stitching (after gathering);

b Layout for perfect binding (after collating)

the spine to enable better penetration of the glue.
The back (spine) is then thoroughly coated with glue
(usually with hot-melt adhesive), and the cover is
wrapped around it and stuck to the back. The ma-
chine for these operations is the perfect binder which
can also be coupled with the upstream gathering ma-
chine and the downstream three-side trimmer.

In the gatherer-stitcher the assembled signatures of
the saddle-stitched brochure are transported un-
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derneath the stitching heads, which push the
staples through the back and bend them around.

* Three-side trimming. The sheets of the brochures
bound in this way are not yet separated at the fold
(e.g., on the head) as they still form a signature. Sin-
ce they cannot be opened out at this stage, the folds
have to be cut off. The brochures are usually cut on
two, or all three sides (head, foot, and front), which
at the same time means cutting the brochure to its
final size. This cutting must be allowed for when
preparing the job and in prepress, so that none of
the contents are cut off. There are special three-knife
trimmers used to trim three sides of a printed pro-
duct. Modern gatherer-stitchers and perfect binders
are equipped with in-line three-side trimmers.

Print finishing has been increasingly automated in re-
cent years, but not nearly to the same extent as print-
ing or, in particular, prepress. Due to the great variety
of processes and the complexity of the mechanical
processes, more manual intervention is required than
in the other two areas (an exception to this is in-line
finishing with web printing presses). That is why great
efforts are being made in print finishing to introduce
CIM (computer-integrated manufacturing) so that
print finishing does not become the “bottleneck”in the
production of printed material.

1.25 Digital Production Equipment
in the Workflow

The production of printed products has increasingly
changed from a craftsmen’s trade into industrial pro-
duction. As in other industrial sectors, computer-inte-
grated manufacturing (CIM) is becoming important.

In recent years, computers and automated processing
have had a considerable influence on prepress. The inte-
gration of prepress and press, as well as automation in
printing and the integration of related processes, have
also reached a certain maturity. In the other areas of pro-
duction such as finishing, the integration of computers
is by no means standard and is still in its infancy.

Complete digitization and integration of prepress,
press, and postpress is unavoidable if computer-inte-
grated manufacture of printed productsis to be achieved.
There are two main obstacles to its implementation. At
the moment, partially incompatible systems and inter-
faces still exist and there is only a limited supply of ma-
chines and computers that can be electronically con-
trolled, particularly in the print finishing sector.
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Standardized data formats are of vital importance for
the integration of prepress, press, and postpress since
they facilitate an integrated interface for data which is
necessary for the entire workflow.

Production planning and control are instruments for
monitoring the production process. In chapter 8 the
topic of material logistics and data flow will be dealt
with in detail. Figure 1.2-41 relates to the theme of ma-
terial logistics in the press room and in particular the
transportation of paper pallets.

Planning the manufacture of a printed product is
usually an upstream process, i.e., from postpress via
press and back to prepress. This is best demonstrated
with a simple example: A small sheet-fed offset print-
shop is given the job of making a catalog. The print-
shop has a prepress department with computer to plate
equipment, a two-color press in 52 cm X 36 cm (approx.
20"%14") format, a two-color press in 74 cm X 52 cm
(approx. 29" x20") format and a four-color machine in
74 cmX 52 cm format. The finishing department has a
cutting machine, a folding machine, a gathering ma-
chine, a gatherer-stitcher with four stations and trim-
mers as well as a perfect-binder.

The customer’s specifications for the making of the
catalog require:

+ binding: saddle-stitching,

 format: DIN A4,

+ total pages: 32,

+ paper: gloss coated art paper, 150g/m?,

+ print: two color (black and cyan as decorative
color), pages 1, 2, 31, 32 four-color CMYK,

Fig. 1.2-41

Transportation of material in the press
room to supply sheet-fed presses with
paper pallets

+ layout files with picture and graphics are already
provided by the customer,
+ run length: 1000 copies.

The maximum print format of the printshop is
74cm X 52 cm, so 8 DIN A4 pages per sheet can be
printed. Including the trimming allowance, a paper
format of 62 cm X 45 cm is required. The number of
pages comes to 32, and so requires 4 eight-page signa-
tures. Printing and finishing require a 150 sheet waste
allowance per signature for a run length of 1000 copies.
Therefore 1150 X 4 = 4600 sheets are needed. Provided
are: 4600 sheets of glossy art paper, 150g/m? in
62 cm X 45 cm format.
The production planning steps are as follows:

+ Finishing. Because the customer wants a saddle-
stitched catalog, the workflow is predetermined:
the folder is set up for 2 right-angle folds, format
62 cm X 45cmy; folding of 4 signatures of 1000
sheets; makeready of the 4 gatherer-stitcher stations,
format DIN Ag; gathering, stitching, trimming of
1000 copies; packing of 1000 copies.

* Printing. In accordance with the sheet size, the
74 cm X 52 cm presses are used. The four outer pa-
ges are 4-color, all the others are 2-color. Since we
are dealing with a saddle-stitched brochure, one 4/4
color signature (sheet 1) and three 2/2 colored sig-
natures (sheets 2,3 and 4) are required. Making an
allowance for waste, the print numbers per signatu-
re are: 1150 recto prints + 1150 verso prints = 2300
prints. The workflow is as follows:
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— four-color press: makeready — 1150 prints —
change of printing plate — 1150 prints;

— two-color press: makeready — 1150 prints —
5 x change of printing plate — 5X 1150 prints.

* Prepress. The pages are imposed according to the
imposition layout for saddle-stitching and digitally
assembled with 8 pages per sheet, taking into ac-
count the 3-side trimming. Folding and cutting
marks are added for finishing and register marks
and color control strips for printing. The individual
printing characteristics of the two presses used for
the job are taken into account for the plate expo-
sure. Because of the quality demands of the cus-
tomer, printing will be carried out on coated paper
with a screening of 72 lines per cm. The printing
plates are selected in accordance with the size re-
quirements of the printing press.

With this upstream planning, a job can only be
processed in prepress if the workflow for the subse-

quent areas is already laid out in accordance with the
data provided. This means that almost all the informa-
tion which is required for the printing and finishing
processes flows into an image data file.

Digital workflow systems make use of these facts.
They extract this information and make it available to
the next work areas where it is used for the automatic
set-up and presetting of the equipment. This means
that existing data does not then need to be entered
again at each press. Additional information can be tak-
en from the computer-aided job preparation.

The following data which is relevant to production
can be extracted from the image data file for the print
job described (see also fig. 1.2-42):

« For printing: Sheet size, number of signatures for
straight (recto) printing and perfecting (verso
printing), number and type of inks, ink profile
(ink distribution over the sheets in zones). Addi-
tional data from the job preparation: machine uti-

/{ CIP3/PPF file | CIP3/PPF data
Size: 62 x 45 cm

Sign: 3 x recto/
Verso printing
Colors: black, cyan
Ink profiles

Run length: 1000 + 150 Signatures: 4
Run length: 1000 + 150 Paper: Art paper, glossy, Staples: 2

CIP3/PPF data CIP3/PPF data CIP3/PPF data

Size: 62 x 45 cm Size: DIN A4 Size: DIN A4
Signatures: 4 Trim: Head 5mm,  Thickness: 2 mm

Fold: two-directional ~ foot 8 mm, Run length: 1000
right angle fold front 15 mm Packaging: Shrink film

Packaging unit: 25

Paper: Art paper, glossy, 150 g/m2 Run length: 1000 + 150
150 g/m2 Paper: Art paper, glossy,
¥ 150 g/m?2
/ 2-color press \ }
SN Folding _|  Gatherer- | .
Fremedia e \ / machine stitcher DRI
4-color press . ‘
Postpress
»~ CIP3/PPF data
Size: 62 x 45¢cm
Sign.: 1 x recto/verso printing
Colors: C, M, Y, K
Ink profiles
Run length: 1000 + 150
Paper: Art paper, glossy, 150 g/m2
Press
Fig. 1.2-42

Production equipment in the digital workflow for the production of print media with interfaces for processing CIP3/PPF data for the exam-
ple given in the text of how a print job is processed (PPF: Print Production Format; CIP3: Cooperation in Prepress, Press and Postpress)

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)

37



38

1 Fundamentals

lization, run length, allowance for waste, type of
material.

« For finishing: Sheet size, number of signatures, fold-
ing layout, type of binding and trimming. Addi-
tional data from the job preparation: machine uti-
lization, run length, allowance for waste, types of
material, packaging and distribution.

CIP3/PPF (Print Production Format) has been estab-
lished as the standard format for the extraction and
transmission of the data relevant to production. This
format was worked out by a consortium of firms in the
graphic arts industry (details are given in sec. 8.2.3).
CIP3 stands for Cooperation in prepress, press, and
postpress. Every printing and finishing machine with a
CIP3 interface can be set up automatically for a partic-
ular job using a PPF data file. Printing presses with CIP3
interfaces are already available, and the technology is al-
so beginning to penetrate the finishing sector. The aim
of the development is the networked printshop where
manual intervention in the workflow is minimized and
throughput and delivery of the order can be sped up.

Figure 1.2-42 shows which CIP3 data can be used to
control which machines.

1.2.6 Premedia

The preceding sections of 1.2 have shown how with to-
day’s prepress processes and equipment the entire print
job can be created in digital form in a data file. On the
basis of this data set, full-page films can be produced
or the printing plate produced directly. There are print-
ing systems which can be operated directly with the
help of the job file. Print finishing also uses digital in-
formation to produce the end product. Printed matter
can then be produced using modern technologies
which are based on a “digital master” containing all the
information on the product and its production.

The so-called “electronic media” transmit informa-
tion to customers using CD-ROM or the Internet,
which can be read and viewed using visual display units
such as monitors and displays.

The “digital master” for the information, which is
transmitted in printed or electronic form, is more or
less identical. This has resulted in the creation of a pre-
media stage in the workflow, during which informa-
tion is recorded, laid out, and made available as a digi-
tal data file, and the data is managed and organized.
This “digital master” can now be copied and distributed

Electronic Media

Equipment to
make data visible

I | —
l TV, Radio
| [ / /'\
N | /Distri- 7
- Premedia ~i> % Internet, etc. bution i .\'1 -
S [ = Electronic | | | 5
‘g : | : | information : 3
s || |dea SRS I i | @
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St Content el S0 RV 1|5
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=N Dl |D|g|ta| Printing System | Printed product Do
S | BeoITooTITIITIaTITIos [ ! :
— . ydl Printing L '
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Fig. 1.2-43 Premedia in the workflow for the production of print media and electronic media
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in printed or electronic form (print media or electron-
ic media, see fig. 1.2-43).

The premedia production process, which does not de-
pend on the output media, is also called “Cross Media
Publishing” (CMP). A basic requirement for an effective
cross-media publishing system is the assurance of con-
sistency and integrity. All data must be available in digi-
tal form and be accessible through a data network.

Figure 1.2-43 also shows how premedia is linked with
prepress, press, and postpress. It also demonstrates that
a completely digital workflow depends on the level of
digitization of the systems in the production chain. Fig-
ure 1.2-43 also demonstrates how the combination of
an electronic medium (e.g., CD-ROM) and a print
medium (e.g.,a book) is a multimedia application that
can be produced by one business.

This combination of different data carriers is also
called “Mixed Media Publishing” (MMP). MMP can be
used for the optimization of publications by combin-
ing the advantages of different data carriers. The value
of a publication is not increased by the clever combi-
nation of individual types of information (text, tone,
animation, etc.), but rather by a combination of dif-
ferent data carriers (e.g., CD-ROM, the Internet, and
print).

Chapter 9 details potential production processes
and strategies for printed media and, in particular,
production strategies such as print on demand or dis-
tributed printing which can be executed on the basis of
the workflow shown in figure 1.2-43 (from premedia
via prepress, press, and postpress to the end product).
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1.3.1 Overview of Printing Technologies

Current printing technologies are based on a wealth of
inventions. The discoveries made in the engineering
sciences, information technology, physics, and chem-
istry have left their mark on the development of print-
ing technologies. In recent years it is computer and in-
formation technology that have had the most lasting
impact on the printing industry and printing tech-
nologies, and this trend is continuing. The most im-
portant aspects in the history of printing technology
are dealt with in section 13.1.

Definition of the Most Important Terms Relating to

Printing Technology [1.3-1]

+ Printing is a reproduction process in which print-
ing ink is applied to a printing substrate in order to
transmit information (images, graphics, text) in a
repeatable form using an image-carrying medium
(e.g., a printing plate).

+ The image carrying medium is the storage element
(i.e., printing plate or bitmap for controlling ink jet
nozzles) that contains all the information needed
to apply the ink for the reproduction of images
and/or text by printing.

+ The printing plate or image carrier (master) is the
tool (material) by which ink is transferred to the
printing substrate or an intermediate carrier
for the reproduction of text, graphics and/or im-
ages. One printing plate usually generates many
prints.

1.3.3  Printing Technologies without

a Master (NIP Technologies) ............ 58
1.3.3.1  Electrophotography ................... 60
1332 InkJet ... ... 63
1.3.3.3 Printing Systems based on Non-Impact

Printing Technologies .................. 65

+ The print image is the information provided by the
entirety of all the print image elements in all opera-
tional stages of an image to be produced by print-
ing.

+ The print image element is an area that transfers
and/or receives ink (e.g., letter type face, line,
screen dot or cells) in any operational stage of the
presentation to be reproduced by printing.

+ The ink is the colored substance that is applied to
the printing substrate during printing.

+ The printing substrate is the material receiving the
print.

+ The printing press is the equipment with which the
printing process is performed.

+ The printing process serves to disseminate/repro-
duce information that is transmitted and processed
within this procedural framework.

The relevant individual steps in the production of a
printed product (see sec. 1.2) are illustrated in figure
1.3-1. The printing stage (press) is highlighted as the cen-
tral production stage between prepress and post-
press/finishing.

The production of printed products can be de-
scribed as an information-processing system, within
which the information specification and the in-
formation carrier change (i.e., original as slide, film,
image, digital data record, impression, plate, print
sheet, end product) [1.3-2]. The type of information
carrier employed depends on the printing technolo-
gy used.
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Fig. 1.3-1 Production flow (workflow), material and data flow for the production of printed products

An overview of printing technologies is given in fig-
ure 1.3-2. A distinction is made between technologies
requiring a master, conventional procedures, and so-
called non-impact printing (NIP) technologies which
do not require a printing plate. Printing technologies
requiring a printing plate are technologies like litho-
graphy (offset), gravure, letterpress, and screen print-
ing. The most common NIP technologies are elec-
trophotography and ink jet.

As can be seen in figure 1.3-2, all printing technolo-
gies have the task of transferring information to a sub-
strate (i.e., paper in sheet or web form). The execution
of this task requires the prepress phase for procedure-
specific preparation of the printing process as well as
the finishing phase for fabrication of the end product.

1.3.2 Printing Technologies with
a Printing Master

Printing technologies with a master (see also fig.
1.2-32) are also referred to as conventional printing
technologies. The printing plate is the information-
carrying medium for all the procedures referred to in
figure 1.3-3. Information is generated on the printing

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)

substrate by the partial surface transfer of ink. All in-
formation is denoted by image elements (transferred
ink) and non-image elements (no ink).

To enable continuous color tone values to be repro-
duced in print, such as from photographic originals,
the original has to be broken up into extremely small
dots (screen dots) that vary in size or are at various dis-
tances from each other. This process is called screening.
The main function of screening is to generate halftone
values, which are intended to simulate the continuous
tonal gradation, ending with the conversion of gray im-
ages into binary images (described in detail in sec. 1.4).
Such screening is necessary because most printing
technologies operate on a binary system and can there-
fore only perform one of two actions, namely to trans-
fer ink (in an evenly distributed layer) or not to trans-
fer ink. Unevenly distributed screen dots and dots vary-
ing in size and in shape are illustrated in figure 1.3-4.

With the exception of the variable-depth gravure
printing technology, printing technologies requiring a
printing plate transfer layers of ink to printing plate el-
ements that are basically of the same thickness through-
out (the printing plates are generally set up in this way,
the printing units in the printing press being designed

Ly
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Printing technologies
requiring a printing master

I l

I o it Information is defined by the differences Information is defined
by the surface relief in wetting (surface tensions) by openings
Y of a plane surface in the printing master

1 | 1 |
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Letterpress Gravure Planographic Printing Screen Printing
I
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Printing o ——
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Fig. 1.3-3 Qverview of printing technologies requiring a printing plate (master)
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Periodic screen Non-periodical, category1  Non-periodical, category2 Non-periodical, category 3
(amplitude-modulated) (frequency-modulated)

—equal dot spacing — variable dot spacing — variable dot spacing — variable dot spacing
—variable dot size —equal dot size — variable dot size —variable dot size

—equal dot shape —equal dot shape — equal dot shape —variable dot shape

Fig. 1.3-4 Screen dot patterns and shapes

accordingly). It is only the area and configuration of the  eye can no longer break down the image into its indi-
print elements on the surface of the printing substrate  vidual print elements. This phenomenon occurs if, for
that vary, and it is by using this that different tone val-  example,a 60 lines/cm (1501pi) screen structure has been
ues can be reproduced. The observer receives the im- used (i.e., dot spacing of 0.16 mm) and it is observed
pression of a continuous gradation of tone if the human  from a distance of approximately 30 cm (1 ft).
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Variable-depth gravure printing generates quantita-
tive ink metering corresponding to the tone value dur-
ing ink transfer. The printing elements of equal size
(halftone dots) only vary in the thickness of their layers
depending on the tone values of the original, although
in principle the dot size of the individual halftone dots
can vary in gravure printing as well as the quantity of
ink.

All printing technologies requiring a printing plate
therefore have in common that information is gener-
ated by the surface of the substrate being partially coat-
ed with ink. Ink is transferred in the contact zone (nip,
printing zone of the surfaces involved) and sufficient
process-dependent contact pressure must be applied
between the printing plate and the printing substrate
or an intermediate carrier. When the layer of ink on the
printing plate or intermediate carrier is brought into
contact with the printing substrate, only part of the lay-
er of ink is transferred to the substrate. A residual lay-
er remains on the printing plate. Thus the ink is not
transferred in full, the ink layer is split.

Ink Transfer

Letterpress and Planographic Printing (see fig. 1.3-3).
The transfer of ink to the printing substrate or inter-
mediate carrier through splitting the ink layer is main-
ly affected by the following parameters:

+ the thickness of the ink layer on the printing plate
(ink supply),

« the period of contact (printing speed and geometry
of the printing components),

Printing plate or intermediate

carrier (rubber blanket)/

|
-~ o

- Substrate

Fig. 1.3-5 Ink transfer to the printing substrate in the printing zone

+ the contact pressure (also called printing pressure),

+ the rheological properties of the ink,

+ the temperature ratios (temperature has a marked
effect on the ink’s rheological properties),

+ the surface properties of the printing substrate and
printing plate or intermediate carrier (wettability,
absorbency, roughness, etc.).

A further factor influencing the layer of ink on the sub-
strate is the absorption properties of the ink in the
printing substrate. The process of transferring ink
from the printing plate to the substrate is illustrated in
figure 1.3-5 [1.3-3].

With both absorbent and non-absorbent printing
substrates, the ink transfer is reduced if the printing
speed is increased, as the period of contact then be-
comes shorter. In indirect printing, ink transfer takes
place in two stages. The layer of ink on the printing
plate is brought into contact with a rubber blanket and
then part of the ink layer adheres to the blanket. Ink is
then transferred to the substrate.

Ink splitting processes and factors are still beset by
many unresolved questions and corresponding re-
search is underway worldwide (see sec. 13.1.3.2). Fur-
ther information on ink splitting is given in section
2.1.1.3, as are the layer thickness ratios, with the simpli-
fied assumption of half-and-half ink splitting and zero
absorbency.

Gravure Printing. With gravure printing (fig. 1.3-10)
the ink remaining in the cells after doctoring is
brought into contact with the printing substrate, at

Approximation formula according to Walker-Fetzko
for the transfer of ink from the printing plate
(or intermediate carrier) onto the substrate

p=1-e @’ ){wou-ﬂ)+a[m-w0(1-e£)]}

m ink supply on the plate [g/m2],

p ink layer transferred onto the substrate [g/m2],

a print smoothness indicator [m2/g],

wy fictitious, maximum quantity of ink absorption [g/mZ]
o ink splitting factor, dimensionless, (e.g., & == 0.5),
x  empirical device factor, dimensionless;

Further indicator v = ink distribution ratio.
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which point part of this ink is transferred to the sub-
strate. The emptying of the cells is incomplete because
of the ink splitting. This transfer of ink is affected by

+ the wetting properties of the printing substrate,
+ the surface properties of the materials involved,
+ the properties of the paper,

+ the viscosity of the ink,

+ the printing pressure,

+ the printing speed, and

+ the shape of the cells and their filling level.

In all printing technologies, a multicolor print is pro-
duced by the superimposed printing of several color
separations using the appropriate printing plates (see
1.4.2). The printing plates for the primary color system
of cyan, magenta, yellow, and black are produced in
prepress. In a printing press with four printing units
these four separated colors can be printed consecu-

tively in one sheet pass, the multicolor print being pro-
duced corresponding to the original (see also fig.
1.2-33). The principle of the information flow and the
basic steps in the process are illustrated in figure 1.3-6.

1.3.2.1 Letterpress/Flexographic Printing
(Examples of presses and details in sec. 2.3). A common
feature of all letterpress processes is the fact that the
printing elements of the plate are raised above the non-
printing elements. The printing elements that are at the
same height (image areas) are coated with a layer of ink
of constant thickness by the application rollers. This is
followed by the transfer of the ink to the substrate. The
printing principle of letterpress printing is illustrated
in figure 1.3-7 in the form of a book printing process.
The special features of flexographic printing can be
seen in figure 1.3-9.

The letterpress printing technique is used with the
following printing systems:

Proof material Substrate
Scanning Producing color Producing the 1 im color (black)
; separations ' printing plate ! ! !
Colored# Color filter 1 Color sepa- Printing Inked o o
original | (visual filter) ration 1 (black) plate 1 printing plate °
; o | i t |
1 l iznd color (cyan) 1t color
Color filter 2 Color sepa- Printing Inked ®co
! (red) /i1 |rationZ(cyan) | pjate 2 printing plate | ® ®®
: i . LR
l i3fd color (magenta) 204 color |
Color filter 3\ : i | Color separa- | Printing Inked °c0,
(green) /i1 [tion 3 (magenta)]  plate 3 printing plate | ©®®
fstyond 4 !
l i4th color (yellow) 3 color |
Color filter 4\ ©  Color separa- Printingr Inked ° 00,
(blue) ~ J+ tion 4{yellow)  ‘plate 4 printing plate | *®*
L ' Colored
+ Proof ! istyondy | printsheet
o ____________3rd+dthcolor;
‘<7 Prepress 4>‘ ‘% Printing press 4>‘

Fig. 1.3-6 Diagram on the creation of a four-color print (Note: screening function in prepress not included) [1.3.2]

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)

45



46

1 Fundamentals

Impression cylinder
with substrate

0
Printing plate
/ with raised
7 image elements

Inking
(conceptual)

Fig. 1.3-7 Letterpress (schematic diagram)

+ book printing,
+ flexographic printing,
* letterset.

Book printing

Book printing is the oldest letterpress printing tech-
nology. As a result of Gutenberg’s inspired discovery in
the middle of the fifteenth century of how to produce
individual, moveable type from lead alloy, it became
possible to reproduce type elements economically and
quickly, and thereby to reproduce books by printing.
The following printing principles are applied in book
printing (see also fig. 1.6-1):

+ plane-plane
+ plane-cylinder

= platen press;

= flatbed cylinder printing
(fig. 1.3-7, historically: auto-
matic cylinder press);

+ cylinder-cylinder = rotary printing.

The importance of letterpress printing has diminished
in recent decades, mainly because of the expense of
producing printing plates.

Quality printing in larger formats can only be
achieved on flatbed cylinder presses and only low
printing outputs are possible with these presses. The
variety of printing plates and printing-plate compo-
nents that can be used is characteristic of letterpress
printing: hot-metal composition printing plates, orig-
inal letterpress plates, copies of letterpress plates. These
may, in turn, consist of various materials: lead alloys,
zing, copper, and photopolymer plastics, and, in art
printing, wood and linoleum.

Printing plates for platen printing and flatbed cylin-
der printing consist almost exclusively of several fixed,
rigid, flat individual component parts. Semicircular

cast lead plates (stereos) or flexible plastic plates, so-
called wash-off printing plates, are suitable for rotary
printing.

Hot-metal composition and photocomposition are
suitable for the production of printing plates for text in
book printing. The hot-metal composition process,
which predominated up to the end of the seventies,
now plays only a minor role in small-format commer-
cial printing, in older letterpress printshops, and in the
printing of collector’s items. Photocomposition for the
production of letterpress printing plates is described in
sections 2.3.2 and 3.1.7.

Various letterpress printing plates (also called
blocks) are used to print images and graphics in the let-
terpress printing process:

+ Manually produced printing plates (such as wood-
cuts) still play an important role in original graphic
artwork.

+ Letterpress printing plates produced by photome-
chanical/etching techniques and by electronic en-
graving are outdated.

+ Photomechanical/wash-off procedures predomi-
nate. Photopolymer plates are now used instead of
the formerly exclusively used metal (particularly
zinc) plates.

Wash-off printing plates (photopolymer plates) can be
produced quickly and reliably. The range of wash-off
printing plates available includes an extensive variety of
different printing plates with various wash-off systems,
depths, and base materials. Nyloprint printing plates
(made by BASF), for example, are made of a light-sen-
sitive plastic that is firmly connected to the base mate-
rial by a bondinglayer. The base material consists of alu-
minum, steel, or plastic, depending on application.
Printing plate production is described in section 2.3.2.

Figure 1.3-8a shows a micro-photograph of a section
of a letterpress printing plate (brass printing plate).
Prints produced using the letterpress technology can
be recognized by an accumulation of ink at the edges
(fig. 1.3-8b).

Flexographic Printing

Flexographic printing is the only letterpress process
that is still showing growth, mainly in packaging, label,
and newspaper printing. The main feature of flexo-
graphic printing is the use of flexible printing plates
that are relatively soft compared to book printing plates
and enable special ink feeding.
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More ink at the edge
/1

Fig. 1.3-8 Microphoto of letterpress printing.
a Detail of the printing plate;
b Impression on the printing substrate (FOGRA)

Using the flexible (soft) printing plate and the appro-
priate ink (low viscosity) for the printing substrate, it
is possible to print on a wide range of absorbent and
non-absorbent printing substrates. The principle on
which a flexographic printing unit works is illustrated
in figure 1.3-9. The low-viscosity ink is transferred to
the printing plate via a roller that is evenly screened
with cells, the so-called screen roller/anilox roller
(screen width 200-600 lines/cm, ceramic or hard-
chromed metal surface). The rubber or plastic plate is
attached to the printing plate cylinder. Ink is trans-

Fig. 1.3-9 o
Flexographic printing unit (rotary letter- Printing
press, schematic diagram) plate

(soft)

Ink supply

(chambered doctor

blade system)
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Plate cylinder

Anilox roller

ferred to the printing substrate by the pressure of the
impression cylinder. The use of a blade (together with
the ink supply system) on the screen roller has a stabi-
lizing effect on the printing process resulting from even
filling of the cells on the screen roller.

With the rubber plates in exclusive use earlier, only a
low to moderate printing quality of solid motifs and
rough line drawings could be achieved. For today’s
higher-quality requirements, especially in the printing
of packaging, photopolymer wash-off plates are used,
such as “Nyloflex” from BASF and “Cyrel” from
DuPont. These allow screen resolutions of up to about
60 lines/cm.

Letterset

In letterset printing, the image of the letterpress plate
(stable, hard letterpress plate) is transferred to the pa-
per via an intermediate carrier (a cylinder covered with
a blanket) — that is by indirect letterpress printing. By
analogy with the offset printing process as an indirect
lithographic technology, letterset printing could also
be called offset letterpress printing technology — but to
avoid misunderstandings, the term lithographic offset
printing would need to be used rather than the term
offset printing.

Printed Products
The following are typical letterpress printed products:

+ small-format jobs,
* business cards,

L Printing substrate
Impression cylinder (hard)

/ / Elastic printing plate with
raised image elements

Cells of the anilox roller
filled with ink

Inked up
image element
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+ form printing,

+ packaging printwork (flexographic printing),
+ labels (flexographic and letterpress printing),
« carriers and bags (flexographic printing).

1.3.2.2 Gravure Printing

(See sec. 2.2 for examples of presses and other details).
The distinctive feature of gravure printing technology is
the fact that the image elements are engraved into the sur-
face of the cylinder. The non-image areas are at a con-
stant, original level. Prior to printing, the entire printing
plate (non-printing and printing elements) is inked and
flooded with ink. Ink is removed from the non-image (by
awiper or blade) before printing, so that ink remains on-
ly in the cells. The ink is transferred from the cells to the
printing substrate by a high printing pressure and the ad-
hesive forces between printing substrate and ink. The
principle of gravure printing is illustrated in figure 1.3-10.

Rotogravure printing is used for the economical pro-
duction of long print runs. Gravure printing forms are
usually cylindrical. A special feature of industrial ro-
togravure printing is the fact that a whole cylinder (and
no plate) is used per color separation. This means that
in a four-color press four separate cylinders have to be
changed for each new job. Consequently, a company
that has a lot of repeat jobs is forced to store a large
number of cylinders. Depending on the printing for-
mat, gravure printing cylinders are generally rather
heavy and require special conveying and handling gear
systems.

The various gravure printing techniques for repro-
ducing the continuous tones of the original are shown
in figure 1.3-11. It should be noted here that only vari-
able-depth gravure printing and more particularly

Fig. 1.3-10
Gravure printing (schematic diagram)

variable-area/variable-depth gravure are of any signif-
icance, due to their high quality. Pure variable-area
(halftone) gravure is scarcely used nowadays.

Traditional, that is to say only variable-depth,
gravure printing is also increasingly losing its impor-
tance since the printing plate production is based on
complicated copying and etching processes that are al-
most impossible to standardize (see sec. 2.2.1). It is for
this reason that variable-area/variable-depth gravure
printing processes, which in industry are based on elec-
tronic/mechanical engraving (using a stylus) of the
gravure cylinder, are becoming prevalent.

There are two familiar options for the structure of the
gravure cylinder (fig. 1.3-12). The steel cylinder has an
electroplated coating of base copper (typically about
2mm thick), with an approximately 100 pm-thick coat-
ing of engravable (cuttable) copper applied onto it. The
steel cylinder has either the directly electroplated en-
graving copper or a so-called ballard skin on the base
copper layer. This peeling layer is also applied by elec-
troplating onto the base copper, over a separating lay-
er, and the print image is engraved into it. (There are
also rarely used cylinder surface recycling methods as
described in sec. 2.2.)

In screening for gravure printing, the image is bro-
ken up into printing elements, the cells, and then the
non-printing elements, the cell walls. The cell walls
serve to guide the blade when excess ink is being
stripped. After the doctoring process, ink remains on-
ly in the cells. If ink were to remain on the cell walls,
scumming would occur in the print, and if there were
localized blade defects, blade streaks.

Figure 1.3-13a shows a microphotograph of the sur-
face of a gravure printing cylinder. The cells and cell

Impression cylinder/roller

Gravure

Image elements are equally
spaced but differ in area and
volume (variable depth and

variable area)

cylinder

Blade

Ink fountain
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Gravure cylinders

MAAd

Variable-depth
gravure cylinders
(conventional)

F____i____T

Variable-area
gravure cylinders
(autotypical)

Variable-depth
and variable-area
gravure cylinders
(semi-autotypical)

\/

Etching process

Laser engraving

Etching process

Fig. 1.3-11 Overview of the production of gravure cylinders

walls can be detected. On the one hand, this cell struc-
ture can be seen in the printed product (fig. 1.3-13b) and
on the other, the “flowing apart” of the individual im-
age elements can also be seen — the individual cells are
no longer visible in the impression because of “cell wall
flooding.” Gravure printing cylinders for variable-
depth gravure printing are produced by etching. This
topic is dealt with in greater detail in sec. 2.2.1.

A brief explanation of the conventional method of
electromechanical engravingis given in figure 1.3-14. The
scanning drum and the form cylinder to be engraved
are either connected to each other by mechanical

Engraving copper

Cells (up to Chromium layer !
- or Ballard skin
50 um deep) (5-8 um) (approx. 100 um;
good machining
R e properties)

Base copper
(approx. 2 mm)

Nickel layer
(1-3 pym)

Steel core

Fig. 1.3-12 Structure of a gravure cylinder
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Direct engraving Photopoly- Manual etching

o stylus merization and engraving

« laser (in the (wash-out technique
development process) e.g., with artistic
phase) wark

« glectron beam
(ceased)

means or by a “self-synchronous system.” A bromide
film (the positive of the print image) is scanned opti-
cally on the scanning drum with the respective grada-
tion and density range. A corresponding amount of
light is reflected, depending on the brightness of the
pixel which has already been scanned on the bromide
film and this is converted into an electric signal.

The output signals of the scanning head, the image
data, are processed electronically in the computer and
the engraving head (fig. 1.3-15 shows an electromechan-
ical engraving head) can be controlled accordingly. The
computer feeds two signals to the engraving head — the
actual image signal and the screen signal defining the
screen resolution and the angular position. Both pro-
duce a modulated signal to control the engraving head.
The angular position of the screen is produced by the
superimposed motion of the engraving head (feed and
frequency) and the cylinder (circumferential speed).
Nowadays engraving is mostly done directly instead of
scanning a bromide film, with the signals for the en-
graving head coming from the digital database con-
taining the printing cylinder specifications.

Engraved printing cylinders are more prone to
“missing dots” (cells which do not print completely)
than etched printing cylinders since the cells transfer
less ink to the printing substrate due to their shape.
Electrostatic printing aids that raise the meniscus of the
ink surface in the screen cells for improved wetting of
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—>| approx. 200 ym |<—

Cell walls

Fig. 1.3-13 Microphoto of gravure printing.

a Electromechanically engraved gravure cylinder;

b Print of an engraved gravure cylinder (variable area/variable
depth, four-color). The “serrated teeth structure” at the edges is
clearly discernible — a characteristic of gravure printing

the printing substrate are used to eliminate or prevent
“missing dots“ in rotogravure printing.

The very high costs that printing cylinder produc-
tion entails is the decisive reason why rotogravure print-
ing can only be used cost-effectively to print mass-cir-
culation products (run length > 500000).

The screen resulting in gravure printing (and also in
etching) isa periodic screen. A moiré effect is often pro-
duced in multicolor printing when periodic screens are
used. The moiré effect is minimized in offset and/or let-
terpress printing by the screen being suitably angled for
each individual printing ink. In gravure printing a

Bromide film
[

T\

Scanning heads

Fig. 1.3-14
Scanning the bromide film (with positive image), scanner with up to
12 scanning heads (Helio-Multiscan, Hell Gravure Systems)

screen angle can be simulated by elongating or com-
pressing the cells.

Some typical gravure printing values are listed in
table 1.3-1.

The printing unit of a gravure printing press is illus-
trated in diagram form in figure 1.3-16. (A detailed de-
scription is given in sec. 2.2.)

The gravure cylinder is immersed in the ink, which
is contained in an ink trough. The gravure cylinder
cells are completely flooded in the ink trough. Excess
ink is removed by the blade, so that ink remains only
in the cells and the cell walls are free of ink. Hydro-
dynamic back-pressure is built up beneath the blade,
which mainly depends on the contact angle of the
blade, the speed of the press and the viscosity of the
ink. In modern, very high-powered gravure printing
presses, a steep angle of blade contact is now mostly
preferred.

In multicolor gravure printing, drying must be carried
out downstream of each printing unit (drying zone)
since wet-on-wet printing, such as offset printing, is
not possible with low viscosity gravure printing inks
(typical value approximately 0.1 Pa-s). The drying of
gravure printing ink (pure evaporation/vaporization
drying) is described in section 1.7.1.2.

Pad printing (indirect gravure printing) is dealt
with in section 2.5.4. Here, an intermediate carrier is
used for the print image rather than printing directly
onto the printing substrate from the printing cylin-
der.
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From the image data memory

Image data processing
(Engraving amplifier)

T Cylinder with

engraving systems

Digital signal
Conversion
Digital
Gravure
cylinder
Analog signal
Stylus Control cutting depth
Controls constant
up and down movements
Vibration
>

Frequency generator
4000 Hz or
4000 cells per second

Fig. 1.3-15 Cylinder engraving with stylus.
a Control of the engraving head;
b Electromechanical cylinder engraving (Hell Gravure Systems)

Areas of Application, Features and Printed Products
Gravure printing is a very good illustration printing
technology, achieving very high image quality. When
variable-depth and electronically engraved gravure
printing cylinders are used, the cells take up different
amounts of ink. The different layer thickness pro-
duced on the substrate resulting from this corresponds
to the tonal gradations of the original. Consequently,
a gravure-printed image comes very close to the con-
tinuous tonal gradations of an original (e.g., photo-
graphic picture). The image effect is improved even
more by the fact that, after the ink has been trans-
ferred, the liquid ink flows out somewhat in the areas
of deeper shades on the substrate, as a result of which
no sharply defined screen dots are produced and the
cell walls of the printing cylinder are not visible.
The typical features of gravure printing are:

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)

+ serrated or jagged edge on letters and lines;

+ very good image reproduction, similar to continu-
ous tone because the screen cells are of different
depths (i.e., different volume of ink);

+ with variable-depth gravure printing, square screen
dots of the same size are present in all tone values.
In light tone values, the cells often print out incor-
rectly;

+ in variable-depth and variable-area gravure print-
ing, screen dots of different sizes and different color
saturation levels are produced.

Typical gravure printed products are high-circulation,
high-quality printed products such as:

+ periodicals, magazines, mail-order catalogs;
+ plastic films;
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Table 1.3-1 .

Typical gravure printing specifications/ SIS OIEss

numbers Web width
Web speed

Cylinder circumference

Screen ruling

2.40 m, maximum 3.60 m (illustration or publication
gravure printing)

1.20-1.40 m, maximum 1.60 m (packaging gravure printing)
10 m/s (2000 ft/min), maximum 15 m/s (illustration or
publication gravure printing)

5 m/s, maximum 6.5 m/s (packaging gravure printing)
800—1600 mm (illustration or publication gravure printing)

40-140 lines/cm (100-350 Ipi)
typical of illustration or publication gravure printing:
60-70 lines/cm

Gravure (variable area/variable depth, stylus)

Frequency

Number of lines
(engraving heads)

Cell geometry

4 kHz (4000 cells/s), up to 8 kHz

8-16 in illustration gravure printing,

1 in packaging gravure printing

Width (transverse diagonals): minimum 30 pum, maximum 230 pm
Depth: 10-30 pum (maximum 50 pm) depending on the angle
of the diamond stylus

Cell wall width: 3-5 pm

Gravure cell shapes (depending on screen ruling and angle)

+ metal foils;
+ transparent films, carrier bags;
+ security papers, stamps, bank notes.

1.3.23 Lithography/Offset Printing

As the currently most important technology, offset
printing is explained in detail in section 2.1 with a de-
scription of the technology itself as well as printing
plate production, examples of machinery, and how the
inking and dampening units work.

In lithography the printing and non-printing parts
are on the same level. The distinctive feature of the
printing areas is the fact that they are ink-accepting,
whereas the non-printing plate elements are ink-re-
pellent. This effect is produced by physical, interfacial
surface phenomena. Lithographic printing can be sub-
divided into:

various, depending on the color separation:
compressed: cyan

elongated: magenta

coarse: yellow (coarser screen)

fine: black (finer screen, e.g., type)

+ Stone lithography (direct printing process using a
stone printing plate),

+ collotype (direct printing process),

+ offset printing (indirect printing process), and

+ di-litho (direct printing process with offset printing
plate).

Lithography was invented by Alois Senefelder in 1796.
The image to be printed was drawn on the stone with
a special ink. The stone was dampened before it was
inked up, after which the non-image areas of the stone
surface did not take on ink (fig. 1.3-17).

Collotype is another lithography technology. Its be-
ginnings (1856) can be traced back to A. L. Poitevin. Con-
tinuous tones can be reproduced without screening.
Very high print quality can be achieved (e.g., moiré-
free). A light-sensitive layer of gelatin is exposed on a
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Fig. 1.3-16 Printing unit of a gravure printing press

glass base over a negative and then developed. Areas hav-
ing different swelling properties in relation to water are
produced. After the printing plate has been dampened,
differentiated color absorption properties are produced.
Like stone lithography, collotype is only used for artistic
printed products (with very short print runs).

Offset printing is the major lithographic technology.
It is an indirect lithographic technology, in which the
ink is first transferred from the printing plate onto a
flexible intermediate carrier — the blanket — and then
onto the substrate. The principle of offset printing is
shown in figure 1.3-18.

To achieve an ink-repellent effect on the printing
plate (different interaction of printing plate surface
and ink), there are two commonly used systems :

+ Conventional offset printing technology: Dampening
of the printing plate with dampening solution (wa-
ter with additives). The dampening solution is ap-
plied to the plate in a very fine film by dampening
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Fig. 1.3-17 Stone lithographic press (manually operated)

rollers. The non-image areas of the plate are hy-
drophilic, that is, water-receptive and the ink-
accepting surfaces are oleophilic, and are therefore
almost totally unreceptive to water. The film of
dampening solution prevents the transfer of ink.
Since this technology is by far the most widespread,
the repellent effect between ink and dampening so-
lution is generally always associated with “offset
printing.” Consequently, inking and dampening
units are needed for “offset printing.” A typical
complete printing unit is illustrated in figure 1.3-19.
« Waterless offset printing technology: The printing
plate surface is basically ink-repellent, for instance,
due to an appropriate layer of silicone (fig. 1.3-20b).
The ink-receptive base area is exposed by the delib-
erate interruption of the layer of silicone (approxi-
mately 2 pm thick). This procedure is known as “wa-
terless offset” (quite frequently even as “dry offset”).

Corresponding printing plates and special inks must be
used for both systems.

In a conventional offset press, two different sub-
stance flows have to be taken into consideration for the
inking up of the printing plate:
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Fig. 1.3-18
Offset printing (lithography, schematic
diagram)

Inking unit

Plate cylind .
ate cylinder Ink-accepting area

(oleophilic)
5 ) Dampening unit
Printing plate | |nk-repellant

\“kng up / (hydrophilic) area

/

- Residual
: rink layer
,I/ ™ Dampening
Blanket cylinder

Impression cylinder with
substrate (sheet or web)

+ the ink supply,
Inking unit + the dampening solution supply.

The ink supply over the surfaces is interlinked with the
dampening solution supply in a complex manner. Typ-
ically, the printing plate base material consists of alu-
minum or polyester. The layer producing the image is
| Dampening | then applied to it. Sections of an offset plate are illus-
unit trated in figure 1.3-20; figure 1.3-20a shows a conven-
tional offset plate and figure 1.3-20b a waterless plate.

A press diagram of a five-color sheet-fed offset print-
ing press with perfector (for in-line printing on both
sides of the sheet) in unit design is given in figure 1.3-21.

The entire range of print media, from an individual
brochure to a high-quality catalog, can now be pro-
duced to a high standard with the offset printing tech-
nology.

The di-litho technology, a lithographic technology in
which the printing plate prints directly onto the print-
ing substrate, was specially developed for newspaper
printing. The advantage of this technology was that
conventional letterpress rotary printing presses could
be used. The printing units of these presses were mod-

Plate cylinder

Blanket cylinder

—]

Impression
cylinder

ified by the installation of a dampening unit. Printing
was done with conventional printing plates, although
a special coating had to be applied to them on account

Fig. 1.3-19 Typical sheet-fed offset printing unit
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Fig. 1.3-20

Microphoto of offset printing plates
(halftone dots on the printing plate).

a Conventional offset, aluminum plate;

b Waterless offset, plate silicone coated:
Toray (FOGRA)

Fig. 1.3-21 Typical example of a sheet-fed offset press (Speedmaster SM 74-5-P-H, Heidelberg)

of the very high stress caused by the direct contact with
the paper and the high stability over the entire print
run required in newspaper printing. This technology
only played a temporary role. When new investment
was made in newspaper printing companies, this tech-
nology was replaced by web offset presses, which print
onto the substrate via a blanket cylinder (see sec. 2.1.3).

1.3.24 Screen Printing

(See sec. 2.4 for examples of machinery and other de-
tails). Screen printing is a process in which ink is forced
through a screen (fig. 1.3-22). The screen printing sten-
cil serves as a printing plate. More often than not, the
screen is a fine fabric made of natural silk, plastic, or
metal fibers/threads. Plastic or metal fabric is general-
ly used nowadays. Ink is imprinted/transferred
through the image-specific, open mesh that is not cov-
ered by the stencil. The screen printing plate is there-
fore a combination of screen and stencil.

It is the material, the fineness of the screen (the num-
ber of screen threads per centimeter of fabric length),
the thickness of the screen, the distance between the
top and bottom sides of the screen, and the degree of
opening of the screen (the degree of screen opening ar-
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eas as a percentage describes the ratio of the total of all
mesh openings to the entire surface of the fabric) that
determine the printing properties and quality of the
fabric (screen).

Fabrics can be obtained in levels of fineness from 10
to 200 fibers/cm. The most frequently used fabrics are
those between 9o and 120 fibers/cm. Figure 1.3-23a
shows a microphoto of a screen fabric (polyamide
fibers), with the non-printing, and therefore covered,
sections of the screen. Figure 1.3-23b shows a micro-
photo of a halftone color print. The notches on the
edges of the screen dots come about due to the screen
structure.

The screen work and printing of very detailed illus-
trations necessitate the use of very high levels of fabric
fineness that are matched to the resolution require-
ments of print image reproduction. For screen work,
fabric fineness (threads/cm) should be around three to
four times greater than the screening of the print im-
age (lines/cm) — therefore nine to sixteen different
screen dot area surfaces per screen cell.

The stencil on the fabric defines the actual print im-
age. The stencil is on the side of the screen opposite the
side on which the squeegee (blade) works, to avoid
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Screen with stencil Blade
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Fig. 1.3-22 Screen printing (schematic diagram)

damage and wear to the stencil. Manual stencils, which
can be produced as drawn or cut stencils and trans-
ferred to the underside of the screen, are used for sim-
ple, solid-area print work.

For sophisticated printed products (halftone prints,
multicolor printing) it is almost exclusively screen
emulsions with diazo sensitizing that are used (to pro-
duce stencils). After coating and drying, a right-read-
ing, positive film copy is exposed on the coated side
(the side not facing the squeegee) using UV light. The
UV light hardens the film emulsion on all non-image
areas (transparent areas of the film copy). The image
areas themselves are not hardened and can be removed
by a jet of water during developing. This is followed by
the drying process. Possible defects can be eliminated
with masking lacquer (screen filler).

In practice, three methods are used for screen print-
ing (fig. 1.3-24):

* The flat-to-flat method (flatbed). The printing plate
and the printing substrate are both flat. The ink is
transferred through the mesh apertures and onto the
printing substrate by the movements of a squeegee.

/
Non-ink permeable area (stencil)

Fig. 1.3-23 Microphoto of screen printing.
a Screen fabric with stencil;
b Halftone dots of a three-color screen print

« The flat-to-round method and body printing.

— The printing plate is flat, printing onto the print-
ing substrate is done via a rotating cylinder.
Printing plate and impression cylinder move syn-
chronously in one direction in the course of
which the ink is transferred through the mesh
apertures and onto the printing substrate by a
stationary squeegee.

— Printing form and squeegee are adapted to the
shape of the printing substrate (curved, arched,
round). Printing plate and printing substrate run
synchronously in one direction and the squeegee
is in a fixed position. This procedure is used for
printing on cans and balls, that is, on curved sur-
faces.

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)




1.3 Printing Technologies 57

Movable Printing plate
blade (squeegee)  (stencil)

Ink Frame
Stationary
screen Printing principle: flat-to-flat
~——===oTT (flatbed)
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Stationary blade
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—_—
Movable A
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e S -m
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AN
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(also for cylindrical products)
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Screen
Ik Blade
_ Substrate
|
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Fig. 1.3-24 Screen printing technologies.
a Flatbed;

b Flat-to-round/“body printing”;

¢ Rotary printing
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* Round-to-round method (rotary printing). The
printing screen is cylindrical. Printing plate, print-
ing substrate, and impression cylinder move syn-
chronously; ink is transferred from inside through
the cylindrical printing plate and onto the sub-
strate.

The actual printing process can be sub-divided into
four different sub-areas (fig. 1.3-25, for greater clarity
the screen is shown in a simplified form).

The screen is held by a screen frame. The substrate
lies flat on the base plate, which forms the printing
body, and is held there securely during the printing
process. The volume of ink on the screen is moved like
a tidal wave by the squeegee. The ink beneath the tidal
wave penetrates the screen. This area is known as the
filling zone. Once again the ink in front of the squeegee
edge in the contact zone passes through the fabric and
makes contact with the printing substrate. Behind the
edge of the squeegee, in the adhesion zone, the ink en-
sures that the printing form adheres to the substrate.
The screen’s pulling strength pulls ink fibers out of the
ink film in the “release zone,” meaning that residual ink
remains in the mesh of the screen and an even layer of
ink remains on the substrate.

It is possible to apply a very thick layer of ink in the
screen printing process (normal values are around
20-100 pm, offset printing values are typically around
0.5—2 um). The thickness of the stencil (the distance
that the stencil stands above the screen) determines the
thickness of the layer of ink.

