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Department of Mechanical Engineering

Name: KEYV

Final Exam - Spring 2009-2010

Section Number :

Record all your answers to the multiple choice problems (1-15) by filling in the appropriate circle. All
multiple choice answers will be graded from these markings, not the marking on the problem pages.
Therefore, carefully transcribe your answers. No guessing on the muitiple choice problems - you must

show all your work for full credit.

Problem Answers Score
1 [ a b Bc 0d [Te Of /5
2 [Ja ) .y Kd (Je of /5
3 [Ja (ib Hc Cd Je af /5
4 (la Cb Mc 0d Oe of /5
5 Ca b #c Cd [ie f /5
6 lla &b Oc Od le Cf /5
7 Ba (b e 0d [ie (o f /5
8 [Ja ib {le d ile [ f /5
9 Ta b K 0d #e (if /5
10 [Ja ib Ec d Je (i f /5
11 (Ja b e B d [le Gf /5
12 [la Ab lic = d e (f /5
13 [Ja ib Lic Bd e f /5
14 [ a ) HcC Gd e Uf /5
15 Ba (ib ¢ i d e rnf /5
16 20
17 /40
18 /40
19 /40

Total /215
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For problems 1-15, circle the best answer and then copy it to the coversheet. You must show all work for full
credit.

Problem 1 y

.
r

The projection of force vector — 3 + 2}' N in the direction of the
position vector 7 shown at right is:

|

;) (l)ONN r =8¢ +/~13 )
. ~ - X
Ec= BT +77% | < 8m "’l

d) -10 N —mr—

e) None of the above

€pe ¥ = &8T+7% . (?’52 +l’j\N

= 20,44 N

Problem 2
A rectangular plate is supported as shown at right. The
tension in cable CD is expressed in vector form as 80 mm

T, = ~120 +96 —128k N. The moment about point A
created by this force is:

300 mw

240 mm D

a) 38.4i—48.0j+28.8k N-m
b) 65 N-m
¢} 68 N-m

(8 -7.68 +28.8)+28.8k N-m>)

e) None of the above

P~

~ A
-R = - } « . -
* = ~7.687 4 28,87 +18.%\%

3O OB N

|=120 R =\LO
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Problem 3

For the system shown at right, identify the correct free body
diagram for the frictionless pulley

a) b) 75 d) e) none shown

Y75

Problem 4

We push on a cabinet of weight, W with horizontal force, P. From the analysis shown, we have found the critical
height “h” that is the transition between slip and tip. (if the force is above h the cabinet will tip and below h the
cabinet will slip). If we are able to lower the center of gravity of the cabinet, the critical height, h, will

TF,=0
FBD
P-uN=0 W :
Center of G
p ‘ /_ enter of Gravity

IF,=0 0 B«

W-N=0 (_b__> <+—— f=pN

N

ZMcomer=0

(b/2)(W)-Ph=0 .

a) increase b} decrease c)'stay the same d) can’t tell from given
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Problem 5
Consider the glued joint shown below:

17 /
Y
5000 lb¢——| s et —— 5000 Ib
25°
What is the normal stress in the glue?
2
(a) 1410 psi a = P (ot ©
(b) 2740 psi A~
d) 251 psi - X
Ee; 1160p:>Isi = S000 %o o¢* 65 = 5% g
(fy None of the above. VXS
Problem 6 l
In a ship unloading operation, a 3500-lb automobile is _ :
supported by a cable. A rope is tied to the cable at A and pulled \

in order to center the automobile over the intended position.
The angle between the cable and the vertical is 2°, while the
angle between the rope and the horizontal is 30°. If the tension
in the cable is 3574 pounds, what tension is needed in the rope

for equilibrium? 2,J

a) 1251b 3SMibs
o
c) 2491b
d) 24901b
e} None of the above
<F«=o
2500 \p -35M ST 2%+ ¥V 6523020
T =wmuy
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Problem 7
The external reaction at C of the simple cantilever truss shown at right

b) 28 kips &
c) 36 k!ps -» Oy
d) 36kips ¢«

e) None of the above

12t

T Marvonr O

;=2 )= (S zu)

I SN S— + Cx (W'Y O
4

Cx = 29 bdps -y

Problem 8
For the truss with external reactions shown
at right, the force in member BC is

a) Zero
(b) wF/2h (compressi@
¢) wF/h (tension)
d) wF/2h (tension)
e} None of the above

¢ (
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Problem 9

A uniform bar, ABCD, whose cross sectional area is 0.5 in? is loaded with the forces shown.

N B o s—
s 500h f 10001 000\
C
\A B ~— —_ D -
Fec 1o e
P =S - SO i
The tensile stress in section BC of the bar is
a) 2000 psi . =
b) 1000 psi Foc=vooco \p Azo .5 tn
c) 6000 psi T .
d) 4000 psi BC = DOOO B
(€] 8000 psi

None of the above

Problem 10

In a tug of war contest between two fraternities, each of the two teams is pulling with 600 pounds of force.
Assume that the cross-sectional area of the rope is 0.1 in? and is made of a material with a failure strength of
15000 Ib/in®. The factor of safety (FOS) is

e. 0.8
f. None of the above

=P . 600\ws 2 sooo e -
LA ‘\ \\’\‘L

;:Os: [SOOO_ L3 115

Turse = \sooo ?5? oo o
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Problem 11 y

What is the y coordinate of the centroid of the object shown at
right?

a) 1.85in
b) 1.67in i
¢) 1.33in le= 3 in =< 31—
e) None of the above ,
) FPoxx A Y. ' A\/c
o & .5 Y
@ -2W 3 -“%-‘9 _12.52
- \3H2 L\ &
Te W,z W." 2 LMD
Problem 12

A bar (A=0.4 in, L = 40 in, E = 10x10° psi) fits into a gap between two rigid supports because its length is
0.01 in less than the gap. The temperature is increased in a way that would cause the bar to increase in length
by 0.015 in due to thermal expansion if the wall was not present.

