1.0134],

L~
I

I n(D* - d%
B 32

nd*

32

D* - d* = 1.0134 d*

D* = 2.0134 d*
D =1.191d
T _Go
T 0
Steel

¢ 36E6 0 x2

G, r 7.7E10 x d

6 _ 9.35E-4
‘ d

Aluminium bronze alloy

! 18E6 0x2
G, r, 38EI0xD

8 _ 7.954E-4
0 d

Al bronze alloy is the design criterion

], = 3"5 (1.191% - 1%d* = 0.0994d*



= I»hl

1.191d 0.9944*

18E6 166.7
x 2

= 0.038Im = 38.1 mm

D = 45.4 mm

Lo T 180 x 10° x 1
G6 7.7E10 x 0.06109

= 0.03827 m

= 0.0158 MN.m

1

TC T

T r

+ _ 180E6 x 3.3687E-6 1

¢ 0.03827 " 1E6

_ 2rm 3 _ .3

Tp e T R r’)
- 2™ 180E6 (0.1 - 0.03827%) . —

3 1E6

= 0.356 MN.m

T =T, +T, = 037MN.m

170E6 = T

2x01x02x1E-2

T = 68 000 N.m




g =1L gds
4A°G t
o - 68000x1 180 (05 _ 0l
4 x 4E-4 x7.JE10 © = |1E-2 2E-2
= 0.0316 x 55
9 = 1.738°
3
J =X .ll
3

0.1 x (1IE -2)* + 02 x (1E - 2)® + 02 x (2E - 2)

3
I = 3E-7 + 1.6E-6
3
J = 6.333E-7m
Tt .
Tmax = J
T = 170E6 x 6.333E-7 _ 5383 M.m
2E-2
T =3I (9)
¢
6 _ T _ 5383 X 180
0 GJ 7.7E10 x 6.333E-7 i3
0 °
—Q = 6.325° /metre



CHAPTER 7

p—
.

€o
€ = Y2 (e, + &) + Y2 (¢; - ) cos 20

€, = Y2 (e; + €) + Y2 (€, - &) cos (26 + 120°)

eg = 2 (e) + &) + V2 (¢, - €) cos (2 § + 240°)

Equations 2 and 3 can be rewritten in the following form:

€y = Y2 (€, + &) + Y2 (¢; - &) (- cos 20.cos 60 - sin 26) sin 60)

€g = Y2 () + &) + 2 (€ - &) (- cos 26.cos 60 + sin 26.sin 60)
8 1 2 2

Adding together equations 1, 4 and 5
_ 3
60+6a+6ﬂ_ 5 (El+62)

or (€; + €) = %3 (g + ¢, + €p)
Taking 4 from 5
€g - €, = (€] - &) sin 26. sin 60

Taking 1 from 5

Sy
N

€g-€ = 2 (- €) (- % cos 20 + sin 26.

Dividing 8 by 7
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(- % cos 20 + sin 20 . 1_23—)

EB - 68 _ —1-
€ — € 2
Bt (sin 26 . _@)
2
=%(—\/3_cot249 + 1)
2 "9 B ot 20 4 1
GB - 6&
or
e, —
S o2 = 2B
EB - éa
_ 2eg - 2¢, €g *+ €,
EB - Ea
~ -2¢p + € + E,
GB - Ea
or
an 20 = 1 = <
260 - 4‘6 - Ea
To determine E, & E,
From the mathematical triangle
£\
\
_k
P
et C —
>
g
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cos 20 =

ey - €3 ~ €,)

V2 \fltey - e? + (e - € + (e - 9T

sin 26

‘/3_ (63 - fa)

V2 flte - e + (e - )7 + (6 - )71

Substituting equation 11 into 7

V3 (e - €

‘/—2 \/[(69 - ei + (€, ~ eB)2 + (€

ore, -6 = % Vg - €)* + (en - € + (&g - €9)°]

Adding equations 6 and 12

e, = Val(eg + €q + €5) + g VI(eg - €)% + (eo - €)* + (&5 - €9)*]

€& = Ya (e + €, T €p) - @ V(eq - ex)® + (e, - 63)2 + (e - 63)2]

o9 = Y2(o + o) + Y2 (0, - 0,) cos 20 + 7, sin 20

Let g, = -10 MN/m?