The most varied types of ink with the most varied
properties are available to the screen printer, depend-
ing on the print job and the substrate. There is a larg-
er selection of inks for screen printing than any other
printing technology.

Fig. 1.3-25
Printing process sections (screen printing)

Frame

Paper

Printing plate
(screen, stencil)

Typical screen printing products are:

* textiles/materials,

+ printed T-shirts,

+ printed toys,

« fronts of televisions, radios etc.,

+ automobile dashboards, measuring equipment,
etc.,

+ packaging (plastic bags),

+ printed circuit boards,

+ large-format advertising posters.

1.3.3 Printing Technologies without
a Master (NIP Technologies)

An overview of the various printing technologies is giv-
en again in figure 1.3-26, sub-divided into convention-
al printing technologies (with master) and non-impact
printing technologies (masterless).

Printing technologies, which do not require a stable,
physical, fixed image carrier and can, in principle, gen-
erate a different printed page print per print are ex-
plained below with examples. This type of process is re-
ferred to as non-impact printing (NIP technology). The
term non-impact is based on early digitally controlled
printing systems where computing centers would often
print out data using dot matrix printers. Typefaces for
matrix printers of this kind were controlled electroni-
cally and the information transferred to the paper via
typeforming pins impacting an ink ribbon. Such impact
systems have been superseded by electrophotographic
technologies, in which type is no longer transferred to
the paper by impact — as was the case with matrix print-
ers. Instead, a laser sends information to an intermedi-
ate carrier,a drum with a photoconductive coating, with-

Blade
! Frame

Squeegee

Base plate

Filling zone / Adhesion Release zone PNt body)

Contact zone
zone
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outimpact (non-impact) in the traditional sense. The la-
tent (nonvisible), charged image stored on this drum is
inked with toner and then transferred to the paper. There
is, of course, contact between the inked (toned) in-
formation carrier and the paper during printing, but the
information is not transferred by impact. This process,
therefore, is considered as non-impact printing.

As shown in figure 1.3-26, various physical processes
are used to realise, such non-impact printing proce-
dures. The predominating technologies are elec-
trophotography and ink jet printing. Ionography, mag-
netography, thermography, and photography are,
however, also used. New physical processes that could
be incorporated in non-impact printing are constant-
ly being discussed and developed in specialist fields. In
figure 1.3-26, these new developments are referred to as
“X”-Graphy. The masterless printing technologies are
described in detail in chapter 5, together with various
examples of their practical application. The two most
important NIP technologies electrophotography and
ink jet printing are explained in the following intro-
duction with examples.

1.3.3.1 Electrophotography

The principle of electrophotography is illustrated
in figure 1.3-27. The electrophotographic printing
process can be broken down into five steps:

1. Imaging
Imaging is carried out by charging a suitable photo-
conductive surface (creating a homogeneous

Light source
(laser or
Imaging . LED-array) Photo-

Corona \
charge

Latent,
conductor, electrostatic image

Light Inkin
® discharge !
Cleaning 2y lectrostatic forces

-o m

Brush and O old the toner
Suction
Delivery O Paper Feeder

@ |

Toner fixing
(heat, pressure)

Toner transfer directly onto the paper
(or indirectly via intermediate carriers)

Fig. 1.3-27 The basic structure of electrophotography

charged surface) with subsequent imaging via a
controlled light source (this may be scanning laser
light or light emitted by an LED array [light-emit-
ting diodes]). The print image corresponds to the
positioning of the light signals on the photocon-
ductor drum. The homogeneous charged image on
the surface is discharged in parts as a result of ex-
posure and changed in accordance with the desired
print image. (Since imaging in electrophotography
can be done both by laser light and by light given
off by light-emitting diodes, the frequently-used
term “laser printer” instead of the term “elec-
trophotographic printer” is misleading.)

2. Inking
Special inks are used for electrophotography. These
may be powder or liquid toners, which may vary in
structure according to their composition, and con-
tain the colorant in the form of pigments. The ink
is the fundamental and decisive element for the im-
pression. Inking is done via systems which transfer
the fine toner particles, approximately 8 um in size,
without contact to the photoconductor drum (sim-
ilar to the example shown in fig. 1.3-27). The toner
charge is configured in such a way that the charged
areas of the photoconductor surface accept the ton-
er. (As shown in the example, imaging has, there-
fore, been done with a negative image because the
positive charges have been discharged by expo-
sure.) Therefore, after inking, the latent image on
the photoconductor drum becomes visible where
the toner is applied.

3. Toner transfer (printing)
The toner may be transferred directly onto the pa-
per, although in some cases it may also be trans-
ferred via intermediate systems, in the form of a
drum or a belt. As shown in figure 1.3-27, transfer
mostly takes place directly from the photoconduc-
tor drum to the substrate. To transfer the charged
toner particles from the drum surface to the paper,
electrostatic forces are generated via a charge
source (corona) in the nip and it is these forces,
supported by the contact pressure between the
drum surface and the paper, that transfer the par-
ticles to the paper.

4. Fixing the toner
A fixing unit is required to anchor the particles of
toner on the paper and create a stable print image.
This is usually designed so that melting and conse-
quent anchoring of the toner on the paper takes
place by heat application and contact pressure.

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)



1.3 Printing Technologies

5. Cleaning
As shown in figure 1.3-27, residual charges and indi-
vidual particles of toner remain on the drum after
the print image has been transferred from the photo-
conductor drum to the paper. To prepare the drum
so that the next image can be printed, both me-
chanical cleaning and electrical cleaning of the sur-
face are necessary. The mechanical cleaning, which
removes particles of toner, can be done by means of
brushes and/or suction, while the electrical “clean-
ing” (neutralizing) is accomplished by homo-
geneous illumination of the surface, after which the
surface is electrically neutralized and is free from
toner particles. The photoconductor drum is now
charged again with a homogeneous, charged image
via the corona, with subsequent imaging in accor-
dance with the desired print image (as described in
step one).

From the procedural steps described, it is easy to see
that electrophotography with a fixed, engraved print
image operates without a master. A different charged
image can be applied to the photoconductor drum af-
ter each rotation. This means that it is possible to gen-
erate a completely different print image rotation-by-
rotation, print by print.

Unlike printing methods that use a fixed image car-
rier (e.g., a plate), this process (taking a print run of
one hundred identical impressions, for example) re-
quires that the same print image be created again and
again, rotation by rotation, in the form of a latent
charged image. This repetition could lead to process-
related variation in the print image. Such fluctuations
may be caused by tolerances employed to create the
charged image and/or by the tolerances (involved in the
technical process) produced during the inking of the
photoconductor with toner and the subsequent, elec-
trically-supported transfer of the image to paper.
Therefore non-impact printing technologies may pro-
duce greater variation within a print run than is the
case with technologies requiring a master.

On the other hand, the fascination and the advantage
of this technique lie in the fact that a completely dif-
ferent print image can be created rotation by rotation
(variable printing), thus it is not necessary to generate
a mechanical master for each printed sheet. Extremely
short print runs (even just one copy) can be produced
economically in this way (print on demand). Further-
more, each page of a brochure, from the first to the last
page, can be produced in succession; the pages for the
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second copy are not printed until the first book has
been completed (book on demand). Also, personalizing
a part of the print images, for instance by inserting an
address or recipient-specific additional information,
can be directly carried out copy by copy (personaliza-
tion, customizing).

An example of an electrophotographic printing sys-
tem for multicolor printing is shown in figure 1.3-28.
This system is based on the unit design principle like
sheet-fed offset presses. The configuration illustrated
in figure 1.3-28 comprises four electrophotographic
printing units which transfer the usual process colors
of black, cyan, magenta, and yellow to the printed sheet
in succession.

In the example shown, the photoconductor drum is
imaged via an optical system in which the laser light is
deflected onto the photoconductor drum by means of
a rotating mirror and special optics (fig. 1.3-29). The
laser beam is guided over the drum’s surface at high
speed. Directed by a digitally-controlled modulator,
the ray of light is turned on or off depending on the
image, that is, the charge is discharged or remains on
the previously charged photoconductor drum. The
system shown is also known as an ROS imaging system
(Raster Output Scanner).

The transfer of paper by means of a transfer belt is
an interesting aspect of the example illustrated in fig-
ure 1.3-28 where no grippers are used to transfer the
sheet. The fact that the paper is held only by electro-
static forces applied over the belt imposes limitations
with respect to the accuracy of the color register — ac-
ceptable tolerances are usually two to four times high-
er than with a printing process using conventional
technology, such as offset printing. Printing on both
sides of a sheet (duplex printing) is also possible with
the printing system shown in figure 1.3-28a, in which
case the sheet is turned automatically after the front
side has been printed and fed back to the printing
units.

With printing systems of this kind, the content of the
print image may be produced in two ways. First, the
original can be scanned in with a scanner (that has ei-
ther been integrated into the printing system or con-
nected via an interface). Secondly, digital data can be
used that has either been stored on data carriers or can
be fed directly into the production system from a net-
work. The system illustrated in figure 1.3-28 has an in-
tegrated flatbed scanner which optically scans and dig-
itizes the print copy. The printing process itself is then
carried out. However, with conventional copiers, such
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Fig. 1.3-28 NIP printing system (electrophotography) for multicolor printing.
a Unit design for multicolor printing (gripperless sheet conveyance) with sheet transfer for duplex printing and scanner;
b Printing system with modules for imaging, inking, and fixing (DocuColor 40, Xerox)
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Laser imaging system for electrophotography (ROS: Raster Qutput
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as those installed in offices for single-color impres-
sions, the copy image is not digitized, but exposed di-
rectly onto the photoconductor drum. Printing sys-
tems which receive information as analog copy (origi-

nal) are usually referred to as “copiers,” whereas the
term “printer” is used if prepared job data is fed direct-
ly to the system in digital form.

There is a considerable difference between the print-
ing speed of a NIP printing system and the printing
speeds of sheet-fed offset presses. The system shown in
figure 1.3-28 (relatively fast because of its unit con-
struction) can produce 1200 A3 pages (impressions) an
hour, whereas an A3 sheet-fed offset press normally
produces between 10000 and 15 000 impressions an
hour. This difference in productivity results primarily
from the imaging technology used — each impression
requires fresh imaging, even if the same image is to be
printed. On the one hand, the imaging speed is deter-
mined by the different digital hardware and software
components (which affect costs accordingly) and, on
the other hand, the printing speed is also influenced by
the physical processes and design of the ink transfer
and paper transport systems.

With regard to the precision of modules and com-
ponents (especially among image systems and cylinder
groups), high requirements — like those expected for
conventional presses — are absolutely vital. The bear-
ings, for instance, are to be dimensioned similarly in re-
spect to accuracy and resistance. The paper transport
must also be supported by high-grade technical sys-
tems. Due to a reduced printing speed, the dynamic re-
quirements and loads of such machines are lower — a
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fact that allows for a lighter construction needing few-
er materials.

Based on the availability of high-quality technologi-
cal components, the print quality generated by elec-
trophotographic systems is at a high level. However, it
is clearly lower than the high quality that can be
achieved with conventional technologies. The quality-
relevant specifications of non-impact printing systems
concentrate on addressability data (the number of dots/
pixels per unit of length), number of gray values (or
gray levels) per pixel and the toner technology used. The
system shown in figure 1.3-28 has an addressability of
400 dpi (dots per inch). When imaging one pixel it can
generate different charges by varying the intensity of
the imaging light ray (e.g., controlled by means of the
ON period of the laser), meaning that it is possible to
distinguish about ten gray values through the corre-
spondingly varied toner transfer in the printed pixel.
As explained in section 1.4.3 and illustrated in figure
1.4-39, the possible reproduction of very fine structures
is determined by the addressability and the possible re-
production of tonal values and gamut by the address-
ability and the gray values per pixel.

The print quality is also affected by the quality of the
toner, its particle size, geometric form, and chemi-
cal/physical structure. In general, toners with particle
sizes of only 6-8 pm and a narrow particle-size distri-
bution are used for high-quality printing so that good
image reproducibility is possible. Using powder toners
can lead to impaired print quality caused by dusting,
that is, portions of the print image that should not car-
ry any ink are inked with “stray” toner particles.

The decisive factor and the guarantee for continuous
high quality and optimal reproduction throughout a
print run using conventional technologies requiring a
master is the fact that a stable image carrier is used that
represents the print image as a mechanical master (me-
chanical printing process). In the case of electrophoto-
graphy (electronic printing process) the constant need
for re-imaging can produce system-related fluctua-
tions from print to print.

As shown in figure 1.3-26, electrophotographic tech-
nologies may operate with powder or liquid toner. The
use of liquid toners is still not very widespread, al-
though they essentially have the advantage of assuring
higher print quality with considerably smaller toner
particles (approx. 1 to 2 pm). (Various toner applica-
tions for electrophotographic technologies are ex-
plained in detail in section 1.5.2.8, and in chap. 5 — in
particular sec. 5.1 and 5.2 —, the device-specific inking
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unit designs corresponding to these toner applications
are shown.)

When comparing conventional printing technol-
ogies to non-impact printing (especially technologies
with a latent intermediate image), it should be noted
that in NIP — for instance, with electrophotography —
the circumferential length of the photoconductor
drum need not be identical to the image length. In
many cases the diameters of the drum are smaller than
the maximum image length would require, which
means that, in order to print a page, the drum has to
be imaged over a 360° drum rotation. Therefore, even
if the prints are identical, the latent image and the ink-
ing by the inking unit do not occur at the same point
on the drum surface with every print. Regardless of
powder or liquid toner, ink resplitting — such as that
occurring (and automatically compensated for) in the
sheet-fed offset printing process — is not acceptable in
electrophotography.

More detailed information on electrophotography
and descriptions of system concepts and examples can
be found in sections 4.1.4, 4.5.1, 5.1, and 5.2.

1332 Ink Jet

In principle, ink jet non-impact printing technology
does not require an intermediate carrier for the image
information the way a photoconductor drum does in
electrophotography. In the ink jet process the ink can
be transferred directly onto the paper. As illustrated in
figure 1.3-26, ink jet technologies can be classified as
continuous ink jet and drop on demand ink jet. The ink
used for ink jet printing is usually liquid. An alterna-
tive, however, is hot-melt inks which are liquefied by
heating. The ink is sprayed onto the substrate where it
solidifies after cooling.

The main ink jet technologies are illustrated in fig-
ure 1.3-30, together with typical specifications. The
continuous ink jet technology generates a constant
stream of small ink droplets, which are charged ac-
cording to the image and controlled electronically.
The charged droplets are deflected by a subsequent
electric field, while the uncharged ones flow onto the
paper. This means that the imaging signal for charg-
ing the droplets corresponds to a negative print im-
age (as was also the case with the example described
above for electrophotographic technologies in accor-
dance with figure 1.3-27). Continuous ink jet printing
usually feeds only a small proportion of the stream of
droplets to the substrate. With continuous ink jet gen-
erally only a small part of the drop volume covering
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Fig. 1.3-30 Ink jet technologies.
a Continuous ink jet;
b Drop on demand ink jet

the sheet in accordance with the print information is
applied to the substrate. The large part is fed back in-
to the system.

With the so-called “drop on demand ink jet” technol-
ogy, on the other hand, a droplet is only produced if it
is required by the image. The most important “drop on
demand” technologies are thermal ink jet and piezo ink
jet printing (other variants are dealt with in sec. 5.5).
Thermal ink jet (also known as “bubble jet”) generates
the drops by the heating and localized vaporization of
the liquid in a jet chamber. With piezo ink jet the ink
drop is formed and catapulted out of the nozzle by me-
chanically deforming the jet chamber, an action result-
ing from an electronic signal and the piezoelectric
properties of the chamber wall. Due to the technical

conditions, the possible droplet frequencies are lower
with thermal droplet generation than with piezo tech-
nology.

Taking a systematic view, ink jet printing represents
the most compact technology for transferring infor-
mation to normal paper in the form of a printed im-
age (comparable to light on photographic paper). It is
only necessary to generate a droplet of ink on the basis
of image-dependent signals and to spray this droplet
directly onto the substrate without an intermediate
carrier.

Printing systems based on the ink jet technology are
usually slow in comparison to conventional printing
technologies with master, that is, they operate at a lower
printing speed, especially if imaging is carried out with
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Fig. 1.3-31 Multicolor ink jet printing system (continuous ink jet) for proof production (Digital Cromalin, DuPont)

individual nozzles. Figure 1.3-31 shows an ink jet printing
system in which a four-color impression is created by
four ink jet systems (one for each of the four inks). To do
so, the paper is fastened to a drum and the individual ink
jet systems (for the process colors cyan, magenta, yellow,
and black) transfer the individual color separations to the
substrate. This occurs due to the axial scanning motion
of theimaging head and rapid rotation of the drum. With
the system shown, an A3 multicolor print is produced in
approximately five minutes (addressability 300 dpi, ap-
proximately 10 gray values per pixel). This type of system
is, therefore, mainly employed to produce the proofs nec-
essary in digital prepress before the computer to plate
process (digital, filmless exposure of the printing plate,
see sec. 4.3) produces a printing plate. Such a proof allows
the quality of the data file and the content and visual
quality of the subsequent impression to be checked at a
preliminary stage (see also sec. 3.2.11).

As previously mentioned, ink jet technologies, which
typically operate with a resolution between 300 and
600 dpi, can generate several gray levels per pixel, of-
ten depositing several droplets on one pixel. Up to
around 30 gray levels are possible with high-frequency
continuous ink jet systems.

To increase an ink jet printing system’s productivity,
nozzle arrays as wide as the printed page have to be used.

Figure 1.3-32 illustrates an example of an ink jet sys-
tem which prints across the whole width of the web
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with two ink jet heads (240 dpi). Using the system
shown, multicolor printing on the upper and lower
side of the web is possible. The system shown in this
picture, however, is only applying spot color and not
the process colors for multicolor halftone printing.

Ink-drying presents a particular problem in ink jet
printing, and the paper surface’s ability to carry ink de-
serves special attention. Special coated papers are usu-
ally required for high quality impressions, although
specially formulated inks used in conjunction with an
adapted drying process can greatly increase the range
of suitable papers. Hot-melt inks are primarily of in-
terest because they dry rapidly and allow printing on a
variety of papers.

The NIP technology of ink jet printing, system con-
cepts, and examples are dealt with in more detail in sec-
tions 4.5.2, 5.5 and 6.2.

1.3.3.3 Printing Systems based on Non-Impact
Printing Technologies

Figure 1.3-33 shows in a system architecture that it is
possible to set up print media production systems based
on non-impact printing technologies. Such systems en-
able the entire printed product to be produced in-line.
With non-impact printing technologies it is of funda-
mental importance that the print image is already dry
after the print (as described for electrophotography
with subsequent fixing or ink jet processes using special
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Fig. 1.3-32 High-speed ink jet printing system (System 6240/Color Runnar, Scitex Digital Printing/Matti Technology)

Fig. 1.3-33
Block structure of an in-line production
system for print media

“Data in”

Digitally
defined
print job

Data file
(e.g., PostScript)

“Product out”

Digital system for print media production

Color
monitor,

Hal
[ [ color
Raster Printing prlndtedt
Image System | |system | | g produc
Processor | | control H(NIP > ing L

(RIP) Bitmap| console | |tech-
nology)
i
Scanner
e Press Post-
press oress

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)




1.3 Printing Technologies

Fig. 1.3-34

Print media production system (electro-
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Fig. 1.3-35 Digital composition of a print page

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)

drying techniques or using hot-melt ink). In this way,
finishing (collating, stitching and folding) can be done
in-line, thereby making the intermediate storage of
printed sheets superfluous.

Figure 1.3-34 illustrates an example of a printing sys-
tem that delivers a completely finished brochure copy
by copy. The printing process is digitally controlled and
a data file contains all the text, image, and graphics in-
formation to be printed page by page. Additions or
modifications of this file are still possible shortly before
printing starts, for example via the connected flatbed
scanner. This production system could be summed up
as a “data in-product out” system.

If printing systems based on non-impact technolo-
gies are to be used, a full description of the printed prod-
uct is required in digital form. In a simplified represen-
tation, figure 1.3-35 indicates which operations must be
carried out in prepress in order to prepare the entire
printed page with text, graphics, and illustrations (pic-
tures) in digital form for single or multicolor printing.
A detailed description of these processes is given in sec-
tion 3.2.
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141 Color/Color Theory

Color is an optical phenomenon, a sensory impression
conveyed by the eye and the brain. Color is not a phys-
ical variable; accordingly it has no physical unit. An ob-
ject is not colored per se, but the sensation of color is
produced as a result of irradiation by light. Sunlight,
which appears to be white, radiates onto an object and
is partially reflected. Consequently an object that re-
flects the red area of the visible spectrum appears col-
ored. An object that reflects completely in the entire
visible spectrum usually appears to be white and a
completely absorbent body appears to be black.

When perceiving and describing colors, physical and
physiological effects are always involved. The physical
components are measurable, the physiological are not.
The physical properties of a color (chromatic stimu-
lus) can be determined with a colorimeter, but how
they are interpreted by the human brain (color per-
ception) can only be estimated. Models to describe the
measuring instrument “eye” and the perception of
color in the brain have been developed by various
research groups and organizations, and to date it is
the stipulations of the International Commission
on Illumination (CIE Commission Internationale de
IEclairage) that are particularly significant for color
description, on the basis of its standard colorimetric
observer defined in 1931.

The following explanations are not intended to re-
place a reference book on chromatics or colorimetry,
but to give a brief introduction to the topic. It is pri-
marily the properties of colors that are considered and

1.4.4.2 Color Register ........................ 108
1.4.4.3 Measurement of Gloss ................. 110
1.4.5 Surface Finishing ..................... 1
1.4.5.1 Characteristics of Surface Finishing ....... 111
1.4.5.2 Surface Finishing Techniques ............ 113

that are of significance in modern reproduction tech-
nology. A detailed overview of colorimetry and its ap-
plication in the printing industry is given, for example,
in [1.4-1].

To help in distinguishing the component parts in-
volved in the description of colors via the “eye and
brain” as a perception system

+ the chromatic stimulus is defined as the physically
measurable radiation reflected by the observed
body and

« the color stimulus specification as the result of the
visual perception in the eye of the observer.

Since it cannot be assumed that the brain operates
merely as a color stimulus specification “display unit,”
it is also expedient to define color perception as the sen-
sory impression triggered by the color in the brain.

A color measuring instrument (colorimeter, spec-
trophotometer) primarily measures only the chromat-
ic stimulus, from which the color stimulus specifica-
tion and possibly also the color perception can then be
deduced numerically by means of suitable interpreta-
tion models. These may, for example, be the standard
color spaces defined by the CIE: CIELAB, and
CIELUV.

Color plays an important role in printing and
reproduction technology as a descriptive variable for
the actual reproduction. A basic knowledge of
colorimetry on the part of the user is necessary espe-
cially since printing quality monitoring has been car-
ried out on the basis of colorimetry color measure-
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ment (sec. 2.1.4.2) and the introduction of color man-
agement systems (see sec. 3.2.10).

A color often appears to the human observer in a col-
ored environment. Color perceptions can only be de-
scribed clearly by means of comparisons and contrasts.
Thus, for example, an identical neutral gray tone field
appears greenish on a red background and rather red-
dish on a green background (fig. 1.4-1).

This effect, known as simultaneous contrast, and sim-
ilar perceptive effects can be directly transferred as in-
fluencing factors in reproduction technology. Al-
though the practitioner seldom knows the systematic
correlations of chromatics, he takes the correct action
intuitively and will always reproduce a color image so
that, for example, it appears neutral with a certain spec-
ified background, even though the colorimeter might
indicate a clear color cast. It must be stressed that as a
rule the human eye is an excellent instrument for com-
paring colors, but is virtually unable to give absolute
descriptions of the appearance of colors.

Therefore, the aim of color theory in the field of re-
production technology can be clearly formulated:
Whatever is used in the way of technical aids or color
classification systems must be aligned with the color
perception of the “ultimate measuring instrument,” the
eye of the human observer (a model on color perception,
in accordance with [1.4-2] is shown in fig. 1.4-14, and
the range in the spectrum of electromagnetic waves
visible to the human eye is illustrated in fig. 1.4.-15).

Both additive and subtractive color mixing processes
occur in modern color reproduction technology. The
building up of luminosity by means of the individual
colors involved is known as additive color mixture (fig.
1.4-2). With subtractive color mixing, on the other
hand, luminosity is suppressed by the addition of indi-
vidual colors (fig. 1.4-3). The classification method of
additive or subtractive color mixing systems is not pro-
duced, as is frequently assumed, as a result of the color-
fulness of its individual components (e.g., additive col-
or mixing like RGB or subtractive color mixture like
CMYK), but solely as a result of the light-increasing or
light-reducing effect of the mixing processes. In other
words, with additive color mixing the same points of the
retina receive the rays emitted by several colors in the
eye simultaneously. The color impressions add up; with,
subtractive color mixing no actual color mixing occurs,
but the spectral effects of the individual colors/layers of
ink are mounted successively, in a comparable way to
superimposed optical glass filters with which the spec-
tral transmission characteristics are combined.
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Fig. 1.4-1
Simultaneous contrast. Example of the visual perception of a color
shift in an identical gray tone as a result of the surrounding colors

Fig. 1.4-2 Additive color mixing of the basic colors red, green, blue

Fig. 1.4-3
Subtractive color mixing of the basic colors cyan, magenta, yellow
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Purely additive or purely subtractive reproduction
processes are rarely found in color reproduction tech-
nology. In multicolor halftone printing, for example,
both additive and subtractive color mixing occur (see fig.
1.4-18). Only when colors are presented on a monitor can
virtually ideal additive color mixing be observed, virtu-
ally ideal subtractive color mixing can be observed with
the superimposition of different transparent colored
substrates (e.g., optical filters, colored transparencies).

In practice the term color temperature is often used
to describe the basic setting of a monitor. Of signifi-
cance with respect to the derivation of this term is the
fact that with many artificial sources of radiation, the
visible radiation is obtained as a result of the heating
up of a material (e.g., a glowing metal filament in an
electric light bulb). With these thermal radiators, the
radiated energy and its spectral distribution depends
on their temperature and absorption properties. Gen-
erally valid is the fact that the greater the degree to
which a body absorbs visible radiation, the greater is its
radiated energy at a specified temperature.

In theory itis an “ideal black body” that has the great-
est radiation energy, which can, in turn, be calculated
as a function of temperature. This theoretical black
body, also referred to as the Planckian radiator, is in
practice often taken as a comparison variable for color
temperatures, because there are in fact some light
sources with radiation distribution behavior very simi-
lar to that of the black body. The temperature of the
Planckian body at which colors are most similar is
called the color temperature or the most similar color
temperature. The radiation distribution of the ideal
black body is shown in figure 1.4-4. It can be seen that
not only does the radiated energy in total increase with
the temperature, but its spectral distribution (i.e., “col-
orfulness”) changes, too.

Attempts are often made to describe the color stim-
ulus specification of a light source using the conven-
ient datum of a single number, namely the color tem-
perature expressed in degrees Kelvin. Itis generally true
that low color temperatures, with a monitor, for exam-
ple, correspond to a reddish-yellowish (perceptibly
warmer) color and high color temperatures tend to ap-
pear bluish (perceptibly colder). Of course, the color
temperature datum is no substitute for the exact de-
scription of a color stimulus specification, but it is in
fact a tried and tested, rough model for describing the
properties of light sources and primary light sources.
Itis also true that only a relatively small number of col-
ors can be specified using color temperature.
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Fig. 1.4-4
Radiation distribution of the ideal black body (Planckian radiator) as
a function of temperature (K: absolute temperature in Kelvin)

In order to facilitate a more accurate description of
light sources so-called standard illuminants were intro-
duced by the CIE. The starting point was the relatively
constant electric light bulb, its radiation distribution
being standardized as standard illuminant A. A spec-
tral distribution characteristic of daylight, standard il-
luminant C (artificial daylight), can be obtained from
this illuminant using a standardized filter. Because the
light of an electric light bulb contains very little ultra-
violet radiation, an attribute of the artificial daylight of
standard illuminant C is also that only low proportions
of UV light (UV= ultraviolet) occur. However, since
exactly this proportion of UV plays a significant role in
many actual color matching processes (particularly in
the printing industry), with D65 the CIE defined an ad-
ditional standard illuminant (natural daylight), the
number 65 signifying in this case that the color tem-
perature is 6500 Kelvin. Since the CIE’s standard illu-
minant D65 has only been specified in theory, it is in
fact very difficult to simulate it using actual light me-
dia in practice. In printing and reproduction technol-
ogy another standard illuminant, D50 (5000 Kelvin), is
also used, which is intended to describe approximate-
ly natural daylight.

As already mentioned, the color temperature datum
is not an exact procedure for describing colors. To fa-
cilitate a more precise and internationally uniform de-
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scription, a system of recognized reference colors,
which are also known as reference color stimuli, is ex-
pedient. In 1931 the CIE specified the color matching
functions of the reference color stimuli R, G, and B in
accordance with the empirically determined properties
of the standard observer. In this system a combination
of reference color stimuli is assigned to every wave-
length of the visible spectrum. It includes both positive
and negative values for reference color stimuli. To ob-
tain only positive values a system of virtual reference
color stimuli was specified by the CIE, designated by the
letters X, Y, and Z, with X corresponding to an imagi-
nary (not actually existing) red, Y to an imaginary
green, and Z to an imaginary blue color stimulus speci-
fication. The spectral values relating to these standard
colorimetry specifications are called standard tristim-
ulus values and the color values calculated from them
the standard color values. The standard color matching
functions X(A), (M) and Z(A) describe the relative en-
ergy radiated over the wavelength and define the spec-
tral sensitivity of the eye of the CIE standard col-
orimetry observer (fig. 1.4-5 and fig. 1.4.-14).

Certain particular attributes can be derived from the
standard tristimulus values specified by the CIE, with
an ideal white (under ideal illumination with a spec-
trum of the same energy and irrespective of wave-
length) having the standard tristimulus values
X =Y = Z =100, it being possible to calculate lumi-
nance using the imaginary tristimulus value Y.

Relative radiation energy
2.0

//\\
N AN
Ve N

400 450 500 550 600 650 700
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x(A)
— V()
z(\)

Fig. 1.4-5 Standard color matching functions
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The CIEXYZ color system represents an important
reference color space in modern reproduction tech-
nology. Both the stipulations of the International Col-
or Consortiums (ICC) [1.4-3] and the color definitions
of the page description language PostScript [1.4-4]
make provision for CIEXYZ as a reference color space
under standard illuminant Dso, at an observation
angle of 2 degrees.

In representing the interrelationship of standard
color values, reference is made to the standard color
value ratios X, y, and z, which when added together
always give 1. Accordingly it is not necessary to list all
three values, any two values in relation to 1 suffice as an
unambiguous value description. The application of
this system produces a new representational variant for
the unambiguous classification of colors on the basis
of the CIE reference color stimuli. Only the standard
color value ratios x and y, which constitute a measure-
ment of saturation and hue, are given instead of the
standard color values X, Y, and Z. Also, luminance is de-
scribed by the additional datum of standard color val-
ue Y in the third dimension. The representation de-
rived from thisis also known as the standard color chart,
the CIE color triangle or in practitioner’s terms as the
“CIE footprint” Marking the actual color stimulus
specifications in this visualization diagram (remem-
bering that X, Y, and Z are imaginary and not real ref-
erence color stimuli), produces the horseshoe-shaped
space illustrated in figure 1.4-6, the outer edge of which
is also known as the spectrum locus.

The so-called basic stimulus with the standard color
value ratios x =y = 0.333 corresponds to the achromat-
ic point in the CIE color triangle. The color stimulus
specification of the respective light source used is tak-
en as the basic stimulus for surface colors. In the case
of standard illuminant Dé6s, for example, the standard
color value ratios are x = 0.313 and y = 0.329.

If graphic visualization of the luminance is sought,
in addition to saturation and hue, another represen-
tational axis must be introduced. The Y axis traversed
by the achromatic point completes the CIE color tri-
angle for the CIE color solid (fig. 1.4-7). If the maxi-
mum attainable luminance is applied to the surface
colors in addition to saturation and hue, the CIE col-
or solid has the appearance of an asymmetrical
mountain. It must be noted that a markedly greater
luminance can be achieved with high saturation in the
yellow and green color range than in the blue and red
color range. Therefore the CIE color solid is clearly
asymmetrical.

n
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Fig. 1.4-6 y 09
CIE (x, y, Y) chromaticity diagram (CIE color
space, CIE color “triangle”) [1.4-1]
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Fig. 1.4-7 CIE color solid [1.4-8]

The CIE color solid in figure 1.4-7 expediently de- The numerical value for the difference between two
scribes all pigment colors that can be perceived by the  colors in a color classification system is usually indi-
eye of the normal observer with a specified light source, cated by Delta E (AE). This value per se merely repre-
though the visual difference between two colors can-  sents a statement of the difference, whereby the classi-
not be read suitably in this classification scheme. fication system and distance formulae with which the
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color difference is determined are of fundamental im-
portance. As a general rule, the lower the AE value, the
lower the color difference.

If, for example, the Euclidean difference of two X, Y,
Z values (vectors, value triad) is determined by means
of a simple difference formula

e= \s/AXZ +AY? +AZ°
(with X, Y, and Z as the coordinates of a three-dimen-
sional coordinate system), it becomes apparent that
this numerical value does not agree with the perceived
difference between other pairs of colors.

It is for this reason that various attempts have been
made to define color classification systems that are bet-
ter able to meet the criterion of visual uniformity. To
solve the problem, on the one hand, as simple as possi-
ble a mathematical transformation of XYZ into a new
color system, possibly disregarding the ideal visual uni-
formity criterion, can be used (functional approach).
On the other hand, an individual color classification
system can be created by drawing up a complex refer-
ence system, in which transformation into all individ-

ual values is specified that is consistent with the ideal
visual equidistance criterion (in table or Look-Up-
Table form). The “Munsell Book of Colors” (1915) prob-
ably represents the most famous table approach, but
this will not be dealt with in greater detail at this point.

Another option consists of an initial improvement of
the uniformity criterion being achieved by means of a
simple functional approach by introducing a new col-
or system and then obtaining a sufficiently good de-
scription of differences using a modified difference for-
mula (e.g., CIE94).

If the CIE color triangle is now transformed (i.e., the
chroma specified by x and y) by distortion so that an
initial visual uniformity criterion (compensating for
the so-called Mac Adams Ellipses) is achieved, the ba-
sis of the CIELUV color space (fig. 1.4-8) is produced.
This transformation is implemented using linear equa-
tions, so that the conversion into u' and v' remains sim-
ple, but the criterion of visual uniformity is met only
moderately well.

The luminance value Y must then be incorporated
into the transformation. This finally produces with

v 0.7
0.6
05 E—
Color values and
transformations:
04 —
L*=116 (Y/Y,)/3-16
u*=13L* (u"—uy)
03 ——
v¥=13L% (v —v;)
U= 4X
0.2 X+15Y +3Z
-
—2X+12y+3
o yo
X+15Y +3Z
- Y
0.0 —2X+12y+3
0.0 0.1 0.2 0.3 04 05 0.6 07 o

Fig. 1.4-8 CIELUV color space [1.4-1]
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L*,u*,v* a value triad for the complete description of
color coordinates in the CIELUV color solid in accor-
dance with the equations listed in figure 1.4-8.

The difference between two colors in the CIELUV
system is determined by means of the Euclidean dif-
ference formula

AE=VAL? +Au +Av 2.

Differences on the axes or in the levels of the three-
dimensional color classification system can, of course,
be determined separately (e.g., AE,,, AE,, AE,, AE,).

Other ideas for creating equidistant color classifica-
tion systems and difference formulae have been devel-
oped independently of the CIE color triangle classifi-
cation system using the “complementary color theory”
(1.4-5, p. 38].

Probably the most popular and currently the most
important color space based on the complementary
color theory is known as CIELAB (fig. 1.4-11). The LAB
color difference formula defined by the CIE in 1976
was primarily useful for standardizing the different
LAB models that had already been developed over the
years.

TheL*,a*,and b* coordinates can be calculated from
the standard color values XYZ, as illustrated in figure
1.4-9. Under the CIELAB color space derivation system,
there are no two-dimensional color charts (like the CIE
color triangle), in which hue and saturation can be rep-
resented. The CIELAB color solid is shown in figure
1.4-10 and the cross section for a certain lightness value,
the CIELAB color space, is shown in figure 1.4-11. In the
CIELAB color circle ( fig. 1.4-9) the chroma and not the
saturation is varied as a parameter from the center to
the edge of the circle. This means that no meaningful
representation of the spectrum locus outline is possi-
ble in the CIE color circle (unlike the u,v’ diagram or
the CIE color triangle).

The popular representational form LCH is produced
from the CIELAB color circle by means of a simple
variation. In it chroma C* and hue h* are determined
from the values a* and b* in accordance with figure
1.4-9 and figure 1.4-12.

In figure 1.4-12 the color locations for a blue and
green tone have also been entered in accordance with
fig. 1.4-13. Calculation was done on the basis of the
spectral distributions corresponding to the colors, as il-

Yellow

+b*

+80

+60

+40

+20

_a*
Green

—b*

Blue

L* =116 (Y/Y )3 -16
a* =500 [(X/X o) 3= (Y/Y,) 73]

b* =200 [(Y/Y ,)3-(Z/2,)']
+a*
Red

Chromatic value:
C*p = [a*2+ b*2]12
Hue angle:

h*p= arctan (b*/a*)

Fig. 1.4-9 CIELAB color circle [1.4-1]
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Fig. 1.4-10 CIELAB color solid [1.4-2]

lustrated in figure 1.4-13. These spectral distributions
represent the physical “fingerprint” of the colors, from
which perception-relevant color coordinates can be
calculated by means of colorimetry.

When colorimetrically controlled reproduction sys-
tems (color management) are used, it is considerably
easier for the inexperienced user to describe and edit
the LAB data represented in LCH form. Nowadays,
therefore, there is a preference for data to be saved as
LAB data and edited in LCH mode.

Figure 1.4-14 shows in summary how human percep-
tion of color takes place and how the physical model for
the metrological recording and “correct” mathematical
description with respect to perception is structured, ref-
erence also being made to different color systems.

To sum up, it should be noted that no ideal equidis-
tant color classification system exists to date. It has
been attempted in numerous investigations to present
the fundamental advantages of CIELAB over CIELUV
and vice versa. Subject to a certain “de facto” stan-
dardization, conditioned among other things by the
stipulations of the International Color Consortium
(ICC), the CIELAB color space probably represents
the most important colorimetric classification system
at present.

Visual uniformity of color differences was opti-
mized further by the introduction of a new color dif-
ference formula CIE94, which is based on the param-
eters of the LCH representational variant of the
CIELAB color space [1.4-6].

Fig. 1.4-11
CIELAB color space (cross section of the
color solid) [1.4-1]
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Fig. 1.4-12

CIELAB color circle with chromatic value C* and hue angle h* (color locations @ and ® in accordance with fig. 1.4-13)[1.4-2] (Note: The
colors in fig. 1.4-12 and fig. 1.4-13 may not be rendered accurately, they should only illustrate the problem in general)

It is primarily the inclusion of color perception ef-
fects (e.g., simultaneous contrasts) in the systematic
description of colors that represents an actual subject
of scientific color research. An attempt is made in so-
called color appearance models to produce a systematic
relationship between color stimulus specification and
color perception. A comprehensive summary of the
status of discussions is given in [1.4-7].

A special form of color classification systems may be
mentioned briefly at this point: Color sample catalogs
such as Pantone, HKS, or RAL do not serve as a sys-
tematic description of all colors that can be perceived
by the normal observer. In these cases, a collection of
individual colors is merely compiled, which are used
for a visual comparison of colors.

A certain Pantone color is, for example, supplied by
the manufacturer on the specified substrate of a refer-
ence chart, to enable the same color stimulus specifi-

cation to be copied using a color system appropriate to
the output device whereby it could easily be possible
that the Pantone reference value cannot be matched in
the actual CMYK color space of a printing system. The
best approximating solution is usually determined
empirically by color mixture trials or by means of a col-
or management system.

Spectral measuring instruments (spectrophotometers)
and tristimulus color measuring instruments (col-
orimeter) are mostly used for color measurement (see
also sec. 1.4-4 and figs. 1.4-48-1.4-50). Colors cannot be
measured using a densitometer (fig. 1.4-17). This can be
explained using the example of the two colors, blue and
green, in figure 1.4-13. When measurements are taken
using a color filter which produces the maximum
measured value, a densitometer gives the same optical
density of D = 1.38 for both colors; the measurement
based on colorimetry, on the other hand, produces a
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D=138
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Fig. 1.4-13

Spectral intensity distribution as a “fingerprint” on the example of
two colors @ and ® (at the same optical density) [1.4-2]

(Note: The colors in fig. 1.4-12 and fig. 1.4-13 may not be rendered
accurately, they should only illustrate the problem in general)

color difference of AE,;, = 39, which realistically repro-
duces the very great difference between the two colors
“blue” and “green.” Figure 1.4-12 also indicates the loca-
tion of the two colors in the CIELAB color circle.

The color vision model and the colorimetric meas-
uring system in accordance with fig. 1.4-14 basically en-
compasses the two colorimetric techniques described
below, spectrometric and tristimulus measurement
procedures. The difference lies fundamentally in the
fact that with the spectrophotometer the intensity
spectrum of the color is processed by means of digital
filtration using the standard color matching function,
whereas with the tristimulus measurement technique
filtration is done using optical filters, which have been
adapted to the spectral progression of the standard col-
or matching function [1.4-8].

The spectrophotometer is based on the principle that
any color can be described as an additive mixture of
spectral colors. The visible spectrum to be recorded
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(fig. 1.4-15) is broken down into small intervals and the
light intensity in each wavelength interval is measured
individually (see also fig. 1.4-50). Most spectrophoto-
meters in general use operate at 10 or 20 nm intervals,
so that as much as thirty or more individual light in-
tensities can be determined over the visible range of the
spectrum (visible range: 380—730 nm). For special in-
vestigations and with technically more sophisticated
systems, it is also possible to measure markedly small-
er intervals (of up to 1nm).

The spectral intensity data are usually then processed
using a mathematical simulation of the three receptors
of the CIE standard observer under a specified illumi-
nant and at a specified observation angle. The thirty-
channel signal, for example, can be reduced for colori-
metric analysis to the defined parameters X, Y, and Z of
the CIEXYZ system in this way, and converted from this
to other color systems (fig. 1.4-14). The software of a
spectral color measuring instrument will typically al-
low for the direct conversion of the spectral data into
the currently relevant color systems, taking the equa-
tions of the respective standardization group (e.g., the
CIE) into account.

The illuminant, among other things, is taken direct-
ly into consideration as a parameter in the reduction of
spectral data to CIE color systems, so that subsequent
conversions to other illumination conditions (e.g.,
from D50 to D65 or vice versa) are then quite impossi-
ble or at best only possible using mathematical ap-
proximations.

The basic concept underlying the tristimulus color
measurement procedure is that CIE definitions offer a
good description of the spectral sensitivity of the three
color receptors in the eye. Accordingly, it is also possi-
ble to measure colors by means of three sensors, the
spectral sensitivity of which resembles that of the eye
receptors. Similarly, it is possible to conceive of three
color filters, which with a sensor that is ideal over the
entire spectrum and with perfect illumination corre-
sponds in transparency to the respective standard tri-
stimulus value curves (figs. 1.4-49, 1.4-5). Therefore the
tristimulus color measurement procedure seems par-
ticularly attractive because only three measured values
must be determined and these values can be immedi-
ately converted into CIE standard color values.

In practice there have hitherto been problems in de-
veloping color filters that correspond to the precise
characteristics of the respective standard tristimulus
value curves. Details of the instrument’s structure are
given in [1.4-2].
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Fig. 1.4-14 Block diagram/model for color perception and the colorimetric description of colors ([1.4.2])

The spectral radiation distribution of the light source
used is also a particularly critical parameter because it
should be consistent with the specified standard illumi-
nant. Thus tristimulus color measuring instruments are
only really perfect if all conditions in the instrument (il-
lumination, color filter, sensor, image geometry) meet
the standardized measuring conditions ideally. Only
then will the simplification criteria of the direct deriva-
tion of CIE standard color values be perfectly valid.

In the interests of completeness in further explain-
ing the properties of a tristimulus color measuring in-
strument it must be mentioned that the color values re-
sulting from measurement are, of course, only valid
under the specified basic conditions (illuminant, ob-
servation angle, usually D50 at 2 degrees). Only the in-
tegral of light intensity over the spectrum is deter-
mined here. With the spectrophotometer, on the other
hand, light intensity is determined at small intervals
and can consequently be converted in relation to other
basic conditions in accordance with CIE stipulations.
CIE coordinates for different illuminants and observa-

tion angles can only be calculated from the spectral
measurement data of a spectrophotometer.

In practice, there are other advantages in using spec-
trophotometers which arise from the fact that certain,
partially disruptive color effects (e.g., metamerism —
two colors may appear identical under one and differ-
ent under another illuminant; fluorescence — colors may
show special radiation effects depending on the illumi-
nation) or inadequacy of the measuring optics may fre-
quently be detected from the spectral measurement da-
ta. They can then be eliminated in corresponding com-
pensation calculations prior to translation into CIE
standard color values. Optical density can also be calcu-
lated using spectrophotometers; in this case the pro-
gression of the optical filters (blue, green, yellow, visual
filters) as they are used in densitometers is reproduced
digitally.

In terms of a simple comparison, it can be said that
a tristimulus color measuring instrument is more suit-
able for determining color differences than for absolute
color measurement. In practice a spectrophotometer is
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always to be recommended for precise and more flexi-
ble color measurement.

142 Color Image Composition

Color Reproduction

In general terms, printing technology color reproduc-
tion is the conversion of a scene or object so that it
remains as faithful as possible to the original in order to
presentitin a printed product via an information trans-
fer chain. In many cases a photograph (bromide or
transparency/positive film) is used as the intermediate
carrier. The photograph plays its part in the overall re-
production process, as do possible image manipula-
tions, the screen process, materials, transfer character-
istics, and many other parameters. What constitutes an
“ideal color reproduction” and by what criteria can
quality in reproduction technology be measured?

The quality characteristics of modern reproduction
technology are dependent firstly and decisively on the
reproduction intention, that is, on the customer’s ex-
pectations. For example, in the production of adver-
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tisements in newspapers and periodicals, the general
rule applies that a printed advertisement should con-
form as closely as possible to the artwork submitted to
the publisher by the advertising agency. The term faith-
ful reproduction can be used here.

[1.4-1] describes in a particularly succinct form that
faithful reproduction can even produce “spectrally
identical” results, though this can rarely be achieved in
practice. In this case it would be ensured that the re-
production looked the same as the original under all
lighting conditions. This requirement is especially im-
portant in the adaptation of proofs for printing.

In contrast to faithful reproduction, in the editorial
section of newspapers and periodicals the aim that is
frequently pursued is the reproduction of the original
images so that they are attractive. The terms appeal or
intention-optimizing reproduction can be used here.
In this sense the term appeal-optimizing can be inter-
preted in various ways. The transparencies supplied by
photographic agencies often have a considerably larg-
er color gamut than the printing technology utilized,
so that compromises have to be made during the con-
version of the image information into print (fig. 1.4-16).
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Fig. 1.4-16

Color gamuts in the CIELAB system for different reproduction
processes.

a Color photograph (diapositive);

b High-quality offset printing;

¢ Newspaper printing

The scanner operator decides, after consultation
with the customer when necessary, where specific im-
age information (e.g., a drawing) is to be obtained,
what is to be omitted and even, if need be, what image
content is to be emphasized. Quite major compromis-
es have to made during reproduction for newspaper
printing, because in this case there is, on the one hand,
a very small color gamut available and, on the other,
image data is often supplied (by press agencies, for ex-
ample) in an inadequately specified color space (more
often than not in an undefined RGB). In this example,
“attractive images” have to be deliberately created from
the unknown color data, the optimization criteria be-
ing largely subjective.

With intention-optimizing/faithful reproduction it
should be ensured that a company’s products displayed
in catalogs and advertisements correspond accurately
to the manufacturer’s color specifications. To comply
with the guidelines of corporate design, visual match-
ing with color samples from special catalogues (e.g.,
Pantone, HKS) is often undertaken. If, for example, a

company’s corporate color (special color) cannot be
mixed sufficiently satisfactorily from the primary col-
ors, an additional color is added, which is also known
as a spot color. Spot colors are normally not taken in-
to account in the color separation of image data, but
are used solely to create individual elements.

In the case of faithful color reproduction, automatic
processes can now be used to a great extent (“Color
Management,” see sec. 3.2.10 in particular). In the case
of appeal-optimizing reproduction technology, manual
intervention by trained image processing specialists is
largely unavoidable. Automatic image analysis and op-
timization methods have only been under develop-
ment for a few years and have not yet, as a rule, replaced
manual image manipulation.

The other factors that determine the quality of a col-
or reproduction depend primarily on the characteris-
tic properties of the ink, the substrate, the printing
technology utilized, the printing conditions, the nature
of the original, and the separation parameters. The col-
orimetric properties of the ink utilized and of the sub-
strate have a considerable influence on the repro-
ducible color gamut. For example, it is of importance
what magenta pigment is used in the ink. The relative-
ly expensive rhodamin magenta extends the color
space, especially in the blue and purple range.

The substrate, too, is a major factor in determining
the attainable full-tone density, therefore it also affects
the reproducible color contrast. Typical full-tone den-
sity is around 1.5 density units for uncoated paper when
overprinting primary colors and around 2.0 density
units for coated papers.

