1.

2004 GE 213.3 Solutions Midterm Exam

The bar A5 is considersd to be sbsolutely rigid and is horizontal before the load of 200 kN is
applied, as shown in Fig. 1. The conmection at A is & pin, and A i supported by the steel rod EB,
mdhwpumd!"ﬂ The length of CD is 0.75 m, and of £ is 1.5 m. The croas-gactional area of
D {3 400 mm’, and the ares of ER is 200 mm’, Delermins the siress in each of the vertical rods and

the elongation of steel rod EB [ =PL / AE]. Neglect the weight of AB. Far copper, E=120 GPa; for

- steel, B= 200 GPa.
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SOLUTION:
(&) Glven:

Rod CD: Copper E= 120 GPa; Length = 0.75m and Area = 4ﬂﬂmm
Rod EB: Steel E = 200 (3Pa; Length = 1.5 m and Area = 200 mm’

Now the Free-Body Diagram of ADB and taking Moment nbclut point A

+UEM, =0 : T
LOPcp+ 2.0 Pra— 1S (200KN) =0, A i[, _ ;
X
of Pep + 2 Py = 300 N ————(1) “T s Mml |
Av 200 kM

For another relation, we draw the deformation diagram (inderminate problem)
From similar triangles ADT)' and ABB' B f
DD _BE 8 8 A 2

AD 4B g fin -
o

o Wp=by ——(3) Lood

PL
Now, deflection, ‘S‘E

Therefore,

1m »

o

P, (0.75m)

Tl =15.625%10° P.
% ApEyp (400 mm® x107°)(120%10° Pa) e
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PopLgy _ Poy(1.5m
similasly, 5= & = 00 m® x?n{l)(zt:n x10° Pa)
Substituting in Eq. (2): 28;=15g
H15.625%107) Pp=(37.5 x 10"\Pe
or Per=5/% P
Substituting this in Eq. (1): Pep + 2 Pgg =300 kN, we get
Pep + 2(5/6) Pep = 300 kN or Pep = (3/8) 300 kN = 112.5 kN
and Pgg = 5/6 Pen=93.75 kN
Mow Stresses in rods

=37.5x10° Py,

P 112.5kN
= =2R1.25MP

e Aep,  A00mm” %107 BLESMP . o= Ans,
Pe 3. 751kN =46875MPa &= Ans.

A, 200mm® %107
Elongation of steel rod: 8. = &

Pl P (1.5m)
5 =—ERER _ £ =37.5x107°P,
P A Eg (200 mm’ x10%)(200x10° Pa) -

5,-[37.5!:lﬂ"}{ﬂlﬁxlﬂ"}n3.5i|ﬁ>=|ﬂ"m=3.ilﬁaﬁm ¢=dAns.
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2. The two stesl shafls shown in Figure 2 are coupled together using the meshed gears. The
shaft AB is free to rotate within bearings, whereas, shaft CD is fixed st D. The
specifications of gears and shafis are given in the Figore, For each shaft the value of G = 80
GPa, and the allownble shearing stress is 60 MPa. Determine

{a) the largest torque To that may be applied to end A of shaft AB, and
(b} the correspending angle of twist of end A of the shaft AR,

Note: Based on Example Solution 3.4, page 156

Fignre 2
Solution:
Determing the Torque on shaft CD
Relation between torques:
T F, ¥ 6l mm
gp L T =T.C=Tx =3T
T e N M

Relation between angles of rotation of gears: since the length of arc of both gears are
equal

r.  60mm
= = P L — — =3
Te - B =Tryiy ‘n i'a: ry  20mm #c ﬁc @
To determine the Toque Ty
Shaft AB: Tep=3Ts, and ¢ = 18 mm with maximum allowsble shearing stress of
60 MPa
(B0% 10" Pa)(12)' % 10" m")

e £ 2 g4
=i == = 16286 N J=32572x 105 m
= J i [ 12x107°m ek * 1
Shaft CD:  Tan ™ Ty, and ¢ = 12 mm with maximum allowable shearing siress of

