Gere 3.3-8 page 253

N.B. subscripts used [ ORIGIN := 1
d
= = 1 =
P1 = 100N d1 = 10mm r = : d2. 75mm 0 == 45deg

using right hand rule vector representation for the .
moments applied to the system and using 13=P3'd
equilibrium for torque:

0
d tcosle) =0 => TI=PI"d2
Ppdy = Pydycostd) = T2=P2°d2
P, = Pl
37 cos(0) P, = 141.42IN
i=1.3 P-d —P.d-sin(6)=0 => P, = Pysin(6) P, = 100N
=1. 24~y @
T.:=P.d 75 )
i i 2
T= 7.5 J
10.607 )
maximum is P3 => .. from torque equation (Gere 3-11) _Tr
Tmax ~ n
P
T
(1)4 ~10 4
by symmetry all rods have same IP Ip =7 Ip=9817x 10 ~"m
2
Pydyry 6
Tmax = - 54 019&
Ip Tmax = 2%

12/11/2002 1 gere_3-3-8.mcd



ORIGIN := 1
Gere problem 3.4-2 page 256

Ty = 3000N-m Tc= 2000N-m Tp:= 800-N-m G:= 80~109Pa
using right hand rule
vector representation for
the moments applied to TA=7? Nm TB=3000 Nm TD=800 Nm
the system and using > <€ €t <
equilibrium for torque: TC=2000 Nm
T, =T T, =Tr+ T+ T 3 dl
1~ "AB 1~ BT CT'D T, =58x10°N'm  d, =80mm Ty = - L = 05m
T,=Tgc  Ty=Tc+Tp T, =28x 10°N-m )
2 d2 = 60mm =
2 L2 = 0.5m
T,=Tcp  T3:=Tp T, = 800N-m d,
d, := 40mm r, = —
3 3 2
L3 = 0.5m
from torque equation (Gere 3-11) Tr )
Tmax = — i=1.3
Ip
4
(ri) 4021 % 1078
IP =T ) 4
1 Ip=|1272x 10" ° }m
2513x 10" ')
T.r.
i 57.694)
Tmax, T 7 N-10
i Pi Tmax = | 06.02 —2 . ) max(t ) 6
max_all = max N-10
63.662) m - T ax all = 66-02——
! m2
T-L.)
. T-L i
for twist ... Gere 3-14 6= G-Ip and for non-uniform torque .. 6= Z ¢i = Z GIp)
Gere 3-20. i i i
3 Ti’Li
0:= Z G-Ip 0 = 2.444deg
i=1 i
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13.014J/1.052J extra problem from PhD qualifiers January 2002

consider mast (beam) and stay (cable) separately:

>
>
> E'A
>
>
> P
>
>
>
>
>
J >
>
mast as a beam: superposing deflections from
constant load/length and concentrated force @
L/2
5 4 1 3
wy = —-ql Wo = —-P:1 P
T 27 48
i wl due to g
5 4 1 3 /—L\_
Elw,==—¢ql -~ —p?1° = =T e =
0" 3541 48 $

w2 due to P

D

stay as a cable: first obtain strain:

neglect terms in wo”2

2
1 1
V12 + 2 h)? s = j (E) F B+ 2hwy + Wy 5= E\/ 2+ 20 + 8w,
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N |

2
1 1
s— s, —(ﬁ+4h2+8hw9 (24 and)
g = 2 2
s g€ > 2
0 1
2
(12 + 4-h2)
1 1
5 —
8w -h \ 2
(124 40314 —2 (24 and)
2 2
factor out 1" + 4h
l2 + 4~h2 €= i )
1
2
(12 + 4-h2)
1 1
2 2
(12 . 4~h2) cancels out Swyh )
e=|1+ -1
1%+ 41%)
8-w0~h 1 \
<< 1andas 5 [ 8wyh 4w -h
124_4.}12 (1+x)2=1+§+h_0_t 8:=1+E—0 -1 8:=—0
%+ 41%) 1%+ 412

to solve cable relationship, we could use geometry to relate force in cable to force in stay (see below at end)
or as suggested use the energy approach:

In that, the force is P and the displacement of P is wo. there is strain energy in bending in the mast, and in
the stretch of the cable. It is expected that the bending contribution will be << cable so ...

cable solution energy method

M=U-W
2
12 1 4woh
= E.E.g - Pw, = E'E'A'lcable' T - P-w,
1“+4h°)
d m=o for equilibrium 4 lpas | —2—
o dwo| 2 %+ 41%)
SEA(ﬁwJ
= P=—=
3
2
(12 + 4-h2)
12/11/2002 5

dwgh )

IT total potential energy

U elastic energy

W work done :
2

1(,2 2

leable = So leable = E(l +4h )

A
—Pwo—»&B——————;Wdﬁ—P
2
(12 + 4~h2)
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ql

K=~ Ibs per inch e.g.
(6]
s.q1t p.?
E.I.Wl = —= WO + —
384
s.q1t 1 EARE
_—= WO. E.I + -——
384 3
2
(12 + 4~h2)

tension_cable := oy~ A

1

2
N., = tension cable —————
y a 2
1
—\\ + h2
2)
Py = tension_cable:

"
2
l\ + h2
2)
from P(w.0) above

2
_ 8~E'A~(h 'Wo_yield) _

= GY.A.

from above: 5 4 1 3
Elw,:= —-ql
384

Elw,+— = Elwy+—BE—————w_h"1
48 6

= GY.A.

Nm

;
[y
h
[y |

112

Fc

sartlll/21°2+h°2)

h
P, = S A m—m— ———
y 3 Y 5
= N 2
) 5 2 E) +h A
(1 +4~h)
3
oy A h (2 2)2 or ...

Wo yield = > > Al +4h e 1Y (12 4h2)
W, a4 simplify —» ——\1" + 4
8-E-A-h l\ 2 o yield SImMpiLy 4 Eh

2)
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stress in the beam at cable yield

compression bending

Ny . M ax R y ql=Py q~12
(o) = = —_—— —
max Arnast I max 2 2 8
ql- Py
R, =R, by symmetry 2R =ql- Py R, = 5
I ql1_ 9l=Py | g2 P, =oyA h
Mpax =Rz - ———= — 2 y Y >
2 2 4 2 2 8 1 ’
—, +h
2)
1
2 2 -
=al a1 h = 2
Minax = 4 8 4 oyA > Ny = oy-A > everything determined
N 2 N 2
- +h —, +h
2) 2)

using the geometry above to relate P (the interface force) to cable strain ...

2
1
5
F
Feable =P h g = cable £ - ;wdh
AE (12 + 2442
2
(!\ + h2
F 4-w_-h
.= cable=i 2) - 0 =
AE  AE h 2.4
2 2 2
po NEWoh o ARWh _ BAEwsh™ which should (and 2
= 3 3 3 fortunately does) P 8-E-A-{ h 'Wo)
- - - match the result - 3
1\2 2 1\2 2 (12 N 4~h2)2 arrived at from energy B}
212 - .(12 n 4-h2) considerations above ( 2 2)
2) 2) I+ 4h
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