A brief explanation of densitometry is given in figure
1.4-17 to supplement the comments on color measure-
ment in section 1.4.1, where the use of spectral meas-
uring techniques based on colorimetrics is explained.
In essence, an ink film thickness measurement is being
taken here on the basis of the optical absorption of light
for a known ink hue using optimal filters to achieve the
highest possible measured value and therefore high
measuring sensitivity.

Another factor that affects reproduction quality is
the nature and definition of the halftone process used.
The screen ruling for conventional, amplitude-modu-
lated screens depends on the smallest, safely transfer-
able dot structure (around 10—20 pm in offset print-
ing), which is why detail resolution is noticeably better
in offset printing than in other printing technologies,
such as flexographic or screen printing. Typical screen
ruling for high-quality multicolor printing is around
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60-80 lines per cm (dot spacing, around 125-167 pm),
though this screen definition is only the optimal choice
where there is a “typical” observer distance of about
25-30 cm (approx. one foot). (Large picture posters are
reproduced with noticeably coarse screens, because
they are usually observed from a greater distance.)

If the color of an object such as a car is to be repro-
duced, the lighting of the object during exposure, pos-
sible reflections, contrasts, and the color temperature
of the light source will naturally have an effect on the
overall reproduction. In this case the photograph
merely serves as the intermediate information carrier
for the overall reproduction task. As a result of the in-
troduction of digital camera technology (cf. sec. 3.2.3)
in conjunction with digital printing systems (e.g., NIP
systems) it is now possible to have a completely digital
reproduction chain, extending from the exposure of
the original to the printed reproduction.

A major factor that affects the quality of the color re-
production is the actual color break-up or color separa-
tion. It must be stressed here that multicolor printing
is predominantly a trichromatic reproduction process,
that is all colors are mixed from three base colors. Even
if in practice the fourth “color,” black, is added, this
does not change the fact that color information for a
printed reproduction can generally be composed from
three base or primary colors. It is of fundamental im-
portance that the filters used for the color break-up car-
ried out during the production of color separations be
specially adapted to the inks, in order to achieve the
most faithful printed reproduction. If this adaptation
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is not optimal, additional color transformations will be
required (Color Management, cf. sec. 3.2.10).

Color Separation

Color separation for color image composition is based
on a subtractive color mixing process, though color im-
age composition in printing essentially involves so-
called autotypical color synthesis. In multicolor printing
the halftone dots are to some extent isolated alongside
each other, but they are also overprinted; both subtrac-
tive color mixing (overprinting of the halftone dot areas
by single colors) and additive color mixing (integration
of the single colors of isolated halftone dots by the eye of
the observer) take place on the printed page. In figure
1.4-18a this is shown for three-color overprinting. In fig-
ure 1.4-19 the color separations are shown together with
overprints done on a four-color offset press.

Suitably small, directly adjacent raster dots create a
similar additive color synthesis effect to the dot-shaped
induced phosphorous coatings in a color monitor (in
printing, on the other hand, the halftone dots/color
areas are illuminated and the remitted/reflected light
reaches the eye of the observer, where the correspon-
ding color stimuli are added).

The ink films applied to the substrate in the printing
process have to be transparent, that is, act like color fil-
ters, for the physical principles of subtractive color
mixing to take effect.

Exclusively subtractive color composition occurs
when overprinting fairly large color areas. If there is
only subtractive color mixing, the brightness of the
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Fig. 1.4-18

Autotypical multicolor printing (microscopic photo of a print image
section); scale: cell spacing about 167 pm.

a Image detail with homogeneous color (3-color print);

b Image detail with structured color (4-color print)

mixed color decreases with the thickness of the ink
layer.

In screened reproduction processes for multicolor
printing the screen structure and the color register ad-
justment for overprinting inevitably produce a com-
plicated, variable combination of subtractive and ad-
ditive color mixing. This results in significant demands
on the spectral properties of the inks. Both with color
mixing through screen dots located next to one anoth-
er on the substrate (additive), as well as with screen dots
above one another (subtractive), the mixing color
should be perceived by the observer as the same color.

This requirement on the ideal base colors can only be
met if they have rectangular spectral distributions. In
addition the discontinuity values must be between ze-
ro and one, and there may be no more than two dis-
continuities (special effects in halftone printing such as

light gathering [1.4-9] are not considered here). An ad-
ditional factor is that it would be necessary to adapt
these discontinuities in the spectral distribution of the
three primary colors ideally to each other. Furthermore,
the discontinuities have to be selected so that as large as
possible a range of color is produced for the resultant
color solid. Various tests have shown that the first ideal
discontinuity would have to be between 489 nm and 495
nm and the second between 574 nm and 575 nm; the cor-
responding spectral distributions are shown in figure
1.4-20. The base colors resulting from these require-
ments are also referred to as “optimal colors” [1.4-1].

It would be really easy to calculate color reproduc-
tion using optimal colors. Magenta, cyan, and yellow
are used as the inks and red, green, and blue are pro-
duced as the subtractive mixed colors of the first order.
If the color locations of the optimal base colors and
their first order subtractive mixed colors are entered in
the v’ diagram, it can be seen that the primary colors
lie exactly on the connecting line between the mixed
colors. The achromatic point (E) is produced by link-
ing up the opposite primary and mixed colors. An ide-
al neutral gray is produced by mixing the same pro-
portions of primary colors. The color gamut is charac-
terized by the location and size of the triangle in the
wV diagram (fig. 1.4-21). In contrast to figure 1.4-16, in
this case the projection takes place in the w’v’ system in-
stead of the x,y coordinate system. (As explained in sec.
1.4.1, the projections are equivalent.)

In this optimal-color scenario, converting RGB and
CMY data into each other becomes virtually a minor op-
eration. The color conversion procedures of the first
generation in PostScript [1.4-4] page description lan-
guage were also selected in accordance with this simple
model for the spectral distribution of colors:

Cyan = 1.0-Red,
Magenta = 1.0-Green,
Yellow = 1.0-Blue.

It is known that in subtractive color mixing the color
“black” (letter symbol “K” for “Key Color”) is produced
by the superimposition or the overprinting of the col-
ors red (R), green (G), blue (B) or cyan (C), magenta
(M), yellow (Y). PostScript’s architects had assumed
that a combination of the same proportions of the
three primary colors would produce an ideal neutral
gray and that consequently the largest possible pro-
portion of black in the color separation could be cal-
culated from the largest common proportion of pri-
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Fig. 1.4-19
Color separations and overprinting for
reproduction in four-color offset printing
C
M C+M
Y C+M+Y
K C+M+Y+K
Reflection %
575 380 495 720 495 575
Short wavelength  Wavelength (nm) Long wavelength (A yellow) Color with lowerand (£ magenta)
color (2 cyan) color higher wavelength present

Fig. 1.4-20 Spectral distribution (relative spectral reflections) for “ideal colors”

mary colors [1.4-4]. These assumptions were so far re-
moved from actual practice that during activation of
the first generation of PostScript color printing systems
unsatisfactory color print results appeared; this was
rectified in later versions.

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)

As with the selection of the ideal primary colors, the
ideal color separation filters in reproduction systems
would also have to be coordinated with the optimal base
colors. This requirement would at least apply for analog,
camera-based reproduction technology, for which no
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Fig. 1.4-21

Color locations of primary colors (ideal colors in accordance with fig.
1.4-20) and their mixed colors in subtractive color synthesis (“ideal
multicolor printing”) [1.4-1]

other comprehensive color transformation (via a color
management system) is possible. However, since the as-
sumption of ideal base colors cannot be implemented in
practice, theoretical consideration of ideal color separa-
tions filters will be dispensed with at this point.

In reality, the inks used in actual printing are mere-
ly imperfect approximations of the optimal colors. In

figure 1.4-22, typical spectral distributions of real pri-
mary colors in multicolor printing are illustrated to-
gether with the discontinuities of the “optimal col-
ors.” It can be seen that the real primary colors do not
reflect and/or absorb in the ideal section of the spec-
trum and that a number of unwanted spectral side ef-
fects also occur. It follows from this that the color
gamut theoretically possible in printing is not being
achieved.

Moreover, additive color mixing in printing does not
produce the same color impression as subtractive col-
or mixing within color areas, which leads to deviations
in the autotypical (screened) image composition. It is
afact that no neutral gray can be created from the same
proportions of primary colors (in the color separa-
tions) and RGB values cannot be transferred to CMY
data merely by “inverting.”

It has become apparent in practice that a certain
combination of unequal proportions of primary colors
will produce a neutral gray in standardized offset print-
ing (e.g., tone values for color separations/films for a
relatively dark gray value in offset printing: cyan 70%,
magenta 60%, yellow 60%; or for a lighter gray value:
cyan 24%, magenta 18 %, yellow 18%). Such data takes
into account the specific colorimetric properties of real
primary colors for printing and is useful as a process
control tool for specifically determining the gray bal-
ance (see fig. 1.4-42). However, it cannot be transferred
directly to other color scales and printing processes,
which would be perfectly possible with ideal inks.

To sum up, the following requirements can be imposed
on the ideal set of primary colors for printing [1.4-1]:

Reflection % Cyan Reflection % Magenta Reflection % Yellow
380 495 575 nm 720 380 495 575  nm 720 380 495 575  nm 720
Wavelength Wavelength Wavelength

Fig. 1.4-22 Spectral distribution (degree of spectral reflection) of printing inks for multicolor printing [1.4-1]
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+ The spectral remission (reflectance) and/or absorp-
tion properties of the primary colors should be as
close as possible to those of the optimal colors.

+ The color locations of the primary colors should be
selected in such a way that they produce as large a
color gamut as possible.

+ Equal proportions of primary colors should pro-
duce an achromatic tone with additive and subtrac-
tive color mixing in printing that is as close as pos-
sible to gray (on ideal white substrate).

+ The resultant mixed colors of the first order
(secondary colors) should, as far as possible, be in
the middle between the primary colors in the color
circle/color space.

Reproduction Process

Coordination of the process stages and the materials is
also of central importance in color reproduction, as
well as selection of the ideal base colors and color sep-
aration filters. Turning a real scene into a printed prod-
uct via a photograph involves a multistage information
transfer chain. The interfaces and parameters of this
chain can usually be controlled by purposeful inter-
ventions on the part of the operator.

If some image transformation/reproduction proper-
ties are, in practice, unchangeable (static), because of
machine constants, for example, the other manipula-
ble links in the transfer chain have to be adjusted to the
static properties. Consequently, for example, as indi-
cated above only certain real pigments can be used in
printing inks, but their spectral properties are very dif-
ferent from those of the optimal colors. Therefore,
when they are used for color separation to produce sep-
aration films (also sec. 3.1.3.6), the color separation fil-
ters should, in an ideal color scenario, be adapted to
these properties in an “error-compensating” way.

The technology that has proven its worth in practice
in coordinating the partial modules of reproduction
technology is the manipulation of gradations, or gam-
ma curves (sec. 3.1.3 and fig. 3.1-15). Looked at realisti-
cally, the user has virtually no other option for the fine
coordination of process components in the analog in-
formation transfer chain. It is for this very reason that
the use of already color-separated CMYK data is par-
ticularly widespread.

Although the processing of image datain RGB or CIE
LAB color system brings with it considerable advan-
tages from the information theory point of view (e.g.,
ensures a wider range of color), an experienced repro-
duction expert likes to select the color system of the fi-
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nal primary colors for printing (for the most part
CMYK) for processing, because he can then intervene
directly in the final primary color gradations. On the
other hand, it is virtually impossible to exert a specific
influence on the reproduction result in the CMYK col-
or system by the manipulation of RGB gradations
without using a color management system.

Current reproduction technology practice leads to
the assumption that primary color gradations suffice
for the representative projection of the reproduction
characteristics of an image reproduction system. This
assumption is incorrect, at least in the case of many
output systems (e.g., offset printing and other conven-
tional printing technologies, but primarily also in the
case of non-impact printing systems). In reality the
mixed color gradations do not behave proportionately
to the primary colors.

To understand the problem it is helpful to enter the
reproduction behavior of a print reproduction process in
a perceptively equidistant, colorimetric reference sys-
tem (e.g., CIELAB). To do so, the color locations of the
solid areas (100% area coverage for a given setpoint col-
or film thickness) of the primary and secondary colors
cyan, magenta, yellow, red, green, and blue and the col-
or location of the blank printing paper are determined
with a colorimeter and the seven coordinates are pro-
jected in the a*, b* plane of the Lab diagram. If the real
Lab coordinates of the six individual gradations
(halftone value) are now determined, six curves are pro-
duced, which start from the white point (the color of
the paper) and end in the solid areas. It can be seen from
the example of the reproduction characteristics of the
example of a thermal sublimation printer (fig.1.4-23)
that the primary and secondary color gradations typi-
cally do not change linearly in the a*, b*-diagram.

Assuming that the projection of the gradations in
the CIELAB diagram is perceptively equidistant, it can
be concluded that primary color gradations do not
suffice for the representative projection of reproduc-
tion behavior. This characteristic is quite typical of
output systems (similar gradations are produced in
offset printing). The practice of gradation-based im-
age manipulation is correspondingly dubious. Be-
cause of the lack of other suitable methods, its use in
analog reproduction technology is warranted, in dig-
ital image processing scarcely so, however. This find-
ing is confirmed by practical experience which shows
that the experts’ deliberate interventions in gradations
are more likely to be made intuitively, seldom numer-
ically.
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The coordination of process sub-modules in analog
and digital reproduction systems via gradation curves
may also be referred to as characteristic curve commu-
nication.It can be controlled with densitometers or dis-
play components similar to densitometers (e.g., in
image processing programs) and is strictly speaking
only possible where:

+ the same color mode is present in both sub-mod-
ules (e.g., CMYK),

+ the color location of the primary colors is identical,
and

* both sub-modules have identical reproduction
characteristics.

Only if all the above requirements are met can equip-
ment be adapted solely via gradation curves/charac-
teristic curves. In all other cases more complex color
space transformations (e.g., by means of multidimen-
sional tables or functions) must be applied. A col-
orimeter is usually required to determine the parame-
ters for color space transformations of this kind.
Firstly, it is obvious that gradation curves can only be
used for process control if the same color modes (col-
or systems) are being applied. This initial requirement
is met in a trivial way in the harmonization of film to
printing plate, or printing plate to print, because there
are four separate channels involved here and the color
conversion to the printing system’s CMYK color space

has already taken place earlier in the reproduction
process. In this case, the color location of the primary
colors does not change. In the control of digital print-
ing systems, from PostScript data files, for example,
more often than not a different situation exists. If the
printer is controlled by means of RGB data, the output
can no longer be converted to the CMYK of the printer
via gradations alone and the first requirement on char-
acteristic curve communication is not met.

Even if the color modes of both sub-modules of the
information transfer chain are identical, characteristic
curve communication may not necessarily be possible.
There are, indeed, two CMYK-based printing systems
available for adapting a color copier (electrophoto-
graphy with powder toner) to an offset printing
process, for example, but usually the color locations of
the primary colors differ considerably; consequently
requirement two is not met.

During the development of analog proofing processes
(e.g., Cromalin and Matchprint, see also sec. 3.1.6), col-
orants for powder toner or overlay color film materials
with primary-color locations that correspond to those
of the standardized process inks under a given type of
standardized illumination were sought. In addition,
these colorants should also have the same reproduction
characteristics (dot gain, etc.) as a conventional ink. In
the absence of suitable colorants (e.g., pigments), in the
end only substitute colorants which were as similar as
possible were found. Therefore, strictly speaking these
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materials also do not meet all requirements on an iden-
tical reproduction characteristic, though these interim
solutions are to a great extent accepted in practice.

In more recent, digital proofing systems based on non-
impact printing technologies (cf. chap. 5), it was no
longer even attempted to adjust the colorimetrical re-
production properties to the printing process to be
simulated via the selection of particularly suitable col-
orants. Multidimensional color transformations are
used for equipment adjustment here, with the aid of
color management systems and colorimetric measure-
ment technique.

The Color Black

The color black has already been mentioned as a con-
stituent of the CMYK color system, but no concrete
data was given for determining the color separation of
black, as it is shown in figure 1.4-19.

Essentially, black is used in multicolor printing to
reduce the technological expense of printing three
chromatic colors to create black or a gray value by the
direct use of black ink, to cut down on the use of ex-
pensive high-quality chromatic inks and also, primar-
ily, in order to stabilize the printing process,that is, to
make it less sensitive to variations in the individual
colors.

There are several methods for controlling the black
color separation, that is, for supplementing chromatic
composition using the colors cyan, magenta, and yellow
with the fourth color, black:

+ chromatic composition with Under Color Removal
(UCR),

« achromatic composition (or GCR: gray component
reduction), and

+ achromatic composition with chromatic color
addition (UCA).

These processes will be explained below on the ex-
amples of chromatic composition (the projections in
fig.1.4-24 are examples, without claiming to be metro-
logically accurate and procedurally comprehensive).

Chromatic Composition. In chromatic composition
all the hues (color tones) are built up from the chro-
matic base colors (process colors) cyan (C), magenta
(M), and yellow (Y). Black (K) may possibly be used, if
atall, to support the image shadows and to improve the
contours. Dark hues are created by the appropriate
mixing of the three chromatic base colors.
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If cyan, for example, is to be printed darker, equal por-
tions (via changing the tone values) of magenta and yel-
low are added according to the desired blackness value,
but these portions must be less than the portion of cyan.
These portions of magenta and yellow mix with the cor-
respondingly equal portion of cyan to form black, thus
darkening the remaining portion of cyan. This will be
made clear by means of an example. The brown shown
in figure 1.4-24a was built up in chromatic composition
from 70% cyan, 80% magenta, and 90% yellow, a total
area coverage therefore of 240%. Black was not used.
But because of the high portions of chromatic colors,
the color balance is not easy to maintain.

The chromatic composition of the brown shown in
figure 1.4-24a comprises a chromatic portion and an
achromatic one. The achromatic portion consists of
70% cyan, 70% magenta, and 70% yellow, which create
a hue very close to gray when overprinting. Only the
remaining 10% magenta and 20% yellow form the
chromatic portion.

Chromatic Composition with Under Color Removal.
Under Color Removal (UCR) is a variant of chromat-
ic composition, in which a part of the achromatic
portion is replaced by black. Assume that in the ex-
ample (fig. 1.4-24) there is to be a 30% UCR of the used
brown. To this end, the achromatic portion composed
from cyan, magenta, and yellow is reduced from 70%
by 30% and replaced by the corresponding black por-
tion. As a result of this the area coverage is no longer
240%, but only 180% with the same apparent hue. This
greatly simplifies the printer’s task, because the danger
of offsetting (the printed image is reflected in the pile
on the reverse side of the sheet above; see sec. 1.7) is re-
duced and the color balance is easier to maintain (fig.
1.4-24b).

Achromatic Composition. Unlike chromatic composi-
tion, in achromatic composition in principle all achro-
matic portions are replaced by black (GCR: gray com-
ponent reduction). Therefore, the blackening of chro-
matic color shades is no longer done by means of
complementary color, but solely by black. The brown
shown as an example (fig. 1.4-24¢) consists in achro-
matic composition of only magenta, yellow, and black.
The area coverage is a total of only 100%. As a result of
this, the color portions of cyan, magenta, and yellow
can be noticeably reduced in all images and hues; the
printing process becomes more stable, the ink accept-
ance (trapping) behavior noticeably improved.
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Fig. 1.4-24

Examples of determining the color separa-

tion for black using the multicolor printing
of brown as an example.

a Chromatic composition;

b Chromatic composition with under color
removal (UCR);

¢ Achromatic composition (or GCR: gray
component reduction);

d Achromatic composition with chromatic
color addition (UCA)

Note: The chart serves to explain the prin-
ciple and does not represent a metrologi-
cally accurate reproduction [1.4-8]
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Achromatic Composition with Chromatic Color Ad-
dition. Chromatic color addition (UCA Under Color
Addition) is a variant of achromatic composition. To
support neutral image shadows, if the density of the
neutral black printing ink is insufficient, portions of
cyan, magenta, and yellow are again added to the
achromatic composition and reduced in the black (e.g.,
25% in the example in accordance with fig. 1.4-24d).
This type of image composition is widely used now and
has proved its worth in practice. Image quality and
print quality can be harmonized to each other very sat-
isfactorily by this means.

High-Fidelity Color Printing
To achieve a greater range of color in multicolor print-
ing, with the aim of

+ coming as close as possible to the color space that
can be recorded by the sensitivity of human visual
perception, and at the same time of

+ achieving the color gamut of a high-grade color
monitor or color photograph,

even more than four colors can be used for special
printing jobs (e. g., using the complementary color sys-
tem red, green, and blue (R, G, B) in addition to the
cyan, magenta, yellow, and black (C, M, Y, K) color sys-
tem).

Printing is then done in sheet-fed offset presses with
seven printing units, for example. It is referred to as
HiFi (high-fidelity) color printing. In figure 1.4-25 the
color gamut attainable by this means is entered for
comparison purposes in the CIE standardized color
space (as shown in figs. 1.4-6, 1.4-16).

Using six colors, two colors in addition to C, M, Y,
and K, also leads to a markedly increased range of col-
or. Consequently in HiFi color printing there are also
“Hexachrome” systems in which special colors such as
orange and green are printed.

Fig. 1.4-25

Color gamut within the CIE (x, y, Y) chro-

maticity diagram for HiFi color printing

(chromatic color system: cyan, magenta, 08

yellow plus red, green, and blue) compared

with conventional multicolor printing

Note: The chart serves to explain the prin- 0.7

ciple and does not represent a metrologi-

cally accurate reproduction [1.4-8]
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1.43 Halftone Process/Screening

The need to illustrate text with picturesis as old as print-
ing itself. Alongside the perfecting of the printing
process, a desire to reproduce illustrations in natural
tonal gradations has also arisen. When printing first be-
gan, printers could meet these needs and requirements
only to a limited extent. With the woodcuts that pre-
vailed in the middle ages it was only possible to repro-
duce relatively coarse black or white lines and areas.
Subsequent improvements in image reproduction, such
aswood and copperplate engraving, enabled much finer
elements to be reproduced. Sophisticated copperplate
engravings, etchings, lithographs, and collotypes
gained ground as artistic forms of expression, but they
got no foothold in the industrial printing industry.
After the invention of photography some 150 years
ago, there was an ever-increasing desire to develop some
form of continuous tone (contone) reproduction in the
print, but the technology available in letterpress print-
ing at that time was incapable of reproducing continu-
ous tones. This state of affairs did not change until 1881,
when Georg Meisenbach laid the basis for screening by
inventing the autotypical halftone process that is still

used today. Using a structured grid, Meisenbach creat-
ed repeatable screenings, that is contone reproductions.

Meisenbach’s work on breaking up an image was
pursued and refined by industrial reproduction tech-
nology. Grids in the form of glass screens with evenly
distributed grid structures were created for graphicarts
cameras. These cameras, using optical photographic
means, broke down the contone values of the originals
(e.g., photograph or painting) into different-sized
screen dots (halftone values), that is, into printable el-
ements (sec. 3.1.3.5).

Screening, therefore, converts continuous tone origi-
nals into black and white information (image elements,
halftone dots) that is suitable for producing the printing
master (film or plate). Depending on the printing
process, there are usually only two states of ink transfer
(printing or non-printing). For this reason, the varying
visual impression of lightness or darkness must be cre-
ated by varying the size of the halftone dot. If the screen
structures are fine enough for the viewing distance of the
screened image, the integrating effect of the human eye
will “smooth out” the image, and the observer, therefore,
sees an image that, with its contone gradations, is visu-
ally consistent with the original. The greater the number
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average

| min

(dark)

™ Location x

Line pattern
Relative visibility (V):
Ve Al/2
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Spatial wavelength: w (corresponds to screen width)

Spatial frequency fg = 1/w (corresponds to screen frequency,

screen ruling)
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T
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Fig 1.4-26 Visibility of line structures for the visual perception of the human eye at normal observation distance (approx. 30 cm).

a Relative visibility of intensity variations (definition);
b Sensitivity of the human eye to line structures/pattern
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of screen dots per image area, the more natural the ef-
fect of the image. The term screen ruling (or screen fre-
quency) is used to define the closeness of the screen dots
to each other. When observing a 60 lines/cm screen
(i.e., the screen frequency, usually referred to as the screen
ruling L = 60 lines per cm, corresponding to a dot spac-
ing w = 1/L = 0.167 mm) at a normal reading distance
(approx. 30 cm), the eye is usually no longer able to
detect the individual dots (fig. 1.4-26).

Throughout the course of time, screening technol-
ogy has undergone considerable changes and im-
provements. With the aid of the computer, the basic,
manual screening process has been scientifically and
mathematically analyzed in order to develop newer,
electronic reproduction processes: Computer-aided
screening is now possible. The basic principle of break-
ing down an image into different-sized screen dots
which were equally spaced apart was initially pre-
served. The first systems capable of electronic screen-
ing were output scanners (drum imagesetters) that im-
aged the films with very finely focused laser beams. The
individual, different-sized dots were assembled from
several laser spots (picture elements, pixels). Virtually
all laser imagesetters now work on this principle.

Screening of Color Separations
When multicolor illustrations are reproduced, the
original is broken down into several color separations

Fig. 1.4-27
Interference effect (Moiré) through overlaying two periodic structu-
res with similar screen angles
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(seesec.1.4.2); first into the four basic colors (cyan, ma-
genta, yellow, and black) of the printing process, and
then, as described above, into individual printing ele-
ments. The screening of the individual color separa-
tions is done at different screen angles. This is neces-
sary because the overprinting of different colors will
occur without problems only using this procedure. Im-
proper positioning of color separations causes inter-
ference, or so-called moiré patterns, which might se-
verely impair the image impression (fig. 1.4-27).

With conventional reproduction technology, the col-
or separations for the three chromatic colors (as ex-
plained in sec. 3.1.3.6) were each offset at screen angles
of 30° in relation to each other. With four colors the least
distinctive color, yellow, is output at an optimal angle of
only 15° in relation to magenta or cyan (fig.1.4-28a). The
printer can almost completely prevent the formation of
visible moiré patterns in this way, but, because interfer-
ence is interrelated with the image structure, it is im-
possible to entirely avoid these visual disturbances.

In spite of the optimal angle formed when attempting
to reduce interference effects/moiré phenomena, rosettes
may form (fig. 1.4-28b) in homogeneous color areas in
particular. The formation of a rosette also depends on
the relative positioning of the color separations to one
another. So color register fluctuations may cause irreg-
ular rosette formation during printing. It is also true that
the finer the screen ruling, the less detectable the dis-
torting structure. In color reproduction today, most jobs
make use of a screen ruling of about 60 lines/cm.

Nevertheless, with originals having a distinctive, fine
structure of their own (textile or filigree patterns, for ex-
ample) structure-related moiré patterns may occur and
are virtually unavoidable. Fine screens with up to 150
lines/cm are sometimes used for the reproduction of ex-
tremely fine structure details; although they reduce
moiré effects, they do not always prevent them. Fine
screens impose exacting technical process-related re-
quirements on reproduction technology and printing.

Dot Shapes

Even in the days of conventional analog reproduction
technology, printers experimented with numerous dot
shapes in order to reduce incalculable dot gains, opti-
mize color stability, and form an industrial standard.
In general terms, one can distinguish between the fol-
lowing basic dot shapes:

» round dot,
+ square dot,
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Fig. 1.4-28 Rosette formation in screened multicolor printing.

a Angling of the screened color separations with rosette formation;
b Rosettes of different structures appearing as special moiré phe-
nomenon (to make the effect more obvious, all color separations are
printed with the same color)

« chain dot,
« elliptical dot.

In practice, it has not been possible to establish an ideal
dot shape because applications and process techniques
are often too diverse. For example, system A, which em-
ploys screening with square dots, may produce better
print results than the screening with system B; but the
latter system may produce a better chain dot than sys-
tem A. This variation in print quality is attributed not
only to the algorithms used for screening (like that in
the various software-based, digital screening process-
es), but also to the technical hardware components for
exposing the screened images.

Screening Processes
One can simulate continuous tones with screening in
a number of ways.

Amplitude Modulation. In so-called amplitude-modu-
lated screening (autotypical screening, periodic screen-
ing), the individual dots are spaced the same distance
apart, but have different diameters (or different areas,
depending on the dot shape). This halftone process,
along with its distinct susceptibility to moiré patterns,
has already been described.

Frequency Modulation. In the case of frequency-modu-
lated screening, the individual dots have the same diam-
eter but are different distances apart (non-periodic
screening). When using the frequency modulation
screening process to convert continuous tones of the
original into a quantity of dots in a so-called screen cell,
the dot spacing must be specified for a known dot size.
This can be done according to various algorithms. Usu-
ally the distances for a certain tone value differ from in-
dividual dot to individual dot (which would lead to sus-
ceptibility to moiré patterns), but are distributed ran-
domly. For this reason, frequency-modulated screening
is also referred to as random or stochastic screening.

Figure 1.4-29 illustrates both screening processes, am-
plitude-modulated and frequency-modulated. The sin-
gle-color image in figure 1.4-30 shows that, when using
identical dots of the smallest possible size, FM screen-
ing produces better reproduction of detail in printing
than AM screening; it must also be possible to repeat-
edly reproduce each of the small dots in print.

Figure 1.4-31 gives a comparison of amplitude modu-
lation with frequency modulation for the continuous-
tone reproduction of a multicolor image. One can clear-
ly see that the FM screening produces a higher resolu-
tion and that its stochastic, random screening prevents
rosettes.

Figure 1.4-32 gives a physical description of the terms
amplitude and frequency-modulation. In halftone
screening, the image information is basically contained
in the amplitude, that is, the dot size (therefore ampli-
tude modulation, since the image information is cod-
ed by the amplitude of a periodic spatial frequency).
On the other hand, in random or frequency-modulat-
ed screening, the image information is coded in the fre-
quency ranges, that is, the dot spacing.

Hybrid Screening. There are also hybrid techniques for
screening continuous-tone originals: both AM and FM
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Continuous-tone (contone) reproduction with amplitude-modulated
(AM) screening and frequency-modulated (FM) screening

screening are used, depending on the image. A possible
algorithm is based on the approach of using FM screen-
ing for very light and very dark tones and AM screen-
ing for the remaining tone value range (fig. 1.4-33).

A comprehensive representation of various dot
arrangements and combinations is given in figure 1.4-34.

Intensity Modulation. So far we have assumed that
tone values for printing are reproduced merely by vary-
ing the dot area and/or the dot spacing and that the ink
film thickness on the substrate/paper is identical for all
dots (apart from slight technical, printing-related de-
viations). With printing technologies in which the ink
can be transferred to the paper in varying amounts
from dot to dot, a tone value is created by modulation
of the ink film thickness; optical density modulation is
achieved. The change to the tone value can be done
three-dimensionally: through the area of the dot and
the thickness of the ink film. This is possible in gravure
printing with varying cell depths, or non-impact print-
ing technologies such as electrophotography or ink jet.
This is shown in figure 1.4-35 corresponding to figure

1.4-29.
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Fig. 1.4-30. Comparison of AM screening and FM screening.
a Amplitude-modulated (autotypical) screening;

b Frequency-modulated (stochastic) screening

(IFRAT1.4-11])

A larger color gamut can be reproduced in the print
through the combination of density modulation with
amplitude or frequency-modulated screening. Hence,
the combination of FM modulation with density mod-
ulation aims to optimize the reproduction of detail and
color.

Digital Screening

Digital screening is considered an algorithmic
process that creates the illusion of contone images
from an arrangement of small, binary dot elements.
As a result of the current “computer to ... technolo-
gies” such as computer to film, computer to plate and
computer to press/print (see sec. 4.1), there are vir-
tually no limits to the practical application of vari-
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Color photograph (continuous tone)

AM screening

FM screening -- -+

Fig. 1.4-31

Detail of a color photograph (continuous tone) for reproduction using conventional (AM) screening and stochastic (FM) screening for creat-

ing halftones in multicolor printing (AGFA)

ous halftone processes. Digital screening simulates
the tone values of the originals with dots assembled
from individual, small image elements (pixels: picture
elements). Figure 1.4-36 illustrates the process of dig-
itally reproducing a conventional analog dot. The
higher the addressability (dpi: dots per inch) of the
output device (film imagesetter, computer to plate
equipment or computer to press/print system), the
more accurate the reproduction of the dot shape of
the analog AM screening.

Only with the advent of digital imaging technology
has the widespread use of FM screening been made
possible. The smallest reproducible pixel that an
imagesetter can generate and position is, for example,
the dot for frequency-modulated screening. The tone
values are then simulated by varying the dot distance
in the spacing of the pixel cell size/pitch (fig.1.4-37). In-
dividual dots of varying numbers and shape are then
combined into groups (clustered) in accordance with
the algorithm for FM (stochastic) screening.

Another example for comparing AM and FM screen-
ing is given in figure 1.4-38. In both illustrations the

dots have been built up digitally from individual pixels
with the same adressability/resolution.

In the case of conventional screening with an analog
dot, the number of gray levels (or gray values) per screen
cell depends on the reproducibility of different-sized
dots. For a 60 lines/cm screen, one can assume that
there will be approximately 70 to 100 different dot
sizes/areas (this means that a dot’s diameter may vary
in a range from approximately 1 to 2 pm).

If the dot is then built up from individual picture el-
ements (pixels), the number of different tone values is
determined by the size of the screen cell — in which a
tone value of the original is to be simulated (screen rul-
ing L in lines per centimeter or lines per inch) —and the
addressability A (in dpi, i.e., dots per inch), at which
the individual pixels can be positioned.

As figure 1.4-39 shows, the number of picture ele-
ments N per screen cell (gray levels) results from the
screen ruling L and the addressability A, where N =
(A/L)? (e.g., N = 64 for L =150 lpi and A = 1200 dpi).

Since a screen cell can contain a maximum of N
pixels and include the value for the “blank” (unprinted)
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Fig. 1.4-32 Spatial tone value gradation.
a Amplitude modulation;
b Frequency modulation
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screen cell N+1, possible gray values for a range of 0%
t0100% in N levels (e. g., with N = 64 in levels 0f 1.56 %)
result. For this it was assumed that the individual ele-
ments of the screen cell have been covered completely
and can have only two states, covered or not covered,
that is, black or white.

If a printing process is used in which the individual
dot can be printed with varying optical density (fig.
1.4-35), not just two, but five gray values per pixel can
be reproduced (g = 5) (see the example in fig. 1.4-39).
Consequently, the number of reproducible gray levels
per screen cell increases considerably. For binary as-
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signment of the pixel elements (g = 2) with screening
of 150 Ipi and addressability of 1200 dpi the resulting
number of gray values is 65 (G = 65). But if five differ-
ent gray values per pixel can be inked, the resultant
number of gray values is 257 per screen cell —a consid-
erably improved reproduction of the tone value ranges.
If the structures in the image are not particularly fine,
reproduction at alower resolution is possible. In the ex-
ample (g = 5) a reproduction at only 600 dpi with the
same number of gray levels per screen cell (64) can be
achieved as with 1200 dpi and just two gray levels
(g = 2) per pixel.
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Fig. 1.4-33
Hybrid screening: a combination of AM and FM screening (Samba-
Screen, Barco)

Equal size Variable size,

and spacing equal spacing
- 000000 00000 o
I 900000 000
- 000000 C X X I
- 000000 R
[<b}
: 000000 oo . ..
(@)

Variable size
and spacing

Equal size,
variable spacing

o35t

Frequency-modulated screen

X L 1]
A )

Tone value
t 40%

@0

- < Screen cell
167 ym

Screen width
(spacing)

) Analog do
A 600 dpi

*42m
} H

! Digital dot
Picture element

(Pixel)
£1200 dpi (60 I/cm, 150 Ipi
screen ruling)

— 21 um
4

a pixel cell

r v & ¥
rrii.#
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Fig. 1.4-36 Digital dot structure.

a Reproduction of an analog dot from picture elements with digital
technology of varying addressability (resolution: dpi);

b Reproduction of a tonal value gradation

In the operations set of the PostScript page descrip-
tion language (which is the dominant standard in the
printing industry; cf. sec. 3.2.9) the three parameters
described above — screen ruling, alignment of the
screen lines, and dot shape — that are specified in the
“setscreen” operator to create an amplitude-modulated
screen are fixed. The dot shape is described by the “spot
function” and is ideally round in its original form.

A frequency-modulated image format should, in the-
ory, be carried out throughout the entire image with-
out segmentation. For practical reasons, screen cells are
often defined with frequency-modulated screening in
computer systems; the arrangement of the individual
dot elements in the individual cells, however, is random.
To avoid complex, mathematical analyses of the sur-
roundings and thus save on computing time, screen
cells with random dot distribution are formed.
Nonetheless, there is always a risk that moiré-type pat-
terns will form because of the periodic use of a screen
cell structure [1.4-10].
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Fig. 1.4-37 Digital screen structure.

a 12.5% tone value with AM and FM screening (resolution of 1200 dpi);
b 25.0% tone value reproduced with different algorithms for FM screening (manufacturer and product name are given, and the diameter of

the individual dot) (IFRA, [1.4-11])

The most harmonious, uninterrupted tone value
structure possible embodies the most important quali-
ty parameters for a frequency-modulated halftone
process. When randomly assigning individual dot ele-
ments, one must ensure that no unwanted dot con-
glomerations form that the observer’s eye could perceive
as disruptive. The individual dot elements are, in fact,
sufficiently small for typical viewing distance and nor-
mally not recognized by most observers. In contrast, iso-
lated dot conglomerations will usually be noticed im-
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mediately and may be registered as interference patterns.

Especially in terms of amplitude-modulated screen-
ing processes, the reproduction of larger dots with
small, individual dot elements in an age of digitally
addressable exposure devices can be considered a
relic from the world of analog, photographic repro-
duction technology. In principle, frequency-modulat-
ed screening seems to be the ideal process for present-
day digital reproduction technology. In practice, how-
ever, the amplitude-modulated image structure is still
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AM Screening

FM Screening

Fig. 1.4-38 Comparison of amplitude-modulated (AM) screening with frequency-modulated (FM) screening (AccuTone, R. R. Donnelley)
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Fig. 1.4-39 Correlation between screen ruling, addressability and gray values in the case of digital screening and image structure
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predominant. In platemaking, for example, it is possi-
ble to work with the largest possible dots, offering
much greater production tolerances. Because of small-
er dot sizes, the gradation behavior of frequency-
modulated reproductions reacts more sensitively to
interference factors. Frequency-modulated image
structure variations usually improve the continuous-
tone simulation, but as a result of using smaller, indi-
vidual dots, there may be a detrimental effect on the
stability of transfer characteristics curves. An advan-
tage of FM screening is that color register variations —
especially in homogeneous color areas with multicol-
or structures — prevent color variations or make them
less obvious.

1.4.4 Quality Control/Measurement
Techniques

The quality of the print depends greatly on the
preparatory work done in prepress, the printing
process, the machine engineering employed, and the
materials used for creating the printed product such as
paper and ink. The quality of the final printed product
itself is affected by the finishing processes and equip-
ment.

The quality of the print (i.e., the single or multicol-
or print image with pictures, text, and graphics) can be
specified through the quality of the coloring, the re-

production of fine structures and the range of tone val-
ues, the precision of the multicolor overprinting and
the surface properties of the print image and the entire
printed page or sheet.

Quality-determining factors and selected specifica-
tion used for defining quality are given in figure 1.4-40.

These specifications must be definable and meas-
urable. Appropriate measuring instruments are avail-
able for metrological quality control. Most of these
work on the basis of specific test elements (measur-
ing targets/patches) which are printed together with
the print image.

In addition the printing quality is checked visually.
To perform a visual quality control the illumination
and viewing conditions must fulfill some minimum re-
quirements (ISO 3664). The subjective visual inspec-
tion brings a psychological element into the assessment
of the image. Depending on the image message, the im-
age structure, and the intended use for the prints, dif-
ferent assessment criteria will be applied.

Only measurability provides the possibility for ob-
jective and, to a certain extent, automated quality con-
trol in printing. One of the most important quality
characteristics in printing is the quality of the color re-
production. The color effect of the printed image is
measured in order to correct slight deviations between
original, proof, and production, or to ensure consistent
quality throughout the entire print run.

Fig. 1.4-40 nfl Soecificati
Factors of influence and specifications niluences pect mat:ons )
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 Scanning e Optical density
* Dot shape
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1441 Color Measurement
Both densitometric and, increasingly, colorimetric
processes and instruments are used for color measure-
ments on the print. While colorimetric measurements
are based on techniques where colors are measured as
they are perceived by the human eye (as described in
sec. 1.4.1, fig. 1.4-14), densitometric techniques are ba-
sically a measurement of ink film thickness that has
been adapted to the inks used in the print, and where
the processing of the measuring values is adapted to
human perception/sensitivity in relation to changes of
lightness/saturation with varying ink film thicknesses.
Measuring optical density is a common process, and
there are tried and tested measuring instruments avail-
able. Such densitometers can determine not only the
optical density, but also the parameters that character-
ize halftone printing, such as dot gain and relative
printing contrast; the fact that ink acceptance/trapping
can also be measured is an important feature in multi-
color printing.

Densitometry

On multicolor presses, the application of ink in each
printing unit must be monitored and adjusted indi-
vidually. The fact that several colors have to be printed
together in a halftone image makes both visual assess-
ment and measurement of the individual inks in the
image relatively difficult. The measuring accuracy is
limited because the measuring signal is partly super-
imposed by the other inks. Printing a so-called color
control bar with measurement patches in the individ-
ual colors in the trim-off alongside the image has
proved good practice (fig. 1.4-41). Color control bars of
this kind are usually printed over the entire sheet
width, and the individual patches are positioned so that
they are assigned to the ink zones of the ink fountain.
This enables targeted adjustment or control of the col-
or/ink flow. Density can be monitored at the patches in
a print image using a densitometer. Changes in the inks

Solid tone Halftone

40%

80%

Gray balance

Solid tone
overprinting

Fig. 1.4-42
Typical examples of color measurement patches (size of measuring
patch, e.g., 5 mm X 6 mm)

can be detected easily by means of the density value. As
shown in figure 1.4-42, elements for solid tones,
halftones, gray balance, and solid color overprinting
are contained in the color control bar.

Optical density D is defined in the form of a loga-
rithmic ratio (fig. 1.4-43):

D:logﬁi =logITO

Reflectance factor B is the ratio of the light intensity I of
the light remitted by the ink film in relation to the inten-
sity of light I remitted by the blank paper. Reflectance
factor B decreases as the film thickness increases. To ob-
tain a measured value proportionate to the change of film
thickness, the reciprocal value 1/ for calculation of the
optical density is established first, then the logarithm for
reproducing values corresponding to non-linear human

™ Ink zone width i
(e.g. 32.5 mm)

Fig. 1.4-41 Color control bar with color measurement patches
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Fig. 1.4-43
The basic principle of a densitometer for
optical density measurement
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visual perception. Figure 1.4-43 presents the density
characteristic in relation to the ink film thickness.

Prior to taking measurements, the measuring in-
strument is normally calibrated to the substrate (paper
white) — to the densitometric value “0.” (A special, stan-
dardized calibration white, e.g., barium sulfate, can be
used for absolute calibration, so that substrate-inde-
pendent devices can be compared with/adjusted to
each other.)

To measure printing inks of different color with the
same light source, color filters are fitted in the beam
path of the densitometers. The color filters are matched
to the process inks of common color sets (C, M, Y, K)
for four-color printing. The color filter should have the
maximum transmission in the minimum reflectance of
the color to be measured, that is, it should possess the
complementary color to the color intended for meas-
urement (e.g., blue filter for yellow, green filter for ma-
genta, red filter for cyan) which results in high meas-
ured values and an optimal sensitivity of the changes of
ink film thicknesses (the filters are standardized and in-
stalled in the various measuring instruments). The term
“color density” was introduced because of this assess-
ment of the color in the density measurement (in con-
trast, general optical density without special filtration is
mainly used to measure black inks; however, very often
a so-called visual filter or the green filter for the meas-
urement of magenta is used here, too). Densitometers
have no adapted filters for special colors, and so a prefer-
able alternative is to take a measurement with the filter
that can obtain the highest density values.

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)

The density curves for the common inks are given in
figure 1.4-44, together with the ink film thicknesses typ-
ical of multicolor offset printing.

In order to measure spectral density, the appropriate
densitometers are fitted with special narrow-band filters
(e.g., bandwidth of 30 nm). This spectral density meas-
urement resulted from the need to improve the compa-
rability of various measuring instruments. When mak-
ing a densitometric reading, the typical measuring aper-
ture/spot has a diameter of approximately 3mm.

The Effect of Polarizing Filters. Both wet and dry ink
can be measured with a densitometer. Wet inks have a
relatively smooth, glossy surface. To some extent, the
ink adapts itself to the structure of the paper surface
during drying and loses some of its gloss in the case of
an irregular, rough structure. Measuring the ink when
still wet will produce a different result to when it is dry
(the measured density value for a wet ink is higher than
that for a dry ink).

To compensate for this, two crossed linear polarizing
filters are placed in the beam path (fig. 1.4-43). Of the
light waves emitted in all directions, polarizing filters
only allow those moving in a certain direction to pass
through. Part of the light rays polarized by the first po-
larization filter are reflected by the ink surface specular-
ly, that is, without altering their direction. The second
polarizing filter is aligned at an angle of 90° to the first
so that the reflected light waves cannot pass through (fig.
1.4-45), thus suppressing the specularly reflected light for
this measurement. However, light beams that penetrate
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The optical densities of inks with different ink film thicknesses
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Fig. 1.4-45
The effect of polarizing filters for avoiding specular reflection on
smooth surface structure when measuring optical density

into the ink film and are reflected either by the ink or by
the substrate lose their uniform polarization. Therefore,
they are, in part, allowed through by the second polar-
izing filter and reach the receiver (fig. 1.4-43). Conse-
quently, by blocking the portions of light specularly re-
flected by the wet ink, one can obtain approximately
identical readings from wet and dry inks, that is, the wet
printing ink with more gloss is measured as if it were
already dry. Due to the absorption by the polarizing fil-
ter, in principle less reflected light reaches the receiver,
which leads to slightly higher measured values.

Area Coverage (Tone value)
For true-to-color reproduction of halftone images in
the print, the change in dot diameter is the critical fac-
tor for the print image transfer, as these changes lead
to tonal and color shifts. There are various factors
which affect the halftone value transfer and need to be
monitored in the interests of standardization. During
printing, the simplest control parameter for halftone
value transfer is the measurement of the dot percent-
age in the halftone patches of the color control bars
printed along with the image (fig. 1.4-41and fig.1.4-42).

The area coverage in the print (Fp) (i.e., the portion of
the area covered with ink within a control patch covered
with halftone dots in relation to the entire area of the con-
trol patch) can be measured with a densitometer.

Using the “Murray-Davies” equation, the area cover-
age percentage is calculated from the remitted light in-
tensity of solid and halftone areas as follows:

Fp (%] = ~=PR 01009

~Pv
Br: Reflectance factor, measured in the
halftone patch
By: Reflectance factor, measured in the
solid tone patch

where

In this case it is assumed that the halftone and the solid
tone have been printed with the same ink film thickness.

Accordingly, the area coverage is calculated from the
measured density values, as follows:

1-10°x
Fp[%]= 0100%
1-10°
where Dy is solid tone density
Dy, is halftone density

When screens are measured with a densitometer, it is
not the geometrical area coverage, that is, the ratio be-
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tween dots and paper white on the measuring patch,
but the “optically effective area coverage.” The differ-
ence between geometric and optically effective area
coverage is due to the fact that in visual observation and
in densitometric measurements, part of the arriving
light penetrates into the paper between the dots at the
unprinted areas, but is trapped under the dots during
reflection and thus absorbed (fig. 1.4-46).

Called “light gathering,” this effect causes the dots to
appear optically larger than they are in reality. For this
reason, the optically effective area coverage consists of
the geometric area coverage and the optical area gain.
Mathematically this is interpreted, for instance, using
the “Yule-Nielsen” equation, an expanded “Murray-
Davies” equation.

Dot Gain

For an assessment of the printing process in conjunc-
tion with the materials used, the area coverage in the
print constitutes the key measured and reference quan-
tity.

Dot gain/tone value increase (Z) is calculated from
the area coverage of the film (Fp) as a master for
platemaking and the tone value (Fp) is transferred
to/printed on the substrate via the printing form,
printing process, and printing units as follows:

Z[9] = Fp %] - Fx %]

Using the color control bar (containing measuring
patches as shown in fig. 1.4-42) the area coverage

Paper

Fig. 1.4-46 Light gathering in the area of the inked paper surface
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value (e.g., 55%) can be determined for cyan by
measuring the solid and halftone patches (e. g., 40%).
Based on the known area coverage of the film for the
halftone patch of 40%, the resulting dot gain is 15%.
Dot gain is usually positive because the blanket en-
larges the dot upon transfer to the paper (given that
the tone value of the film does not change signifi-
cantly from film to plate — which is generally the case;
and depending on whether the printing plate is made
with a positive or negative working plate). The
change in tone values resulting from the printing
process must be considered for the color separation
and film making.

In the standardised positive copy during the manu-
facture of printing plates, the dots are copied from the
film to the plate somewhat smaller for practical rea-
sons, because when printing under standard printing
conditions the dots expand.

Figure 1.4-47 gives a typical print characteristic
curve. Dot gain essentially depends on the paper’s sur-
face and its absorption/ink setting behavior, the ink
rheology, the blanket, printing pressure, and so on.

In the attempt to standardize offset printing, stan-
dard values have been specified for the dot gain from
film to print. It is the printer’s job to achieve the stan-
dard for dot gain by appropriately selecting materials
and making suitable press adjustments.