60 MPa
(60 10° Pa)(E(18) %10 m*)
g T 2 =1E3 2 Nm [J= 164,896 x 167 m']
* 1 IEx107" m)
Therefore, permissible torque Ty = 162,86 Nm = 163 N.m = ANS,
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Mow, angle of rotation of End A:
First the angle of twist of each shaft
To-Ly _ (162.86N m)(0.6m)
JG o [32.572x%10"m"J(R0x10° Pa)
Fen 3y Lep _ (162,86 N m)(0.9m)
©eTJG [164.896%107° m*|(80%10° Pa)
The rotation of gear C (§c) will be equal to rotation of shaft CD.
Therefore, rotation of gear B cansed by the rotation of gear C (Eq. 2)
¢ =3g. =3(1.91deg) =5.72deg or 3(0.0333 rad)=0.1rad

=0.0375rad or 2.15deg.

=

Therefore, rotation of the End A of Shaft AB: 6, =85 +8,,5

=0.1 rad + 0.0375 rad = 0.1375 rad
OR  =572deg+2.15 deg=1.87deg e=ANS.

0.0333 rad or 1.91deg.
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3. A 400 mm long, 16 mm dinmeter md made af homegenons isotropic material is ohserved to increase
in length by 250 pum, and to decrease in dinmeter by 2.4 pm when subjected o an mxial load of 12 kN,
Dietermine the modulus of elasticity, the modulus of rigidity, and Poisson's mtio for the msterial,
[G=Ei2(1+w]

Note: Similar to solved Example 207, page 85 from
TEXT

Solution:
Cross-sectional area of rod:
A=ar'=n(8x107m)’
=201 x 10° m®
Choosing x-axis along the axis of the rod

L40mm o coum

P 12x%10° N

O, === =50.7MPa :
T4 200x107m? Fig. 2.41 (from Text page 85)

5 250%10%m 4, —24x10%m
=---’5-=—=6253'Cl|'....r-6 E “_,'='_"""_=_lsnx:lnd
&= T 200x10°m o &y S ™ Tox1m

Using Hooke's law, @, = E&, :
o, 59.7x10°Pa

E=—="———=0552GPa
g, 625x10°° e

Poisson’s ratio = |Lateral strain/ Axial strain|
g, -150x10"° _

¥

=L =024
2 g, 625x10°° v

Using the relation G=E2(1+u)]:

E 9552x10°Pa

G= = =38.52GPa
1+v)  2(1+0.24)

e=dns.
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4. The assembly in Fig. 3 consists of an aluminum shell (E, = 70 OP; @, = 23,6 x 10°°C) fully bonded
tn & sieel cors (E, = 200 GPa; m, = 10.7 x 107 and is umstressed af n tempernture of 20
Coraidering only mdal deformstions, determine stress in the aluminum shell when the
tempeTature rea 1B80°C,

i) reem 20 em
Figure 3
mmmmn"'A“ it
50 mm

Solution:
Consider the aluminum shell and steel core first expand and then use a force to
bring the two elements to the same length,

(el o .
U=
e, » fesa.,n:.:@“

If the aluminum shell and the steel core were not bonded, they would expand
through
(67 ) =a,ATL, (01 Yoo = A ATL

Thus, due to temperature, the shell would be Tonger by

8 = () — (87 ) oy = (2, — 2, JATL . (1)

Substituting given data; @, = @, =23.6x10°, @, =@, =11.7210"
AT =180°C=-20°C =160°C, L=0.2m

From Eq. (1) 7 =(23.6-11.7)10- 6(160°)(0,2m) = 380.8x10 " m

Now the Force applied to the assemhbly:

PL PL
Sp =8 )a+ ) =575
ah S gh core ey

(2)

i ={:-m.os=‘ ~0.02%)=1.6493x10"'m*>  E, = E, =70x10° Pa
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- fiﬂ.m’) =0.31416x107m’  E,__ = E, = 200510" Pa

P(0.2) P{0.2)

From Eq. (2), &, = +
B (2 Or =1 5393510510° * 0.314162200310°

=1.7323510" P + 3.1831210°° P

=4.9154x107 P
Since shell and core must have some final length, we set

8, =8, or 4.9154x10” P = 380.8x10"*

- P=T77.471 kN

Mow the stress in the shell

3
o g TTRIRN - . SaAT P

o -
w4, 164932107 m’

Cpen =410 MPa 45
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