For § = 30°

54
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o3 = 30 =-" (-10 + 0,) + "2 (-10 - oy) cos 60 + 7, sin 60

0=-5+ 2 -5+ )05 +0.866
2 2 xy

30 = -5 + 0.50, - 0.25 g, - 2.5 + 0.866 7,

37.5 = 0.25 o, + 0.866 Ty 1
For § = 100°
40 = % (-10 + ay) + Y% (- 10 - oy) cos 200 + Tyy sin 200

40 = -5 + 0.50, - (5 + 0,/2) (-0.9397) - 0.342 r,,,

40 = - 0.3015 + 0.96980, - 0.342 7,

40.302 = 0.9698 g, - 0.342 7, ?
Divide 1 by 0.25

150 = o, + 3.464 7,, e
Divide 2 by 0.9698

41.55 = 0, - 0.353 7,, 2
Take 5a from la

108.45 = 3.817 7,

. T,y = 28.41 MN/m?

From la

g, = 51.58 MN/m?

0 =-21.35°
01 = Y (0 + 0) + (0, - 0)F + 4 7,7
= 20.79 + 41.89
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62.68 MN/m?

=
I

g, = -21.1 MN/m?

eg = 2 (e, + €) + Y2 (e, - ¢y) cos 20 + ' v, sin 20

Let ¢, = 300 x 10°°

At 8 = 30°

Ej = -100 x 10 = 150 x 10°® + 0.5¢, + 0.5 (300 x 10 - ¢))

+ 0.5 v, 1
-100 x 106 = 225E-6 + 0.25 ¢, + 0.433 v,,

-325E-6 = 0.25 ¢, + 0.433 v,,

At 9 = 100°

- 200 E-6 + 150 E-6 + 0.5 ¢, = 0.5 (300E-6-¢,) (-0.9397)

+ 0.5 v,y * (-0.342)

= 9.05E-6 + 0.9699 ¢, - 0.171 v,,

- 209.1E-6 = 0.9699 ¢, - 0.171 v, 2
- 1300 E-6 = ¢, - 0.1732 «,, la
- 215.6E-6 = ¢, - 0.176 v,, 2a

Take 2a from la
- 1084.4 - 1.908 Yxy

Yyy=- 568.3 x 10°®

From la
€ = - 315.6E-6
+
€& = _(fx Gy) + ‘/—[_(ex T & )+ 7xy]2

2
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=-7.8E-6+ Y% x 837.8 x 10°
e, = - 7.8E-6 + 418.9E-6

e_=411.1x 10"

€y = -426.TE-6
2 x 101 )
2X 19 411.1-03x426.7)x 10
7 T x 426.7) x 10

o= 62.2 MN/m?

o, = -66.67 MN/m?

7 = 64.44 MN/m?

0 — 1/2 tan—l ’ny ]
EX - ey
0 =-21.36°
4.
G = Z2ELl _760E10
(2.6)
Y = €€

= (-300 - 200) E-6
= -500 E-6

7 = 38.45 MN/m?

T(QE-2)*

32

T= T * J _ 38.45E6 x 1.571E-8
r 1E-2
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T = 60.4 Nm

3.142E-4m? \

€ = €7 T €45p

>
Il

€3 = -7 1 €sp

/

L45°
(-300 + 200) E-6 = 2e,sp

Adding together

‘. €45D = - 50E‘6 @ 450 to a.XiS

= % (04 - voy)

(-100 E-6) 2E11 _
0.7

o, = -28.57 MN/m?

Thrust = - 8.98 kN

5.

S0sinaab = 150ac + 75bc =0

50sina + 150 2% +75 5¢ _ g

ab ab

50sin @ + 150 sina + 75 cos « = 0
200 sina = - 75 cos a

a = -20.56°

50 cos v ab + 75 ac + o, bc = 0
46.82 - 26.34 + 0.9360, = 0

Loy = -21.88

o, = Y2 (150 - 21.88) + Y2 ~/[ (150 + 21.88)> + 4 x 75%]
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