Derived Quality Parameters

Other parameters that characterize the print can be de-
rived by means of density measurements, particularly
in relation to the ink transfer for printing halftone and
solid areas (relative printing contrast or, in short form,
contrast) and the overprinting of solid tone color areas
(ink acceptance/trapping).

Contrast. From the measured values of the ink densi-
ty in the solid Dy and the ink density in the halftone
screen Dy one can calculate the relative printing con-
trast. In doing so, it is preferable to measure the Dy val-
ue in the three-quarter tone; for instance 70% as indi-
cated by the color control bar in figure 1.4-41.

K[%]= Dv=Dr 0006
Dy
Ink Trapping. The ink trapping is calculated from the
ink densities of solid overprint patches with one, two,
or three colors and in consideration of the color se-
quence. Examples of corresponding measuring patch-
es are given in figures 1.4-41 and 1.4-42.
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Fig. 1.4-47
Print characteristic curve and dot gain 20% 40% 80% 100%
Film Fr
v v v v
Print Fp
30% 55% 90% 100%
Dot gainZ[%] 10% 15% 10% 0%
Print characteristic curve
100%
90%
— 80%
S 70%
o
T 60%
T real: Curve 2
@ 50% (Printcharacter-
S istic curve) z Curve 1
% 40% | (ideal)
2
8  30%
3
< 20%
Dy =1.50
10%
0%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Area coverage (tone value) in film (F)

The ink trapping calculated on the basis of the fol-
lowing formula states by how many percent one ink lies
over another and where the ink printed by itself onto
the paper (for which the ink trapping is 100%) is used
as the comparative quantity.

The following applies for two-color overprinting:

FA,[%]= D12 =D1 410006
1 D,

where:

D,,, isthe ink density of the two overprinted col-

ors,

. is the ink density of the color that was

printed first,

D

D,  isthe ink density of the color that was printed
last.
All ink densities must be measured using the filter for
the second color.
Accordingly, the following applies for three-color

overprinting:

FA;[%]= M 0100%
2 D;
1
where:
D,,1, is the ink density of the three overprinted
colors and
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D,  isthe ink density of the color that was printed
last.

All ink densities must be measured using the filter for

the third (last) printed color.

Densitometric Measurement Systems

Hand-held densitometers are suitable for quality con-
trol, provided that only a few measurements are re-
quired on a sheet. Random checks undertaken in the
interest of offset printing standardization and random
checks of tone values represent typical examples of the
use of the hand-held densitometer. However, the con-
stant monitoring of a print run or the continuous
adaptation of the ink feed in the press requires an abun-
dance of additional measured values. Automated
measurement systems have been developed for this
purpose.

Scanning densitometers were primarily developed for
offset printing in order to be able to scan the control
bars that are printed at the sheet tail, for instance, and
span the entire width of the printed sheet.

In print run control, it is helpful to set the ink zones
in the printing units of multicolor presses according to
density values. Because separate measurements are re-
quired in each ink zone, a scanning densitometer must
move along the control bar, scanning the sheet at right
angles to the direction of travel.

This task can be performed off-line by a densito-
meter that scans the sample sheet previously removed
from the delivery of the press. The control bar is usu-
ally printed in the trim area at the sheet tail. The nec-
essary measuring targets (solid, halftone, additional
control patches) are arranged in a set sequence in the
control bar (see also fig. 1.4-41). Since automatic patch
recognition cannot be done with an adequate level of
certainty, the type of control bar (and therefore the tar-
get sequence) is entered in the measurement system
prior to evaluation. The geometric alignment in rela-
tion to the guidance of the printed sheet in the press is
also stipulated (e.g., center of press), so that each sep-
arate measurement on the printed sheet can be as-
signed to the correct ink zone.

In packaging printing, in particular, color areas are
often printed with special color tones (decorative col-
ors) for which narrow tolerances apply. Normally there
is insufficient space on the printed sheet for a contin-
uous control bar, but it is possible to arrange it in sec-
tions between the individual copies on the sheet. Spe-
cial scanning densitometers with a two-coordinate
measuring system permit the measuring head of the
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densitometer to be moved automatically to any meas-
uring point on the sheet; measurement coordinates,
however, must be programmed in prior to printing.

Numerous, more recently developed color-measuring
systems (whether they are simple hand-held instru-
ments or automated systems) that scan the entire
printed sheet are based primarily on spectral metrol-
ogy. In addition to determining the colorimetric pa-
rameters (sec. 1.4.1), such instruments can also calcu-
late the optical density as a derived quantity following
the measurement of the spectral reflectance (by digital
filtration, for example). There is little difference in the
external appearance of the instruments; figure 1.4-51
shows hand-held measuring instruments and figure
1.4-52, a scanning measurement system.

For in-line color measurement, especially for printing
with web presses, there are measurement systems
which make possible the continuous monitoring and,
to some extent, even control of the production process.
Generally speaking, these types of systems are not eco-
nomically feasible for use with sheet-fed presses (sec.
2.1.4 includes additional information).

Spectral Color Measurement

The correct comparison of solid tone colorings on dif-
ferent prints based on density measurements is only
possible if, for the specification of reference values,
prints have been used for which the same paper and the
same ink were used as for the job. For this reason, den-
sity measurement is very effective for quality control
within a print run. However, it is less suitable for a
comparison between proof and production since dif-
ferent materials are employed for each of these process-
es. These problems in densitometry have been over-
come with the help of color measurements. The meas-
uring of colors as they are perceived by the human eye
has made it possible to start-up a production press in
accordance with suitable colorimetric values of a proof,
and to adjust the press to the specified color values
within narrow tolerances.

As described in section 1.4.1, color measurement is
based on colorimetric techniques. The basic structure
of a color-measuring device is given in figure 1.4-48.

Spectral color measurement itself can be done either
by means of three special filters that have been adapt-
ed to the visual perception of the human eye (¢ristimu-
lus filters), (fig. 1.4-49, colorimeter) or primary meas-
urement of the spectral reflectance factor distribution
and subsequent digital filtering by the methods illus-
trated in figure 1.4-50 (spectrophotometer).
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Fig. 1.4-48 Basic structure of a color-measuring device

Figure 1.4-51 shows some typical hand-held measur-
ing instruments for color measurement. The scanning
spectrophotometer integrated in the color measurement
and control equipment shown in figure 1.4-52 is based
on the diffraction grating principle (fig. 1.4-50¢).

The color measurement and control system illustrated
in figure 1.4-53 records the entire printed sheet in one
measuring run atalocal resolution of approx. 2 X 3 mm?=
An optical multiplexer scans the entire printed sheet.
The spectral measurement itself for the individual

measuring areas is also based on the diffraction grat-
ing principle, much like that of the system illustrated
in figure 1.4-52. In addition to measuring the control
bar patches and the decorative colors, a system of this
type can also take measurements directly from the im-
age. The possibility to take measurements in the image
has always been every printer’s wish because in the end
it is the quality of the image that is decisive for the cus-
tomer’s satisfaction with the print job. With the over-
all measurement of a sheet, it has become easier to

Fig. 1.4-49
Photoelectric colorimeter; optical filtering
with tristimulus filters
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Spectrometer principles for measuring spectral reflectance factors.
a Filter wheel principle;

b Monochromator principle;

¢ Diffraction grating principle

evaluate mixed forms using different criteria and meas-
urement references. The evaluation of the control bar,
the assessment of multicolor images produced by
overprinting, the evaluation of decorative colors in sol-
id areas, and so forth are now possible. Special software
algorithms automatically detect suitable measuring ar-
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eas on the printed sheet. This considerably simplifies
makeready, especially in packaging printing. Moreover,
the inspection of the entire print image for damage and
defects on the basis of the scanned sheet can take place
via the monitor or in an automated process.

All density values and derived quantities such as area
coverage, ink acceptance, and so forth can also be de-
termined from the spectral measuring values. This
means that all traditional control methods can be sup-
ported metrologically on the basis of color measure-
ment. On the other hand, however, color measurement
during printing is a prerequisite for the efficient use of
color management methods.

Density measurement is based on measurement of
the ink film thickness, and therefore density variations
are direct measuring variables for controlling the ink
feed in the individual printing units. Colorimetric
measurements and their comparison of measured and
reference values indicate color location deviations
which need to be calculated to adjust the inking units
for changing the ink film thicknesses for the process
colors in the press. Section 2.1.4 provides further in-
formation about this topic.

Inspection of the Image

In gravure, flexographic, and rotary-screen printing
the webs are usually printed in a continuous printing
process; the web is rewound again after the dryer sec-
tion (in web offset, continuous printing is, by and large,
still the exception). If quality control cannot take place
on the running web, the press needs to be stopped in
order to do so. However, since faults can occur at any
time during production, web inspection devices have
been developed for in-line monitoring.

The specifications of web inspection systems vary con-
siderably depending on the task to be performed. Most
devices are suitable for visually detecting faults in the
print image, gross fluctuations in the color, or fairly
large deviations in the register. Reliable color control
throughout the entire print run can only be ensured by
a densitometer or colorimeter that take measurements
on the web during printing. The stroboscope provides
the simplest means of visually inspecting the running
web. The stroboscope uses a periodic flash of light that
is synchronized with the press speed, making it seem to
the observer as if the web were standing still. Optical
systems incorporating a rotating mirror enable high-
quality image inspection. The quality of the static im-
age also enables the press operator to detect bigger
changes in color.
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a

Fig. 1.4-51 Examples of hand-held color measuring instruments.
a Spectrophotometer SPM 100 (Gretag);
b Spectrodensitometer 938 (X-Rite)

Fig. 1.4-52

Scanning spectrophatometer for print
quality measurement and control
(CPC 21, Heidelberg)

Video web inspection systems are used to an in-
creasing extent because these systems can detect
structural defects as well as fairly large color varia-
tions. Video monitoring has the advantage of offer-
ing digital image analysis with automated fault de-
tection. The accuracy of color detection is limited by
the camera’s technology and quality, which do not
usually allow density measurement or even color
measurement. Therefore, systems of this kind are
suitable for computer-assisted image inspection, but
not for binding color measurement and control with-

in the narrow tolerances of the required printing
quality.

1.44.2 Color Register

Register is traditionally the exact superimposition of the
print images on the front and back side of a substrate
with no geometric differences. Accuracy requirements
are approximately 1/10 mm. A much higher level of ac-
curacy in the overprinting of the separate color separa-
tions for cyan, magenta, yellow, and black (color regis-
ter) is essential for quality multicolor printing. The ac-
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Fig. 1.4-53 Measurement and control system for color measurement and image inspection on the printed sheet.

a Measuring equipment;
b Monitor (CPC 24 ImageControl, Heidelberg)

curacy of the color register must lie within a range of a
few hundredths of a millimeter. For setting the colors in
a color set to one another on a printing press, register
adjustments with increments of 1/10o mm in circumfer-
ential and lateral direction are used. The adjustment of
minor register differences can be initiated from the con-
trol desk. By turning and moving the individual plate
cylinders, one can make register corrections in a cir-
cumferential and lateral direction. Diagonal register ad-
justments (rotation of the image) are possible on some
press designs which is achieved by shifting the plate
cylinders (the ideal solution would be to rotate the
printing plate on the plate cylinder surface). Register
measurement and control systems — the majority of
which analyze special register marks printed on the sub-
strate — have been developed to bring the press more
quickly and easily into register during set-up.

The easiest way to check the color register is to ex-
amine a section of the image with a magnifier/optical
magnifying glass (ig. 1.4-54a). If this magnifier is fitted
with an additional measurement scale, the printer can
assess by how much the circumferential and lateral reg-
ister needs to be adjusted, should it be necessary.

Special register marks printed along with the image
make this process easier. These marks are positioned on
the plates in such a way that, if the overprinting is done
correctly, all the lines/marks for the inks/color separa-
tions concerned lie one on top of another or form
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Fig. 1.4-54 Color register deviations.
a Halftone multicolor image;
b Register measuring mark

specified structures (register marks, register crosses —
fig. 1.4-54b). Deviations, when enlarged with a magni-
fier, are identified and used for press adjustment.

Automated color register measuring instruments can
automatically detect, quantitatively evaluate, and display
deviations for the operator. Additionally, these instru-
ments may even initiate adjustment directly in the press.

A hand-held measuring instrument of this kind is
illustrated and described in figure 1.4-55. Figure
1.4-56 shows a special magnifier that consists of a
camera system which displays the halftone image on
the monitor.

109



110

1 Fundamentals

Fig. 1.4-55

Hand-held instrument for the measurement
of color register deviations and automatic
adjustment of the press by means of infra-
red signal transmission.

a Register mark reader on the control desk
of a sheet-fed offset press;

b Hand-held instrument (“electronic” mag-
nifying glass with display for color register
adjustment);

¢ Register mark for six colors for register
mark reader on the printed sheet

(CPC4 register mark reader, Heidelberg)

Fig. 1.4-56
Video magnifying glass for assessment of the color register in mul-
ticolor printing (MAN Roland)

There are measurement systems that can be installed
on both sheet-fed and web-fed presses for in-line meas-
urement of the color register. The measurement is usu-
ally carried out on the basis of special measuring marks
which are printed along with the image (sec. 2.1.4 for
further information).

1443 Measurement of Gloss

A gloss of a surface can be specified by means of its
reflection behavior. The measurement is based on the
varying scattering angles of light in accordance with the
surface structure (specular or more or less diffuse
reflection). So-called goniometers can take three-
dimensional measurements of the directional diffusion
of light in great detail (indicatrix of diffusion, see fig.
1.4-57a). This complicated measuring technique, how-
ever, is only suitable for laboratory tests and not for as-
sessing printing quality during production. Glossmeters
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Fig. 1.4-57 Basic principle of gloss measurement.
a Reflection behavior of a rough surface;
b Gloss measurement at specified measuring angles of a glossmeter

are limited to measuring reflected light in a few selected
directions, as figure 1.4-57b shows (for example: 25°, 45°,
and 75°, with illumination at an angle of 45°).

1.45 Surface Finishing

Coating printed sheets in-line in sheet-fed or web-fed
presses or in a downstream finishing process has be-
come increasingly important for many printed prod-
ucts. The following are the basic objectives of coating
of printed products:

+ increase visual effects, particularly gloss,

« protect the substrate from mechanical factors such
as abrasion and scratches,

+ protect the substrate from penetration by liquids
and gases,

+ optimize subsequent finishing processes.

In sheet-fed offset there is a growing tendency for
presses to be fitted with coating units, since the value
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of the print can be significantly increased by applying
a coating. A much greater degree of gloss can be
achieved with coating than with printing inks alone.
Virtually photographic quality is achieved with high-
gloss coating. The visual impression of the print image
is essentially affected by contrasts, so that matte varnish
can produce the desired effects for many layout designs
as well as high-gloss varnish.

For many print jobs, however, it is not the gloss that
is of prime importance but rather the mechanical sur-
face improvement, namely protection from abrasion
and a defined coefficient of friction. Printed products
such as folding boxes or book covers are exposed to a
particularly high degree of abrasion and scratching.
Appropriately formulated varnishes that offer protec-
tion from abrasion make the printed sheet surface very
resistant.

The properties of the coating film, such as a sealing
effect against water and grease and, to a certain extent,
steaming are particularly exploited in food packaging.

Coatings with defined coefficients of friction play a
significant part, particularly in the production of fold-
ing boxes, since they optimize the conveyance of the
folding boxes to the subsequent finishing stations.
Coated prints also need less powdering in the delivery
to prevent offsetting. This also contributes to speedy
finishing as well as to obtaining the desired glossy ef-
fects.
1.45.1 Characteristics of Surface Finishing
Optical Effects/Gloss
Gloss provides printed products with a better overall
look. It increases the attention paid to the product. The
color of high-gloss prints appears more intense
(greater depth of color), that is, more chromatic and at
the same time somewhat darker. The colorful glossy ef-
fects can be expressed more succinctly: a glossy black
appears to be blacker than a matte black and a glossy
red darker and more intense than a matte red.

Gloss is the light reflected from the surface, whereby
the angle of incidence of the light is the same as the an-
gle of the greater part of reflection. Gloss is a charac-
teristic of the surface of a material. The surface reflex
of a pane of glass, for example, superimposes on the
color image behind it, thus intensifying the color im-
pression. The gloss reflex of an ink film or a coating has
the same effect on the color appearance of a print.

On an absolutely smooth surface all the gloss is re-
flected below the glazing angle and is only visible in this
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direction of angle. When looking at glossy print copies
or packaging, the objects must be held so that the gloss
does not strike the eye. Semi-matte coatings, where the
light is reflected diffusely, are less dependent on the an-
gle of observation and the potentially disadvantageous
effects of specular reflection.

An ideally glossy ink surface is not achieved in sheet-
fed offset. The film of ink is more or less semi-matte.
The surface may be treated with a coating or film lam-
ination in subsequent finishing operations.

Figure 1.4-58 outlines the specular and diffuse reflec-
tion which can occur on printed and coated surfaces.

Protection from Abrasion

The quality of high-grade printed products can be con-
siderably impaired by scratches on the substrate. The
higher the density of the color areas in a printed image,
the more noticeable scratches become. Surfaces may be
subject to just as much stress in subsequent finishing
processes as during transportation. Protective varnish-
es can be enriched with suitable abrasion protection

waxes. Abrasion marks on a coating are considerably
less conspicuous than scratches in the ink film.

Resistance

For some applications, such as packaging, labels, and
banners, particular properties are required with re-
spect to protection from environmental influences.
Folding boxes, cardboard products, pouches, and pa-
per bags are often exposed to considerable humidity.
All composite fiber materials tend to absorb moisture
and to lose their strength and stiffness as a result. Var-
nishes that lie on the surface of the substrate actually
inhibit permeation of the moisture into the substrate
but are penetrated if subjected to the constant effect of
moisture. Longer-lasting resistance to water can only
be achieved with varnishes that penetrate the fiber ma-
terial.

Many packaging materials need to have barrier prop-
erties against water vapors to prevent the exchange of
moisture with the atmosphere. Cookies, for example,
must not become soft as a result of water absorption.

Fig. 1.4-58
Reflection properties of different surfaces Incident
in printing. light

a Reflection/Scattering of light on reflec-
tive and rough surfaces;

b Scatter indicatrix on various rough sur-
faces;

¢ Scatter behavior of printed papers:
smooth and rough paper and varnished a
print image

Smooth surface
(specular reflection)

Reflected

- A\
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(diffuse reflection)

_ Scatter 'nd'catr'E

Specular Specular and Completely

reflection diffuse reflection diffuse reflection
c Additional specular reflection
Specular (smoothing effect by varnish)

Specular and dn‘fuse
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Varnishes applied to fiber materials can often provide
adequate protection from water vapor diffusion for a
certain period of time. However, absolute protection
can only be achieved with film packaging (or glass,
metal) or by using film-laminated fiber materials.

Varnishes are used to protect the surfaces from soil-
ing, which is particularly important in the case of
packaging, labels, and paper tablecloths, among oth-
er things. Grease, oil, and water-based dispersions are
more prone to penetrate fibrous substrates of this
kind and form disturbing, blotchy discoloration. Var-
nishes of different formulations protect the card-
board, paper, or corrugated board. Cardboard pack-
ages for cakes and pastries are usually protected from
the penetration of grease by the application of a coat-
ing film.

Decorative articles, such as banners and streamers,
must not actively aggravate any fire which might occur.
Papers can be made far less inflammable when they are
treated with special varnishes.

Enhancement for Finishing

The coefficient of friction of a substrate is an impor-
tant factor in all finishing machines, both for con-
veyance and for the machine settings. Die-cut boards
for the production of folding boxes are frictionally en-
gaged for the transportation on gluing machines be-
tween conveyor belts. Printed areas usually have differ-
ent coefficients of friction than non-printed areas. A
uniform coefficient of friction is achieved over the en-
tire surface with the application of coating. The travel
behavior of coated substrates is considerably easier to
adjust on finishing machines than the behavior of
printed products with varying surface characteristics.
Production reliability is therefore increased and the
quality improved.

The powder applied to the printed sheet in sheet-fed
offset presses for better sheet delivery and drying re-
sults may soil subsequent finishing machines. Coated
sheets can be stacked in the sheet delivery without pow-
der or with only a minimal application of powder.
Many sheet-fed offset jobs are therefore only coated so
that the application of powder can be to a large extent
avoided and the job can be finished more quickly.

With flexible packaging, the extremely smooth sur-
faces of special foil materials may be undesirable for
further use. Plastic bags, for example, can easily slip
around in the pile. The surface friction can be increased
by overprinting with special varnishes (silicates) to of-
fer good stacking properties.
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1.45.2 Surface Finishing Techniques

Coating

Amongst the most important types of varnish, especial-
ly in conjunction with the offset printing technology, are:
+ water-based varnish (dispersion varnish),

+ print varnish, and

« UV varnish.

The different varnishes are described in detail in sec-
tion 1.5.3.

Varnishes are applied directly to the substrate by
rollers or coating forms in coating units or indirectly via
intermediate carriers (e.g., print varnish from the print-
ing plate via the blanket onto the paper). Roller and
blade systems (usually chambered doctor blades in con-
junction with anilox rollers) are used to meter the quan-
tity applied (see fig. 2.1-63). The various coating units,
and in-line and off-line applications, are dealt with in
section 2.1.2.7.

Varnish Application. The varnish should produce a
smooth and even film directly after application. The
surface is still rough after the varnish has been applied
and needs a short time to run smooth. On absorbent
substrates the varnish will begin to penetrate the sur-
face and lose some of its gloss as absorption progress-
es during this process. In many cases the gloss can be
optimized by determining the most expedient time to
allow between printing and drying.

Differences in quality occur, depending on whether
the varnish is applied to an ink film which is still wet or
to a dry one. In gravure and flexographic printing, dry-
ing takes place after each printing unit, meaning that
there is no fundamental difference in the product
whether coating is done in-line or off-line. In sheet-fed
offset, however, the oxidatively drying inks have still not
dried when the sheets reach the delivery. In-line coating
is therefore always performed on ink which isnot yet dry.

Water-based varnishes (unlike oleaginous print var-
nish, they are based on water) do not moisten a damp
ink film as well as one that has been dried. A homoge-
neous, high-gloss coating of the highest quality is
therefore only obtained on a thoroughly dry ink film
(and substrate). This is possible if the ink is dried in-
line (UV inks) or coating is done off-line.

Print varnish basically consists of unpigmented off-
set ink. It can be applied either by special coating units
or the inking unit of an offset printing unit, that is, via
ink fountain, inking roller system, offset printing plate
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and blanket cylinder. The quality of the gloss is not as
high with in-line coating because the print varnish
mixes with the ink which is still fresh to some extent.
Print varnishes tend to turn yellow and are therefore
not suitable for long-life print products where water-
based varnishes are preferable.

Water-based varnishes can also be applied via the
inking unit and an uncoated, that is, normally hy-
drophilic, offset plate (e.g., aluminum surface) al-
though the quality is limited compared to the quality
achieved with a separate coating unit since only a thin
coating can be applied via the inking unit of an offset
press. Moreover, the varnish might build up on the
rollers when it runs through the roller train creating
extra cleaning work.

In sheet-fed offset the desired coating quality cannot
be achieved with the application of varnish alone (e.g.,
subject to the paper quality). The quality can usually
be markedly improved by the application of a primer.
The development of double coating units in sheet-fed
offset made it possible to apply a primer first, dry the
surface in between, and then finally apply the actual
varnish (see fig. 2.1-64). One sector of application in-
volves water-based varnishes. The capillaries in ab-
sorbent papers can be closed by the application of a
primer. Extremely high gloss values are then achieved
with the subsequent coating process on the sealed, al-
ready-smoothed paper surface. UV varnishes represent
the second area of application. In sheet-fed offset it is
necessary to be able to overprint UV varnishes on con-
ventional, oxidatively drying inks. This can be done in
a second pass (off-line), after the ink has already dried.
With an optimally equipped production installation,
however, UV coating should be done in-line, that is, in
one pass directly after multicolor printing on the not
yet dry sheet-fed offset ink. To achieve a good coating
result special bonding agents are needed. They increase
the surface tension between the UV varnish and the oil-
based ink. The drying of the ink on the substrate is not
affected by the varnish film above it.

UV Varnishes. Compared to other types of varnish, UV
varnishes have the advantage that very thick overcoat-
ing can also be applied in-line and a film of varnish pro-
duced that is scarcely distinguishable from film lami-
nation. (Unlike water-based varnishes, UV varnishes
do not contain any volatile constituents, so that the
coating thickness of the liquid film of varnish is the
same as the dry one. Also, absorption into the paper is
so low as to be negligible.) In sheet-fed offset, UV coat-

ing has replaced film lamination to a great extent. Due
to the high coating thickness (up to approximately 8
pum), UV varnishes attain gloss values never achieved
before with water-based varnishes (coating thickness
approximately 3 um).

Special Effect Varnishes. The use of varnishes for spe-
cial effects is not limited merely to surface effects. Un-
usual designs can be achieved with inked varnishes, es-
pecially with pale background color tones. Alongside
the absorbent color pigments, reflective pigments in the
varnish have become a factor. The group of metallic
pigments for gold (bronze pigment), silver (aluminum
pigment),and metallic inks, embedded in a water-based
varnish, has achieved high gloss values that could not
previously be attained with varnish inks. With pearles-
cents the inkfilm may be given the luster characteristic
of mother-of-pearl (different colors depending on
which direction they are viewed from) that stand out
from conventional color prints in their appearance.

In screen printing it is possible to apply coatings
which are so thick that the imprinted structures can be
felt when touching the printed image. Special relief
codes, such as Braille lettering or security features in se-
curity papers, can be imparted in this way. Applications
with strong surface structures/reliefs are particulary
interesting for decorative printing. The relatively ex-
pensive embossing tools used to produce the structure
were replaced by much more economical application
of varnish. In wallpaper printing, for instance, there are
widespread examples of so-called “embossed wallpa-
pers,” for which special screen printing inks are foamed
in a hot air dryer whereby a profile is produced with-
out embossing equipment.

Cut-Outs/Spot Varnishing. Spot varnishing is used to
highlight image elements by the contrast between gloss
or matte varnished and unvarnished areas, which pro-
duces special color effects. Glossy items such as jewel-
ry and accessories can be highlighted very effectively in
illustrations using high-gloss coatings around matte
surroundings. The surface elements of print and var-
nish must lie exactly over each other. In spite of there
being only a slight contrast effect with highly glazing
varnishes, the slightest register errors are perceived as
very disturbing. The register demands on the coating
forms are therefore comparable to those on printing
forms. The accurate positioning of the coating plates
register is not a problem with print varnish, because the
same printing plate can be used as for the offset print-
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ing. Water-based and UV varnishes need a flexograph-
ic printing plate, that is, a flexible letterpress plate,
which can become deformed when it is mounted onto
the cylinder in the coating unit. All-round exposed
plates (i.e., where the plate is mounted on a cylinder)
increase the dimensional accuracy. To improve the sta-
bility the forms are stuck onto metal base plates.

With commercial print jobs coating is usually ap-
plied over the entire surface without cut-outs. With
folding boxes, on the other hand, some areas must stay
free of coating so that the water-based adhesive can
penetrate the fibrous material faster at the places where
the boxes are to be stuck together. The cut-outs in the
coating plates (e.g., blanket, full tone flexographic
plate) required here are usually cut manually.

Scented Varnishes. Alongside the visual response gen-
erated by the multicolor print with varnish coating,
the sense of smell can also be stimulated. Micro-en-
capsulated fragrances are embedded in the varnish
and reach the customer with the printed product.
Once with the customer, the fragrances of the scented
varnish can be activated by rubbing or just by touch-
ing, the capsules burst and the fragrances are released.

Hot-Calender Varnishes. Each type of varnish (with the
exception of UV varnishes) can only be applied in a lim-
ited (3-8 um) coating thickness, meaning that varnish
can never achieve the gloss values and protective proper-
ties of film lamination (film thicknesses of up to ap-
proximately 200 um). On the other hand, film-laminat-
ed print products are not as easy to recycle and their pro-
duction is more complicated and expensive. Hot-
calender varnishes achieve surface smoothness that is
scarcely distinguishable from that of film lamination. At
the same time, the products are absolutely recyclable. The
varnish (thermoplastic) can be applied and smoothed
out between heated, polished calender rollers. It forms a
considerably thinner film than can be obtained by lami-
nation. In spite of all their advantages in terms of quali-
ty, hot-calender varnishes have only gained general ac-
ceptance in a few applications. Hot-calendering takes
place off-line and its production costs are therefore clear-
ly higher than those of in-line varnishing.

Film Lamination

Film lamination provides the highest possible gloss
values and protection. Laminated films with structured
surfaces are occasionally applied to create special ef-
fects. The film lamination is not dependent on the
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printing process, that is, it requires no special match-
ing of the ink with the laminating material, that is nec-
essary to a certain extent with varnishing (the cover of
this book is film-laminated).

Film-laminated materials frequently offer further
functions in addition to enhancing appearance. The
stiffness of cardboard makes it especially suitable for
packaging drinks and liquids in combination with a
liquid-resistant film that can be designed especially so
that the aroma is not lost.

Embossing

Embossing is one of the most demanding yet most ef-
fective of all types of surface finishing. The embossed
effect is achieved solely by deformation of the materi-
als by means of a block or die, that is, the formation of
a relief; that can be superimposed in film lamination
after the film has been applied. The reflection on the
varying structures of the embossed image changes de-
pending on the incidence of the light.

In the sheet-fed printing sector, embossing plates can
be produced at a manageable cost. In web printing the
production of embossing cylinders is very costly and
time-intensive. Rotary embossing is therefore only
done on regularly recurring products with high print
volumes (e.g., wallpaper).

Hot-Foil Stamping. Perfectly smooth surface elements
in gold, silver, copper, aluminum and metallic colors can
be transferred to the substrate by hot-foil stamping. A
base film is coated with a layer providing the color and
a hot-melt glue (adhesive coating layer). The image can
be transferred under pressure and heat using a heated
block (letterpress block). Suitable presses are letterpress
machines and flat-bed die-cutters. Hot-foil stamping is
primarily used for products such as packaging for cos-
metics, sweets, and drinks as well as for brochure covers.

In narrow-web flexographic presses embossing is of-
ten done in-line.

Holograms can be transferred in the same way with
conventional hot foil stamping machines. The holo-
grams are first embossed into the foil and then applied
with a coating. This foil can then be applied like a gold
foil, for example, using the hot-foil stamping technique
with a repeat length control.
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History

The forerunner of paper (c. 2600 BC) was papyrus, a
material made out of the papyrus plant, which grows in
Africa. Thin strips cut out of the inside of the plant were
laid down next to each other, pressed, beaten, and
smoothed out. The actual invention of paper produced
from plant fibers such as bamboo fibers or cambric
grass dates back to about AD 105; recent literature refers
to paper production actually dating much further back.
Tsai Lun from China is accredited as the inventor. The
main feature of his invention was that a new wire mesh
was not required for each sheet to be molded, but that
the sheet molded with a wire mesh of fine bamboo rods
could be couched for drying.

In AD 610, the Buddhist priest Dolyo brought it to
Japan, and in AD 710 it first came into Arab hands. The
Arabs mainly distributed it in Asia. Paper production
started in Europe in around 1150 in Spain, 1276 in Italy,
and 1338 in France.

In 1990 the German paper industry celebrated its
six-hundred-year anniversary of papermaking in Ger-
man-speaking countries. Ulman Stromer (1329-1407), a
Nuremberg tradesman and councilor, began making pa-
per by hand for the first time on 24 June 1390 in a mill
he had set up, called the “Gleismiihle,” in front of the city
gates.

Manual paper production by craftsmen in Europe
lasted for a long time — around 650 years. It was not un-
til 1799 that Nicolas Louis Robert (1761-1828), a French
mechanic, received a patent for the fourdrinier paper
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machine which he had invented. This machine was a
wooden washing vat with which it was possible to pro-
duce paper 12-15 m in length. In this process the pulp
was not molded, but moved to the rotating surface of
the wire screen using a rotating centrifugal wheel. It was
driven manually by means of a handwheel.

Basic Materials for Paper Production

Whereas the Chinese, almost 2000 years ago used bast,
bark, hemp, rags, and rice grass as raw materials, wood
is the primary raw material in use today. In terms of vol-
ume it is also the most widely available natural product
on earth. Approximately a third of the land is covered
by forest. For over one hundred years wood has been the
most important raw material for chemical and ground-
wood pulp for paper production. Table 1.5-1 gives an
overview of the raw materials and fibers required to
produce paper, card, and board.

Wood is mechanically and/or chemically prepared for
paper production.

To process wood to groundwood pulp (mechanical
pulp) for paper production, it must be mechanically
treated by grinding (fig. 1.5-1). The bark is stripped from
the wood trunks and during the subsequent grinding
process they are continually pressed against a revolving
grindstone under pressure (stone groundwood pulp).
While water is being sprayed on simultaneously, the in-
dividual fibers are ripped out of the wood and are
crushed, scored, pressed, torn off, and sheared by the
grindstone surface. During a second phase of the grind-
ing process they are further fibrillated (reduced to fibers)
and ground down. The result is mechanical ground-
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Raw materials

mechanical chemical

Processing
log shavings shavings

Fiber product chlJ;ndwood Leufliger chemical pulp
primary fiber

newsprint, writing paper,
magazine paper,
folding box card/board, uncoated), sack paper
writing/printing paper

End products

with dominant
proportion of
fiber

(medium fine paper
and paper containing
wood)

(woodfree paper)

Annual plants
(straw, reed,
cotton, etc.)

chemical

printing paper (coated,

Fillers
(kaolin, calcium

Rags
(linen, hemp, etc.)

Waste paper

carbonate, tita-
niumdioxide, etc.)

chemical/ recycling
mechanical process
pure cellulose recycled
fiber fiber

secondary fiber

banknote paper, newsprint, (proportion of
document paper, simple boards, filler up to
magazine printing  folding box card ~ 30%)

paper, bank paper

Table 1.5-1 Raw materials and processing to create paper, card and board

wood pulp. Refiner groundwood is obtained by grinding
chips, a waste product of timber mills.

Chemical pulp is the fiber material obtained from
wood (chips) and other vegetable raw materials (e.g.,
annuals including hemp, jute, esparto, straw, cotton) by
chemical digestion. Chemical pulps differ from ground-
wood pulp mainly in the fiber characteristics (they have
more fibers and firmer, more supple ones) and a higher
degree of whiteness. Depending on the chemical solu-
tion used for treating, the following are differentiated:

+ Sulfate pulp: digestion of chips in a caustic soda lye
(alkaline process);
+ Sulfite pulp: digestion in acid (acidic process).

Approximately 85% of the chemical pulp produced
worldwide is sulfate pulp. It is firmer than sulfite pulp,
but has alower degree of whiteness and is produced with
a lower yield. Sulfite pulp needs a longer digestion time.
Chemical pulp washing, bleaching, draining, drying,
and packing follow after the actual digestion process.

Chemical pulp, which is bleached entirely without
chlorine, is designated “TCF” (Totally Chlorine Free).
Instead, most common oxygen and hydrogen peroxides
are used.

Groundwood pulp and chemical pulp fibers are re-
ferred to as primary fibers. Waste paper also has always
played an important part in paper production. Back in

1774 Justus Claproth, a Gottingen scholar, published a
brochure printed on paper, for which printed paper had
been used as a raw material. Today paper is manufac-
tured using up to about 60% of waste paper in its pro-
duction. However, special paper can consist of up to
100% of these so-called secondary fibers (e.g., for news-
paper printing). Thus waste paper has become the most
important raw material source in paper production.

However, the use of these recycled fibers obtained from
waste paper is limited. On the one hand, their quality
must meet the requirements of the paper quality to be
produced, on the other, the chemical and technical ex-
pense and the high production costs involved in this must
be taken into account. In the process of obtaining sec-
ondary fibers from waste paper, a work-intensive clean-
ing process and suspension, as well as deinking, that is re-
moving the printing ink, and fractionating (structuring
according to fiber lengths) are required.

In addition it must be noted that there are limits to
the reuse of waste paper fibers. According to current re-
search and development one can assume that the fibers
are unusable after being recycled 3—5 times. A continual
supply of fresh wood or primary fibers is essential for
paper production [1.5-1].

Paper Production
Pulp Preparation. Material preparation is required
before the pulp suspension is fed to the paper ma-
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1 Grindstone

2 Wood supply

3 Pressing pieces
4 Press cylinder

6 Trough (vat)
7 Spraying water
8 Outlet

Fig. 1.5-1 Production of groundwood pulp.
a Principal structure of a magazine grind-
ing unit;

b Production plant (Stora Feldmiihle)

chine for paper production. This includes a wide
range of processes starting with preparation of the
pulp, additives, and paper auxiliary agents and end-
ing in front of the paper machine headbox. This in-
cludes the pulp grinding treatment and the supply of
fillers (kaolin and calcium carbonate) and additives.
The basic properties and quality characteristics of the
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5 Closing plates (open/closed)

=0

7 6

paper are substantially determined in this way. The fi-
nal composition of the ready pulp suspension takes
place in the so-called paper stock vat where the re-
quired fillers and additives are also supplied. The pa-
per machine is supplied for paper production with the
ready “material” (material suspension) from the pa-
per stock vat.
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Paper Machine. Production of paper and card mainly
takes place on modern high-speed paper machines to-
day. In Germany alone there are about four hundred
very different types of machines, which continually
manufacture in different working widths and various
speeds in so-called continuous operation. Machines for

Length 120 m

producing higher paper quality are available for work-
ing widths of 6.60 m and above, and speeds of
1300 m/min (21.7 m/sec).

Paper machines are at the heart of every paper facto-
ry. The so-called fourdrinier paper machines with end-
less wire are the most widespread. Figure 1.5-2 shows the

——— > Production flow

Web formation
by pressing Drying on Lonaitudi

d : ongitudinal
between wires Drainage Dewatering heated cylinders Calendering S”tt?,l]; I
(wire section by suction by pressing with hard-/soft-nip windiné—up
with top and with wires  with felts calenders system
bottom wires)

@ L [ \
[
I %= oog

REE)

A‘ZF
st |
A

,,,,,, ‘::,4:’,':'; o 3% H—‘ 7 T
iRl ([T 5
/ Specifications:

Headbox for Basis weight 40-50 g/m?

distribution of Web width 9m

the fiber suspension Speed 28 m/s

Production capacity 190000 t/year
a Paper reel weight 60 t

Fig. 1.5-2

Fastest paper machine for the production
of newsprint in 1997, example of a four-
drinier paper machine (Voith Sulzer Paper
Technology, Germany, 1997).

a Diagram showing production stages;

b Picture of the paper machine. Basis
weight 40 to 50 g/m?, web width 9 m,
speed 28 m/s, production capacity
190000 t/a, weight of the paper reel 60 t.
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production of newsprint with the following machine
components (for other types of paper, additional com-
ponents must be supplied according to requirements):

* headbox,

* wire section,

* press section,

+ dryer section,

« calender,

+ winding unit with longitudinal slitting.

The pulp is routed through the headbox to the endless
wire. The paper web is formed at the wire section. This
happens by draining (filtration), that is, by separating
water and solids. As soon as the fiber suspension of
water, fibers, fillers, and additives has run uniformly
from the headbox to the wire (mesh net) at a high speed,
the water flows off through the wire due to gravity. The
fibers remain on the wire and become felted into a con-
tinuous web. This process is referred to as “drainage.” A
slight jogging motion is exerted on the wire. In this way
the longitudinal orientation of the fibers parallel to the
direction of flow, which causes the characteristic grain
direction of the paper, is somewhat reduced and at the
same time supports the draining and felting.

Sheet paper is cut out of web material. Differentiation
is made between long grain (fiber orientation parallel to
the length side) and short grain (fiber orientation paral-
lel to the narrow side of a sheet). The running direction
of the completed paper (fig. 1.5-3) is particularly impor-
tant for a lot of printing work in view of the stability of
the paper, as the individual fibers expand more in width
than in length (up to aratio of 7:1) when moistened. This
characteristic must be taken into account for printing
and finishing. Additionally the stiffness and strength of
the paper are greater in the fiber direction than across it.

The function of the dandy roll (not shown in the pa-
per machine depicted), which is a screen mesh cylin-
der running on the fourdrinier wire, is to evenly form
the upper side of the wet web. Marks that are embossed
or soldered into the dandy roll wire leave an impres-
sion — watermarks (see also fig. 2.5-10) — while rotating
into the wet web. Elevations result in light watermarks,
and sinks (from compaction of pulp) in dark water-
marks, also referred to as “light shade watermarks”.

At the end of the wire section, the bridging of the pa-
per web, which is still wet, takes place over the couch
press into the so-called press section, also referred to as
wet pressing. This is where further mechanical drain-
ing and compaction of the paper web takes place.
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In the dryer section, the paper web undergoes a long
gentle drying process against drying cylinders heated by
steam. The type of drying has an effect on the strength
of the paper and how it stretches.

Before the last third of the dryer section there is a size
press (fig. 1.5-4), with which surface sizing (increasing
the wet-strength) or also light pigmentation (coloring)
of the paper web can take place, if this is required for
the paper type. Modern size presses are referred to as
“film presses”, and they provide a precise dosage of the
volume of coating.

The calender is part of the end section of a paper ma-
chine. Its function is to mechanically even out or reduce
slight irregularities and the roughness of the paper.
With a dry calender, such as one that consists of five to
ten ground steel rollers arranged above one another,
“machine finished”, matte, or slightly machine finished
paper can be produced.

A cooling system is located after the drying section.
Production of the paper ends with the winding of the
paper web onto a steel core referred to as a reel drum.

Whereas on fourdrinier paper machines the fiber
suspension is deposited on the fourdrinier wire for pa-
per formation, on cylinder paper machines it is “mold-
ed” by circular calenders rotating in the pulp. In this
process drainage takes place by the water running off
into the inside of the circular calender. Cylinder paper
machines are used for producing multi-ply paper or
card which can consist of up to ten individual layers. In
this process the individual layers are transferred and
brought together (couched) by aligning several circu-
lar colanders within the cylinder paper machine on the
revolving endless couch felt (fig. 1.5-5).

Paper Finishing

The most frequently used processes for paper finishing
are:

* coating,

* impregnating,

+ parchmentizing,

+ laminating.

The most important finishing process for paper today
is coating (fig. 1.5-6). This means machine coating of a
base paper with one or several layers of a white pigment
coating that consists of:

+ pigments,
« vehicles (binders),
+ additives (e.g., optical additives).
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Fig. 1.5-3

Running direction of paper during produc-
tion.

a Sheet cut from the paper web (indicating
direction of grain/fibers);

b Position/running direction of the sheet in
the offset printing press showing the
stretch-direction (less expansion under in-
fluence of moisture in direction of grain,
preferred folding in direction of grain)

a Long graina>bh
Atright  Width of the paper web (direction of stretch) ~ Direction of grain/fibers
angles to

direction

Running direction or longitudinal direction of the paper web
(grain orientation)

Shortgraina<b
Width of the paper web

Running direction or longitudinal direction of the paper web

b Expansion of a printed sheet in long grain format (a > b)
under pressure and influence of moisture
(Less paper stretch crossways to the direction of print)
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Form rollers

Application
system for
coating liquid

Fig. 1.5-4

Functional diagram of a size press for online surface sizing of paper
or card on both sides in a paper machine. Special application sys-
tems meter the size on the rollers. The size is transferred to both
sides of the web in the roller nip (the point of contact between rollers
and paper web). [1.5-1]

The function of the vehicles of a coating color is to fine-
ly distribute pigments in the coating color and to bind
them to the paper. Depending on the printing process
for which the type of paper is to be used and the print-
ing quality to be produced, there are many different ve-
hicle formulae.

The paper coating is used deliberately in order to in-
fluence the paper surface with regard to lightness/col-
or and structure/roughness — for example, to produce
glossy, half-matte (satin gloss) or matte surfaces for bet-
ter printability. Printing results can be achieved that are
not possible on uncoated natural paper. The base pa-
per is matched to the different requirements of the
printing process through the composition of the coat-
ing material.

After coating the paper, calendering can take place
(giving the surface a satin finish). This is how the
paper obtains its final surface structure (gloss and
glaze) and thus also its visual impression as well as
printability properties. Calendering takes place in a
calender in which the paper web is mechanically
routed between rollers that are located above one
another under pressure, friction, and warmth. Paper
or card obtain special structures, that is, fine and
coarse or hammertone embossing in an embossing
calender.

Today such a large variety of coated and cast-coat-
ed paper of very different properties is available for
use in all printing processes that it is hard to obtain
an overview. With cast-coated paper the mirror fin-
ish surface is not produced by calendering, but after
the coating by contact drying which follows imme-
diately against a hot chrome cylinder. In this way the
coating undergoes plastic deformation and the sur-
face structure of the extremely smooth chrome cylin-
der is transferred to the paper or card surface [1.5-1,

1.5-2].

Fig. 1.5-5
Functional diagram of a cylinder paper ma- 8
chine for manufacturing multi-ply board -/ @
[15-1] -~
1 Screen cylinder 5 Idler roller G
2 Trough with fiber 6 Pressure roller
suspension 7 Guide roller
A 3 Couch roller 8 Paper web
4 Couch felt

o
L

&
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a Cast-coating method
1 Application unit
2 Paper web, uncoated
3 Impression roller
4 Paper web, precoated on one side
5 Cast-coating cylinder
6 Paper web, cast-coated on one side

b .
Drying
Winding unit second side
Comple- ) ‘
ted reel | Measuring equipment

Blade coating method

1 Paper web, uncoated

2 Cylinders enclosed in a rubber layer
3 Coating sump
4 Application roller for the coating color
5 Blade
6 Paper web, coated on one side

Roller coating method (both sides)
1 Sump

2 Inking rollers

3 Spreading and distribution rollers

4 Application rollers

5 Uncoated web

6 Impression cylinder

7 Paper web, coated on one side

8 Drying

9 Paper web, coated on both sides

Production

(infrared or hot-air
flow

Drying
18tside suspension drying)

18t coating head
(coating application)

2" ¢ylinder section
(contact drying)

2" coating head ,
(coating application) Measuring

18t cylinder section
(contact drying)
frame  Ynwinding unit

(base paper for coating)

Fig. 1.5-6 Paper finishing by coating.
a Principles of the coating process;

b Functional diagram of a modern coater for paper coated on both sides (blade coating process). Production speed: 500—1000 m/min

Structure Type

Paper is a flat material produced from plant fibers that
are mechanically or chemically treated or thermo-me-
chanically treated with chemicals. It is a tabular struc-
ture generated by natural agglutination and felting of
fibers and having a grammage (surface related mass) of
7 g/m? up to about 150 g/m> The following are differ-

entiated: uncoated paper, coated paper, and cast-coated
paper (high finish gloss).

The pulp composition of paper gives information
about its quality determined by the raw material (see al-
so table 1.5-1).

Paper is divided into:
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« woodfree,

+ containing wood,

* containing waste paper,
* containing rag.

Woodlfree paper is mainly produced from chemical pulp
fibers and must contain a maximum of 5% ground-
wood pulp. For example, a lot of printing and writing
paper as well as uncoated paper and finished paper with
a coated surface is woodfree paper.

Paper containing wood is produced by using a high
proportion of mechanical pulp (groundwood pulp).
Paper containing wood still contains alarge proportion
of lignin (lignified and robust part of the wood) so that
it yellows relatively quickly. Examples of paper con-
taining a lot of wood are newsprint and magazine pa-
per which are increasingly produced by using waste pa-
per (secondary fibers/deinked fibers). In general the
proportion of mechanical pulp is not always precisely
indicated. For this reason the designations “containing
some wood” or “almost woodfree” are used.

Paper containing waste paper (recycled paper) is in-
creasingly available today. For example, newsprint is
produced from nearly 100% secondary fibers [1.5-1].

Table 1.5-2

Types of uncoated paper for web offset
printing and gravure printing — general
properties and application [1.5-1]

Designation

WSOP
paper

SC-A paper

SC-B paper

B pulp paper

NP paper

SC-HSWO paper
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Uncoated Paper

The names “paper,” “card,” and “board” on the one
hand depend on the grammage, but on the other are
also related to their application. The following refer-
ence values and typical applications apply to:

+ Paper <150 g/m?* (sometimes up to 400 g/m?), (thin
paper up to cover);

+ Card 150-600 g/m?
(cardboard for folding boxes);

+ Board > 600 g/m?
(cardboard and corrogated board for heavy packag-

ing).

The types and quality features of uncoated reel paper
(natural paper rolls) for web-offset and gravure are stat-
ed in table 1.5-2. Additional types of uncoated paper of
varying composition and character that are printed
partly in sheet-fed printing as well as in webs for con-
tinuous form printing [1.5-1] are as follows:

« offset paper,
+ recycled paper (consisting of up to 100% secondary
fibers),

General quality characteristics and application

Web Special Offset Paper containing wood, uncoated,
calendered paper.

Super Calendered:
Uncoated paper (containing wood) with a lot of glaze from
calendering.

Newsprint paper with surface glaze produced by Soft-Nip-
Calender. Also referred to as “improved newsprint paper.”

Uncoated, calendered paper for web offset printing. Pulp
composition: chemical pulp, groundwood pulp, and filler.
The whiteness is fixed.

Uncoated paper mainly produced from secondary fibers (waste
paper). “Standard” and “improved” are differentiated.
Grammage: 39 — 50 g/mZ2. The glaze, absorbency, dyeing, and
opacity are particularly important for printability.

Continuous paper: From woodfree to thatcontaining some wood,
and also with a more or less high proportion of secondary fiber,
worked, uncoated paper for text and data processing. The
properties are defined in DIN 6721 (German Industry Standard).

Super Calendered Heavy Special Web Offset Paper: calendered,
uncoated paper with a large grammage
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+ thin letter paper (air mail paper/onion skin
paper),

+ watermark paper,

+ letter paper (bank paper/typewriter paper),

+ book paper (usually with large volume/thickness),

+ banknote paper (mostly with watermarks),

+ transparent paper,

+ ink jet paper (specially for ink jet printers),

+ special papers for electrophotography.

Coated and Cast-Coated Paper

Table 1.5-3 gives an overview of the classification of pa-
per coated on both sides for sheet fed offset printing,
for web offset and rotogravure printing (the terms cor-
respond generally to common technical everyday lan-
guage; official or standardized definitions are not

Table 1.5-3

Papers coated on both sides which are
suitable for sheet-fed, web-fed offset and
web gravure printing — general properties
and application [1.5-1]

Designation

Cast-coated paper

Original coated
art paper

Specially coated
illustration printing
paper

Standard illustration
printing paper

Ordinary illustration
printing paper
MWC/HWC paper
LWC paper

LLWC/ULWC paper

FC paper

available). The paper thickness can be derived ap-
proximately from the paper grammage normally giv-
en: 100 g/m?* corresponds approximately to 0.1 mm
thickness.

Card. Card (cardboard) is a tabular material consist-
ing mainly of plant fibers. As regards its grammage it
can be classified as paper as well as board. Grammage
of card: 150 g/m>-600 g/m>2. The most important un-
coated card qualities can be surface-treated and/or
pigmented.

Folding Boxboard. Folding boxboard is the generic
term for all types of card which are suitable for pro-
ducing folding boxes. Folding boxboard must have de-
fined quality characteristics for printability, finishing,

General quality characteristics and application

Paper with a mirror or glossy finish surface and large volume.
Mainly white on one side and colored. Used especially for
labels, envelopes, and high-quality folding boxes.

Grammage 70-400 g/m2.

Best quality coated paper. Thick coating layer gives high degree
of uniformity. Excellent printability and pressroom runnability.

Coated paper for demanding and high-quality printing jobs.
Glossy, half matte, or matte on both sides. Quality is very
consistent. Best printability and pressroom runnability.

Good quality paper coated on both sides.

Paper coated on both sides for simple printing work, limited
quality with regard to gloss and evenness of the print image.

Medium Weight Coated Paper/Heavy Weight Coated Paper
Paper containing wood with grammage range of 80130 g/m?2.

Light Weight Coated Paper. Paper widely used for mass print
runs in web offset printing. LWC paper range goes up to 72 g/mZ.

Light Light Weight Coated Paper

Ultra Low Weight Coated Paper

Ultralight coated paper below 45 g/m2, used in particular in web
offset printing and gravure for printing international magazines
and mail-order catalogs.

Film Coated Papers. Paper which is coated or pigmented on
both sides in a super size press (film press) within the paper
machine with a coating volume metered on rollers, thus
avoiding swamping.
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and subsequent processing. All types of folding
boxboard are produced on the card-making machine
from several pulp webs (plies) in one operation:

+ the front cover ply,
+ one or several single layers/or plies,
+ the back cover ply.

The thickness ratio of the layers to one another is ap-
proximately as follows: front cover 25%, single plies
(55%), back cover 20%.

Cast-coated folding boxboard (CC) is a card with a
mirror finish and closed surface. Coated folding
boxboard (C) is a card with a coated, usually gloss sur-
face, which in contrast to uncoated card permits a sig-
nificantly better print and coating result. Uncoated
folding boxboard (U) is a card with an uncoated, but
nevertheless relatively smooth matte surface with good
printability [1.5-1, 1.5-3].

Board. The dividing lines between card, folding
boxboard and board, are blurred. Board (mill board)
is the generic term for all single-layer (i.e., processed
and couched, multi-layer) solid board. Wet machine
board and machine-made board are differentiated.
The term board is usually used if the product was
produced from simple raw materials (groundwood
pulp and secondary fibers) and has a grammage of
over 600 g/m?>.

Corrugated board consists of one or several layers of
corrugated paper that is stuck onto one ply or between
several plies of another paper or card. The most fre-
quently used type of corrugation worldwide is the sine
wave, also called round corrugated form. The corru-
gation can be produced in different ways. To deter-
mine the size of a corrugation, the corrugation pitch
— corrugation width — and corrugation height have to
be measured. The corrugation pitch is the measure-
ment in the horizontal plane, the corrugation height
is the measurement in the vertical plane from apex to
apex. The different designations for corrugated board
are determined by the different sizes of the corruga-
tions [1.5-1].

Special Paper — Carbonless Copy Paper

Carbonless copy paper has a special place among print
media papers. It is referred to as chemical reaction pa-
per or autocopying paper. It is very important in busi-
ness form production. Production of today’s auto-
copying paper is based on a patent granted in 1938 in
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the USA for the micro-encapsulation of fluids (Mead
Corp.).

Carbonless copy paper is supplied in various formats
in white and color for sheet offset printing and in dif-
ferent roll widths and lengths for processing on con-
tinuous-form printing presses. Carbonless copy paper
is available for producing multi-part forms set with the
following designations:

+ CB paper (upper sheet): Coated Back. The back
page of this type of sheet is coated with a layer
made of micro-capsules, vehicles, and spacers.

+ CFB paper (middle sheet): Coated Front and Back.
This type of sheet is coated both on the front and
the reverse side.

+ CF paper (under sheet): Coated Front. This type of
sheet is only provided with coating which removes
the color on the upper side.

+ SC paper (one-sheet type): Self-Contained. The
upper side of this paper is coated both with coating
transferring color as well as coating which removes
the color.

+ SC-CB paper (intermediate sheet type): Self-Con-
tained/Coated Back: with this paper the upper side
is coated with coating transferring color as well as
coating which removes the color, the rear side with
micro-capsules.

Printing Characteristics of Paper

The printing characteristics of paper and card/card-
board are differentiated according to printability and
pressroom runnability. There are also paper character-
istics, however, that can jointly affect the printability
and pressroom runnability. In the case of printability,
these are characteristics that primarily affect the opti-
cal quality of a printed product. With pressroom
runnability, it is those characteristics that have an effect
on the running and speed at which the sheet or web
runs through the press when printing the job. Several
specifications for the printability and pressroom
runnability are listed in table 1.5-4 [1.5-1].

Measuring and Checking Paper and Card

For checking and measuring paper and card there is a
plethora of test devices, test inks, and test procedures
corresponding to the specifications for printability
and pressroom runability. The tests are partly stan-
dardized. Many processes have been developed by the
individual paper manufacturers in order to incorpo-
rate continuous inspection of the special characteris-
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Table 1.5-4
Paper properties, in particular with effect
on printability and pressroom runnability

Printability

Gloss
Glaze

Evenness of the surface
Incandescent residue

(ash)
Compressibility
Light fastness
Absorption capacity

Coating quantity
Whiteness

Cloudiness (mottling)

tics of their products. Above all, the countless inspec-
tion criteria and regulations concern the constitution
of the type of paper and card. This does not, howev-
er, necessarily make a statement about the character-
istics of a specific product for a printing process or
about the later application or usage of a printing
product, for instance, for labeling, forms, or folding
boxes. Therefore, sample test printing devices have
been developed over the years which inspect the in-
teraction of paper with printing ink or varnishes and
printability in general. By this means, the possibility
exists to inspect paper and card with regard to their
behavior patterns regarding printing inks, test oils, or
dampening solution under precisely defined and re-
producible conditions.

Detailed instructions for carrying out the many in-
spections of paper and card are conveyed by the vari-
ous norms of the German Institute for Standardiza-
tion (DIN), the information leaflets of the Association
of Chemical Pulp and Paper Chemists and Engineers
(Zellcheming), and, increasingly, the international
standards such as ISO (International Organization for
Standardization) and EN (European Norms). Fur-
thermore, there are the recognized inspection and
testing methods of the FOGRA (German Research As-
sociation for Printing and Reproduction Technology
e.V.) and PTS (Foundation for Paper Technology),
both based in Munich. In the United States inspection
is carried out in accordance with the TAPPI standards
(Technical Associations of the Pulp and Paper Indus-

Accepting printing ink
Ink (color location/coloring)

Pressroom runability

Paper characteristics

Tear resistance
Moisture expansion
Breaking load

Reel tightness
Blistering

Tearing resistance
(tensile strength)

Micro-blistering
Tendency to web breaks

Mechanical stretching
(transversely and
longitudinally)

Drying of the printing ink
Picking resistance
Absorption time

Quality of cut (e.g., cavity cut)
Creasing

Calluses/flatness

pH value
Holes
Moisture content

Free of dust

try, Atlanta). The most important inspection methods
in the paper industry are listed in table 1.5-5.

When inspecting and testing paper and card, it is
necessary to maintain the standardized environment in
accordance with DIN EN 20187/ISO 187 and also to en-
sure that the taking of samples is in accordance with
DIN/ISO 186 [1.5-1].

With test-print presses special stresses on the paper and
characteristics corresponding to the real printing process
can be simulated. Under defined and reproducible con-
ditions with low material consumption, test prints can be
produced in the laboratory. There are a multitude of test-
print presses that find usage in practice. In the following,
two devices are shown as an example:

+ Multi-purpose test printing device (fig. 1.5-7). A
pre-dampening unit (for dampening the paper), a
hot-air dryer, and a dryer with IR and UV device
are available as modules for this testing press.

+ Printability test device A 1-3 (fig. 1.5-8).

This offers the possibility to study the interaction be-
tween printing ink and paper and to simulate the
multitude of influences of an offset printing press, al-
so taking the dampening solution into account. On
multicolor testing devices it is also possible to simulate
wet-on-wet printing.

In addition to the standard checks and comparison
options, test prints are carried out to inspect a number
of other parameters, such as:
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Table 1.5-5
Testing criteria, regulations and equipment
for paper and cardboard (selection)

+ the drying time of a printing ink,
+ the abrasion resistance of a type of paper or the

combination of paper/ink,
« the gloss of a printing ink,

+ the color density or the color tone and yield of a

printing ink,

+ the picking resistance of a type of paper,
+ the wet picking resistance of a type of paper in con-
nection with a dampening solution,

Inspection criteria

Wettability

Bursting resistance
Bending strength

Bending resistance
Abrasion

Cobb test

Cobb-Unger test

Density (weight by volume)
Thickness

Pressure folds

Initial tear resistance
Fold resistance
Coloring/ink

Moisture expansion (%)
Grammage
Gloss

Incandescent residue (ash)
Direction of grain

Air permeability

Wet elongation

Opacity

pH value

Tear length
Scoring
Curling

Absorption capacity
(Degree of bonding)

Suction height
Interlaminar strength
Secondary tear resistance

Remark: *engl. version available

Inspection regulations/Inspection device

FOGRA contact angle projector or inspection inks
DIN 53113 or DIN 53141*

Various inspection methods and regulations

DIN 53112

DIN 53109* and DIN 6723*

DIN 53132

FOGRA

DIN 53105

FOGRA thickness measuring device or paper thickness
measuring device

DIN 53112
With tensile strength inspection device
TAPPI T 423m-45, IS0 526

With Elrepho 2000 in accordance with DIN 53145 or
IS0 2469

DIN 53130%
DIN 53104/DIN ISO 536

IS0 2813; ASTM D523 and DIN 67530* information
leaflet Zellcheming V 22/72

DIN 53136

Moisture test; tear test; finger-nail test; bending test
ISO 5636 / TAPPI 460 m-46 and others

FOGRA

DIN 53146/1S0 2471

DIN 53124%; Zellcheming information leaflet V/17762;
FOGRA

DIN 53112
DIN 55437; scoring tester

FOGRA; buckling height in accordance with Brecht
DIN 6023

Various methods and devices including DIN 53126 and
Zellecheming information leaflet V/15/60 and others

DIN 53106
FOGRA
DIN 53115

+ the absorption time of the printing ink with a spe-

cific type of paper,

+ the blistering of the ink when drying in web offset
printing,

+ mottling (uneven density of solids).

Furthermore, there are manual and special printability
tests. In particular refer to the relevant ISO and DIN

standards.
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Fig. 1.5-7

Multi-purpose test printing device. A dampening unit is placed as a module on the left-hand side, and a hot air dryer on the right-hand side.
Test print format: 40 mm wide X 200 mm long. Testing can take place at a constant speed (0.1 to 12 m/s) or with acceleration. Both the con-
tact pressure and the printing sequence interval are variable. (priifbau Dr. Diirner GmbH)

Fig. 1.5-8
Printability testing device used for testing special interactions of
certain paper/ink combinations e.g. picking tests and absorption
tests. Printing disk width: 10, 20 and 32 mm. The device is compa-
rable with a single-color printing press. Speed: 125 cm/s. (Model:
A1-3,1GT)

1.5.2 Printing Inks

1.5.2.1 Structure and Requirements
Structure and Components
Printing inks are principally made up of:

+ colorants (pigments, dyes),

« vehicles (binders),

« additives,

» carrier substances (solvents).

Depending on the type of printing process, inks have a
largely variable flow properties which ranges from ex-
tremely thin (watery), through highly viscous, up to dry
(powder-like). The ink transfer mechanism and the
type of drying/fixing of the ink on the substrate princi-
pally determine the structure and the components of a
printing ink (fig. 1.5-9).

Colorants. They are divided into:

+ pigments (organically or inorganically colored,
white, or black substances that are insoluble in the
ink vehicle.) These are solid particles and/or molec-
ular agglomerates that must be held in suspension
in the base liquid;)

+ dyes (organic compounds that are dissolved in the
system during application), which are present in
molecular form.
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Flow properties and example of inks:

Most important tasks and components:

Color
Color intensity

Anchoring of the colorant
on the print carrier,
Drying of the ink,
Bringing colorant into

a printable form
(dissolve-interlace-coat)

Influence of the

ink behavior

(e.g., drying, flow behavior,
abrasion resistance, etc.)

——_}— aqueous” —ink jet
Printing ink — liquid — gravure/flexographic
pasty —offset
COmp[onents powdery — electrophotography (toner)
[ [ I |
Colorants (‘é‘_fn':j'e‘i?s Additives Carrier substances
- dyes I natural and - agents preventing - diluent
artificial resins skin formation
(soluble) _ - solvent
- pigments | - coalescing agents
Fdispersed) I~ wetting agents carrier liquid (for liquid toner)
| - biocides I carrier particles (for powder toners)
L siccatives |

Transport of the
colorant

Fig. 1.5-9 Composition of printing inks

Pigments consist of molecules that are cross-linked
with one another as crystals. Normally pigments have
a particle size of 0.1-2 um. A pigment particle can con-
sist of several million molecules. Only around 10% of
the molecules lie on the surface, and it is only these
molecules and a few underneath that can absorb light.
Pigments disperse light and, as such, are opaque. They
have a wide absorption band and are therefore not as
“pure” as dyes, which possess an extremely narrow ab-
sorption band.

Dye molecules are surrounded by solvents (base lig-
uid), so that almost every molecule can absorb pho-
tons, which leads to higher color intensity and more lu-
minous colors. Dyes have a larger range of colors. They
are naturally transparent since the molecules are sig-
nificantly smaller than the visible wave length of
380 nm.

Pigments always require a vehicle for binding them to
the substrate while dyes in most applications connect
themselves directly to the substrate surface. The disad-
vantage with most dyes is their limited light-fastness
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(oxidation leads to bleaching). With respect to light-
fastness and stable ink impression, pigment-based inks
are advantageous.

Pigments as base materials are basically cheaper than
dyes yet require greater expenditure when being
processed into ink: dispersing agents must be added to
pigments so that they do not agglomerate. Dyes are, in
contrast, dissolved and do not deposit themselves in
the liquid.

Printing inks normally contain pigments. The most
important exception is currently still those inks used in
ink jet technology, but even here the trend is towards
pigments (better light-fastness, less bleeding on the pa-
per). The pigment content, depending on the color
tone, is between 5% and approximately 30%.

Those organic pigments which give the printing inks
(process inks) the desired color (hue) are most impor-
tant for the printing industry. They can be grouped
into the two main categories of chromatic pigments
and black pigments.

The main inorganic pigments are:
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+ white pigment (e.g., titanium dioxide),

+ metal effect pigment (gold and silver bronzes),

* pearlescent pigment,

+ fluorescent pigment (for daylight luminous
colors).

Binders. In conventional printing processes, binders
are normally resins dissolved in mineral oil. The pig-
ments are finely dispersed in the binder. The pigment
particles are then enclosed by a binder shell. The shell
protects the finely dispersed particles from associating
into agglomerates and being deposited. The binders
dry (harden) on the substrate and thereby bind the pig-
ments.

Additives. The type of additive is dependent on the re-
spective printing process. Additives are added to the ink
in particular to influence drying, flow behavior, and
abrasion resistance.

Carrier Substances. Carrier substances for the col-
orants in conventional printing processes are on the
one hand thinning agents such as mineral oils and on
the other, insofar as available, solvents (e.g., toluene
in gravure printing). The special features of non-im-
pact printing technologies such as electrophotogra-
phy and ink jet are dealt with in greater detail in sec-
tion 1.5.2.8.

Requirements for the Printing Inks

Printing inks must be transported from a reservoir and
then in a printing-process-specific manner onto the
substrate. The ink transfer can take place through:

+ ink splitting (offset, gravure, and letterpress print-
ing): inking rollers, printing plate, and blanket (in
offset) transfer/transport the ink film;

+ direct ink film transfer from a base foil onto the
substrate (hot embossing, thermotransfer);

+ pressing the ink through openings (screen printing);

+ spraying on the ink in the form of droplets without
making direct contact with the substrate (ink jet).

The inks must dry or cure on the substrate. Here, dif-
ferentiation is basically made between physical (ab-
sorption, evaporation) and chemical drying (oxidation,
radiation curing) procedures. Very often a combination
of the drying processes is applied. Solidification drying
represents a special characteristic whereby inks are flu-
idin a hot state and then solid after cooling, for instance,

hot embossing (details on drying in sec. 1.7).
The ink must have good adhesion to the substrate.
Several methods are common (also combinations):

+ The ink anchors mechanically to the substrate sur-
face (penetrating into pores, encasing paper fibers);
here, a certain pressure between ink carrier (e.g.,
blanket for offset printing processes) and substrate
is required and/or

+ The ink penetrates into the substrate surface by
capillary action (e.g., ink jet).

+ In the case of extremely smooth surfaces, the ink is
held by means of polar interaction (chemical/phys-
ical effects) between the ink and substrate.

Manufacture of Printing Inks

Taking the example of a sheet-fed offset ink, the manu-
facturing process of the printing ink is depicted rough-
ly in figure 1.5-10.

Rheological Characteristics of Inks. The setting of the
“consistency” of a printing ink has a decisive influence
on the productivity and quality of a print job. The “con-
sistency” can be classified into various individual prop-
erties and should be adjusted to match specific print-
ing presses, substrates, printing subjects, speed, and so
forth, as optimally as possible. The most important
terms are:

+ Dynamic viscosity n (tackiness) which can be
termed as the inner resistance to the flow of the
ink. The more viscous an ink, the less easily it flows
and the more difficult it is for it to spread into a
film. The unit of mass is Pa - s (Pascal second) or cP
(centi Poise) = 1 mPa - s (milliPascal second). See
also table 1.5-6 with information on the viscosity of
individual inks.

+ Thixotrophy is the characteristic of changing vis-
cous inks from a high viscosity (in the case of non-
moving ink) into a significantly lower viscosity
(when stirring).

+ Tack of an ink characterizes the splitting property
of an ink film, for instance, between two inking
rollers. The greater the tack, the more heat is pro-
duced in the roller inking unit, and the greater the
tendency for fibers/particles to pull out from the
paper surface. On the other hand, a higher level of
tack improves the adhesion of the ink to the image
elements of the printing plate or the blanket (print-
ed image sharper).
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Colorants
pigments,

Additives

dyes, fillers

Distribution
3-roller unit,
bead mill

Dispersion
dissolver

Varnish
dissolving,
boiling

AN

Vehicles (Binders) | | Carrier substance
natural and mineral oils or
artificial resins, e.g., soya bean ol
substitute material
greases, oils, etc.

Ink ready
for dispatch
filling,
packing

Homogenizing
3-roller unit

Homogenizing
dissolver

Fig. 1.5-10 Producing ink for sheet-fed offset printing

+ “Shortness” is understood to be the flowability of
an ink when a certain shearing force acts upon it.
The physical forces between pigment particles and
the higher molecular vehicle components deter-
mine whether an ink is “short” or “long.” Very short
inks cannot easily be pumped or exhibit bad flow
characteristics in the ink fountains. However, they
have little tendency to drip and contribute to a
sharper print image and less ink misting.

Radiation-Curing Inks (UV, electron beam). The ad-
vantages of these inks are essentially

+ “abrupt” (1-100 ms) drying or curing so that im-
mediate finishing of the print is possible,

« free of solvents,

+ no drying in the inking unit or on the rollers (thus
less need for cleaning of the inking units),

+ zero or only minimal heating of the substrate,

+ high mechanical stability and chemical resistance.

The disadvantages are that

+ these inks cost more than conventional printing
inks,

+ dryer design is at a high technical level,

+ increased ink handling demands for reasons of
health and safety.

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)

The drying of these inks is dealt with in more detail in
section 1.7.

UV Inks (curing through ultraviolet radiation, wave-
length approximately 100—380 nm). UV curing print-
ing inks have a completely different structure than con-
ventional printing inks. They are predominantly used
in the printing of non-absorbent materials such as
plastics and metal sheets, but also for high-grade card
products and labels. There are UV inks for all conven-
tional printing technologies as well as for the ink jet
technology. UV curing printing inks are made up of:

+ monomers,
+ prepolymers/oligomers,

* pigments,

+ additives,

+ photo-initiators/synergists.

UV inks therefore contain no volatile substances.

The monomers are liquid and are used for adjusting
the processing viscosity. Together with the prepolymers
they form the binder system (fig. 1.5-11). During UV ex-
posure, prepolymers/oligomers react with the mono-
mers, becoming three-dimensional cross-linked poly-
mers. The photo-initiators decompose to radicals dur-
ing UV exposure and trigger the polymerization. The
radicals create further radicals in a chain reaction and
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polymerization of the
monomers and
prepolymers

Fig. 1.5-11 UV ink curing [1.5-8]

react with the monomers and prepolymers under for-
mation of a cross-linked structure. The colorants and
additives used in UV curing printing inks correspond
approximately to those of other printing inks.

In general, when processing UV inks and varnishes,
care must be taken so that no so-called aerosol droplets
(ink mist) form during splitting of inks or varnishes.
The droplets can soil the press and leak into the air of
the surrounding area. Among other things, ink fogging
is dependent on the printing velocity, the binder, the
design of the inking and coating units, and the tem-
perature. Due to the photo-initiators, the UV ink has a
specific odor that recedes strongly after the hardening

of the ink. However, the odor is trapped in the image.
Systems based on cationic curing are more favorable
than radical systems in terms of odor produced, but
also take longer to dry. It is better for varnish since there
is less tendency to fissuring.

EB Inks (curing by electron beam). With EB inks, pho-
to-initiators can be omitted since the electron beams
act directly upon the reactive binder. High ink film
thickness can be cross-linked since the electron beams
penetrate deeply and the influences of the pigments on
curing are minimal.

Special Inks: Metallic/Pearlescent. A special position
among the printing inks has been earned by those
printing inks manufactured using metal pigments, iri-
descent pearl effect pigments, or interference pig-
ments. These printing inks are also called gold and sil-
ver printing inks, or inks that demonstrate a metal-like
character. Gold bronze pigments are obtained from
ground brass alloys with a varying proportion of cop-
per and zinc. The higher the copper content in the al-
loy, the redder the gold bronze.

The technology used in the manufacture of bronzes
enables the particle sizes of the metal pigments to be
adapted to the respective printing technology. For off-
set printing this is 3.5 um; for gravure and flexograph-
ic printing 8—9 um (the ink film thickness is therefore
considerably higher than is usual with conventional
inks/pigments (0.1-3 pm).

For the manufacture of silver pigments, aluminum
with a purity of 99.5% is assumed. After melting in in-
duction furnaces, the liquid molten mass is lacerated
by a compressed air stream. The end product is a met-
al granulate with a metallically polished surface.

These inks dry like a normal offset printing ink by
absorption and oxidation.

The latest developments are gold and silver printing
inks which are built up on water-dilutable dispersion
varnishes and are transferred via coating units with a
chambered blade system (sec. 2.1.2.7). These inks dry
by absorption into the substrate and evaporation of the
water contained in the ink. They have a clearly higher
brilliance than the normal gold and silver printing inks
which are based on varnish.

Inks with pearlescent effect pigments enable a char-
acteristic gloss of the printed image comparable to the
iridescent gloss of pearls. These pigments possess a
mica core which is encased by one or more metal ox-
ide layers.
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Printing inks with metal pigments are also used in
gravure and flexographic printing. The structure of
these inks is identical to that of organic or inorganic
color pigments. Silver-metallic printing inks which are
mixed with colored inks in any proportion are classi-
fied as satin inks. Color metal gloss inks are the result
[1.5-5 to 1.5-7].

1.5.2.2 Offset Printing Inks
For offset printing, highly viscous, pasty inks are neces-
sary (dynamic viscosity n = 40-100 Pa - s). The ink must
be structured in such a way that the drying components
in the ink do not harden while being spread over the
rollers in the inking unit or at the subsequent transfer
stations such as the printing plate and blanket. Further-
more, the printing ink for conventional offset printing
(with dampening solution and ink) must be able to
“store” a certain portion of dampening solution which
is taken up via contact with the plate or directly via the
dampening unit. (In waterless offset printing on the oth-
er hand, silicone oil can be added to the ink to ensure
that the non-printed image areas are not inked.) In off-
set printing extremely thin ink films of approximately
0.5-1.5 um thickness are transferred onto the substrate.
Offset inks are made up of the following components
(weight proportions):

+ The varnish (binding agent) consists essentially of
hard resins (20—50%) with a high proportion of
colophon, alkyd resins (0—20%), and proportions
of vegetable oils (0—30%) such as linseed oil, soya
bean oil, and wood oil, as well as mineral oils
(20—40%) and various drying agents (< 2%).

+ Depending on color, the proportion of pigment
(coloring agent) lies between 10 and 30%.

+ Additives have a proportion of up to about 10%.
The following are classed as additives:

— drying catalysts (combinations of cobalt, man-
ganese and other metals),

— waxes for improving the abrasion resistance and
slip properties,

— agents for preventing premature drying and skin
formation on the surface in the can or in the ink
fountain,

— silicone oils for printing inks used in waterless
offset printing.

Due to the multitude of requirements on the finished

printed product and the nature of the substrates, the
percentage content of the individual ink components

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)

varies considerably. Furthermore, the particular print-
ing requirements of offset printing must be taken into
account when composing the printing ink. With offset
printing inks, the following are of particular signifi-
cance:

+ high transparency (due to the subtractive mixing of
inks with overprinting);

+ characteristics for printability and pressroom run-
ability such as flow properties, drying,
brilliance/gloss, emulsification (combined effect of
ink and dampening solution), pile behavior, abra-
sion resistance;

+ ink acceptance of the substrate, and, in overprint-
ing, the suitability to wet-on-wet printing.

Based on these requirements, an entire range of ink
classes is offered for offset printing. They can be classi-
fied as shown in table 1.5-7.

1.5.2.3 Gravure Printing Inks

The essential difference between gravure and offset
printing ink is the viscosity. Gravure requires a liquid
ink (n =0.05-0.2 Pa s, even as low as 0.01 Pa - s in pub-
lication gravure printing), which can fill the image
forming cells of the gravure cylinder at high print speed.

The gravure inking unit is the “shortest” inking unit
(shortest path for the ink from the ink fountain onto
the paper) of all inking units used with conventional
printing technologies. It consists only of an ink feeding
chamber that supplies the printing plate directly with
ink, and a doctor blade. This is a closed system, which
permits the use of a very low viscosity ink (fig. 2.2-14 in
sec. 2.2.1.5).

Gravure inks are simpler in composition and manu-
facture compared to offset inks from a process point of
view. The range of workable inks is very large, for in-
stance, inks for obtaining a coating thickness greater
than 2 pm, or inks with special metal pigments. The
chemical composition of the inks permits greater vari-
ation in principle due to the direct ink transfer.

Solvents are particularly important in gravure — they
ensure the low viscosity of the ink and they also change
the pigment concentration/optical ink density. The fol-
lowing factors are important for selecting solvents:

+ boiling point,

+ evaporation number,
+ flash point,

+ explosion limit,
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Table 1.5-7
Ink categories in offset printing — their
properties, areas of application and drying
methods involved [1.5-4]

Ink class Characteristics, usage, and type of drying

Universal or
standard inks

Glossy inks/
high gloss inks

Printing inks with
good abrasion
resistance

Printing inks for
waterless offset
printing

Low-odor printing
inks

Foil inks

Heat-set inks
for web
offset printing

Web offset
newspaper
printing inks
(cold-set inks)

UV inks

Can be used universally on single or multicolor sheet offset
presses. They are in line with normal demands with respect to
brilliance and abrasion resistance and dry-through absorption
(physically) and by oxidation (chemically). Usage on

uncoated paper and coated qualities. With IR radiation and
hot air, the oxidation and absorption of the inks can be
accelerated.

Printing inks that attain a high gloss on coated paper.
Prerequisite is the use of glossy or highly glossy coated paper.
The drying occurs through absorption and oxidation. With IR
radiation and hot air, the oxidation can be accelerated.

Abrasion-resistant printing ink ranges are especially used for
printing packaging and matte coated paper. Drying is through
rapid absorption and oxidation. With IR radiation and hot air,
the oxidation can be accelerated.

Printing inks that are used if the prerequisites for

waterless offset printing are met by means of special inking
unit temperature control, and where suitable printing plates are
available. Inks should be used without additives since viscosity
changes can cause scumming. The inks are very similar to
normal offset printing inks in their composition.

Printing ink ranges for printing food packaging. They have a
special vehicle structure, but their properties are comparable
with conventional printing inks.

Printing inks that dry purely through oxidation and have to be
used if the substrate has no absorption capacity, such as
metallic papers and plastic foils.

Printing inks for web offset printing with predominantly hot air
drying. The mineral oils contained in the vehicle are of a special
type that vaporizes through the heating effect of the dryer.
Drying takes place physically. The correspondingly adapted ink
type is offered for the most diverse kinds of paper.

Special printing inks for printing on newsprint. They consist of
a combination of various mineral oils and/or vegetable oils, the
pigment (especially carbon black), and various additives such as
waxes, cross-linking agents, mineral fillers, and oil-tolerant,
gel-forming agents. These are to meet special quality demands
such as flowability and to prevent setting-off and show-through
as much as possible. Web offset newspaper printing inks dry
physically by absorption into the paper.

Frequently used in packaging and label printing. The material of
the inking rollers must be adapted in order to avoid
disadvantageous changes of the roller covering through the
special components of UV inks, especially also for hybrid
operation or just UV. Suitable wash-up fluids must be used.
Hardly any restrictions to the printing plates. For waterless
offset printing, UV drying inks are also available.
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+ odor,
+ work safety,
+ ecological compatibility.

Completely different solvents have to be used for pub-
lication gravure and gravure package printing. This is
mainly because of the very varied requirements of in-
dividual packaging. The most important solvents for
publication gravure are:

+ toluene (pure toluene with a benzene content of
<0.3%),

* xylene,

+ petroleum spirits (not permitted in many states
due to its inflammability).

Toluene is a petrochemical product and a colorless,
flammable liquid, which is an ideal solvent. It does an
excellent job dissolving the binding substances (which
surround the pigments) can be regained to a great ex-
tent in reclamation systems, dries with comparatively
little expenditure of energy, and is available at a rea-
sonable price in large volumes. Xylene is closely relat-
ed to toluene from a chemical aspect. Since it dries
more slowly it is seldom used today in illustration
gravure printing.

The most important solvents for gravure package
printing are:

+ ethanol (ethyl alcohol),

+ ethyl acetate (acetic ether),

+ water (also in connection with organic solvent,
generally alcohol).

The use of printing inks that can be diluted with water
plays a subordinate role in publication gravure with to-
day’s technology.

Due to the many different requirements of gravure
package printing (e.g., no reaction with the contents or
change in odor) the most varied organic solvents for
printing ink production are used, although to a lesser
extent than the main solvents listed.

1.5.2.4 Flexographic Printing Inks

Flexographic inks are very similar to gravure inks in
their viscosity, they are in the viscosity range of 0.05-0.5
Pa- s and form an ink layer of up to about 1 pm. Flexo-
graphic inks are transferred onto the flexible printing
plate via an inking unit which consists of a chambered
doctor blade with anilox (screen) roller, especially when
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high quality is required. The setting of the ink viscosity
is particularly important for attaining good printing
quality. The following are requirements: no squeezing
away of the ink on the edges of the raised image areas,
sufficiently good ink thickness, good ink splitting and
filling of the cells on the screen roller. The number of
different pigments for inking is very high with flexo-
graphic inks, which results in a wide range of usage.

As in gravure printing, the type of solvent also plays
a critical role in flexographic printing. The solvent is
evaporated after transfer to the substrate through the
application of heat, and the dry ink film remains. In-
termediate drying has to take place with color printing,
since wet-on-wet printing would result in ink residue
transfer in the next inking unit. The following solvents
are predominantly used in flexographic printing:

+ ethyl acetate,

« alcohol,

+ water (alcohol is usually added to promote better
adhesion to the substrate).

Pigments are mainly used as a coloring agent. Inks con-
taining water (i.e., water as a solvent) are used in pack-
age printing. For label printing UV inks are most fre-
quently used.

1.5.25 Letterpress Printing Inks

In letterpress printing, which is only occasionally prac-
ticed, viscous inks (n = 50-150 Pa-s) are used whose
principal components are organic and inorganic pig-
ments and varnishes. On paper and card they dry like
offset printing inks, both physically through absorp-
tion and afterwards chemically by oxidation. When
printing on non-absorbent materials such as transpar-
ent paper or metallic paper, the drying takes place sole-
ly through oxidation when using “foil inks.”

For newspaper web printing based on the letterpress
printing technology (not very widespread) printing
inks of medium viscosity are used whose principal
components are cheap carbon black pigments and
mineral oils. Here, the drying takes place solely physi-
cally through absorption of the inks into the very ab-
sorbent newspaper printing paper [ 1.5-7].

1.5.2.6 Screen Printing Inks

In comparison with other printing technologies screen
printing has the most varied range of application with
regard to possible substrates. It is divided into four pro-
duction areas:
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+ commercial screen printing for different advertis-
ing media;

« silk screen printing, referred to as serigraphy;

+ industrial screen printing, for instance, for bottles,
tubes, cups;

+ special processes such as textile printing, or printed
circuit boards for electronic circuits and so forth.

Along with paper and card, possible substrates are plas-
tics, glass, metal, textiles, and so forth. The very varied
chemical and physical properties of these materials are
the reason why a very large variety of ink types are avail-
able for screen printing. When printing on plastic ma-
terial, screen printing inks are similar to gravure inks
and flexographic inks in their composition. The viscos-
ity must be matched to the desired ink, layer thickness
and the fineness of the mesh. Drying takes place by
evaporating the volatile solvent and is speeded up by
supplying warm air. For paper and card, however, matte
and glossy printing inks of an oil or varnish basis are
used. These inks mostly dry in an oxidative process. UV
inks are sometimes also used in screen printing.

It is characteristic for screen printing that it is possi-
ble to transfer a thick ink layer of up to 12 pm and more.

1.5.2.7 Pad Printing Inks

Pad printing is referred to as an indirect gravure print-
ing technology and is used especially for printing non-
even and difficult surfaces (see sec. 2.5.4). The printed
image is transferred to the elastic tampon via a gravure
plate which then puts the print onto the substrate. The
inks are quite similar to those used in screen printing,
although the viscosity is reduced.

The inks have a very high pigmentation (approxi-
mately 30%) since only very thin ink layers can be
transferred. They are usually fast-drying due to the sol-
vent evaporating. However, depending on the type of
substrate, inks with chemical drying are also used. Spe-
cial inks are required for each individual substrate
since, like with screen printing, a wide range of mate-
rials such as wood, rubber, plastics, leather, imitation
leather, glass, porcelain, and coated surfaces are print-
ed on. Usually the printer must carry out some tests to
check the adhesion of the inks.
1.5.2.8 Inks for Non-Impact Printing Technologies
Electrophotography
In electrophotography (the principle is shown in fig.
1.5-12), the coloring substances are referred to as foners.

Toners can be differentiated as shown in figure 1.5-13 in-
to powder and liquid toners. The toner particles are
charged electrostatically in the developing unit and are
attracted to the drum by the oppositely charged image
portions of the photoconductor. The transfer from the
photoconductor onto the substrate takes place via elec-
trostatic forces (sec. 1.3.3.1 and 5.2).

The most frequent application is in copiers and elec-
trophotographic printers. Powder toners are generally
fixed by means of heat (heated rollers, IR radiators)
and pressure on the paper. In today’s two-component
systems, the toner is brought via so-called carriers
(magnetic carrier particles), which are held on the de-
veloper roller by a rotating magnetic roller. The toner
particles are charged and therefore adhere to the car-
rier. The mixture of toner and carrier is called a de-
veloper.

The toner is a consumable, while the carrier (an ex-
pendable material) remains in the ink feeding system.
Toners are adapted to the individual process parame-
ters of the copier/printer models. Colored dry toners
(powder toner) cannot be mixed with one another for
anew color tone (e.g., a special color). Dry toners are
usually produced in a melting-grinding process,
where the toner particles obtain a more or less regu-
lar shape (fig. 1.5-14). A more modern method is
chemical direct synthesis (polymerization process),
which ensures spherical particles with very even di-
ameters. The layer thickness of dry toners on the pa-
per is 6—15 um per ink after fixing/fusing. The variety
of material for printing is limited in comparison with
offset printing.

Magnetic one-component toners are basically struc-
tured like the toners described above in two-compo-
nent systems, except the toner particle itself contains
the magnetic developing part (iron oxide). These ton-
er particles are larger, about 12—20 pm. Suitable color
toners can only be produced in a limited number for
multicolor printing. If the (dark) iron oxide has a large
proportion of the volume, light and translucent colors
are difficult to achieve.

Electrostatic one-component toners do not require
carrier particles. The toner particles are transported by
controlled electrostatic fields. These toners can only be
used at relatively low speeds.

In the case of liquid toner, the coloring agents —
usually pigments —are contained in a base liquid. The
transfer of the loaded particles on the imaging cylin-
der takes place via electric forces acting in a field. The
concentration of toner particles is only about 5% and
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Fig. 1.5-12 Electrophotography (basic principle of the process)

Toner

must be increased for printing, as ideally only the
toner particles should reach the paper; so the base
liquid must be removed from the mixture. The liquid
toner particles are smaller (about 1—2 um) than dry
powder toners, which is their big advantage. The

[

l

Dry (powder)

Liquid

smaller particles allow for a thinner ink layer and
higher resolution enabling an offset-like image qual-

Polymers, pigments, Pigments, additives,
possibly also polymers,
particle size <2 ymin

dielectric base liquid

additives

particle size 6-20 ym

I two-component
(Toner + carrier/developer)

- one-component magnetic

« for electrophotography
« for magnetography

L one-component electrostatic
(not magnetic)

ity. Special colors can be produced by mixing. Liquid
toners are less common compared to dry toners. In
comparison with dry toners they are not as easy to
produce and to process. The viscosity is typically
about 15 mPa - s.

Ink Jet (see also sec. 1.3.3.2 and 5.5)
Ink jet inks have a low viscosity (1 =1 to 30 mPa-s).
Dyes and increasingly pigments are used. The inks
must be well-filtered so that pigment agglomerates or
impurities do not block the small channels and nozzles
of the print head.

Depending on the technology and the material to be

Fig. 1.5-13 Toner systems
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Fig. 1.5-14 Toner for electrophotography.
a Manufacture in the melting-grinding
process; toner particles have an irregular
shape;

b Chemical manufacture (polymerization
process); toners are spherical

+ Drop on demand ink jet:
— Thermal ink jet: water
— Piezo ink jet: water, oil
melted waxes for hot-melt
inks (solid at room tempera-
ture) liquid plastics for UV
inks;
+ Continuous ink jet: water, MEKs (methyl ethyl
ketone).

Because of the low viscosity of the inks, the printing re-
sultis very dependent on the substrate surface. The inks
tend to bleed and penetrate, or, with non-absorbent
surfaces (e.g., transparencies), to marble. Drops of dif-
ferent colors can run into one another. Furthermore,
the substrate changes its geometrical shape (formation
of waves) due to the high proportion of liquid
(90-95%). The problems described are solved for the
most part by special surface coatings of the substrates.
These coatings store the liquid and prevent it from
bleeding.

Ink layers with water-, oil-, or MEK-based inks are
very thin (<o0.5 pm). Hot-melt and UV inks on the oth-
er hand form relatively thick ink layers (<10 pm), since
they contain hardly any fluid.

1.5.3 Varnishes

Overprint varnishes are to enhance and protect the
printed substrate. They are applied with special coat-
ing units that are predominantly coupled in-line to the
printing press; that is to say, after single or multicolor
prints, the varnish application takes place inside the
printing press (sec. 2.1.2.7). Various varnishes are used,
depending on the requirements for the coating, and the
transfer technology used.

Agfa Chromapress (Cyan)

Oki Data OL 1200 (Black)

5pm

Oil-based Varnishes

Oil-based varnishes can be compared to colorless oft-
set printing inks. The main components are resins, dry-
ing oils, mineral oils, and drying agents. The oil-based
varnishes are transferred onto the paper with offset
inking units. They dry on the paper by absorption and
oxidation. Oil-based varnishes are used to:

+ increase printing ink brilliance (glossy varnishes),

+ achieve specific matte effects (matte varnishes and
satin finish varnishes),

+ improve abrasion resistance (protective varnishes).

Oilprint varnishes tend to turn yellow. For web offset
printing, special heat-set varnishes are used.

Water-based/Dispersion Varnishes

Today, dispersion varnishes are widely used and offer
diverse technical possibilities in offset printing. The
principal components of dispersion varnishes are:

* polymer dispersions,

+ hydrosols (resins dissolved in water),

+ wax dispersions for grinding and abrasion resist-
ance,

+ film-forming aids,

« cross-linking agents and antifoaming agents.

Dispersion varnishes dry extremely quickly. They are
therefore not used in standard offset inking units but
in special coating units that only have few rollers or
work with a chambered doctor blade system.

The drying takes place purely physically by evapora-
tion of the water, often supported by hot air applica-
tion. As soon as a part of the water contained in the var-
nish is removed, the surface becomes non-tacky. The
most significant advantages of these modern varnish-
es are:
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+ odor free,

+ rapid film formation (drying),

+ no yellowing,

+ zero, or only slight, powder spraying in the delivery
on sheet-fed printing presses necessary,

+ high processing speed,

« smooth surface,

+ dilutable and washable with water.

The following qualities of the printed product are
achieved by coating with a dispersion varnish:

« abrasion protection, scuff resistance in a wet condi-
tion (labels),

+ high gloss, silk finish, or matte effects,

+ hot-seal resistance,

+ gliding quality,

+ deep freeze resistance,

+ fixing of metallic inks.

Other special functional varnishes that fulfill an addi-
tional task alongside surface finishing are:

+ Dlister varnishes to enable adhesion for blister
packaging (compound packaging with plastic foil),

+ primer (bonding agent), for instance, for further
UV varnish finishing,

+ varnishes that can be ultrasonically welded for spe-
cial finishing methods,

« scented varnishes (varnishes with micro-encapsu-
lated aromatics),

« label varnishes,

+ two-component varnishes (varnish and
hardener).

Dispersion varnishes are also used for surface finishing
in gravure printing. They are essentially identical to the
dispersion varnishes used for offset printing. The prin-
cipal difference lies in the typically much lower viscos-
ity of those varnishes used in gravure printing. The fol-
lowing categories of aqueous dispersion varnishes are
offered for gravure printing:

+ preprint and intermediate print varnishes,

+ high gloss and matte finishing varnishes,

« special varnishes, for instance, calendar varnishes
(high gloss after calendering), and varnishes with
gliding properties for special finishing techniques,
as well as varnishes with barrier properties, for in-
stance, for drink packaging.
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Solvent-based Varnishes

Varnishes containing solvents are varnishes in which
resin components are dissolved in organic solvents.
The hardening takes place through evaporation of the
solvent. The varnishes are called nitro varnishes, or ni-
tro combination-varnishes, and are applied in a sepa-
rate process with coating machines. They are declining
in importance in connection with ecological issues
(e.g., inflammability). Furthermore, equivalent var-
nishing results are achieved using water dilutable dis-
persion varnishes in in-line operations with printing
presses.

Solvent-containing gravure printing varnishes are of
similar composition to solvent-containing gravure
printing inks. The drying of these one-component var-
nishes takes place purely physically. Two-component
varnishes for gravure printing consist of the actual var-
nish and a hardening component. The cross-linking re-
action begins the moment the hardening agent is added
to the varnish. When running through the hot air dry-
er of the press, the two-component varnish receives an
energy feed, which induces the further cross-linking re-
action in the film. In the course of five to seven days the
varnish layer hardens fully. It is then heat-resistant and
resistant to many chemicals.

UV Varnishes

UV varnishes are varnishes cured under UV radiation.
They have a similar composition to UV inks — and are
therefore completely different to oil-based and disper-
sion varnishes — and thus contain no volatile sub-
stances. Principal components are:

+ acrylic oligomers — material to be cross-linked and
decisive for viscosity,

+ acrylic prepolymers for brilliance, hardness, and
abrasion resistance,

+ photo-initiators for the curing (drying).

Under the influence of hard UV radiation, abrasion re-
sistant, hard, glossy, or matte surfaces result in a mat-
ter of seconds. They can cope with high mechanical
stresses.

UV varnishes can be adapted to many different ap-
plications. They are processed both in-line in special
coating units in offset, screen printing, and flexo-
graphic printing presses as well as off-line in special
coating machines.

Radiation-curing varnishes are categorized into two
different product groups:
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+ radically-curing UV varnishes: the drying process is
complete when the product leaves the drying zone;

+ UV cationically-curing UV varnishes: the drying
process is only complete after a post-hardening
phase (which can take hours or even days).

With radically-curing UV varnishes the photo-initia-
tors break down into chemically reactive compounds
that initiate the cross-linking of the monomer and pre-
polymer vehicles to a solid plastic-like ink film. Cation-
ically-curing UV varnishes contain photo-initiators
which split off acids under the influence of UV radia-
tion. These act upon the vehicle and initiate the curing
mechanism [1.5-7].
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1.6.1 General Structure

Printing presses fulfill a central role in the print produc-
tion process (see sec. 1.2). They transfer ink to parts of
the substrate/paper during a printing process in which
text and image information are reproduced. In conven-
tional printing presses the visually perceptible contrast
between the printed and non-printed image elements is
created using process-specific printing plates (sec. 1.3.2).

Since, in the case of this printing process, the text and
image information stored in a printing master cannot
be changed, special plates have to be made and mount-
ed in the press for each printing job.

Process-specific contact pressures or forces (force per
unit of area) have to be applied to transfer the ink from
the master to the paper or other substrates (sec. 1.5).
These pressures (reference values) are:

« for letterpress printing 5-15 MPa,

« for flexographic printing  0.1-0.5 MPa,
« for offset printing 0.8—2 MPa,

« for gravure printing 1.5-5 MPa.

(1 Pa=1N/m?)

Figure 1.6-1 shows the main three printing methods
used to transfer ink to the substrate in conventional
printing presses.

The impression is created in the press in the “print-
ing nip.” This consists of two surfaces that are pressed
against each other, between which are the substrate and
the inked plate. Technical development has progressed
from the flat to the cylindrical impression surface and
from the flat to the cylindrical master.

In printing method 1.6-1a, a plate (printing surface)
that is moved in a vertical direction presses the paper
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1.6.2.2  Web-fed Printing Presses
1.6.2.3 Packaging Printing Presses

against the plate. This principle was applied in the
Gutenberg press and then later in platen presses (sec.
13.1.1). This principle is still used in flat-bed die-cutters
and vertical embossing machines.

Printing method 1.6-1b with an engaged impression
cylinder that is rotating and a plate moving to and fro,
was used in flat printing presses (sec. 13.1.1). Because of
the rolling motion, these presses, which are also known
as “automatic cylinder presses”, enable higher printing
speed to be achieved in comparison to platen presses.
This method is still used in die-cutting and embossing
machines and also in proofing devices.

The on-going development of the printing nip with
cylindrical master and impression cylinder led to the
high-output rotary printing method (fig. 1.6-1c) em-
ployed in all rotary printing presses.

Since both sheet and web substrate have to be print-
ed, sheet-fed presses and web-fed presses were devel-
oped. In the printing couple of rotary presses there is a
radial flexible layer for all printing processes, and this
compensates for the variations in thickness of the plate
and run out of the cylinder, and also makes it possible
to print on rough paper. The configuration of the var-
ious layers is shown in figure 1.6-2.

In letterpress printing, a cylinder jacket of several lay-
ers of paper and cardboard is mounted on the impres-
sion cylinder. Its thickness of 1.25 to 1.75 mm enables
compensating radial indentation to occur.

In flexographic printing, the soft, flexible rubber or
photopolymer plate enables radial deformation to
occur. More recent developments have resulted in
harder and thinner plates (<1 mm) that are glued on-
to a compressible packing (film or sleeve).

In offset printing, an additional blanket cylinder is
configured between the plate cylinder and the impres-
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Moved plate
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Impression cylinder

Printing substrate

Ink

Flat printing plate

}f Moved plate
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Plate cylinder

———— Ink
Printing plate
c i

Printing substrate

Impression cylinder

Fig. 1.6-1 Printing methods (with examples of presses).
a Platen press (platen);

b Flat printing press (automatic cylinder press);

¢ Rotary press

sion cylinder, on which the radial flexible blanket is
mounted.

In gravure printing, a thick-walled rubber layer on the
impression roller presses the paper onto the ink-filled
cells of the form cylinder.

Printing presses belong to the group known as pro-
cessing machinery. Figure 1.6-3 shows the functional

Platen press

Printing press
for flat printing
plates
(“Automatic
cylinder press”)

Rotary press

structure. Processing machines include the following
areas of function:

+ materials processing (e. g., inking, printing, sub-

strate transportation),
+ drive (motors and transmission elements),
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Printing plate
(hard)
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-

Impression
cylinder

-

Impression

Packing cylinder

(soft)

Letterpress printing Flexographic printing

Fig. 1.6-2 Printing unit cylinders with radial flexible layers

+ control system (e. g., sensors, actuators, and control
processors),

+ support and covering area (frame, bearings, guides,
guards).

All but the first of these operational areas ensure the
functioning of the active elements that process the pa-
per, ink, varnish, and other materials. Direct imaging
presses feature input facilities for text, graphics, and
image information.

To carry out their function, printing presses com-
prise the following sub-assemblies or units:

+ Equipment for feeding the substrate
— sheet feeder to separate sheets from piles of paper,
— unwinding stands for reels of paper;

+ Equipment for conveying the substrate
— alignment, acceleration, and transport elements
for sheets,
— draw and idler rollers for webs;

+ Equipment for metering, evening out and applying
the coating substances
— inking units,
— dampening systems,
— varnish application systems;

+ Equipment for transferring the coating substances,
— printing units,

— coating units;
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+ Equipment for drying the coating substances,
— dryers;

+ Equipment for finishing
— folders in web presses,
— cross cutters for open sheets (unfolded sheets
from webs),
— slitters for dividing sheets or webs;

+ Equipment for storing printed sheets or webs,
— sheet delivery unit (individual sheets to the
pile),
— rewind unit (webs to reels),
— winding of folded sheets onto storage reel.

Configured in the printing units are:

+ the printing cylinders (printing unit), (see secs.
2.1.1.3 and 2.1.3.3),

+ the inking unit,

+ the dampening system (only in offset printing),

+ the wash-up devices (sec. 2.1.5.1).

Each maximum printing format depends on the di-
mensions of the plate cylinder. Smaller formats are
also possible

+ using narrower webs and sheets and
+ for sheet-fed presses by using shorter sheets in a
circumferential direction.
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Fig. 1.6-3
Function structure of processing machinery
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Web presses have a constant print length in accordance
with the circumference of the cylinder, and this can only
be varied by changing the diameter of the cylinder. Vari-
ations of format in gravure and flexographic presses are
mainly achieved by changing the plate cylinder, but this
option is not usually available in offset and letterpress
printing. The terms fixed format printing press and vari-
able format printing press always refer to the print length,
not to the print width which can always be changed.

The process-specific cylinder configurations shown
in figure 1.6-2 allow for the transfer of one ink to the
substrate.

Multicolor printing requires a configuration of sev-
eral printing units in one press (sec. 1.6.2).

To print the front and reverse side of sheets or webs
(perfecting), blanket-to-blanket printing units are of-

ten used in web printing, whereas sheet-fed presses
(with a few exceptions) have perfecting equipment
(sec. 2.1.2.4) especially for this purpose.

The basic configuration of presses (for sheet offset,
web offset, and web flexographic printing) can be seen
in figure 1.6-4 and is explained below.

Sheet-fed Printing Presses

In example 1.6-4a the pile of sheets is put in the sheet
feeder and lifted with a pile hoist until the top sheet is
seized by the separator elements and passed on to the
feed table. The sheet grippers of the swing unit grip the
front sheet after it has been aligned (positioned) at the
front and side edge, accelerate it to the circumferential
speed of the printing unit cylinders, and then transfer
the sheet during the rotating motion to the grippers of
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Fig. 1.6-4 Basic configuration of rotary presses.

a Schematic diagram of a sheet-fed press (see also fig. 2.1-18);
b Commercial web-fed offset printing press;

¢ Multi-cylinder flexographic printing press
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the feed drum. The subsequent transfer of the sheet to
the first impression cylinder, to the transfer drum, stor-
age drum, and perfecting drum, as well as to the sec-
ond impression cylinder always occurs by means of
gripper systems. This ensures that multicolor printing
is in accurate register in the printing unit area.

The two offset printing units shown comprise the
blanket cylinder and the plate cylinder in addition to
the impression cylinder, the plate mounted on the plate
cylinder being dampened by the dampening unit and
inked up by the roller-type inking unit. The grippers
of the final impression cylinder transfer the now print-
ed sheet to gripper systems, which are attached to the
delivery chains and transport the sheets to the delivery
unit. After the sheet transfer, the sheets are released
from the grippers in the direction of motion, slowed
down and pressed down vertically by air-blowing de-
vices and deposited on the delivery pile.

Web-fed Printing Presses
They are classified depending on their use as:

+ commercial printing presses,
* newspaper printing presses, and
+ packaging printing presses.

The commercial web printing press shown in example of
figure 1.6-4b consists of the dual reel stand with verti-
cal festoon storage that provides for automatic reel
change without interrupting the printing production
(see sec. 2.1.3.2). The infeed unit peels the web off the
slowed-down reel at a certain tension, allows the web
to be aligned laterally and, as a result of the slight speed
variations, enables the web tension to be adjusted be-
fore it enters the printing units. Commercial printing
presses usually have horizontal web travel. For exam-
ple, the web is printed on both sides with four colors
by the four blanket-to-blanket printing units. With the
imprinting unit (imprinter) varying text imprints can
be printed on the substrate during operation. The ink-
ing and dampening units of a web offset press are not
shown here. To avoid smearing of the freshly printed
ink when finishing in the folder, the web passes through
a dryer, in which the fresh ink is hardened by drying
(see sec. 1.7 and 2.1.3.1).

The chill roll assembly cools down the web that has
been heated in the dryer (to about 130°C) and at the
same time serves to adjust the tension of the web up-
stream of the folder. The web can be cut lengthwise in
the superstructure upstream of the folder and the re-

sultant web sections are guided over each other by
turner bars. In the folder (see sec. 2.1.3.4), the web can
be folded longitudinally and crosscut, glue strips are
applied to glue the fold if necessary, and/or longitudi-
nal and cross perforations are made, as well as the mul-
tiple fold of the web section into the folded product.

In a newspaper printing press, it is typical for the webs
to be fed in a vertical direction with several webs being
printed at the same time. The configuration of a news-
paper printing press is explained in detail in sections
1.6.2.2 and 2.1.3.5.

The example of a multi-cylinder flexographic print-
ing press in figure 1.6-4c serves to show the configura-
tion of packaging printing presses. The first infeed unit
draws the web off the reel that is revolving mounted
and slowed down in the reel stand. The second infeed
unit determines the web tension of the web fed to the
four printing units. Flexographic printing units consist
of the impression cylinder, the plate cylinder, and the
inking unit. The web, which is printed on one side, is
guided by the extraction unit through the dryer via an
auxiliary extraction unit, before the web is rewound in
the rewind unit onto the printed web reel.

1.6.2 Designs for Multicolor Printing

1.6.2.1 Sheet-fed Printing Presses

The vast majority of all sheet-fed printing presses use
the offset printing technology. Printing press manufac-
turers supply these presses principally for sheet sizes be-
tween 37 cm X 52 cm (14% X 20%") and 72 cm X 104 cm
(28%s X 40%"). The maximum sizes are 120 X 162 cm (see
also table 2.1-4).

Production speeds lie in the range of 10000 to 18 000
sheets/hour, depending on the format, the substrate
properties, and the sheet feeder in use. Single-sheet
feeders can produce up to 10000 sheets/hour on
small-format presses, whereas stream feeders can pro-
duce up to 18000 sheets/hour in medium-size format
(72 cm X 104 cm).

Various cylinder configurations are possible in mul-
ticolor printing presses. The three-cylinder configuration
unites the plate cylinder, blanket cylinder, and impres-
sion cylinder in one printing unit. The number of
printing units arranged in a series, also referred to as
unit configuration, determines the maximum number
of colors that can be printed in one machine pass. Fig-
ure 1.6-5a shows the configuration of a four-color
printing press with a single-sized impression cylinder
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Fig. 1.6-5 Design concepts and cylinder configurations for multicolor sheet-fed offset printing presses.
a Three-cylinder configuration with three transfer drums (Speedmaster 74-4-P-H, Heidelberg);

b Three-cylinder configuration with one transfer drum (Rapida 105, KBA);

¢ Three-cylinder configuration with a triple-size transfer drum (Speedmaster CD 102-4, Heidelberg);

d Five-cylinder configuration with chain transfer systems (MAN Roland)
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Fig. 1.6-6 Satellite configuration of a sheet offset printing press with direct imaging technology (Quickmaster DI 46-4, Heidelberg)

and three transfer drums between the printing units.
The middle drum is double-sized, and has two gripper
systems; together with a special reversing drum it can
be used for sheet reversal.

Figure 1.6-5b shows a four-color printing press with
double-sized impression cylinders and double-sized
transfer drums. Because of the requirements of the di-
rection of rotation, one or three drums must be locat-
ed between the impression cylinders for sheet transfer.
Double-sized impression cylinders and transfer drums
are advantageous in the printing of cardboard and
metal sheeting, since the materials will be subject to less
deformation by the cylinders. Presses specially opti-
mized for cardboard printing (fig. 1.6-5¢) have double-
sized impression cylinders and even have triple-sized
transfer drums.

Figure 1.6-5d shows the five-cylinder configuration of
a four-color printing press with chain transfer. Each
printing unit has one plate and one blanket cylinder for
each two colors and a joint impression cylinder. The
two colors are transferred onto the printing sheet in
register one immediately after the other, the sheet being
held on the impression cylinder by grippers. The sheets

are transferred from the first to the second printing
unit in this press by gripper systems attached to circu-
lating chains. The chains provide the means to over-
come a relatively large conveying distance so that the
distance between the printing units is sufficient for a
convenient operation. The chain system makes an
alignment of gripper systems using special alignment
elements on the impression cylinder necessary in order
to achieve the required accuracy of transfer for the col-
or-to-color register.

An example of satellite configuration is demonstrat-
ed in figure 1.6-6 by a four-color printing press with di-
rect imaging for digital printing (see sec. 4.4). It shows
a quadruple-sized impression cylinder with the four
plate and blanket cylinders configured around it. The
four colors are transferred onto the printing sheet one
immediately after the other in one gripper bite.

Figure 4.4-14 shows a sectional drawing of a four-
color printing press with a special five-cylinder config-
uration for digital printing and direct imaging tech-
nology. (The special type of direct imaging press is
dealt with in detail in sec. 4.4.). What is shown is two
double-sized plate and blanket cylinders, working
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with a triple-sized impression cylinder. The short ink-
ing units, which can be cyclically engaged and disen-
gaged to ink one of the two printing plates, are mount-
ed on the plate cylinder, and they then transfer the ink
to the corresponding blanket. The transfer and as-
sembly of the four colors on the printing sheet take
place during two revolutions of the impression cylin-
der. Two transfer drums then pass on the freshly print-
ed sheet to the delivery chain.

A special feature for two-color printing is the four-
cylinder configuration illustrated in figure 1.6-7. Two
plate cylinders transfer their ink to one blanket cylin-
der which then transfers both inks to the printing sheet
on the impression cylinder simultaneously.

Sheet-fed gravure presses, like the one shown in figure
1.6-8, have been developed for packaging printing with
two to seven printing units. With this press, the sheets
are fed via a feed drum to the first impression cylinder,
ink is applied there by the bottom gravure cylinder,
which is inked up by means of an inking roller and a
doctor blade (see fig. 1.3-16). There are conveyance
chains with grippers installed between the printing
units; they take over the printed sheets from the im-

pression cylinder grippers, guide them through the
dryers and pass them on to the grippers of the next im-
pression cylinder. At the end of the drying cycle the
conveyor chain system behind the last print unit trans-
ports the sheets to the delivery unit.

The multicolor sheets printed in sheet-fed printing
presses are mostly processed into books, stationery, or
packaging media off-line on special machines or flow-
lines (system of finishing units). In-line finishing oper-
ations (in sheet-fed printing presses) are, for example:

+ sheet reversal for perfecting (see sec. 2.1.2.4),

+ coating the sheets (see sec. 2.1.2.7) for the most part
in special coating units and extended delivery for
the drying units (see sec. 2.1.2.6),

+ use of rotating cutting blades in delivery to split
large sheets and adapt them in this way to smaller-
format folding machines,

+ configuration of special numbering boxes (see fig.
2.1-66) with a separate inking unit on the impres-
sion cylinder of the final printing unit; this enables
consecutive sequences of numbers to be imprinted
(e.g., for entrance tickets or lottery tickets).

Fig. 1.6-7 Four-cylinder configuration of a two-color sheet offset press (Printmaster QM 46-2, Heidelberg)
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Fig. 1.6-8 Sheet-fed gravure press (REMBRANDT 142, KBA)

Non-stop equipment (sec. 2.1.5.3) is used in the feeder
and delivery units so that the sheet-fed press does not
have to be stopped for the piles of paper to be changed.
It supports a small residual pile in the feeder, making it
possible for a new pile to be run up that takes over the
residual pile after removal of the supporting elements
and then gradually raises the merged pile. Once a pile
has been filled up in the delivery unit, a special device
moves into the pile area and supports the subsequent-
ly delivered sheets to form a partial pile. After the full
pile has left the delivery unit, the pile board moves up-
wards with a pallet and takes over the partial pile after
the supports have been removed.

1.6.22 Web-fed Printing Presses
Web-fed printing presses differ less from sheet-fed press-
esin the configuration of their printing and inking units
than in all the machine elements actually transporting
the substrate. In principle it is much easier to transport
a web through the various press units than a sheet. The
continuous web to a great extent guides itself, because
the start of the web is pulled and the web is held under
tension in a stabilizing, defined way. Therefore web
presses are more suitable for higher printing speeds than
sheet-fed presses (sheet-fed printing up to approxi-
mately 4 m/s, web printing up to approximately 15 m/s).
Web presses are production systems that are able to pro-
duce finished printed products, that is, finishing is an in-
tegral part of web offset printing.

Web presses are relatively inflexible with regard to
format variation compared to sheet-fed presses, only

the web width is variable. The format is defined in the
circumferential direction of the printing plate and in
the direction of web travel by the cut-off length. The
advantage is here that, depending on the printing
process, there is no printing gap (or at least almost
none). In flexographic and gravure printing the cylin-
der circumference can, within certain limits, be adapt-
ed to the cut-off length, whereas on web offset presses
the cylinder diameters are invariable.

Figure 1.6-9 shows a schematic representation of a
web-fed offset press and its various components. Web
offset printing is explained in detail in section 2.1.3,
gravure and letterpress in sections 2.2 and 2.3. Only a
general description is given below.

Transport Elements of the Web Press

Web transport through the web press begins with the
reel of paper or any other substrate on a reel; this is
clamped in reel arms. To avoid production stoppages,
the reels are almost exclusively changed in a fully-au-
tomated process by splicers. A separate infeed unit, also
called pre-tensioning unit, is located after the reel stand
for keeping web tension constant.

The printing unit itself serves also as a transporting
element, because the web is transported under pressure
between two cylinders. In the blanket-to-blanket unit
of a web offset press these are two blanket cylinders
(blanket-to-blanket mode), in gravure or flexographic
printing (letterpress) they are a cylinder with a soft cov-
ering and a steel cylinder. Multicolor prints are pro-
duced by printing units arranged one after the other,
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Fig. 1.6-9 Print line of a web-fed offset printing press with the individual units (IFRA/KBA)

which print the color separations onto the web. The
web behavior during transport varies according to the
cylinder surfaces, which requires a special dimension-
ing of the diameter of the steel cylinder and/or adap-
tations of the blanket cylinder packing.

Various finishing equipment is connected to the
printing unit, such as the numbering unit, gluing sta-
tion (for partial coating), dryers, chill roll assembly,
slitters, turner bars, and perforators, as well as the for-
mers and the folding unit, which all have some effect
on web travel. To compensate for this the web travel
is stabilized by driven draw rollers. In many applica-
tions (e. g., newspapers, magazines, catalogs) the fold-
er with its cylinder section acts as a tensioning mech-
anism at the start of the web. Draw rollers acting on
both sides are fitted at the entry of the folder, but it is
the tucker blade cylinder of the jaw folder that exerts
the actual tension. It is equipped with height-ad-
justable, curved plates or with circular shaped seg-
ments that correspond to the cylinder radius. The
press does not need to be stopped for readjusting the
tension, as it is equipped with a mechanism that al-
lows adjustment during paper run. After the web or
the ribbon bundle has been cross-cut in the folder, the
sheets are transported and delivered by means of pins
or grippers in the cylinder section of the folder. The
web can also be cut into individual sheets after print-
ing using “sheeters”, and then stacked in a delivery like
with sheet-fed presses.

Various Printing Unit Configurations on Web Presses
Web presses can be designed for all of the three main
printing technologies: lithographic printing (offset
printing), gravure printing, and letterpress/flexo-
graphic printing, as well as for non-impact printing
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technologies (sec. 1.3.3 and chap. 5). It is mainly the
printing unit configurations of web presses for let-
terpress and offset printing that are explained in this
section.

The image carrier (printing plate) in web-fed letter-
press printing presses was, and to a certain extent still
is, a round form (stereotype plate, electrotype plate, or
wrap-around plate), which is mounted on a plate cylin-
der. This is brought into contact with an impression
cylinder, a cylinder covered with a blanket. The paper
web to be printed is routed through the two cylinders
and the impression cylinder presses it against the plate
cylinder to transfer the ink onto the web.

When lithographic printing (the di-litho method)
was introduced into web printing, the only change to
the above printing unit was that the letter press plate
was replaced by a lithographic plate. At the beginning
zinc plates were used. The dampening unit supple-
mented the inking unit, to enable the process of sepa-
rating ink-accepting and non-ink-accepting, that is,
ink-repellent, image areas on the flat form.

It was only with the invention of offset printing that
athird cylinder was used as an intermediate image car-
rier. Accordingly the main elements of an offset print-
ing unit therefore consisted of a plate cylinder, a blan-
ket cylinder (a cylinder with a blanket covering), and
an impression cylinder. The latter no longer needed to
be coated, that is, covered with a blanket. Only with
the invention of blanket-to-blanket printing could
one of these additional cylinders be dispensed with
again. Here two blanket cylinders are in contact with
the web, which runs between the cylinders and is
printed on the front and reverse side simultaneously
(perfecting). This was a considerable improvement in
rationalization.
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Vertical Blanket-to-Blanket Unit

Nowadays virtually all printing units on commercial
web offset presses (fig.1.6-9) are designed in such a way
that two blanket cylinders are arranged on top of one
another with the web guided between them in a hori-
zontal direction. The plate cylinders, the inking units,
and the dampening units belonging to each printing
unit are arranged at the top and bottom respectively.
This printing unit configuration is referred to as a ver-
tical blanket-to-blanket unit (fig. 1.6-10) with horizon-
tal web travel. Four-color printing on both sides is pro-
duced by arranging four such blanket-to-blanket units
in sequence (fig. 1.6-11). (Figure 1.6-10 shows a printing

unit with a double-sized blanket cylinder and the pos-
sibility of printing two webs in printing units arranged
in line.)

There are various options for installing and coupling
presses for multi-web production. It is, for example,
possible to install an identical but inverted production
line on the other side of the folder. Another variant is
to choose a two-level hot air dryer where both print
lines are arranged behind each other and reroute the
web via the second section (as illustrated in fig. 1.6-10).
Double-deck configurations can also be found, as can
parallel configurations with cross transfer of the sec-
ond web to the common folder via turner bars. Of

Fig. 1.6-10
Printing unit of a web offset press (vertical Web over-run
blanket-to-blanket unit) with horizontal
web travel and possibility of a web over-
run (IFRA) \
Inking j]
unit
+ Plate cylinder
Da_mpening T | Blanket
unit cylinder
Webl | l
Blanket
cylinder
~O
T - T
Web2 D ——| g &
Fig. 1.6-11
Printing unit configuration for four-color Blanket cylinder  Plate cylinder V Print (color) for each web side
printing on both sides of the web; vertical
printing units for horizontal web travel c1
Y S Y
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course it might be necessary to arrange more than four
printing units in a row, for instance, when using spot
colors or coatings. In addition the press can be
equipped with “in-line finishing units”, for example, for
plow folding, punching, perforating, and applying ad-
hesive (see sec. 2.1.6.2).

Horizontal Blanket-to-Blanket Unit (Arch-Type
Printing Unit and Four-High Unit)

In newspaper printing multiple web operation is usu-
ally required. With the vertical blanket-to-blanket unit
configuration described above this is very difficult to
achieve. This led to the development of another basic
design — the arch-type printing unit. Here, both blan-
ket cylinders are brought into contact with each other
in a horizontal direction and the web runs between
them in a vertical direction. The plate cylinders, ink-
ing units, and dampening units are arranged to the
sides of each blanket cylinder in a downward slanting
direction. This results in an arch shape, giving the de-
sign its name.

Single-color printing on both sides in multi-web op-
eration can be achieved by arranging several such arch-
type printing units (printing towers) alongside each
other with the reel stands in the basement of the build-
ing and the webs being fed through slits in the floor.
For multicolor printing the arch-type printing units
need to be stacked in a vertical direction. This means
that for four-color prints on both sides of the web, four
arch-type printing units are arranged on top of each
other, producing the so-called four-high unit or tower
(fig. 1.6-12).

To save on overall height, the vertical U-type printing
unit was designed. This is arranged inverted to the
arch-type printing unit, and placed on top of an arch-
type unit to form an H-type unit. Two of these stacked
on top of each other will form a four-high unit. The ma-
jority of applications now utilize this compact four-
high design (fig.1.6-13). The web has to travel the short-
est distance between printing nips through this four-
high configuration to produce a 4/4 print. Cylinders
and web are easily accessible for the operator.

Initially, it was sufficient in newspaper printing to in-
troduce individual spot colors and not to have them on
all pages. So-called “Y-shaped printing units” (fig.1.6-14)
were quite adequate for this application, using blanket-
to-blanket printing twice on one side to manage with-
out a separate impression cylinder. There were also at-
tempts to let two plate cylinders run in contact with one
blanket cylinder. However, this only produced satisfac-
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Fig. 1.6-12
Vertical web guidance in a “four-high unit” (four arch-type printing
units stacked on top of one another for multicolor prints)

! - H-type printing unit

Fig. 1.6-13
Four-high unit for four-color printing (consisting of two H-type print-
ing units)
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Fig. 1.6-14
Y-type printing unit for printing with up to three colors, three differ-
ent web routes are possible

tory results if the spot color was used completely sep-
arately and no overprinting of two colors was required.

Satellite Designs

The fear of not being able to print in accurate register in
four-color printing where the web had to travel over a
relatively long distance between the individual printing
nips was the incentive for a design based on the satellite
construction. Here, the four blanket cylinders are in-
stalled around a common impression cylinder (fig.
1.6-15). The advantage in terms of register accuracy re-
sults from the fact that the web is in contact with the
common impression cylinder during the entire printing
cycle. The four colors are printed very quickly one after
the other, which gives the web little time to change its
geometry due to the repeated application of dampen-
ing solution. In four-high units special measures have to
be taken to compensate for changes in the web geome-
try (using so-called anti-fan-out rollers or buzzle wheels,
etc., see sec. 2.1.3.2).

There are basically two different satellite configura-
tions, the nine-cylinder satellite (fig. 1.6-15) and the
ten-cylinder satellite (fig. 1.6-16). The latter is also
called a semi-satellite. The most important designs are
explained in greater detail in section 2.1.3.5.

Figure 1.6-17 shows a satellite (central cylinder)
printing unit, as used in flexographic printing (for fur-
ther information refer to sec. 2.3.3). Figure 1.6-18 shows

Fig. 1.6-15
Satellite printing units for four-color printing on both sides of the
web; nine-cylinder satellite

—+-——t+-

;g%

Fig. 1.6-16
Semi-satellite printing units (two ten-cylinder satellites, stacked) for
four-color printing on both sides of the web

the printing units of a rotogravure press (for details see
sec. 2.2).

Web Processing in the Folder

The web is cut and folded in various ways in the fold-
er. This is done to create the end product (e.g., leaflet,
newspaper) or at least an intermediate product partial
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Fig. 1.6-17 Web guidance in a flexographic printing press, central impression cylinder design, eight colors (Fischer & Krecke)
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Fig. 1.6-18 Gravure printing press, eight printing units, unit design (W&H)

signature for books or magazines. Figure 1.6-19 shows « stability and functionality, which means that sub-

a folder which is able to produce folds of the types il- strates, such as card, board, plastic film, aluminum

lustrated in figure 1.6-20. Folders are explained in foil, and compounds are used;

greater detail in section 2.1.3.4. + neutrality with respect to odor, which is especially
important in food packaging;

1.6.2.3 Packaging Printing Presses + external appearance ranging from “purely utilit-

The printing technology of letterpress (flexographic arian” to very high quality.

printing), offset, and gravure have also been used for

printing packaging material for several decades. Key Because quite specific demands are also made on sub-
factors in packaging printing are the very diverse de- strate, color, and press design, the result is that the as-
mands made on packaging, such as: sembly and design of individual units may differ to a
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Fig. 1.6-19
Folder to produce different types of fold (in
accordance with fig. 1.6-20) (IFRA)
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relatively great extent from the traditional printing
presses used to print books, newspapers, periodicals, or
other print products.

Even before the turn of the nineteenth century, let-
terpress printing presses available at the time were used
to print simple bags, sacks, and packaging papers. At
the beginning of the twentieth century firms were en-
gaged in developing a new printing technology for
packaging materials, called aniline printing (inks con-
taining aniline were used) and brought the first aniline
printing units on the market (1905). The process using
flexible rubber forms as printing plates from which
flexographic printing (sec. 2.3.3) developed, works with
elevated and somewhat soft image carriers and low-
viscosity ink (aniline dye dissolved in alcohol) and is

therefore very suitable for printing on rough packag-
ing paper surfaces and for rapid drying.

Flexographic Printing (see secs. 1.3.2.1and 2.3.3)

Though initially it was often only three- and four-col-
or presses (fig. 1.6-21) that were required, a greater de-
mand for six-color stack type presses soon developed.
These presses, with web widths of about 60-100 cm for
multicolor printing on different packaging papers,
were fitted with a simple unwind unitand a rewind unit
with carrier rollers for a reel diameter of 60—80 cm (fig.
1.6-21). When cellophane entered the market as a new
packaging material, the ink drying in the presses had to
be modified and intensified, and sensitive web tension
control systems and center driven winding units (shaft-
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Fig. 1.6-20
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Fig. 1.6-21
Web guidance of a four-color stack type
flexographic printing press for packaging
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ed winding units) were required. Apart from other fair-
ly small press modifications, the major requirement
was that new inks with suitable adhesion to the non-
absorbent substrate be developed.

With the development and the use of thinner, more
flexible plastic films in some areas of the packaging in-
dustry, new printing solutions were found. Conse-
quently, at the beginning of the 1950s the first multicol-
or flexographic printing presses with a central impres-
sion cylinder (fig. 1.6-22) were produced. This was the
decisive step in flexographic printing press design, be-
cause in these presses, flexible and even very thin webs
can be held and guided accurately during the entire
printing process. This was and remains the prerequisite
for achieving a high level of register precision and results
in improving overall flexographic print quality as well.
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Since polyethylene was increasingly used to make the
most varied flexible packaging products, such as bags,
carrier bags, and food packaging in particular, the de-
mands placed on flexographic printing continued to
increase as well, especially as it emerged during many
trials that printing on fairly thin polyethylene webs
with existing gravure printing presses was virtually im-
possible because of the difficult web guide between the
individual gravure printing units, which is why more
and more packaging was produced by flexography.

The basis for the eventual breakthrough of flexo-
graphic printing was created in 1972/73 with the intro-
duction of photopolymer printing plates. The prelimi-
nary requirements for flexographic printing to come
closer to the high quality of offset and gravure printing
had now been met.
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1 Non-stop unwinding unit

2 \Web tension measurement and control systems
for the unwind

3 Eight-color central impression unit/system with hard-
chromed steel impression cylinder, with a diameter
of 1257 mm and temperature control unit

4 Doctor blade inking unit with form cylinder and
anilox roller in sleeve technology

2

5 Ink circulation for four inking units on a transport
carriage

6 Single-circuit drying system

7 Web tension control system for the rewind

8 Chill roller

9 Non-stop rewinding unit

10 Control cabinet

Fig. 1.6-22 Eight-color central impression cylinder flexographic printing press, reel to reel operation (W&H)

Flexographic printing units have also been used for
many years in the corrugated board industry for the di-
rect printing of sheets of corrugated board or solid board.
At first only single-color alphanumerics were needed
asimprints. In the meantime many improvements have
been made to these flexographic printing units for
printing on corrugated board and development results
from flexographic web presses have been integrated.
Modern high-capacity presses are now available for
corrugated board packaging with which good quality,
multicolor printing is achieved.

Despite the improvements in quality that have been
made, and the various advantages of printing corru-
gated board sheets, especially for small print jobs,
printing companies and corrugated board manufac-
turers world-wide have decided in favor of the
preprinting of liner board on central impression cylin-
der flexographic printing presses. These presses are con-
structed in working widths of approximately 200—300
cm and for a maximum production speed of 400
m/min (1320 ft/min).

As a result of the many new developments and con-
stant improvements, the entire flexographic printing
technology has in recent years become increasingly im-
portant as an industrial printing technology world-
wide, with disproportionately large market growth in
some fields. The continued development of printing
inks has also contributed greatly to the rise in quality
of flexographic printing. Thanks to this it was possible
to print folding boxes on flexographic printing press-
es. Figure 1.6-23 shows a modern high-capacity flexo-
graphic printing press. High-quality printing can be
done economically on folded boxes with narrow-web,
flexible, and relatively inexpensive central impression
cylinder flexographic printing presses.

Offset Printing

Offset printing (secs. 1.3.2.3 and 2.1) was used from the
outset in place of letterpress printing in the packaging
industry. The offset printing domain in package print-
ing is still paper, cardboard, and board. Printing is done
mainly on multicolor sheet-fed printing presses. Multi-
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1 Non-stop unwinding unit

2 Web tension measurement and control systems for the
unwind, infeed stand

3 Automatic web guiding system with web monitoring
prior to printing

4 Central impression frame for attaching eight printing
units, with temperature-controlled impression cylinder
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Fig. 1.6-23 High-capacity central impression cylinder flexographic printing press with eight inking units (W&H)

color printing in accurate register on the front and re-
verse sides of the sheets is possible with such presses.

The highest printing quality for packaging is
achieved with offset printing. Consequently printing of
expensive luxury packaging for special spirits, choco-
lates, perfumes, and cosmetics, and even embossing in
accurate register is always done on sheet-fed offset
presses. The printing of many other cardboard prod-
ucts and folding boxes for the packaging of frozen food,
ice cream, cigarettes, drugs, and cosmetics, as well as
many other products in the food and non-food areas
remains the almost exclusive domain of offset printing
technology (fig. 1.6-24).

Added to these are special packagings made of thick
board (up to approximately 600 g/m?), high-quality
gift paper and a multitude of exclusive paper and sec-
ondary packagings, such as hand-made bags and car-
riers. Printing thick and consequently relatively stiff
materials presents sheet-fed presses with a special chal-
lenge. Sheet guides that do not require much bending
of the material (e.g., large cylinder diameter) must be
used here. Figure 1.6-25 shows a printing press special-
ly designed for printing on cardboards.
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In some instances web offset presses are also used to
print packaging materials. This applies mainly to drink
cartons and the outer packaging of drinks. Only a few
cut-off lengths are required in this range; this means
special presses with slide-in printing units are used for
different cylinder diameters.

Gravure Printing
Like flexograhic and offset printing, gravure printing
(sec.1.3.2.2) also profited from the increasing demand
for packaging. A high-capacity gravure printing press for
packaging printing is illustrated in section 2.2.3 (fig.
2.2-36). Gravure printing processes and presses are
dealt with in detail in section 2.2. Especially with long
print runs, the big brand-name product manufactur-
ers demand the constant, high print quality that only
the gravure printing process can achieve on the most
diverse substrates, such as high-quality coated paper,
cellophane, aluminum foils, polypropylene foils, and
other plastic films. This printing quality is achieved by
the special inks and the gapless gravure cylinder.

This technology, in particular, enables good-quality
reproduction on the various substrates mentioned,
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Fig. 1.6-24
Various packaging products produced in
offset printing (Heidelberg)

Fig. 1.6-25

Multicolor sheet-fed offset press specially
designed to print on cardboard.

a Sheet guidance between the printing
units (double-size impression cylinders,
triple-size transfer drum);

b Multicolor sheet-fed offset press with
coating unit and extended delivery for in-
stallation of different types of drying
systems (see also fig. 1.7-2;
Speedmaster CD 102, Heidelberg)
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with the required properties, such as abrasion resist-
ance, light-fastness, and gloss and sealing capabilities.
Thus, the golden age of gravure printing in the pack-
aging industry began around 1955. The gravure print-
ing technology was especially used for long print runs
on paper, light card, cellulose film (cellophane), and
sometimes aluminum foil, mainly for brand-name
product manufacturers to pack items such as ciga-
rettes, candy, coffee, cookies, butter, and cheese. Carri-
er bags and high-quality gift-wrap were added to this.

Some press manufacturers offer easily convertible,
inexpensive presses, mostly with slide-in and cassette
systems for the printing unit. These printing unit
cassettes can be prepared for the next job away from
the gravure printing press without tools, and insert-
ed quickly in the press. So it is possible to produce
even small jobs cost-effectively and to compete with
flexographic printing. Energy-saving and efficient
drying processes also contribute to the high
economic efficiency of modern gravure printing
presses.

Presses can be fitted with drying units that can be in-
dividually adjusted to the substrate. Sensitive web
tension measurement and control systems, taper ten-
sion facility, and web edge guide systems ensure the
winding of optimal, straight-edged reels, thus provid-
ing mastery of the widespread application of operating
from reel to reel. Brand-name product manufacturers
and end users of packaging materials often decide in fa-
vor of gravure printing, in spite of the somewhat high-
er costs, due to considerations of prestige and quality.
In some printing companies sheet-fed gravure printing
presses (fig.1.6-8) are also used for printing varied, high-
quality packaging.

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)

Outlook

The future in the packaging industry of the three print-
ing technologies mentioned — flexographic, offset and
gravure printing — depends primarily on the further
demands made on packaging, future statutory provi-
sions, the changeover from various types of packaging
to other packaging materials, the consumer’s wishes,
the manufacturing costs of the entire packaging, and
the development of new, even of digital, printing tech-
nologies. A salient fact, compared to other printing me-
dia, is the worldwide rise in the entire packaging mar-
ket. It can be assumed from this that flexographic
printing will gain an ever greater share of the market
because of the quality already achieved and the increase
in quality expected in future.
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Frei, O.: Rollenoffset — Techniken, Systeme, Maschinen.
Polygraph-Verlag, Frankfurt/Main 1979.

MacPhee, J.: Fundamentals of lithographic printing.
GATFPress, Sewickeley (PA) 1998.

Miiller, A.; Drechsel, K.: Leitfaden der Offsettechnik.
Polygraph-Verlag, Frankfurt/Main 1980.

Riedl, R.; Neumann, D.; Teubner, J.: Technologie des
Offsetdrucks. Verlag Beruf + Schule, Itzehoe 1989.

Technik des Flexodrucks, 4. Auflage, hrsg. in
Zusammenarbeit mit DFTA Deutschsprachige
Flexodruck-Fachgruppe e.V. und K.-H. Meyer. Coating
Verlag & Co., St. Gallen (Schweiz) 1999.

Teschner, H.: Offsetdrucktechnik. 10. Auflage.
Fachschriften-Verlag, Fellbach 199;.

Walenski, W.: Der Rollenoffsetdruck. Fachschriften-Verlag,
Fellbach 1995.

Weiss, H.L.: Rotogravure and flexographic printing presses.
Converting Technology Corp., Milwaukee (WI) 1985.

165



1.7 Drying Methods

1.7.1 Physical Drying (Absorption) ............ 166
1711  Infrared (IR) Drying .............co..... 169
1.7.1.2  Evaporative Drying .................... 170
1.7.1.3 Problems in Practical Operation ......... 172
172 Chemical Drying/Curing ............... 173
1.7.21 Oxidation ...................cuun.. 173

The term “drying” includes all processes taking place
after the ink transfer, for instance, from the blanket or
printing plate onto the substrate, thereby providing a
stable linkage between the substrate and the printing
ink. The printing ink solidifies during the course of this
process, creating a prerequisite for reliable print fin-
ishing and later use of the printed products.

Depending on the ink build-up, drying is effected ei-
ther by chemical reaction (oxidation or polimeriza-
tion) or by physical processes (penetration, evapora-
tion) or by a combination of both. Figure 1.7-1 shows
an overview of the drying methods and their primary
fields of application.

Figure 1.7-2 shows a sheet-fed offset press with sev-
eral drying systems integrated into the delivery. Differ-
ent drying methods for inks and varnishes often re-
quire different systems — also in the form of combined
systems — for an optimum drying process. It can be use-
ful to install both an IR and a UV dryer to ensure a vari-
able capability of the printing press (see also figs.
2.1-58 and 2.1-60).

The structure of the printing inks has to meet two
opposing requirements with regard to the drying prop-
erties:

+ no drying on the rollers during press operation or
short standstill periods,

+ fast drying and anchoring on the substrate after
printing.

The following factors are the most crucial ones for the
drying properties of the printing inks:

1.7.22 UV Drying/Curing .................... 173
1.7.2.3 Electron Beam Drying/Curing (EBC) ..... 175
1.7.3  Auxiliary Drying Techniques ............ 176
1.7.3.1  Powder Spraying ...................... 176
1.7.3.2  Silicone Application ................... 176
1.7.4 Measuring Techniques ................. 176

+ the ink’s composition, above all with regard to the
vehicle used, the carrier and relevant additives,

« characteristic features of the material to be printed
(penetration capacity, etc.),

+ printing conditions (ink quantity transferred, pile
height, printing speed),

+ climatic conditions (humidity, room temperature),

+ dryer construction (air stream on the ink surface,
reaction period, type of energy supply, etc.).

The temperature is a decisive factor — in general, high-
er temperatures are beneficial:

+ the polymerization speed is accelerated,
+ the ink viscosity is reduced to support penetration,
+ there is faster evaporation of the solvents.

The degree of bonding between the inks and the sub-
strate varies after the drying process is finished. As for
the possible stress of the prints, there is a classifica-
tion by the following characteristics: abrasion resist-
ance, scratch proofing, scratch resistance, pile resist-
ance, and wiping stability against wiping (see also sec.
1.7.4).

1.7.1  Physical Drying (Absorption)
Penetration is achieved by the interaction of printing ink
and substrate (see also sec. 1.5.2). It depends above all on
the carrier viscosity of the printing ink, the vehicle
(binder) and the absorption capacity of the substrate.
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Fig. 1.7-1 Drying processes.
a Overview of drying types and effects;
b Overview of drying methods, drying effects and fields of application
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UV dryer Hot-air dryer

IR dryer

Coating (varnishing) unit  Last printing unit

for multicolor prints

Fig. 1.7-2 Installation of different types of drying systems in a sheet offset press (Speedmaster CD, Heidelberg)

The printing ink components start penetrating with
the transfer of the printing ink onto the paper and are
sucked up into the paper by paper capillary tubes.

Consequently, penetration in the substrate depends
on the absorbency and the absorbing speed of the sub-
strate. The absorbing speed is determined by the poros-
ity and the wetting quality. Porosity is characterized by
the number of pores per area and the average pore di-
ameter. Moreover, the absorbing speed is greater, the
lower the viscosity of the printing ink.

Figure 1.7-3 explains the dependency of the ink pen-
etration behavior on the absorption capacity of the
substrate. In a test, the optical density of the ink film
transferred on the counter sheet is measured relative to
the drying period. (A counter sheet is an unprinted
sheet unrolled defined on the freshly printed image.
The optical density of the image reproduced on the
counter sheet is measured, providing a value for the de-
gree of drying.) Figure 1.7-3 shows that the non-ab-
sorbing substrate 1 still displays a very high counter
print density after 120 minutes — it has not yet fully
dried. Penetration is improved by smaller substrate
pore sizes.

Too high an absorption capacity of the substrate can
cause the printing ink to deplete vehicles. The ink los-
es brilliance and abrasion resistance and pigments can
be wiped off. That is why papers with a good separa-
tion effect, that is, papers with a high density of small
pores, are usually the optimum substrate for fine print
results and for drying (e.g., art paper).

_\
o
=)

\ —Substrate 1

o

~

(&2
+

o

ol

o
+

Smaller pore sizes

\

Substrate 2 l
Substrate 3
4

Optical density on the counter sheet

o
N
o1

Substrate 4
120 min

51530 60 o
Time (min)
Ink: Novaboard Cyan 4 C 84

Substrate 1: Polyethylene coated } (non-absorbing)

cardboard
Substrate 2: Uncoated cardboard bsorbi
Substrate 3: Contiboard S white 250 g/m2 | @ tSJOtr '?9
Substrate 4: Art board 300 g/m? substrate

Fig.1.7-3
Penetration behavior of ink (counter-print density) relative to sub-
strate and time
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Penetration depends on the absorption capacity of
the substrate, but also on the viscosity (fig. 1.7-4) of the
printing ink [1.7-1]. Absorbing speed also depends on
the wetting behavior between the printing ink and the
substrate.

In newspaper printing, drying is effected by mere pen-
etration (coldset). The penetration process is carried
out in a split second and the drying process is finished.
Usually, printing inks used in newspaper printing do
not contain drying oils (mineral oils). In cases where
printing inks are used whose vehicles consist of drying
oils, chemical drying by oxidation is triggered after
penetration (see sec. 1.7.2).

1.7.1.1 Infrared (IR) Drying

Penetration of a printing ink is faster if the viscosity is
low. Viscosity decreases when the temperature is raised.
The transferred ink film can be heated up together with
the substrate by using an IR radiation source (fig. 1.7-2).
The IR drying effect in offset printing can be described
in the following way:

+ Lowering of the ink oils’ viscosity by heating results
in faster penetration.
+ Oxidation in the warm pile is faster.

High viscosity

057

Optical density on the counter sheet

Low viscosity

515 30 60 120min
Time

Fig. 1.7-4
Penetration behavior of ink (counter-print density; see also fig.1.7-16)
relative to ink viscosity and time
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+ Oxidation is accelerated by smaller proportions of
water in the ink layer applied.

The chemical drying process (oxidation) following the
physical drying process is also accelerated by a rise in
temperature (see sec. 1.7.2).

The above processes are detectable in almost any
kind of offset ink. Harmonizing IR radiation ranges
and vehicle components absorbing within these fre-
quency ranges helps to improve the effect of the radi-
ators. Optimum effect of an IR radiator is achieved if
maximum energy of the radiator and maximum pen-
etration of the printing ink (or the varnish) coincide.

Wave ranges of the IR spectrum within the electro-
magnetic radiation spectrum are shown in figure
1.7-5.Infrared radiators are used in the following ranges
of wave length:

Wave length
10" m

Activity

Excitation of dipole vibrations
of polar molecules.

(e.g., application of water-based
varnish in sheet-fed presses
would be useful, however
shielding is a problem)

10-2m (1 cm)

103 m (1 mm)

Vibration excitation of organic
molecular bonds.
No molecular fission

— NIR dryers at 0.8-1.2 ym
10-5m (10 pm) — Conventional IR dryers at
1-2.5(4) pm
— Few dryers are used in the
long wave IR range with
4 up to 1000 pm

10-4m (100 pm)

105 m (1 pym)

Visible range
107 m (100 nm) Electron excitation in molecules,
photochemical reactions,
release of free radicals

108 m (10 nm) — UV dryers (conventional) at
100-400 nm
— Excimer dryers at 308 nm

10-9m (1 nm) (monochromatic)

lonization of molecules.
Molecular fission, release of
free radicals

— Electron beam curing (EBC)
at1nm

10-"m

Fig. 1.7-5 Electromagnetic radiation spectrum for ink drying
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+ short-wave (0.8—2 pm, corresponding to a spiral-
wound filament temperature of 2700-1500°C),
radiation penetrates mainly into the paper;

+ medium-wave (2—4 pm, corresponding to 1500—
750 °C), the air is heated mainly above the ink layer.

Experience has shown that optimum absorption of ink
is achieved with short- or medium-wave IR radiators.
Moreover, the short-wave radiator has a higher G-val-
ue (radiation efficiency). The so-called NIR dryers
(near infrared, 0.8-1.2 um) work in the lower short-
wave range. Due to low efficiency, long-wave radiators
(4 pm to 1 mm) are not suitable for offset drying.

As penetration is particularly important for fast dry-
ing, IR drying is most effective only if absorbent sub-
strates are printed on. Figure 1.7-6 gives a description
of the IR radiation effect on the penetration behavior.

e

1
o
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< 067
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041

2034

o

027 with IR

S017

he counte

without IR

nsity

1 2 3 4 5 h
Drying time

Fig. 1.7-6
Influence of IR radiation on penetration behavior (sheet-fed offset
ink on coated paper)

Table 1.7-1 Pros and cons of IR drying

Considerably faster final drying

Lower powder consumption for spraying
the printed sheets before they are deliv-

The IR radiator heats unprinted areas in the paper,
too, which results in an increase in the pile temperature
(up to 40°C) and an advantageous faster polymeriza-
tion (see sec. 1.7.1). The pros and cons of IR drying are
summarized in table 1.7-1.

1.7.1.2 Evaporative Drying

The printing ink consists of several components such
as resins, pigments, and solvents, the drying of which
is achieved partly by evaporation. The following
processes take place:

+ conversion from liquid (solvent) into vapor state
and
+ eduction of steam generated or steam-loaded air.

As a rule, only as much heat should be supplied as is
dissipated in the generating steam, regardless of the
type of heat supply and bearing in mind the econom-
ic efficiency and the careful treatment of the product
tobedried. This ruleis to be followed particularly when
designing a dryer for printing presses since the sub-
strate should be heated as little as possible for known
difficulties such as register inaccuracy, variations of the
visco-elastic properties of the substrate, and warping.
The solvent evaporates when a printing ink is dried by
evaporation. The drying process is determined by the
heat and material transport in the boundary film on the
surface of a liquid (printing ink).

The surface temperature, and above all the air speed
along the substrate surface as well as the partial pres-
sure difference are the main parameters for the drying
speed [1.7-2, 1.7-3]. Drying by evaporation is accelerat-
ed by additionally enforced convection. Therefore,
heating via heat radiators and/or hot air is to be com-

Faster penetration of the printing ink
resulting in more favorable pile behavior
with respect to ink set-off

Higher investment leading to a higher
hourly rate of the press due to the
installation of the IR system

Higher energy consumption

Increased temperature in the
machine as well as in the press room

ered in the pile, resulting in better print
quality and less dirt accumulation in the

press

Print finishing is made easier by less

powder application
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Air supply Heat exchanger

(warm)

Waste air
free of solvent

— ~

Fig. 1.7-7
Vertical blast dryer (with single-sided drying) in a web-fed gravure
press

bined with optimum air conduction. Figure 1.7-7
shows a vertical blast dryer used for gravure printing.

This dryer is optimized with regard to aerodynam-
ics. Such vertical blast dryers are used for drying print-
ing inks containing low-boiling solvents mainly used
in gravure and flexographic printing. The organic va-
pors generated are taken up via adsorption on activat-
ed carbon in solvent recuperative systems.

The supersorbon method (fig.1.7-8) for solvent recu-
peration [1.7-4] includes the following processes:

+ Charging (adsorbing). Air containing solvent is ex-
tracted by a fan at the evaporation points (e.g.,
gravure printing press, vertical blast dryer) and
conveyed from the bottom upwards by one or sev-
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v
r Adsorber Adsorbeii Activated
carbon
= ‘
Waste air
containing Condenser Cooling water
solvent
Separator Solvent
Water
Fig.1-7-8

Flow chart of the Supersorbon method (simplified representation)
(Lurgi [1.7-4])

eral adsorbers filled with activated carbon. The sol-
vent is adsorbed by the activated carbon. Solvent-
free air penetrates at the top (fig. 1.7-8). Charging of
the adsorbers is continued until it “breaks through,”
that is, until the vapors are no longer sufficiently
adsorbed.

* Regenerating (desorbing). Extracted activated car-
bon is regenerated in reverse exhaustion flow direc-
tion by way of desorption with water vapor. The
activated carbon is heated to a little over 100°C; the
solvents — including higher-boiling point solvents —
are vapor-expelled. They condense in the water of
the container and can now be separated from the
water and become reusable.

Heatset Dryer
Unlike gravure printing, printing inks used in web off-
set contain a high portion of high-boiling point min-
eral oils (heatset oils). Low-boiling point oils cannot be
used as such printing inks become dry on the rollers
while the ink is transferred in the roller-type inking
unit. Heatset inks used in web offset contain between
20% and 40% high-boiling point mineral oils. There-
fore, appropriately adapted evaporative dryers are to be
used in web offset.

“Suspension dryers” (fig.1.7-9) are mainly used as dry-
ing units in web offset (see also sec. 2.1.3). The web is
routed contact-free through those dryers without guid-
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- Gas outlet (cleaned)
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Fig. 1.7-9 Suspension dryer for web offset presses.
a Sectional drawing;
b Web guidance with suspension jets (Ecotherm, Heidelberg)

ing elements. This is achieved by a well-directed blow-
er stream in the hot-air dryer. Floating dryers are rough-
ly classified according to the type of air stream applied
to the surface of the web of fabric. They all have in com-
mon that the web is conveyed at high speeds through
the dryer without it contacting any surface. A web that
is transported in such a way demands high standards
regarding method, mechanics, and control engineering
in order to achieve optimum and economic dryingand -+
a smooth production flow. The waste air is directed via
an after-burner. The heat generated during combustion
is used again to heat the dryer.

1.7.1.3 Problems in Practical Operation
In general, physical drying is influenced by various pa-
rameters. The following examples will illustrate this:

+ Drying becomes more critical if the penetration
speed decreases, or if the ink application increases
in the image, or if the grammage of the substrate
increases.

* Blistering may occur with high grammage, double-
coated, and heavily calendered papers. Water vapor

penetration capacity is reduced to a minimum due
to the surface densification. High ink application
might cause the temperatures to rise so high — par-
ticularly with short dryers — that the water vapor
generating in the paper partly splits the paper,
which in turn results in blisters and a large number
of waste sheets. The temperature of the dryer and
the print speed are then reduced.

Drying is dependent on the speed at which the pa-
per web passes through the dryer. The temperature
of the dryer should be set according to the paper
grammage: the higher the grammage, the higher the
temperature. In order to achieve sufficient drying,
the paper web needs to remain in the drying area
for 0.8 to 1 second. If the paper web is conducted at
a speed of 8 m/s, the dryer needs to be at least 8 m
long. Drying systems therefore require considerable
space. Due to dehydration, the paper web can be-
come fragile and wavy and starts shrinking. Print
finishing thus becomes more and more difficult. For
this reason, remoistening with water is recommend-
ed for web offset printing presses. The water can ei-
ther be sprayed onto the web or applied by rollers.
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1.7.2 Chemical Drying/Curing

1.7.21 Oxidation

In offset printing on absorbing substrates, inks first dry
by penetration (see sec.1.7.1) and then by oxidation and
polymerization. Final drying of the printing ink film is
effected only by oxidation and polymerization of the
drying oils and resins. The printing ink film receives
appropriate cross-linking and consistency against rub-
bing-off and abrasion, it has, however, to preserve ad-
equate elasticity for the product to be used.

Oxidative drying of offset inks containing drying oils
is effected without additional units by molecular link-
age with oxygen from the air. For that, the ink layer on
the sheet to be linked should be supplied with sufficient
oxygen in the delivery pile. The necessary space be-
tween the sheets can be increased by powdering, and
oxygen can then diffuse in the piles. Powdering serves
to support drying in the pile, and also to avoid smear-
ing the image on the underside of the top sheet.

Even though accelerated by catalysts in the printing
ink, drying by oxidation takes quite a while. Metallic
soaps, that is, cobalt or manganese combined with oil-
soluble acids, are used as catalysts.

Cobalt driers in the ink are “surface driers”, that is, the
drying process is started on the ink surface and slowly
proceeds to the substrate. Manganese functions as a
through-drier. Frequently, compounds are used as driers
guaranteeing a straightforward drying process. There is
an optimum quantity of drier additive for every ink/sub-
strate combination. Adding too much additive can cause
the ink to dry on the rollers of the inking unit. Transfer
of ink onto the substrate is then likely to be disturbed.

Parameters influencing printing ink drying are:

+ in the printing ink: pigment,
vehicle,
drying agent;

+ in the substrate: pH value,

coating composition,
penetration behavior,
water absorption,
temperature in the de-
livery pile;

and in offset printing:

pH value,

water salt content,
water hardness,
alcohol percentage.

+ dampening solution with:
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Figure 1.7-5 shows the relevant spectrum of electro-
magnetic waves specific to ink drying. The IR radiation
is of no direct significance for chemical (oxidative) dry-
ing. It is merely the elevation of temperature that
brings about increase in reaction speed. However, UV
radiation and ionizing radiation (electron-beam) in
comparison produce radiation-linking chemical ink
drying.

1.7.2.2 UV Drying/Curing

UV drying of printing inks (and varnishes) is based on
radical polymerizable vehicles. UV inks with appropri-
ate UV dryers are suitable for sheet-fed printing presses
and web presses. Drying between the print units — inter-
unit drying — (fig. 1.7-10) can be used to prevent a rever-
sal of the ink splitting in the following inking unit. In
flexographic and gravure printing, drying has to be car-
ried out after each inking unit (e.g., straight (recto)
printing and perfecting) because of the ink properties
(ink trapping, etc.). Very often an overall drying be-
comes necessary after the last inking unit, possibly at a
higher output rate.

Coating unit Printing unit

Fig. 1.7-10

UV inter-unit dryers for sheet offset printing press after printing unit
and coating unit; UV dryer (blue) can be replaced by IR dryer (red),
(IST Strahlungstechnik metz)
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In case of UV drying, the ink film polymerizes and
dries completely as soon as radiation occurs. Polymer-
ization takes fractions of a second. The UV drying
method, however, requires special inks containing com-
pletely different binders (vehicles) and additional pho-
toinitiators (see sec. 1.5.2). The color black prevents UV
radiation from penetrating in the ink layer and the cur-
ing effect is less than with chromatic colors or varnishes.

Conventional UV dryers work with one or several
mercury vapor lamps (fig. 1.7-11, see also fig. 2.1-61). The
wave length range lies between 100 and 380 nm. The
system is enclosed by a reflector housing. Optimum
cooling and extraction of generated ozone is necessary
for the complete system. The units are designed in such

UV-C
100 nm 280 nm

Absolutely essential
for polymerization
of printing inks and

UV-B
315 nm

Supports and main- Ensures the
tains the “initiated” curing of
reactions and provides very thick ink

e

varnishes for a quick for a better curing and coating
and complete reaction due to “longer” waves layers
b i IR
UV radiator

(mercury evaporation)

W

Printed sheet

Reflector with selectively IR filter with
reflecting surface: coated quartz
(Dissipation of heat through glass

thermal conduction)

a way that the permissible threshold limit value of 0.1
ppm (parts per million = one millionth of the volume
of the substance in question, e.g., air) is not exceeded
and damage (e.g., irritation to the mucous membrane)
to one’s health is prevented.

Excimer

The excimer radiator is a special type of UV lamp (fig.
1.7-12) with monochromatic light (mostly used with a
wave length of 308 nm). Advantages of this radiator in-
clude:

Discharging ~ Fired gas

gap mixture uv Cooling water

ttttttt et etelt

llllllut'llllll

Quarz —

HF voltage glass

b  source

Electrode

Fig. 1.7-11 UV drying system.
a Ranges of the UV spectrum and their effect;
b UV radiator reflector system (Dr. Honle)

Fig. 1.7-12 Excimer radiator.
a Excimer system with radiation unit and ballast;
b Structure of an excimer radiator (Heraeus Noblelight)
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+ no heating of the paper as radiation does not in-
volve any IR,

* no ozone generation at 308 nm,

* better utilization of electrical susceptibility for the
drying process.

The disadvantages are:

+ The power (up to 50 watts/cm radiator length) of
today’s excimer radiators is still considerably lower
than the power density of mercury vapor lamps
(up to 250 W/cm). If radiation takes place in an in-
ert gas atmosphere (e.g., nitrogen), it will still re-
sult in the desired drying performance.

+ The ink photoinitiator system needs to be adapted
to the particular wave length. Conventional UV
lamps are polychromatic and therefore cover a
greater bandwidth of photoinitiators.

Excimer dryers are particularly interesting for flexo-
graphic printing in association with the printing of
heat-sensitive substrates (e. g., foils). The pros and cons
of UV drying are summarized in table 1.7.2.

1.7.23 Electron Beam Drying/Curing (EBC)

Electron beam is an ionizing radiation of such high en-
ergy that molecules in the vehicle of a printing ink are
ionized, thus causing the release of free radicals. Today,
electron beam drying is used with particular print
products (e.g., food packages, due to the absolute dry-
ing of ink and the destruction of any micro-organisms
in the substrate). Appropriate drying systems and inks
are comparatively expensive.

Table 1.7-2 Pros and cons of UV drying

No damage to the prints by ink set-off or

sticking

Immediate print finishing is possible

In principle, the same vehicles and inks can be used
for EBC and UV drying. Owing to high energy, a suffi-
cient number of initial radicals are released in the ve-
hicle itself; therefore there is no need to add expensive
photoinitiators (resulting in better storage stability of
the inks). It is, however, absolutely essential to use ra-
diation in an inert gas since the presence of oxygen not
only considerably impedes curing, but also leads to a
radiation-induced, oxidative degradation of the ink
layer and, possibly, of the substrate. If oxygen is ex-
cluded, the dose of radiation required for drying the
ink layer only causes minimal damage.

With electron-beam drying no unwanted high heat-
ing of the substrate or the printing ink layer occurs. Fig-
ure 1.7-13 shows the possible arrangement of radiators.

Radiator tube
(evacuated)

Electron optics

Tungsten
cathode wire

Accelerated
electrons

Anode

Beam aperture
(titan foil)

Printed web

Inert gas ;
material

»
-

Fig. 1.7-13 Principle of electron-beam tube (MEC)

UV inks are completely dry upon radiation

Higher capital investment due to
accessory equipment

Higher costs for printing inks, washing
agents, etc.

Relatively short service life of UV lamps

(e.g., trimming, scoring, stamping,

punching, etc.)

Printing on non-absorbent substrates

Less suitable for absorbing substrates

(metal, foils) is not difficult
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Fogging/misting (due to the rheological
properties of ink, e.g., tack) with UV offset
inks results in a limiting of the printing speed
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Immediate drying

Radiated product stays cold

Simultaneous drying of both sides in
recto/verso (perfecting) printing and

High investment costs
X-radiation shield is a “must”

Radiation inside a protective atmosphere
(e.g., nitrogen)

radiation only from one side of the
substrate (not possible for tin or metallic

foils)

An electrically heated tungsten ribbon serving as an
electron-beam source is admitted to the web.

The pros and cons of EBC (electron beam curing)
drying are summarized in table 1.7.3.

1.7.3 Auxiliary Drying Techniques

As described in section 1.7.1, the drying process in con-
ventional letterpress or sheet-fed offset takes place in
two steps: penetration, followed by oxidative polymer-
ization of the printing ink.

The penetration process is effected immediately on
ink transfer in the printing zone. Penetration provides
higher viscosity for the ink film lying on the substrate.
Quite often, however, this hardening effect is not enough
to avoid set-off effects and, in extreme cases, complete
blocking (sticking) of the paper in the delivery.

1.7.3.1 Powder Spraying

The printed sheets in the delivery are powdered to avoid
set-off or blocking effects (fig.1.7-14). The fine powder
layer is distributed by compressed air, thereby prevent-
ing the ink of the freshly printed sheet from getting too
close to the reverse side of the top sheet (fig. 1.7-15, see
also fig. 2.1-56 for powdering on both sides with perfect-
ing jobs). The colorless (white) powder grains serve as
“spacers” ensuring oxidative drying by inclusion of air.
These grains lying on the printed sheet provide an air
cushion between the individual printed sheets. Grain
sizes vary from 15 to 75um (material: colorless mineral
or vegetable based substances). As a general rule one can
say that

+ the rougher the substrate, the more coarse the grain
should be,
+ the thicker the ink layer, the more powder is needed.

Substrate is likely to get damaged if the
radiation dose is too high

Higher cost for printing inks

Incorrect powdering can seriously affect the usually
good print quality, in particular with regard to gloss.

Mineral and vegetable based powder types are clas-
sified as:

+ Calcareous (mineral-based) spraying agents avail-
able in different graining. They are essential for
cardboard printing.

+ Starch-containing (vegetable-based) products
based on corn. They are available in fine graining
only and therefore suitable for processing papers
of up to around 100 g/m? only. Since they are not
as hard as calcareous agents, ink abrasion is con-
siderably less.

The printing plates, too, are less affected by abrasion
through soft (vegetable) powders. In multicolor prin-
ting, calcareous (mineral) powders deposit on the rub-
ber blanket in the form of dust acting like sandpaper
against the printing plate, thereby considerably reduc-
ing its service life.

1.7.3.2 Silicone Application

Coating the web in a commercial web offset press with
a thin film of silicone oil-in-water emulsion prevents
the products getting smeared in the folder. After print-
ing, the ink beneath the silicon layer is not fully dry
even after a few days and may still be smudged after the
silicon layer has been rubbed off.

1.7.4 Measuring Techniques

The finishing of freshly printed sheets in particular re-
quires sufficient abrasion resistance and pile resistance
(no offsetting and blocking of sheets). For basic bal-
ancing between ink and substrate regarding ink
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Supply dispenser '“

Compressed air,
preheated
and dried

o—@

Electro-vibrator
for mechanical
metering of powder

Conveyance of
powder by
compressed air

b Powder spray device

Fig. 1.7-14 Powder sprayer.

a Spraying principle, vibration metering system (Grafix);

b Installation of a powder sprayer in a sheet-fed offset press (see
also fig. 2.1-56) (Heidelberg)

absorption and drying behavior, testing presses are
used before the job is produced.

The test printing system as shown in figure 1.7-16 is
especially suitable for systematically determining the
drying behavior of a printing ink/substrate combina-
tion. The test printing system is equipped with two
printing units. Printing on the test paper takes place in
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Fig. 1.7-15

Anti set-off powder as a spacer between sheets lying on top of each
other.

a Perfect, almost mono-disperse distribution of granular sizes: even
application;

b Spread distribution of granular sizes resulting in dust production
and uneven sheet set-off

the first unit. The second unit is designed in such a way
that the freshly printed sheet is passed through the
“printing zone” together with an unprinted counter
sheet; in this process the freshly printed and not yet dry
ink is reproduced on the unprinted paper strip. This
action is repeated several times.

The optical ink density of the counter sheet is meas-
ured after counter printing. The drying process is re-
garded as finished when the optical density tends to-
wards zero, that is, when no ink is transferred from the
printed sheet onto the counter print sheet in the print-
ing zone of the second print unit.

Drying tests. There are numerous methods that can be
applied to test the drying behavior. However it is not
easy to infer actual drying behavior in an offset print-
ing press by means of tests. Laboratory test methods are
therefore mainly suitable for predicting long-term dry-
ing behavior.

A test method has been developed to determine the
degree of drying in a running web offset press [1.7-5];
however, it has not yet been accepted in practical oper-
ation. This test method serves to record short-term
drying behavior. The principle of measurement is
based on a consistency test of the printing ink trans-
ferred onto the substrate.
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Printing unit to print
the test strip

Unprinted test
strip for the
counter-print test

-

Printed __——

test strip

Counter-test print unit

\ Inking of the

printing plates

- Setting the
printing pressure

—— Pressure roller

Fig. 1.7-16 Test printing system.
a Structure of the system;
b Unit for counter-print test (priifbau Dr. Diirner GmbH)

The consistency testis done on a web offset press idler
roller (fig.1.7-17). A transparent plate is pressed against
the paper web. The web is printed with small solid tone
patches, for instance, on the image-free margin. If the
ink film is not dry enough, each solid tone patch reveals

a little smudging tail (that means the print would be
damaged). This effect is detectable with electro-optics.

Electro-optical scanning records the translucency of
the transparent plate at the point of contact between
the plate and the paper web. If the ink film resists the

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)



1.7 Drying Methods

Reference beam
Measured beam

Detector k

-
&
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\
\ Transparent
plate

[llumination

— |dler

) roller
Solid tone area

[llumination

Detector Counterweight

Paper web

Glass pane
(pivoted)

b

Fig. 1.7.17 Dynamic drying test device.
a Principle of measurement;
b Diagram of an optical measuring head
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strain, the clean paper surface serving as white back-
ground area becomes clearly visible without loss of
light between two succeeding test marks. Luminous re-
flection is then 100% (total reflectance). If the ink film
does not resist the strain, the ink is transferred onto the
contact area of the transparent plate thereby diminish-
ing translucency and measured luminous reflection.
The temperature of the dryer can be adjusted accord-
ing to the measuring signal.

There have been no satisfactory solutions found yet
for practical online measurement of the drying. For the
most part, drying is controlled by visual and manual
inspection carried out by the operator. Developments
regarding measuring techniques are to be expected in
future. It is essential to optimize/harmonize the sub-
stances involved.

References in 1.7

[1.7-1] Kiibler, R.: Wechselwirkung zwischen Druckfarben
und saugfihigen Bedruckstoffen. VDD-Jahrestagung.
VDD, Frankfurt 1979.

[1.7-2] Dosdogru, G.: Die physikalische Trocknung der
Druckfarben in Hinsicht auf Trocknersysteme.
Forschungsgesellschaft Druckmaschinen e.V.
Mitteilungen Heft 3/1969, Frankfurt/Main 1969.

[1.7-3] Dosdogru, G.: Ein Iterationsverfahren zur nihe-
rungsweisen Berechnung des Verhiltnisses der Warme-
zur Stoffiibergangszahl (a/B). VDI Fortschrittsberichte,
Reihe 3, Nr. 42, VDI-Verlag, Diisseldorf 1976.

[1.7-4] Losemittelgewinnung und Abluftreinigung nach
dem Supersorbon-Verfahren. Lurgi GmbH,
Frankfurt/Main. Schnellinformation T 1238, 1978.

[1.7-5] Rodriguez, G.: Trocknungsgradbestimmung an
einer laufenden Papierbahn. VDD-Jahrestagung. VDD,
Frankfurt 1979.

Further Reading for 1.7

Chemistry & Technology for UV & EB Formulation for
Coatings, Inks & Paints. Volumes I-VII. Wiley, New York
1997-1999.

Leach, R.H. et al. (Ed.): The Printing Ink Manual. 5™ ed.
Blueprint, London 1993.

179



1.8 Products of Print Finishing

During print finishing and converting operations,
printed webs, sheets, or any other substrate are given
the shape and properties required for their use. (The
term “converting” also comprises the production of
products made of unprinted materials, which are then
normally further processed in finishing.)

From the late Middle Ages to the beginning of mod-
ern times, written and printed works were bound into
books by monks and later by craftsmen within their
own trade. The splendor and craftsmanship in these
books is as impressive as ever, as is their durability (if
they have been looked after properly) and the variety
and effectiveness of binding techniques employed. Be-
sides converting printed paper into books, the book-
binders constantly utilized their processing skills and
knowledge of materials to turn the materials they were
used to working with into other goods.

Nowadays printing companies produce printed
products that, to a great extent, are in no way intended
to be “bound” into books. But they all still require
make-up work before they can be presented to the cus-
tomer. Therefore finishing ranges from simple sheet
trimming, via diverse folding variants, simple comple-
tion operations and most versatile binding methods to
the production of brochures and hardcovers. The lat-
ter products (among others) are classified in publish-
ing terminology as “books,” because it is the content
and consumer group that is being considered rather
than the actual structure of the product itself.

The variety of printed products in all areas of socie-
ty is shown in table 1.8-1, which lists basic product
groups by functional aspects and processing criteria.
The table gives an impression of the abundance of
products that are covered by the term “print finishing.”
This overlaps in some areas with the term “paper fin-
ishing” as such. Figures 1.1-1 and 1.1-2 also give an im-
pression of the huge diversity of printed products. Be-
sides printers, the main associates of the finishing in-
dustry are:

* book publishers, who undertake the preparation,
planning and marketing of literary works (in short:
published products);

* newspaper and magazine publishers as the pub-
lishers of short-lived, periodically published in-
formation and advertising (in short: period-
icals);

« trade and industry as consumers of printed organi-
zational materials and as distributors of promo-
tional material and product descriptions as well as
packaging material made from substrates;

« public authorities and professional associations as
users of organizational materials and distributors
of documents, securities, and so forth;

« private households as consumers of goods that have
been produced by the finishing industry (in short:
family products).

In printshops the term “job (commercial) printing” is
usually applied to the sundry processing orders which
do not require a special printing press, such as would
be needed to print newspapers or packaging. In chap-
ter 7 the products and their variants are categorized un-
der technical aspects in product groups.

The end products of printed paper (or perhaps some
other suitable substrate), which are briefly described
below, are produced in finishing firms such as:

+ “classical” binderies,

+ finishing companies,

+ packaging companies,

+ finishing departments of multistage printing com-
panies,

+ mailing rooms and in-house printshops of large
companies.

Sheets/Trimmed Sheets
A range of printed products with a small volume of in-
formation such as
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Table 1.8-1

Print finishing products (Examples) ity (T80 i Eoui ey
gp p products products products products
Published Art Music Books Art prints
products reproductions  (notes) (hardcovers) Maps
Loose-leaf Pocketbooks Street maps
compilations Paperbacks
Wall calendars
Family Postcards Games Coloring and Jokes
products Patterns Playing cards handicraft books Stamped figures
Boards Sets of Exercise books  Garlands
Envelopes recipes Writing pads Sanitary items
Coasters Pop-up products
Organizational ~ Business Sets of forms  Blocks of forms  Folders
materials stationery, Registers Calendars Files
Information Official Telephone
sheets, gazettes directories
Security papers Manuals Cash books
Card files
Advertising Advertising Mailings Catalogs Large-scale
products sheets, Brochures Company advertisements
Posters booklets,
Placards Operating
instructions,
Schedules
Periodicals Daily Mass-circulation
newspapers, magazines
Advertising Trade journals
journals Hobby magazines
Magazines
Packaging Labels Boxes
materials Wrapping paper, Cans
giftwrap All kinds of
Blanks bags
Covers

+ information sheets, note-paper, business cards, la-
bels, but also

+ banknotes, security paper, sets of stamps (possibly
with consecutive numbering)

are given their final format by cutting the printed sheet
on paper cutters (see sec. 7.2.1). One print sheet most-
ly contains several copies of the same end product.
When producing with “collect-run”, copies from dif-
ferent customers (mostly of different sizes) are printed
on one sheet.

In cutting lines, the printed sheets are aligned in
stacks (with 500 to 1500 sheets/stack) at the lay edges
and processed in a (programmable) cutting sequence
into end-product stacks. Processing modules/process
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elements which count the sheets per stack, wrap bands
around the stacks, and which sort the end-product
stacks into trays (folding boxes without lids) may be in-
corporated into the cutting line.

Folded Products

Folding (see sec.7.2.2) is a very effective method of con-
verting printed products, such as brochures, advertis-
ing sheets, and information sheets into a user-oriented
end format.

Folding is the sharp-edge bending of webs or sheets
of paper in accordance with specified dimensions and
a pre-determined pattern (e.g., parallel and right-an-
gle folding sequences). The folding layout (which is the
basis for the imposition pattern) determines the posi-
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tion of the pages on the sheet or on the web. Printed
webs are folded in folding units incorporated in web-
fed presses and printed sheets are folded in stand-alone
sheet folding machines.

The structural design of the folding units/folding
machines allows a large number of different folding
layouts. Processing components that perform opera-
tions such as creasing, perforating, cutting, and glu-
ing may be incorporated into folding units. This in-
creases the use-value of the folded product. A band-
ing unit to gather and pack products may, among
other things, be installed in the delivery unit of fold-
ing machines.

Forms

Form processing plays a special role in finishing since
these products sometimes require special units and
production lines because of the features required by the
bureaucracy/organization. The various types of forms
are listed in table 1.8-2.

Continuous blocks of forms are usually finished in a
separate process. After the printed sheets (and a bot-
tom cardboard sheet) have been cut, the stacks are
bound into blocks by gluing or in rare cases bound in
a lateral wire stitching operation. Snap-apart sets have
to be collated prior to gluing.

Continuous forms are finished in a web form print-
ing press, which incorporates units for sprocket hole
perforation, longitudinal and cross-slitting perfora-
tion, and accordion folding, as well as various addi-
tional functions (such as numbering, die-cutting, la-
beling). To produce sets of continuous forms, the webs

Unit forms
(blocks of forms)

Snap-apart sets
(sets of forms)

have to be gathered and possibly attached together.
Forms are usually packed and dispatched in folding
boxes.

Newspapers

From the finishing point of view, newspapers are gath-
ered products produced from folded signatures and
usually different-sized inserts. They are characterized
by the (mostly) daily publication of editions, high cir-
culation, extremely short production times and split-
ting of editions into regional sub-prints. It is these con-
ditions that define the mailroom technology (see sec.
7.3.2.3) as this print processing is called in the case of
periodicals.

The newspaper’s core products — several simulta-
neously printed “folded signatures” completed in a
multi-web configuration in the folders (separating,
gathering, and folding the web) of the newspaper
printing press — are transported in a stream to the
mailroom by chain conveyor systems. Here they are
brought together with the preprints (also folded
newspaper signatures) and inserts (in inserters) to
form the newspaper. The newspapers might be ad-
dressed and stacked in bundles in compensating
stackers. A packaging slip is added to each bundle or
roll, which specifies the delivery modalities. These
mailing units are distributed to the appropriate de-
livery channels and loaded directly into vehicles from
there.

The core products (folded signatures) arriving in the
mailroom have to be finished immediately into news-
papers ready for dispatch. To this end,

Continuous forms

Forms on carrier tapes

Cash payment blocks
and receipt blocks can be
quoted as examples.

The form consists of one page.
The forms printed in multiple-
ups are converted into blocks.

Table 1.8-2 Types of forms

A set of forms means that the
form has several sheets for the
same transaction but the sheets
have different uses (internal and
external documentation of the

transaction). Autocopying paper is

used to copy the information onto
the pages underneath. The sets
are again bound into blocks.

Continuous forms are used in
printers for DP systems. They
have sprocket holes, so that
they can be transported

by a tractor mechanism into
the printer. The paper web,
which is formed into a contin-
uous stack by accordion
folding, is determined by

the purpose.

Continuous forms can be
designed as sets of forms.

These forms are also used in
printers for digital printing/
data output systems.They con-
sist of a continuous, accordion-
folded paper carrier on which
various types of forms (e.g.
snap-out sets, unit forms) and
other printed matters (self-
adhesive labels, identity cards
etc.) are dispensed. A carrier
tape set may comprise several
consecutive sheets.
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+ the units installed there must have a high capacity
or

+ several mailing units must be installed in parallel
(mailroom cells);

+ there must be emergency delivery sections and
short-term buffers in the mailroom cells in case of
stoppages during production;

+ there must be an effective intermediate storage sys-
tem for preprints and inserts (e.g., on the basis of
folded signature reels [see 7.3.1.2]);

+ production must be controlled by a powerful
process computer that controls the sequence of the
sub-editions (with various preprints and inserts),
the volume, the distribution of the mailing units, as
well as the allocation to the delivery channels.

Sheet Brochures

Sheet brochures, such as operating instructions, adver-
tising brochures, wall calendars, and college notebooks
consist of sheets collated into blocks, which are bound
along the spine. Printing of the sheets is mainly done
in sheet-fed offset presses. Binding is done:

« as perfect binding on small-scale perfect binders
(see sec. 7.2.5.3 for information on perfect binding);

+ by means of single-sheet binding systems, such as
plastic comb binding, wire comb binding, or spiral
binding (see sec. 7.2.5.1). For this kind of binding
the block is trimmed to final size prior to binding;

+ or by putting the punched blocks in files or folders
(binding mechanism).

Single-layer Brochures

Single-layer brochures (see also table 7.2-11) are pro-
duced by insetting folded sheets which are then bound
into a block. Mass-circulation magazines (see sec.
7.3.2.4), catalogs, and exercise books or even simple
booklets/brochures (see sec. 7.3.2.7) printed in short
print runs are examples of single-layer brochures. They
are produced on production lines known as “gatherer-
stitchers”. The folded sheets are placed into one anoth-
er. The block is bound by wire staples through the back
margin (spine). This is followed by trimming the prod-
uct (most commonly on three sides). The simple and
at the same time safe procedure means this binding
method is used for many product groups.

With production lines for mass-circulation maga-
zines, equipment has to be incorporated for inserting
and gluing small individual sheets, for instance, for tip-
ping in postcards or inserting machines for advertising
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inserts, addressing units and so forth. Similar require-
ments to those of a newspaper mailroom apply for dis-
tribution of the magazines in the mailroom in the min-
imum period of time.

Single-layer brochures can also be bound by thread-
stitched bindings, such as straight stitching or knotted
thread-stitching (see sec. 7.2.5.1). However, these pro-
cedures are of only minor importance at the present
time.

Multi-layer Brochures

To bind multi-layer brochures (see sec. 7.3.2.5), the in-
dividual folded signatures (or even already finished sin-
gle-layer brochures) are placed on top of each other to
form a block, collated (see sec. 7.2.4.2), and then bound.
Mass-produced paperbacks, mail order catalogs, tele-
phone directories, trade journals, and hobby magazines
are typical representatives of multi-layer documents, as
are operating instructions and company brochures,
which are mostly processed in short runs.

The widespread use of this product group can be at-
tributed to the simple and economical binding method.
Production of these brochures ends with trimming. The
predominant binding process is perfect binding. In per-
fect binding (see sec. 7.2.5.3) the spine of the collated
and aligned block is ground away. Adhesive with good
adhesion properties and a high level of elasticity is then
applied. The back of the cover (which is to protect the
block) is glued to the adhesive surface. After the adhe-
sive’s stabilizing period, the brochures are trimmed and
packed.

Perfect binding lines with a nominal rated capacity
of between 3000 and 18000 products per hour as well
as manually operated small-scale perfect binders with
nominal rated capacities of between 100 and 1000
products per hour are used, depending on the struc-
ture of the print job.

Thread-stitching and thread-sealing are alternative
binding processes for multi-layer brochures that have
to be very durable, as is the case with travel guides and
specialized books.

Hardcovers
Hardcovers (see sec. 7.3.2.6, fig. 7.2-45) consist of a book
block and a book cover. The book block is produced by
binding several folded signatures. The cover (see sec.
7.2.8) is made up of several materials (cardboard, cover-
ing material).

Book production is a process in which printed webs
of paper or printed sheets are converted into conven-
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ient folded signature format. The folded signatures are
gathered, bound into blocks, and given a binding in the
form of a sturdy book cover, in the interests of practi-
cality and in order to achieve an aesthetic form appro-
priate to the content. The separately produced cover
serves primarily to protect the block but also as a car-
rier of information and advertising. The connection of
block and cover and the finishing with inserts and/or a
protective cover occur within the book assembling
process. Hardcovers are mostly produced in editions of
3000—-30000 products/print run. Industrial processing
is done in flowlines.

Mailings

Mailings (see sec. 7.3.2.2) are usually personalized ad-
vertising letters from mailing organizations or associ-
ations, which are dispatched by mail on a massive scale
(sometimes by the million) to potential customers or
members. The letters vary in content and mostly con-
sist of several separately produced sub-products, such
as sheets, folded products, back-stitched booklets, and
samples.

To produce these mailings, pre-printed pages with
identical content must be personalized (digital print-
ing with computer to print systems), sheets have to be
folded and if required wire-stitched, cards or items on
sheets gathered, sub-products collated and put into en-
velopes, and the envelopes sealed. For economic rea-
sons, mass production necessitates that the finishing
equipment has a high level of automation. Since the na-
ture of mailings can vary a great deal, the installation
of invariable systems as used for the production of
books is not always practical. In addition to the stan-
dard processing system, there has therefore been a ten-

dency in these production fields to set up job-specific,
flexible production lines with variably interlinking
modules that can be separated again once the print run
has been completed.

Packaging Materials

Table 1.8-1 gives an overview of common packaging
materials produced during a print finishing process; in
particular these are folding boxes, wrapping paper, la-
bels, bags, and pouches. They are mostly produced on
special finishing systems from sheet or web material.
Both off-line and in-line systems are used.

The making of bags, pouches, and sacks and in ad-
dition the production of boxes in varying shapes are
important. Production takes place on production lines,
which can process different formats but are usually not
able to process different types of packaging material. In
some cases the packaging material produced on these
production line machines will only receive its final
shape in the actual packing machine (when making a
folding box).

Summary
The most varied types of end products are produced in
print finishing processes. On the one hand after the
printing proper there is the print media in its manifold
variations (books, magazines, brochures, etc.) and on
the other there are commodities that can contain print-
ed information (packaging, securities, forms, etc.).
The printed product in its final form is produced
within the process chain of prepress, press, and post-
press. This requires a variety of different processes,
methods and production equipment, with the addition
of further components such as book cases.
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1.9.1 Production Options and Business

Models

Creating print media is a diverse and often complicat-
ed process with very different information and mate-
rial flows in the production process. Just as diverse are
the demands on print products. As in other industries,
such as the automobile industry, a distinct core func-
tion can be defined for the print media: applying per-
manent structures to material objects with the purpose
of visualizing information. However there is a broad
overlap with other industries and keeping the print
media distinct will not be possible in the long term. It
is above all the new opportunities arising from the use
of computer technologies that open up completely new
ways of mixing media. Figure 1.9-1 shows three impor-
tant related industries that share certain market seg-
ments with the print media industry.

The assimilation of information has become a cen-
tral function of human society. The information that
people require is manifold and results in a broad di-
versification of print media. Print media can be classi-
fied by production technologies (e.g., gravure printing,
sheet-fed offset, etc.), by distribution channels (e.g.,
newspapers on subscription, street sold newspapers,
etc.), by customer groups (children’s books, specialist
books, etc.), by financing strategies (advertising litera-
ture, in-house printed matter, etc.) and many other cri-
teria. Figure 1.9-2 shows a categorization of print me-
dia by the function of the information; there is on the
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Print media in the surrounding of information and communication
industries

one hand the type of information that may be purely
graphic-oriented or character-oriented (mainly text)
and, on the other, information having a direct func-
tionality, or it may be more of a decorative character,
thatis, it can only be perceived as a pattern. Product seg-
ments and their market situation are shown in figure
1.9-3.

This extreme product diversity — scarcely found in any
other industry — is reflected in the structures of the
market. Unlike the car manufacturing industry, where
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most automobile factories are of a similar structure
and only differ in the size and fittings of their products,
companies producing print products are to a large ex-
tent heterogeneous: there are many small- and medi-
um-sized companies in all the world markets (see also
fig. 1.1-4) who have specialized in their own product
portfolio and are holding their ground in the market
with very individual concepts. When comparing the
big media concerns with one another, it becomes ap-
parent that these clearly differ with regard to market
presence, financing strategies, value-added chain, and
media-wide diversification.

Thus only a few basic aspects of business models in

the print media industry can be recapitulated in the fol-
lowing. The combination of these models might differ
from case to case in practice.
1.9.1.1 The Value-added Chain (Production Depth
and Product Range)
The question of the position within the value-added
chain (fig. 1.9-4) is of fundamental importance for the
organization of print media companies. Positioning
depends for one thing on the technical needs; howev-
er it is also a strategic decision. It is possible to special-
ize in a certain segment of the value-added chain and
to cover a wide product range within this segment. The
company will develop technology and market compe-
tence to distinguish itself through cost and quality
leadership, capacity reserves, and so forth. An alterna-
tive is to cover several segments along the value-added
chain. Such a strategy bears the potential of eliminat-
ing interface costs and of having a better influence on
the degree of utilization of those production stages that
are very cost-intensive.

The individual segments of the value-added chain
are characterized by very different cost structures. Pa-
per processing production is shaped by technical costs,
which are characterized by other parameters at every
stage of production.

The printing segment is characterized by high one-
time investments in machinery. Here, too, the success
of a business very much depends on sensible invest-
ment planning. Special attention must be paid to the
tie-up of capital and the capital costs arising from this,
alongside market development and availability of new
machine technology. It might be beneficial for a com-
pany to use modern machinery that brings it produc-
tivity benefits, or it can meet requests for certain prod-
uct variants. If the rate of innovation in new machines
is not too steep, a production strategy with machines
that are already depreciated may, however, be sensible
too.

Production labor costs are the dominant cost factor
in finishing due to the still relatively low level of au-
tomation. At this stage successful value-adding de-
pends on cost-conscious use of labor and a sensible or-
ganization of production.

The prepress sector, which is nowadays mainly influ-
enced by computer equipment, is characterized by the
high rates of technological innovation in information
technology. These result in very short depreciation cy-
cles and require continual adaptation of the work
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Fig. 1.9-4 Principal value-added chain for print media

processes to new systems, data format, storage media,
and so forth.

Program work, editorial work, and the advertising
agency are segments of the value-added chain that are
very much dependent on the creativity of the staff in-
volved. Many technical innovations such as digital
cameras and the Internet have certainly changed the
way of working for staff here too, but the quality in
terms of content of the respective print media, as well
as the concepts regarding innovative forms of distri-
bution continue to be critical to business success.

The processing and marketing of licenses and rights
is gaining in significance in many product groups. This
is reflected in the development, where information is
gradually changing from a general cultural asset to a
product, such that the value of the contents becomes a
factor relevant to cost in the value-added chain.
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For print media financed by advertising, the feedback
from customers to the advertisers is becoming increas-
ingly significant. Customer addresses are the most im-
portant vehicles of the value-added segments of this
feedback channel. They are increasingly developing in-
to qualified customer profiles.

One specific basic condition for decisions on the in-
tegration of value-added segments emanates from the
demand for topicality on the respective media segment
(fig.1.9-5). The trend in all segments is for quicker pub-
lication, shorter runs, and thus shorter throughput
times in production. Modern technologies certainly
provide the means for faster production times; howev-
er, a multitude of system limits can also cause a delay
in the production flow due to the coordination and
correction processes required. Owing to the high de-
mand in topicality of most newspapers, the whole pro-
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duction flow from editing to distribution is integrated
within one system, while with books the value-added
stages can generally be separated.

1.9.1.2 Financing and Distribution Models
Circulating information creates work and costs. For dis-
tribution all media can make use of the same basic
routes of information, which are:

+ The reader/customer seeks information, and is gen-
erally prepared to spend money.

+ A person offering information (generally with in-
formation about products) seeks customers for
whom his information may be of use. The supplier
is prepared to pay to distribute his information
(advertising).

+ A special situation arises when supplier and reader
form a unity (in-house media).

Since opportunities for technical product innovation
are very limited in the established print media market,
new financing concepts make up the bulk of new print
media developments. Often the above-mentioned ba-
sic forms are mixed. They differ greatly according to re-
gion and are very dependent on the prevailing com-
petitive situation. Just as in other media markets, print
media is also undergoing progressive diversification as

regards quality of information, where the reader is of-
fered free products financed by advertising and high-
priced products.

Figure 1.9-6 compares the costs per copy dependent
on run length for different printing technologies.

The cost structure for the individual print products is
of course decisive for the financing concepts, too.
Above all in conventional print media, a reduction in
cost is very much dependent on the run length. Along-
side non-recurring costs such as machine makeready
time and platemaking, material is an important factor
in the costs. In the case of long print runs, the produc-
tion costs for print media are defined by the price of
paper: 25% for small book editions (fig. 1.9-7), up to
70% for advertising. For short print runs, especially
when digital printing technologies are used, machine
costs in relation to material costs (paper and ink costs)
play a role (fig. 1.9-8). Unlike electronic media, print
media cannot make use of financing models in which
part of the technical costs is directly borne by the end
consumer. With television, for example, the user him-
self bears 90% of the overall technical investment re-
quired.

The high proportion of material costs in the overall
cost of print media means that in the case of high print
volumes, there is a substantial burden of advance fi-
nancing, as the printed products are only sold gradually
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Fig. 1.9-6

Comparison of costs per copy (dependent
on run lengths) of different printing tech-
nologies, multicolor prints (rough trends)

Fig. 1.9-7

Example of cost structure for books (typical
B/W book with hard cover, run length 5000,
380 pages, cover, Ab size)

Electro-
photography

Gravure

Web-fed
offset

Costs per copy [rel. cost unit]

05 \
Sheet-fed
offset
&=
0
100 10° 104 10° 109
Number of copies (run length)
- $20.00 final price
$10.00 publishers price
33% book trade — $2.50 manufacturing price
$0.17 printing costs
15%

wholesale trade

52%
publishing houses

risk, profit

30% administration,

20%
licenses, royalties

10% advertising

15% distribution

20% profit,
administration

25% production

13% prepress
35% bindery

25% paper
- 7% printing

© Handbook of Print Media, H.Kipphan (ISBN 3-540-67326-1)

189



190

1 Fundamentals

of which 10%

Material 90% networks etc.

Material 60%

and 90% screen

Technology 10%  Technology 40%  Technology 100%
Bulk printing Digital printing Screen
-

Print media Electronic media
Fig. 1.9-8

Cost structure for media production (investment in material and
equipment)

and in the case of books it might take years. Besides the
program work and editing, this function of advance fi-
nancing and risk coverage has remained one of the
main tasks of publishing houses. This represents an es-
sential door-opener for digital printing technologies,
which provide the means for printing on demand (see
sec. 9.1.3).

For the reasons given, the distribution scheme for the
share of the cost borne by the reader has a decisive in-
fluence on the financing model. Traditionally inde-
pendent forms of distribution have developed for in-
dividual print media groups, for example retail selling
via newspaper kiosks or the book trade and subscrip-
tion systems for newspapers and magazines. The dis-
tribution costs represent a considerable proportion of
the final sales price (fig. 1.9-7). The final sales price is
mainly determined by the amount of capital tied into
the book trade and in general by the risk of slow-mov-
ing articles.

To work around these problems there are book clubs
in the book trade that can significantly reduce the en-
trepreneurial risk and the amount of tied-up capital by
means of their balanced program policy and limited
product range, as well as their direct approach and link
to the customer. Further forms of distribution are the

mail order book trade and, increasingly nowadays, the
Internet book trade. General magazines and lately also
standard book titles are marketed as consumer goods
through alternative regional distribution organiza-
tions such as gas stations and supermarkets.

1.9.1.3 Media Business as a Technical Service
Although print media are not directly driven by tech-
nological development to the same extent as electron-
ic media, there are many potential ideas, particularly in
the areas dependent on computer technology, for of-
fering print media business mainly as a technical serv-
ice. The opportunities with desktop publishing, digital
photography, and so forth, enable totally new customer
groups to generate and layout information themselves.
Although this makes some business fields in the tradi-
tional publishing and prepress segments of the value-
added chain redundant, there is on the other hand a to-
tally new requirement for technical services such as
graphics databases, address and dispatch services, as
well as so-called “Internet-Printshops,” where print
jobs arrive via the Internet and are then printed digi-
tally.

As a consequence the content and design aspect of
printed matter is increasingly being handled separate-
ly and independently from the actual technical imple-
mentation, for which the respective specific techno-
logical competence is then sought. The requirement for
multiple processing of data in very different output
media in particular requires completely new business
models and divisions of work (see sec.1.2.6, Premedia).

1.9.2 Coordination of Workflows

With the increasing complexity of internal production
processes and of external customer and supplier rela-
tions it has also been necessary to develop systems and
concepts for coordinating and handling workflows in
the printing industry. Some of these concepts were tak-
en over by other sectors of industry and have led to a
large variety of similar established models. In the fol-
lowing you will find a description of a few examples of
these approaches that have to some extent been imple-
mented in the printing industry.

1.9.21 Lean Production and Lean Management

The organization of the internal production processes
of a printshop should primarily ensure high productiv-
ity, short throughput times, and maximum product
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quality. These requirements can only be attained by mo-
tivating and leading employees adequately. In particu-
lar, the Japanese industry has developed an approach
which can be summed up in ten basic principles:

1. the continuous improvement process called
“Kaizen”;

. the team’s own sense of responsibility;

. immediate error tracing and elimination;

. simultaneous product and process development;

. short in-house channels and “Just-in-Time”;

. identification with customers’ needs;

. the engagement of sub-contractors;

. product flexibility in spite of automation;

. the improvement of work tools in small steps;

.standardized working with “Kaizen”.

O CoNl AWV A W BN

—
o

The Japanese word “Kaizen” means nothing more than
striving for continuous improvement (kai = change,
zen = good, for the better). It must be looked on as a
kind of “scout’s promise” to do a good deed for the
community every day, the community in this case be-
ing the company. Of course, this requires identifica-
tion with the company, which the Japanese have to a
high degree, possibly supported by a guarantee of life-
long employment. “Kaizen” has little in common with
the suggestion schemes common in the West, because
it is based on a sense of moral obligation and not fi-
nancial remuneration. It is the unspoken minimum
obligation for an employee to become accepted in the
company.

As far as the team’s own responsibility is concerned,
the following core ideas for team work in the group ap-
ply [1.9-1,1.9-2]:

+ The team thinks more in terms of the collective
than the individual.

+ Teams put pressure on and increase motivation.

+ The team absorbs more information, identifies
more problems.

+ The problem-solving capacity is greater than the
sum of skills of the individuals.

+ Increased communication output from the team as

a result of increased two-way communication.

+ The team saves the cost of support through self-
management.

+ The team instantaneously balances output surplus
and uncovered demand.

+ The team gives personal support in the event of
failures, but also requires that personal reputation
be secondary to group benefit.
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Teamwork can be considered the organizational work
core of the Lean Production concept, when it is said: “In
the end it is the dynamic working team that emerges as
the heart of a lean factory. Building up an efficient team
of this type is not easy. First of all the members of the
team must learn numerous skills through job rotation
—in fact, all the work tasks within the team, so that the
job allocation can be changed and the workers can stand
in for each other. They also have to acquire other addi-
tional skills such as simple machine repair, quality in-
spection, cleaning, and material provision. They must
be stimulated in the direction of active, even forward-
looking thinking, so that they are able to find solutions
before problems become serious.”

Another feature of Lean Production is the shortened
development and process planning time achieved
through overlapping work of otherwise successive de-
partments (fig. 1.9-9).

The technical term for this is: “Simultaneous Engi-
neering.” It requires that all information on the de-
velopment situation in connected departments be
made transparent, because everybody’s task is focused
on the end-product and not on semi-finished part-
products. As far as the engagement of subcontractors
is concerned, the Institut fiir Angewandte Arbeitswis-
senschaften (Institute of Applied Work Sciences) in
Cologne has drawn up a list showing four essential
features that characterize the relationships between a
“lean” company and its suppliers:

* Reduced number of suppliers
— vertical structure: the manufacturer alone con-
tacts the main, or level-one, suppliers, who in
turn contact the level-two suppliers, and so on;
— allocation of orders for entire component systems.
« Information exchange
— exchanging personnel in the development sec-
tion;
— joint cost analysis and fixing of supply prices
(Value Engineering);
— disclosure of production methods;
— the manufacturers announce production volume
changes in good time;
— feedback on supplier performance (quality).
« Partnership relationship
— outline agreements on business relationships;
— joint responsibility for costs;
— agreement on cost reductions to be achieved an-
nually, savings achieved by additional effort on
the part of the supplier remain with the supplier;
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— freedom in design changes within the scope of
the function specifications;

— support with production problems;

— mutual financial participation.

* Effective production

— just-in-time-supply to the assembly line;

— adaptation of component manufacture to fluctu-
ations in requirement at the manufacturer’s level;

— classification of manufacturers according to per-
formance (quality, delivery, deadlines);

— continuous improvement process.

Therefore Lean Production must result in the same ra-
tionalization effects with the subcontractors and the
guarantee that these cost advantages are passed on to
the manufacturer of the end product. This should be
achieved through partnership-like collaboration, dis-
closing cost accounting and the hierarchical structur-
ing of subcontractors [1.9.-3,1.9-4].

1.9.2.2 Tracking
Another important task in the coordination of inter-
nal workflows in a printshop is the securing of dead-
lines and order tracking. Keeping within tight time
schedules set by customers requires a strict monitoring
of deadlines, which is referred to as tracking. Frequent
last minute changes with respect to content also call for
transparent organization, by means of which the cur-
rent production status of each printed product can be
checked in the printshop at any time.

Previously, job tickets were used which followed the
product throughout the entire production process.
Duplicates were kept in the production control de-

partment and put up on a display wall for a better over-
all overview of production progress. Computer tech-
nology has made it possible to provide this overview
solely by means of computer programs and visual dis-
plays on the monitor. Below you will find a description
of a “Production Tracking” process explained through
the example of producing a newspaper.

Example: Newspaper Production Process
It is characteristic of newspaper production that at the
start of production the final form of a product is not
yet definite. Its content and structure may be changed
considerably “at the last minute” due to external cir-
cumstances. The product changes from day to day. Pro-
ductions plans must nevertheless be adhered to, so that
readers receive a complete product on time.

The newspaper production process can be sub-di-
vided into two clearly definable production stages:

+ The objective of the first stage is to create a master
copy (fig. 1.9-10). In this creative process the pages of
the newspaper are put together consisting of their
own editorial content as well as advertisements. Each
newspaper has two main prepress departments,
working in parallel on the production of master
copies: the advertising department sells available
space for advertising in the newspaper or creates
them itself. The editorial staff collects information,
with which it fills the pages of the newspaper, subject
to a complex selection and preparation process.

+ This is followed by the rapid production and distri-
bution of the “copies” of this master copy (fig. 1.9-11).
Production of these copies, the actual newspapers, is
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a linear production process. It comprises production
stages of platemaking, printing, insertion of pre-
prints, addressing of copies sent by post, stacking,
packing, transporting, and distributing. This repre-
sents a traditional production process that can be
planned, monitored, and optimized using resource
management methods and systems [1.9-5,1.9-6].

Production Management in the Newspaper Business
The problems involved in newspaper production come
from the fact that the production process must not ex-
ceed the time frame and the budget. Nowadays the pro-
duction management of most newspaper companies is
done by a small team of employees who store the nec-
essary information “in their heads” and make sure that
the newspaper is completed on time.

Especially for prepress, this type of production man-
agement is becoming more and more difficult due to
increasing computerization. The advent of more eco-
nomical and efficient text-, image- and page-process-
ing software for standard computers has given many
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newspaper publishers the opportunity to transfer to
digital production of the newspaper’s pages. Organiza-
tional structures are aligned with technical and func-
tional requirements. In the future the digital material
flow will be monitored electronically, since there is no
actual physical material that can be checked mechani-
cally or visually.

Events and objects in newspaper production will
now be tracked by function-related, local tracking sys-
tems, if tracking is done at all. Individual system solu-
tions are available from different manufacturers for
mailroom control, press control, page output, and
printing plate tracking. Apart from advertisement
tracking, system suppliers only recently started to fo-
cus on production tracking in the prepress sector.

The Need to Exchange Production Tracking Data
Between Systems

The tracking of the entire processing path of a page
from composition to platemaking and mounting of the
printing plates is only possible if the various individ-
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Fig. 1.9-11 Basic workflow model in newspaper production (IFRA)
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ual systems are able to exchange tracking data with each
other.

Therefore production tracking requires a process
that enables the printing press tracking system to
communicate with the mailroom system. It is even
more important that on the basis of this process, a su-
perordinate global level (company-wide production
tracking system) is created allowing management to
track production flows.

In newspaper printing operations there is a specific
need to extend production tracking and production
management over the entire production process, from
the drafting of reports and ad-taking to delivering the
newspapers. A global production tracking system must
tulfill the commercial requirements and should be fur-
nished with the necessary tools to obtain the parts of
information that are relevant for planning and deci-
sion-making on a superordinate level from the various
local systems. It should also take on the function of
communicating information between the different ar-
eas of responsibility within the newspaper production
process [1.9-7].

Ability of Local Systems to Communicate
It would be relatively easy to implement a global man-
agement system if all the tools used were part of one
and the same system from one manufacturer. In that
event, production monitoring could be undertaken
from a common database. This is not the case in the
newspaper industry, where various systems from vari-
ous manufacturers have to communicate with each
other. Therefore the implementation of a global man-
agement system calls for a standardized approach.
IFRA, the International Service Organization for
Newspaper and Media Technology has therefore created
astandard or arecommendation that is called IFRAtrack,
which establishes the form of messages that must be
transmitted from the local tracking systems to a super-
ordinate, global tracking system [1.9-8, 1.9-9]. The rec-
ommendation is based on three fundamental points:

+ Semantics: the scope and content of the tracking
messages to be transmitted are defined.

+ Syntax: the method is specified by which the track-
ing messages are to be described and encoded. The
systems transmitting and receiving the messages
must be clearly designated. The objects to which
the messages refer must also be clearly identifiable.
All this information must be encoded and present-
ed in readable form for the user.
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* Message exchange procedure: The procedure for ex-
changing tracking messages is also defined.

1.9.2.3 Quality Assurance

The assurance of product quality has a long tradition,
especially in the printing industry. Whereas previous-
ly the principle of quality checking took center stage,
nowadays the most effective form of quality control is
a company-wide quality assurance. Therefore in 1985
the ISO (International Organization for Standardiza-
tion) drafted an internationally applicable standard,
which it published in 1987 and in which the require-
ments for an internal quality assurance system were es-
tablished. This system was given the easily remembered
name of “ISO 9000.”

ISO 9000 does not specify product quality, but a
company’s ability to generate quality (fig. 1.9-12). In
practice the conclusion is often mistakenly reached that
the ISO gooo0 certificate is a guarantee of product qual-
ity. This was also a reason why the industry and its as-
sociations initially somewhat disapproved of the stan-
dard, especially as it did not address fundamental ele-
ments of product liability at all. Common terms that
the test should focus on are not included; for example,
risk reduction, damage analysis, the state of the art, the
accepted rules of technology and the state of science
and technology [1.9-10].

IS0 9000 Standards
The reference work of the ISO 9000 Series of Standards
is certainly not easy reading for anyone wanting to be-
come familiar with the field, because it is written in very
abstract terms, using a kind of official language similar
to laws. It requires additional comments and concrete
examples of the type that many relevant organizations
provide. The work consists of five substandards with
the abbreviated names ISO 9000 to ISO 9004 (fig.
1.9-13). As European standards they had been given the
designation EN 29000 to EN 29004. With national
standards often only the respective country code is pre-
fixed —in Germany “DIN”. In the United Kingdom they
are the British Standards (BS) 5750 Part o to Part 3.
Part standard ISO 9ooo precedes the others and pro-
vides a guideline to the selection and application of part
standards ISO 9001, 9002, and 9003. ISO 9001 describes
a system that includes the entire production line from
design/development to customer services and is there-
fore of relevance for newspapers, which produce their
own product. ISO gooz2 deals only with production and
is applied in the printing sector when outside products
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Fig. 1.9-12
The quality loop as per IS0 9000

Fig. 1.9-13
The structure and application of the
IS0 9000 standards
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such as packaging materials, labels, continuous forms,
books, leaflets, and commercial printed products are in-
volved. ISO 9003 is actually only applicable for service-
providers in a narrower sense (without their own prod-
uct manufacture), because it only implements final in-
spection and is therefore not used in printshops.

1.9.3 Production Layout

For efficient work in the production department, pro-
duction layout is of crucial importance, since it in-
volves defining for a long period of time an environ-
ment for the entire manufacturing process that cannot
easily be changed. Most printshops have a past history
and are not entirely planned anew from scratch, which
means that a multitude of given restrictions must usu-
ally be taken into account when planning the produc-
tion layout of a printshop. In sections 2.1.3 and in 8.1,
examples are provided of production layouts and of lo-
gistics/material transportation. In figure 1.9-14, the lay-
out for a new packaging printing company is shown by
way of example.

1.9.3.1 Material Flow

An important requirement for the layout of a printshop
is that it must ensure an optimal material flow. For the
general planning of a printshop, it is necessary to pro-
vide for the basic functions shown in figure 1.9-15.

The delivery of paper is organized in the incoming
goods department; itis usually brought to the printshop
by truck and sometimes by train. In large printshops the
daily throughput of paper can amount to 500 tons. Al-
though production is supposed to be “just-in-time” to-
day, a storage site is necessary for the temporary storage
of paper before it is printed. Production sequence de-
lays, unforeseeable production times, and scheduling
bottlenecks at the paper supplier must be absorbed
here, which means that today an average storage time of
one to two weeks is normal for the print-run paper. As
a rule, the delivery of ink is organized in an independ-
ent circuit, since here specific transport container sys-
tems are used that differ according to the level of ink
consumption (tanks, ink containers, drums, etc.).

Pressroom and paper store should be optimally
linked, so that in-plant transportation costs remain
minimal. Ideally, the printing presses should be posi-
tioned during installation so that the paper in-feed
links up with the paper storage site or is already a part
of the paper storage site. Here thought should be giv-
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en not only to the regular transportation routes but al-
so to situations in which an interruption of the pro-
duction sequence makes it necessary to return the pa-
per from the printing press to storage. Such situations
are not infrequent.

If the production process includes the finishing of
printed sheets, these must be stored at a buffer storage
site because, as a rule, the various print products can-
not be printed simultaneously, but finishing can only
begin when all product parts are available. In sheet-fed
offset printing, the storage of freshly printed sheets is
also necessary because the sheets take longer to dry:
The intermediate storage site can consist of open areas,
a shelf system, or an automated high rack store. It
should be situated as close as possible to the product
delivery of the printing presses.

From the buffer storage site the preprinted product
parts are conveyed to the product finishing area. In fin-
ishing, depending on the type of product to be finished,
there is not always a linear production process. More-
over, in individual stages of production, intermediate
products (e.g.,book blocks and book covers) are most-
ly produced that must be stored temporarily again in
each case. In a complex finishing process it is therefore
practically impossible, as a rule, to perfectly harmonize
the layout with the material flow in the production
process. Accordingly, the optimization potential in
many shops whose finishing area has increased gradu-
ally over the years is often large.

As a rule, the shipping department will be located di-
rectly downstream of the finishing area. If required, it
must also be coupled with a small buffer storage site.
As a rule, however, an effort is made to ship finished
products immediately. For reasons of traffic manage-
ment, the incoming and outgoing delivery depart-
ments are often concentrated at the same place in the
company, so that a U-shaped layout results (fig. 1.9-15).

Alongside the main product flow through the print
shop there is a multitude of secondary flows that are to
be taken into account in the layout of a printshop.
Thus, it should be ensured that the printing press is
supplied with printing plates. An additional supply of
printing plates must be secured in order to reduce to a
minimum costly printing press down-times, especial-
ly in unforeseeable production situations — for exam-
ple, when printing plates are faulty. Therefore, a near-
by printing plate production site needs to be included
in the planning. In modern printing companies the
printing plate imaging area is already located directly
next to the printing press. The storage and transport of
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Fig. 1.9-14
Plant of a package printing company. a
a Computer animation;
b Layout (Heidelberg)

Incoming/
b outgoing goods department

High-bay warehouse

T ‘ }_}

Prepress Printing press

Die-cutting machine Gluing station

other production materials such as printing chemicals,
auxiliary materials used in finishing, and packaging
material must also be taken into account.
Furthermore, the disposal of waste paper is to be
incorporated in the layout of a printshop. Sheet
spoilage in the printing area above all, as well as sheet
spoilage and final trimming in the finishing section,
result in paper waste that, depending on the print job,
can amount to 20—25% of the paper used. This paper

waste must be collected — after having been separated
as far as possible into unprinted and printed material —
and fed into the paper recycling system. In large
printshops, paper waste can be removed by suction at
the spot where it is produced and conveyed pneumat-
ically to a paper disposal center where it is then pressed
into bails.

In addition to this, in some printshops additional
material-flow components are to be taken into account
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Fig. 1.9-15
The basic functions in the layout of a print Plate-
shop ) making
Incoming goods:
paper . {
| Incoming | _, Ware_house L .
Ink/Preprinted goods for inks Print
products _| acceptance and paper
{ Paper .
l \ waste
Outgoing goods: __| | Finichina <l  Buffer
printed products DI e storage

when, for example, products preprinted in other seasonal variation, the failure risk for individual aggre-
printshops are included in finishing or a part of the gates, and so on, it is possible to determine an optimal

print production is not finished in the plant. machine capacity for the planned output volume. In
figure 1.9-16 an example of output volumes in a web
1.9.3.2 Capacity Planning offset printing system is shown. From this it is possible

Alongside optimal material flow, capacity planningis of ~ to derive the necessary transport capacities for removal
decisive importance for the layout of a printshop. For  of the finished prints. These volumes are to be taken in-
economic reasons, optimal utilization of the machines to account in the layout of the transport routes and in
used is to be aimed at. On the basis of factors such as  the organization of storage in the buffer storage facility.

Fig. 1.9-16 -
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Furthermore, by considering the relations between
personnel costs, capital costs, and the local regulations
for shift, night, and weekend work, it is possible to de-
termine a least-cost machine loading. As a rule, capi-
tal-intensive production lines such as web presses must
be used as continuously as possible, while steps requir-
ing large numbers of staff, such as finishing, are most
economical without night shifts.

Thus, there is a suitable number of machines in each
stage of production whose utilization, of course, is al-
so harmonized with the planned production variants.
It is precisely in the case of complicated, multistage
production in the finishing process that the ideal ca-
pacity is determined by a large number of product pa-
rameters. For example, the process speed of thread-
stitching depends on the number of pages per book
(see sec. 7.2.5.2); if books with a large number of pages
are produced, the number of finished books is corre-
spondingly smaller. In the alternative perfect binding
process, however, book output is independent of book
thickness. In figure 1.9-17, a block diagram for book
production in which the important parameters of in-
dividual stages of production are specified, is shown by
way of example.

For layout planning, flexibility with regard to in-
creasing the number of machinesis also called for when
deciding how many machines are necessary (for exam-
ple, installation of another thread-stitching machine
should be possible if market trends turn in favor of
books with many pages). Moreover, a personnel ad-
justment or the operating of various machines by two
employees is also to be considered when planning the
arrangement of the machines.

1.9.3.3 Personnel Deployment and Supply of Utilities
The third important factor in optimization is person-
nel placement. Machines should always be installed so
that they can be operated with the minimum amount
of work. Accordingly, control desks, product delivery,
supply points, and so on, are to be positioned so that,
as far as possible, they can be accessed centrally and
monitored from one point. If, for individual machine
sets, these parameters are predetermined by their de-
sign, there exist optimization possibilities when in-
stalling the machines in linked production lines or
when forming machine groups. In particular, the mon-
itoring of several machines by one employee requires
that the machines are arranged in a suitable way.

Alongside the actual operating of the machines, the
ancillary activities of the employees are also to be taken
into account in the layout. Particularly long access ways
that cause an employee to be absent from the machine
to be actually operated affect total productivity. This is
to be taken into account in the positioning of storage
and service rooms, toilets, refreshment areas, and so
on.

The supply of machines with utilities is particularly
relevant to the layout of a production facility. Along-
side the power supply, thought must be given to the
supply of compressed air and cooling water in a large
printshop. Furthermore, after-burning of the solvent
near the dryer is to be provided for in the case of web
offset printing systems, while in gravure printing a re-
processing of the solvent is necessary. Here the partic-
ular conditions of the site are always decisive for the op-
timal solutions.
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Fig. 1.9-17

Block diagram for book production (example with various material flows): Explanation of the figures: Productivity in pieces per hour [pcs/h];
average printshop index B =100 for one-shift or B = 200 for two-shift production; Pers.: average manpower for operating the unit.
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Offset printing is an indirect lithographic printing
technology (see also sec. 1.3.2.3). Offset printing has
spread markedly since approx. 1970 and has, to a great
extent, ousted the letterpress printing technology
which prevailed until that time. The offset printing
technology is now the major printing technology.

21.1 Basic Principles

2111 Process

In the offset printing process the printing and non-
printing areas of the plate are practically on one level.
The printing areas of the printing plate are oleophilic/
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2.1.4.1 Press Remote Control Systems ........... 298
2.1.4.2  Color Measurement and Control Systems .. 300
2.1.4.3 Register Measurement and Control ....... 307
2.1.4.4 Inspection of the Printed Image .......... 308
2.1.4.5 In-line Print Quality Measurement and

Control Systems . ............ooui.... 312
2.1.4.6 The State of the Art in Remote Control,

Measurement and Control Systems ....... 317
2.1.5 Automation in Print Media Production .... 319
2.1.5.1  Wash-up Procedures ................... 320
2.1.5.2 Plate Changing ....................... 321
2.1.5.3 Sheet Size and Paper Travel Adjustment ... 323
2.1.5.4 Ink Feed Presetting in the Printing Unit ... 325
2.1.5.5 Ink and Dampening Solution Supply . .. ... 328
2.1.5.6 Makeready for Print Production.......... 329
2.1.6  Examples of Offset Printing Presses and

Production Systems . . .................. 333
2.1.6.1  Sheet-fed Offset Printing Presses ......... 333
2.1.6.2  Web-fed Offset Printing Presses/Systems ... 338
2.1.7  Potential for Further Development ....... 354
2171 PrintQuality .......... ... Ll 354
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2173 Drying ... i 356
2.1.7.4 Automation ..................0.0an.n. 357

ink-accepting and water-repellent, that is, hydropho-
bic. The non-printing areas of the printing plate are hy-
drophilic, consequently oleophobic in behavior. This
effect is created by physical phenomena at the contact
surfaces (figs. 2.1-1 and 2.1-2).

The dampening system covers the non-printing areas
of the printing plate with a thin film of dampening so-
lution. This dampening solution (water plus additives)
spreads over the non-printing areas. To achieve good
wetting, surface tension has to be reduced by means of
dampening solution additives. In extreme cases, reduc-
ing the surface tension of the dampening solution too
much can result in too great an emulsification of print-
ing ink and dampening solution, leading to a situation
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2.1 Offset Printing

Fig. 2.1-1

Offset printing (lithography).

a Components of a printing unit;
b Basic principle

(see also fig. 2.1-8)
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Fig. 2.1-2 Wettability of surfaces and wetting angles

where an exact separation of printing and non-printing
areas on the plate is not achieved when inking.

The perfect offset printing process depends on many
chemical and physical specifics of the materials and
components involved in the process. The most impor-
tant are given in the following list:

« Influence of the printing plate
— surface tension of the ink-accepting areas,
— surface tension of the dampening solution-
accepting areas,
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— surface roughness, especially of the ink-free/
non-image surface,
— capillary attraction, microstructure of the non-
image surface,
— type of materials,
— production methods in making the offset plate
(mechanical or electrolytic graining, etc.);
+ Influence of the inking rollers
— characteristics of the roller coverings,
— surface tension of the roller material,
— surface roughness,
— viscoelastic properties of the rubber coverings,
— throw-on (pressure in the nip), adjustment,
— concentric running;
« Influence of the blanket
— surface tension of the blanket,
— surface roughness,
— compressibility,
— ink acceptance and ink transfer behavior,
— tone value transfer behavior,
— setting/swelling, release behavior, hardness,
dimensional stability;
« Influence of the ink
— surface tension, contact surface tension in rela-
tion to the dampening solution,
— rheological properties (viscosity, tack, etc.),
— temperature behavior,
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— dampening solution absorption/emulsification
behavior (leeway between smearing limit and
water vanes),

— running clean behavior during start-up,

— ink composition,

— drying behavior;

« Influence of the dampening solution

— water hardness/impurities,

— dampening solution additives (alcohol, deter-
gents, buffer agents),

— pH value, surface tension,

— rheological properties (viscosity, tack),

— dependence on temperature of the rheological
characteristics;

« Influence of the substrate

— printability properties (smoothness, absorption
capacity, wettability),

— pH value of the substrate,

— workability properties (tension/stretch behavior,
picking, tearing);

« Influence of the printing press (on print quality and
process stability)

— design of the printing unit (accurate, stable,
vibration absorbent, etc.),

— design of the inking unit (front-heavy, back-
heavy, free surface, little retroaction),

— design of the dampening unit (contact dampen-
ing, non-contact dampening),

— design of the ink feed system (ink metering),

— temperature control.

This short overview shows that the offset printing tech-
nology must be viewed as a multiparameter system.
Changing just one of the parameters can have an im-
mediate effect on the printing process.

Offset printing is a technology that is clearly deter-
mined by interfacial processes, of both a physical and
a chemical nature. The fact that homogeneous phases
(e.g., pure water) are hardly ever involved in this
process, and that more often than not it is a matter of
mixed phases (e.g., water in which other substances
have been dissolved) or even compound phases (e.g.,
printing ink, a dispersion of solid and fluid content)
makes the understanding of how the various “partners”
involved in this process interact more difficult.

To understand the actual mechanism of ink transfer
in offset printing it must be taken into account that the
contacting liquid films are always split in addition to
the wetting process. Therefore, if a film of ink and a film
of water come into contact with each other, the deci-

sive factor in the transfer of ink is not whether there is
some sort of repulsion, but in which liquid cross-sec-
tion splitting occurs. Splitting depends to a great extent
on the cohesion of the liquid film. Offset inks have
higher cohesion properties compared to water, which
in turn means that splitting always takes place in the
water film and not in the ink film.

Since it is always the water film that splits, any con-
tact between printing ink and water has the effect that
water remains on the ink film (and may consequently
also penetrate the ink in an emulsified form). The
spread coefficient determines whether the water
spreads over the ink surface or not.

So that water is not repelled by the ink, the contact
surface tension between ink and water must not be too
high. Studies have shown that the contact surface ten-
sion primarily affects the water adsorbed on the ink
surface, whereas the proportion of emulsified water de-
pends on the cohesion of the ink.

As there is water on the ink film surface of the print-
ing plate, the ink must also be able to displace the wa-
ter from the image areas during inking (the water film
reaches the image area first via the dampening unit).
This does not cause problems, provided that the image
area has already been inked.

Both the printing plate with its special properties and
the ink and dampening solutions play a fundamental
role. In conventional offset printing the interaction of
surface tension between printing plate and ink is
achieved by the addition of dampening solution. The
same basic principle is applied in waterless offset print-
ing, but with different surface/materials combinations.
Consequently the surface of the waterless printing plate
is made up of a highly ink-repellent silicone coating. Sil-
icone oil is mixed into the printing ink, so that a sepa-
ration layer forms when the ink comes into contact with
the plate. Ink is only accepted on areas of the printing
plate in which the silicone coating has been removed.

Waterless offset printing requires ink of comparative-
ly high viscosity. Due to the milling operation in the
inking unit, the inking form rollers get too hot (up to
50 °C); and the cooling effect offered by the dampen-
ing solution is also not present, which causes scum-
ming effects. The temperature of the inking unit must
therefore be stabilized. This may be done either by
means of distributor rollers with water flowing
through them or by an air current (very often in con-
junction with plate cylinder cooling). The temperature
of the inking form roller should not exceed 28-30 °C.
Waterless offset printing is particularly suitable for fine
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and very fine screens (low dot gain). The absence of
dampening solution in this process simplifies the
printing unit set-up, meaning that the desired produc-
tion run quality is achieved more quickly. The absence
of the cleaning effect provided by the dampening solu-
tion is a disadvantage and hickeys and paper dust de-
posit easily on the blanket and printing plate. The po-
tential of waterless offset printing is dealt with in
greater detail in section 2.1.7.

2.1.1.2 Printing Plates, Printing Ink, Dampening
Solution

Printing Plates
The plates used in offset printing are thin (up to about
0.3 mm), and easy to mount on the plate cylinder, and
they mostly have a monometal (aluminum) or, less of-
ten, multimetal, plastic or paper construction. Alu-
minum has been gaining ground for along time among
the metal-based plates over zinc and steel. The neces-
sary graining of the aluminum surface is done me-
chanically either by sand-blasting, ball graining, or by
wet or dry brushing. Nowadays, practically all printing
plates are grained in an electrolytic process (anodiz-
ing), that is, electrochemical graining with subsequent
oxidation (fig. 2.1-3).

The imaging, ink-accepting coating (light-sensitive
coating, thickness around 1um) is applied to the base

material. This material is usually a polymer, or copper
in the case of multimetal plates (bimetal plates). Light-
sensitive, diazo (photopolymer) pre-coated aluminum
printing plates are now the predominant plates in
printshops. The image transfer is produced via the dif-
ferent properties on the surface of such plates after they
have been exposed and developed. The remains of the
original light-sensitive coating or the light-sensitive
coating changed by the effect of light are the ink-ac-
cepting (oleophilic) elements that create the image.

The thin coating of aluminum oxide created by the
special treatment of the aluminum base material a par-
ticularly stable water-attracting (hydrophilic) surface
with special retention properties. In processing a pre-
coated offset printing plate the essential task lies in
achieving surface differentiation using two basic steps,
exposure and developing.

Chemical changes occur as a result of the penetra-
tion of photo-effective (actinic) light (light containing
UV rays), causing the light-sensitive coating to react
differently depending on its type and structure. There
are two types of photochemical reactions when devel-
oping the printing plate:

+ hardening of the light-sensitive layer by light (nega-
tive platemaking),

+ decomposition of the light-sensitive layer by light
(positive platemaking).

a Scale: ——— 100 pm

b Scale: ——— 10um

Fig. 2.1-3 Aluminum printing plate with halftone dots.
a Magnified a hundred times;
b Magnified 2000 times
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If the light-sensitive coating is hardened photochemi-
cally, it becomes insoluble for the developer in the ex-
posed areas. If, on the other hand, the light-sensitive
coating is decomposed photochemically, the developer
removes the exposed light-sensitive coating from the
base (e.g.,aluminum). These two different platemaking
processes (positive and negative platemaking) require
different exposures to create images,that is, different
types of films that are produced in advance (fig. 2.1-4).

With positive platemaking and conventional printing
plate production, a positive film is used as the original,
that is, the non-translucent, blackened sections of the
film correspond to the ink-accepting surface elements
on the plate. As illustrated in figure 2.1-4a, if light falls
on the ink-free areas during exposure, the light-sensi-
tive layer “decomposes,” which results in the non-im-
age areas being uncovered (in this case aluminum) dur-
ing the developing process. This process has the disad-
vantage that film edges and dust, that is, the darker
areas on the film compared to the translucent image ar-
eas on the film copy, are sometimes reproduced on the
printing plate as ink-accepting surface elements.

In the case of negative platemaking with “negative
plates” a negative film is used as an original, that is, the
ink-accepting image areas of the printing plate corre-
spond to the translucent, light areas on the film. As
shown in figure 2.1-4b, the light-sensitive coating is
hardened on the printing plate by light, so that it stays

Exposure
L]

Film layer — 3
Light sensitive layer

Carrier base

Printing plate

Aluminum base

| 1. Exposure under vacuum |

Carrier base Exposure

Original/positive film
(light-proof areas
are inked in the print)

in place after the developing process, as opposed to the
unexposed areas, which are removed.

The developed plates are then gummed up to protect
the plate surface and preserve the plate. The finished
printing plate will, of course, be identical in informa-
tional content regardless of whether positive or nega-
tive platemaking is used. Only the kinds of film used
for production are different. Different characteristic
curves between the tone value of the film and that of
the plate must be taken into account in prepress.

Whether to use positive or negative working plates is
a fundamental decision to be made by the printshop.
Many printing plates can be heat-treated (baked) after
developing to increase their service life.

For smaller formats, single-color or multicolor jobs
on medium-quality, polyester-based plates are for rea-
sons of cost preferred over aluminum plates as their di-
mensional stability is lower.

For quality assurance and monitoring during
platemaking, control elements are copied onto the
plates. Standardized elements are available, for in-
stance, in accordance with FOGRA’s standardization
concept [2.1.-1] with a wedge, such as the PMS or the
UGRA offset test wedge (see sec. 3.1.7.2 and 4.3.7).

Thermal Plates

Alongside conventional printing plate systems, ther-
mal plates have been developed for digital imaging.

Ink-accepting

—

2. Etching of the 3. Development
light-sensitive (exposed areas
area are dissolved)

Ink-accepting

Film layer

Printing plate[

b

Light sensitive layer

Aluminum base

] 1. Exposure under vacuum \

Fig. 2.1-4 Platemaking.
a Positive platemaking;
b Negative platemaking

Original/negative film
(transparent areas
are inked in the print) [ |

2. Hardening the
light-sensitive
layer

3. Development
(unexposed areas
are dissolved)
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(These plates are described in sec. 4.3.9 in connection
with computer to plate technologies.) A polyester-
based waterless offset plate is shown in figure 2.1-5 as
an example of a plate that is imaged by thermal abla-
tion using laser light. Platemaking processes are de-
scribed in detail in section 4.3.9.

Printing Ink
The ink used in offset printing is usually a highly vis-
cous mixture having the basic components of ink pig-

a
Laser beam (imaging)
Ink-accepting surface
Ink-repellent surface
Silicone layer
<< Tum / ¢

}

~3um
Heat absorbing Carrier (polyester+)
layer
b
Fig. 2.1-5
Waterless offset plate with digital imaging by thermal ablation
(Heidelberg/Presstek).

a Plate structure with imaging;
b SEM shot of the plate surface
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ment, vehicle (binder), additives, and carrier substance
(see also sec. 1.5.2).

Ink pigments can have either an organic or inorgan-
ic nature. The pigments determine the hue of the print-
ing ink. They consist of solid, irregularly-shaped parti-
cles that are about 0.1-2 um in size.

Vehicles (binders) are needed to bind the pigment,
which is supplied in powder form, to the substrate.
Vehicles also form a protective film around the
pigments so that they are protected from mechanical
abrasion. The composition of the vehicles depends on
the printing technologies and substrate to be used.
The vehicles used in the production of printing ink
are also called “varnishes”. The real know-how of the
printing ink manufacturer lies in the creation of
the formula and the preparation and combination of
the individual raw materials which make up the
vehicle.

Additives can be mixed into the ink to achieve spe-
cific properties and to overcome specific printing prob-
lems. The additives and their specific uses are listed
with examples in table 2.1-1.

Mineral oils are used as carrier substances for offset
inks. They fulfil the function of transporting the ink
and are removed again in the drying process (evapora-
tion, absorption). Conventional offset inks dry by
absorption, evaporation and, depending on the type of
ink, oxidation (see secs. 1.7.1 and 1.7.2). In addition to
these most commonly used inks, there are inks that
cure by radiation cross-linking (see sec. 1.5.2.1 for UV
and electron radiation). The structure of these inks is
completely different than that of conventional inks. UV
inks are available for both conventional (with damp-
ening solution) and waterless offset printing.

Dampening Solution

In the conventional offset printing process the damp-
ening solution is used to separate the image and non-
image areas, that is, to prevent the transfer of ink onto
non-image areas of the printing plate. The dampening
solution consists mainly of water. Experience has
shown that in conventional offset printing the damp-
ening solution should have a pH value between 4.8 and
5.5 and the water used in the dampening solution
should have a hardness level of between 8 and 12° dH
(1.43 and 2.14 mmol/liter; 1 mmol/litre =100 mg
CaCOj per 1 liter water). Dampening solution usually
contains plate preservative agents, wetting agent, iso-
propyl alcohol (IPA), buffer substances, and anti-mi-
crobe additives.

1
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Interaction and effect

Types

Linseed oil Thick varnish, tacky, increases viscosity.
varnish—
highly viscous
Linseed oil and other drying oils.
Weak varnish, reduces stickiness, makes the ink
shorter and thinner.

For oxidative drying.

Low-viscosity mineral oils, partly combined with
drying oils.

Reduces tack, makes the ink shorter and thinner

Print paste Waxes and similar substances which are dissol-
ved in oils. Reduce the tackiness like liquid thinner,
but without changing the viscosity.

Jellied thinning agent: thickened mineral oils and
other oils with different additives with thixotropic

Drying agent

— Siccative
(liquid)

— Drying sub-

stance (solid)
Binder with transparent pigments. Increases

Alumina

hydrate tackiness, lightens up.

LUTES Wax with oxidative drying oils; makes the surfa-
(CHOENTEN G ces smoother to reduce friction.

Antistaling Spray. Highly volatile solvent.

agent

Table 2.1-1 Additives for inks and their areas of application

properties.

— Cobalt = Surface dryer
— Mangan = Internal dryer

Gum arabic is used as plate preservative. Wetting
agents and IPA are used to reduce surface tension. Fig-
ure 2.1-6 shows the effect of reducing surface tension
by a dampening solution additive. Admixed buffer
agents are used to stabilize the pH value.

Metallic compounds dissolved in solvents or oils.
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Antimicrobe additives are essential if the dampening
solution is prepared for several offset printing presses in
a central additive metering unit. Without these additives
the pipes would become clogged due to the growth of al-
gae. Alcohol-free dampening solutions contain alcohol
substitutes such as glycol, instead of isopropyl alcohol.
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—

Surface tension of the
dampening solution o [mMN/m]

5T

70 1

45 +

204

2

Y

% Additive

Fig. 2.1-6
Dependency of dampening solution’s surface tension on the con-
centration of a dampening solution additive

21.1.3 Inking Unit, Dampening Unit, Printing Unit
Inking Units

During the printing process, a thin film of ink is trans-
ferred from the image areas of the plate to the substrate
(ink film thickness on the substrate around 1pm). The
inking unit’s function is to provide a constant supply
of fresh ink to the image areas on the plate to maintain
a constant inking process. The amount of ink “used
up” must be fed back to the system. There must be an
equal balance between ink fed and ink dispensed in or-
der to avoid variations in the ink density on the print-
ed image.

Another important factor for the print quality is the
uniformity of the ink film thickness on the image areas
of the plate or the image areas of the substrate. (Itis a
postulate of offset printing that the film of ink should
be of the same thickness across the entire printed
sheet. Reproduction technology for the creation of
color separations is based on this principle). Conse-
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quently, the criteria determining quality are:

+ temporary fluctuations of the average ink film
thickness (quantity balances) and

+ uniformity of the ink film thickness on the image ar-
eas of the plate or the printed areas of the substrate.

These parameters are dependent on the structural de-
sign of the inking unit. The quality of the microscop-
ic full-tone density and the individual dots on the sub-
strate depend primarily on the roughness of the sub-
strate, the microgeometry of the plate and blanket, and
the rheological properties of the ink.

In an inking unit like the one shown in figure 2.1-7,
ink is fed intermittently via the oscillating vibrator
roller H. The vibrator roller H receives a relatively
thick ink stripe from the ink fountain roller and trans-
fers part of this stripe to the first roller SO of the ink-
ing unit. The quantity of ink supplied via roller SO is
determined by the ink zone aperture a, the rotary mo-
tion of the ink fountain roller (in most cases intermit-
tently), the vibrator roller frequency, and the speed of
the inking rollers. In addition to these vibrator-type
inking systems there are also continuous/film-type ink-
ing systems (see fig. 2.1-15).

All the rollers of the inking unit (apart from rollers
D and H) have the same circumferential speed as the
plate and/or blanket cylinder. Apart from a negligible
stretch slippage [2.1.-2] caused by deformation be-
tween stiff and the flexible rollers, the system works vir-
tually without slippage. The applied ink stripe is split
and transferred several times. The quantity of ink in the
inking unit depends on the number of inking rollers
and/or the size of their surfaces. With an optimal de-
sign the inking form rollers A1—A4 will produce a rela-
tively constant ink film on the image areas of the plate
cylinder rather independent of the printed image, that
is, after the last ink form roller A4, the oleophilic areas
are inked with a practically even ink film.

Part of the ink film is applied to the substrate in the
printing zone (between blanket and impression cylin-
der). A distinctive feature of offset printing plates is
the fact that the printing and non-printing areas are
on one level. To separate these areas a very thin (ap-
proximately 2 pm) dampening solution film is applied
to the plate by the dampening unit. Part of the damp-
ening solution is printed, part emulsifies together
with the ink, and part evaporates.

The mass balance of the quantity of ink “printed”
and the quantity of dampening solution consumed
must correspond to the respective quantities fed. If
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Ink fountain roller Vibrator roller

/ Rider roller

Inking unit

E e‘e Distributor roller
G (axially oscillating)
a e e Ink form roller

Dampening

Blanket cylinder

Impression
cylinder

Fig. 2.1-7
Diagram of an inking unit and dampening unit of an offset printing
press

this is not the case, temporary variations in average
ink-film thickness arise.

Intermittent ink supply (vibrator and ink fountain
roller) and the intermittent transfer of ink onto the
substrate (non-printing and printing elements on the
plate) imply that in reality there is no such thing as a
precisely continuous, constant ink flow. The ink-split-
ting processes between the individual contact sections
(nips) and the splitting in the inking unit need to be
taken into consideration.

Figure 2.1-8 shows a simplified model of an inking
process with an ink form roller to illustrate the cre-
ation of retroactive disruptive effects [2.1-3] during the
application of ink (fig. 2.1-8). The layer of dampening
solution is not to be taken into account for this mod-
el. Before the inking process starts there is a film of ink
with thickness S, on the ink form roller. The printing
elements on the plate carry a residual ink film with
thickness S,. This means that after inking, the printing

element on the plate has the new ink film S, and at the
relevant location on the ink form roller the ink film of
thickness S, remains. Using the ink-splitting factor o
(given that the ink films are closed, and not as shown
in fig. 2.1-8 in segments) the ink film thicknesses of S,
and S, turn out to be

S,=a(S,+5,)
S,=(-a) (5, +5,).

Figure 2.1-8a shows that directly before and after the
point having the thickness S,, the ink form roller has a
film thickness S,. This means there is an irregularity in
the film thickness with the difference As = S,-S,. This
difference is reduced by the turning distributor roller
(see fig. 2.1-7) and by feeding new ink via the inking
unit although it is not completely eliminated. This dif-
ference then becomes apparent in the printed areas on
the substrate so that the ink film is not perfectly even
over the printing elements but there is a more or less
distinct relief in the film that could impair the print-
ing quality to a greater or lesser extent (ghosting, see
also fig. 2.1-17 ), depending on the inking unit design.

Figure 2.1-8b shows the basic ink-splitting process-
es and film thickness ratios from plate cylinder up to
the printed sheet. This representation was based on an
ideally constant ink-splitting factor o = 0.5 and a con-
stant film thickness on the plate of S,

There are two approaches to developing/designing
offset inking units:

+ the experimental approach and

+ the theoretical or computational approach (further
information on inking unit design can
be found in sec. 13.1.3.2).

The experimental approach requires the construction
of several offset printing unit prototypes or one very
variable prototype used for printing tests. So that uti-
lizable results can be achieved, the technical printing
parameters must be kept constant.

The theoretical approach simulates the transporta-
tion of the ink and dampening solution in the inking
unit using computers and a corresponding computer
program.

The ink-transfer functions constitute the basic ele-
ments of a theoretical model for computing the ink and
dampening solution transport. Distinction has to be
made between two types of ink transfer in an offset ink-
ing unit. In the actual printing process, ink and damp-
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Plate cylinder (PC)

Fig. 2.1-8 Ink transfer in the inking unit.
a Ink transfer from the ink form roller to the plate cylinder;

Ink flow from
the inking unit

" Inkfilm
[J@— thickness unit

)

Ink film on

Impression cylinder
the substrate P Y

(IC)

b Ink transfer from the printing plate to the substrate (the numbers for the “ink film thickness units” correspond approximately to pym)

ening solution are transferred to a surface on which no
printing has yet taken place (for the printing of further
color separations, the ink is usually transferred onto an
already preprinted paper surface). The surface proper-
ties of the substrate (such as wettability, porosity and
roughness) play a decisive role here.

The first instance, that is, the correlation of ink trans-
fer from the printing plate to the substrate, has been ex-
amined in detail by Walker and Fetzko [1.3-3]. They
found that the ink transfer process can be expressed by
the relationship described in section 1.3.2.

The second kind of ink and dampening solution
transfer exists when a dampened surface that is already
ink-accepting is in contact with another ink- and
dampening-solution-carrying surface.

Ink splitting cannot be described by a constant ink
splitting factor if dampening solution is present. The
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ink splitting factor is dependent on the dampening so-
lution feed. Suggestions with respect to a functional
correlation of this kind were made in [2.1.-4].

The inking unit system given in figure 2.1-7 shows a
typical front-heavy configuration. The main flow of
ink is fed to the printing plate via the first ink form
rollers A, and A,. Rollers A, and A, only transfer a small
quantity of ink to the printing plate and essentially per-
form a smoothing role. (A computational estimate
produces the following percentage ratios for the final
film thickness of S, (fig. 2.1-8) fed by the individual
plate rollers (fig. 2.1-7): A1 = 45%, A2 =38%, A3 =10%,
A4 = 7%.) This means that fluctuations in film thick-
ness present on the printing elements of the plate are
reduced. Ideally, all the printing elements of the plate
should have ink films of the same thickness. In reality,
however, fluctuations of film thickness do exist. The
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smaller they are, the better the inking quality of the ink-
ing unit. This is defined by the degree of irregularity ).

n=7s"‘§" ™0 100%
average
Snax the maximum ink film thickness on the
plate printing elements,
Smin the minimum ink film thickness on the
plate printing elements,
Saverage  the arithmetic average of the ink film

thickness of all plate printing elements.

Theoretical and practical experiments [2.1.-5] have in-
dicated that the inking behavior of front-heavy inking
units is clearly better than that of back-heavy systems.
Therefore modern offset inking units in web-fed and
sheet-fed presses are usually designed as front-heavy
systems.

Another option for increasing inking-up quality is to
install additional rider rollers, which smooth the ink film
on the rollers in the main ink flow (figs. 2.1-7 and 2.1.-9).
Various inking unit designs are shown in figure 2.1-10.

These roller-type inking units consist of a number of
alternating stiff and flexible coated rollers. The stiff

Ink fountain roller

Vibrator roller

Intermediate roller

Ink form roller

roller

Plate cylinder

Uneven ink
film

Ink film with
|ittle retroaction

Fig.2.1-9
Inking unit with film-thickness smoothing system on the plate
cylinder

rollers (hard surface) generally perform a reciprocating
movement in a transverse direction (they are also re-
ferred to as “distributor rollers”) to smoothen out the ink
profile on the roller surface and the scores/lines in the
ink which appear in the travel direction of the sheets.

Newspaper presses, which have lower print quality
demands than commercial presses, also use ink-zone-
free short inking units or “anilox inking units” (fig. 2.1-11,
see also sec. 2.1.3.5). These inking units have a simpler
design than conventional inking units and offer the
great advantage that the inking unit is in stable equi-
librium after only a few revolutions due to the low ink
storage capacity. The main disadvantage of these sys-
tems is that they require inks with lower viscosity than
conventional inking units, which leads to a high dot
gain during printing.

Like a gravure cylinder, the anilox roller (fig. 2.1-11)
has cells. These cells all have the same filling volume.
Wear is an important consideration as the excess ink is
squeezed off the roller, although adequate service life is
ensured with the materials used nowadays (ceramic
screen roller, blade made from high-alloy material).

Dampening solution metering is particularly critical
with short inking units, the dampening solution that is
not taken up by the printing plate cannot evaporate on
its short path to the ink fountain, which means it col-
lects in the ink fountain. The main advantage of short
inking units is the ink-zone-free ink feed, especially
with “anilox inking units”.

Conventional roller-type inking units need special
ink feed systems with the option of metering the ink in
the ink zones. Examples include fountain roller blades
and fountain roller, ink zone systems.

As illustrated in figure 2.1-12, a flexible ink blade can
be adjusted at varying distances to the ink fountain us-
ing ink screws to adjust the amount of ink taken out of
the ink fountain. This ink blade system is not without
side effects (cross talking). The ink blade can be designed
to rest as a beam on n supports (n the number of ink
screws). Adjusting a single ink screw may affect not on-
ly the zones right next to it, but the entire system. There-
fore printing press manufacturers have developed vari-
ous solutions for ink zone systems free from side effects.

The following is a short description of the ink zone
system from Heidelberger Druckmaschinen AG (fig.
2.1-13). The ink film defined in thickness is created by
the interaction of ink fountain roller and adjusting
cylinder. The adjusting cylinder has an eccentric sec-
tion which ends just in front of the cylinder so that
rings are produced that rest on the fountain roller. As
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Fig. 2.1-10

Inking unit designs for offset printing units.
a Speedmaster 102 (Heidelberg);

b Roland 700 (MAN Roland);

¢ Rapida 104 (KBA)

Plate cylinder

Blanket cylinder
Paper web

— Plate cylinder

Brush roller — Ink form
dampening @ roller
system Blad
& " o
é@ @ 21 Anilox roller
@ "~ Ink fountain

roller
Ink fountain

Fig. 2.1-11
Example of a “short inking unit” in an offset printing unit for news-
paper printing

shown in figure 2.1-13b, ink-free areas are produced
that on the fountain roller as a result of supporting the
adjusting eccentrics. This is compensated for by the
axially oscillating distributor rollers in the inking unit
so that the plate is covered in an evenly closed ink film
in line with the print image. A cover foil is inserted be-
tween the ink fountain roller and the adjusting cylin-
ders, which also facilitates cleaning the ink fountain.
Due to its structural design the system automatically
compensates for both inaccuracy in the concentric
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b c
Ink fountain blade
Ink fountain
Ink fountain roller

Ink-adjusting

SCrew \

Support
Setholt
Fig. 2.1-12

Ink fountain with continuous ink duct blade and ink fountain screws

running of the fountain roller and expansion due to
heat and, as such, can be described as a self-stabilizing
design.

Other ink zone systems with no side effects have al-
sobeen developed, such as ink slides or slotted ink duct
blade and doctor blade systems (fig. 2.1-14).

Conventional inking units (as shown in fig. 2.1-7)
therefore require adjustable ink feed systems since ink
consumption varies across the width of the pressin ac-
cordance with the image. The ink zone elements
and/or the ink fountain blade have to be adjusted ac-
cordingly (see also fig. 2.1-13).

Dampening Units

Conventional offset printing requires a dampening sys-
tem to supply a very thin film of dampening solution
(approx. 2 um) to the non-printing elements of the
printing plate. Since part of the dampening solution is
printed via the ink, plate, and blanket and another part
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\

Ink fountain
liner (plastic
cover foil)
Adjusting
cylinder

d

Ink film thickness

Ink fountain
roller

Ink fountain
liner
Adjusting

, cylinder
1
32.5mm

Ink film thickness

=
<

Ink zone

width

Ink profile

N
N \

Print sheet

N
4 A Ink strip width
——— Ink zone aperture/opening high
Ink fountain

Fig. 2.1-13 CPC ink fountain with zonal ink feed adjustment free from side effects.

a Ink fountain;

b Adjustment eccentric (adjusting cylinder);
¢ Ink fountain in the printing unit;

d Diagram of zonal ink feeding (Heidelberg)

evaporates, it is necessary to have a constant supply of
dampening solution. Continuous/film-type dampen-
ing units are shown in figures 2.1-7 and 2.1-10,and a con-
tact-free brush-type dampening system is shown in fig-
ure 2.1-11. Other dampening system designs are shown
in figure 2.1-15.

Dampening units have developed from the “damp-
ening roller” used to dampen the lithographic stone.
Vibrator-type dampening systems and continuous-
flow dampening systems are systems with contact be-
tween the dampening solution pan, the dampening vi-
brator, and the printing plate. The disadvantage of
these dampening systems lies in the fact that substances

(e.g., particles of ink, paper dust) can get from the
printing plate into the dampening solution pan and
can lead to contamination. This problem does not oc-
cur in dampening systems that are contact-free or
where there is no feedback from plate or ink flow. The
amount of dampening solution has to be metered very
accurately, as excess dampening solution cannot flow
back from the printing plate into the dampening sys-
tem with these systems. The systems are known as
“brush-type and centrifugal dampening systems” (fig.
2.1-15d and e).

Vibrator-type dampening systems (fig. 2.1-15a) often
have dampening rollers covered with absorbent mate-
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Fig. 2.1-14
Ink fountain systems with zonal adjustment
(free from side effects).

a Metering lever system (Model: Color-
tronic, KBA);

b Ink slide system (Model: RCI/CClI,

MAN Roland);

¢ Ink knife system (Model: CPC/Weh,
Heidelberg)
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(cover foil) \
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Adjusting spindle

Slotted ink blade
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|

Ink fountain roller
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per ink zone
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Vibrator roller
(rubber coating)

Chromium-plated
intermediate
roller

Plush rollers

-

Ink and /

dampening
form roller

N

b Distributor roller

Intermediate roller to the inking unit
(can be engaged and disengaged)

e

Chromium or
/ceramic coating

Water pan
roller (soft

/ coated)

N

Dampening form
roller (soft)

separately driven
(hard coated)

CReming unit

Fig. 2.1-15 Dampening system designs.

a Vibrator-type dampening system;

b Continuous-type dampening system;

¢ Indirect dampening solution application through the ink roller;
d Brush-type dampening system;

e Centrifugal dampening system
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rials (e.g., molleton, plush). The inertia of these sys-
tems with respect to necessary changes with the
amount of dampening solution to be fed is very great
because the cover absorbs a great amount of dampen-
ing solution. The fabric covering also has other disad-
vantages with regard to the printing process:

+ high maintenance,

+ high paper waste rate because the required
ink/dampening solution balance is reached very
slowly,

+ frequent malfunctions due to coverings becoming
fluffy (mainly with new covers),

+ often uneven distribution of the dampening solu-
tion,

+ high risk of excessive supply of dampening solu-
tion.

Continuous-type dampening systems (fig. 2.1-15b) work
without ductor/vibrator roller and fabric-coverings yet
do usually need alcohol additives or special dampen-
ing solution additives. Dampening systems acting di-
rectly on the plate use dampening form rollers to trans-
fer the dampening solution onto the plate.

In the case of indirect systems the dampening solu-
tion is fed to an ink form roller which then transfers ink
and dampening solution to the plate in dispersed form
(dampening solution also in the form of “surface wa-
ter”), (fig. 2.1-15¢).

Contact-free dampening systems are known as cen-
trifugal, turbo or brush-type systems (figs. 2.1-15d and e).
Here, dampening solution is catapulted onto the print-
ing plate as finely dispersed droplets. Adequate surface
tension ratios must then ensure a rapid spreading of
the droplets. Droplets have essential disadvantages
compared to the continuous-type application and it is
therefore continuous-type dampening systems that
prevail in the commercial printing sector. The main
advantage of catapult (centrifugal) dampening systems
is that the quantity of dampening solution can be me-
tered in axial direction of the roller/plate (this is an ad-
vantage since different quantities of ink and dampen-
ing solution are needed to achieve an even emulsion
throughout the ink zones).

Printing inks absorb dampening solution to a certain
extent. Printers refer to this as an “emulsion”. In phys-
ical/chemical terms it is an ink/water dispersion. The
dampening solution is contained in the ink in the form
of droplets and some of it also sits on top of the ink
film.
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If the dampening solution droplets fall below a cer-
tain size, the offset printing process immediately breaks
down, that is, the transfer of ink onto the plate is no
longer even or in accordance with the image. The tiny
droplets of dampening solution mean that separation
of the printing and non-printing plate elements is no
longer possible. Scumming is the result, that is, the
non-printing areas on the plate also print.

As with inking units, there are dampening system de-
signs that allow the path and the distribution of the
dampening solution application to be changed. This
can be achieved using intermediate rollers that can be
engaged and disengaged from the inking unit (fig.
2.1-15b). The quantity transferred can be changed and
the cleaning effects achieved at the printing plates by
using variable drive ratios of the da