NOT TO SCALE

L=40in, A=04 in’, E=10 x 10° psi

v
NN

Initial gap = 0.01 in —»

i
The stress in the bar after the full temperature increase is: % = o OV
a) Opsi Fev
g Ge TADTL - PL
<) 1250 psi T T EA
d) 2500 psiC
e} 2500 psi T OVL - TL H
f) Nane of the above < o = s O\
[
& E - @ o\ \)
Final Exam — Spring 2008-2009 < e ( o b\ Page 7 of 17

L +
= & (.018"-.0") T\RSO s
T



RoSE-HULMAN INSTITUTE OF TECHNOLOGY
Department of Mechanical Engineering

EM121Statics and Mechanics of Materials |

Problem 13
Consider the rigid beam supported by two elastic bars as shown. It pivots about a pin support on its left end.

P, the load

A 1 B
l® o [
L ! i |
' 10 ! 20 in i 20in :
P ¢ > '

Which statement is true regarding the forces in IDENTICAL members A and B?
a) Fa=Fg
b) Fa=(0.5)Fs
C) Fa=(2.0) Fg
FA = (02) FB
e) None of the above

Geormerny: == @/ — — 1

Force-def e crion !
Gn=FaL Se= Fel

€ A eA
F Yo
v = 55
FA-‘-‘%F@
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Problem 14

L T

..

A 100 Ib biock sits on a rough horizontal surface. A 20 Ib force acts horizontaily as shown. The frictional force
between the block and the ground is
N=\oo \v

- o lor ettt
P
/E;I/ A t N Fg.:. 20 \pe

a)0lb b) 10tb d) 30lb e)40lb  f) none of these/can’t tell from given

Problem 15

We have a block on a slope that is at incipient (impending) slip. The correct equation for the friction force is

b) f=u, N c) f<usN d) f>uN e) can’t tell from given
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Problem 16 (20 pts) K\ O
A tension joint has the basic layout shown in theé—pﬂn%—view& below. (All dimensions on the diagram are
in inches.) A single pin of diameter 0.5 inches (A =0.2 in?) holds together the yoke and bar as shown. The
material has an ultimate strength in tension of 80 ksi, and an ultimate strength in shear of 45 ksi. The load P
has a value of 10000 Ib. By examining the shear stress in the pin, the normal stress in the yoke, and the
normal stress in the bar, find the overall factor of safety for the joint.

|
|

WRUVENR: SRR S
TN SR W
b o e o e
U GUNNGNII T -
W.—‘;nw

]
i

=

Lo

P=10,000 Ib P; . & pts

Youe & @75
Bac © ¢¥s

Conclusvonrn 2 PR

P=10,000 Ib

\,\ F i b&r @
'\ .

Ay
VEiR Preo 5% by Yz @

Wera Trmox °F

S D
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Problem 16 (cont.)

Pirve e
/2 T P/2 _ 5000 b . z5so0 pst
A - rlvnt
A E o = gsoocpsi R
25 00 o o8
Yole *

= ;

A = (2—0-5\(0*5) z,375 in*

o~
\ = Boee® . 2
C 2 AS092 ‘o - 56677 pI oS = ZTZ.—‘T-

G—':SOOO \b - 666‘) Pﬁ\ \:*CS - \2. dw\&o
OIS nt

Overa\l COos4s VO
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Problem 17 (40 pts) RN I A E G L)
For the system shown at right, determine the reactions S 0
at the fixed support O (assume it is welded there). ‘ '

’

206 mm §
J

-

‘.: i.-//“-

200 mm

b
F, = \.6¢cos 850 T + 1,6 3InS0O 3T +ok%

B
ol =122 20k W

D+F .+ ¢, 20 ¢ Ox +1.02% = O
Oy +2.08 —(,226 =0

Oy = -1.0LB N Oy = ~6.852 O = L2 uN‘"z

S -
ZM™opowr O 9 A - T

-~
For = 27 o6 § =250k ™M

L2360 kWN=MM Mg = . ANS \‘-N‘MJ

‘\:'\x-‘-o\\"l kW -m My =
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Problem 17 (cont.)

F&D 3
SF 1 & Y% for concept
VA For corrmel onSurery
veried —~Z Sec avenple <rver
-4 Sor mere Sundomeniel
S ™ \ & & Sor camceet

\’9\ q-ar cocreck andloe S

G“nrir\% \S\_)s‘\"‘ oS MO M-end @

oo €55
< ormendts ox
Neoe moment v_quod’\o’f“‘s ¥ ot

No moments & mo 6D @ e e
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Problem 18 (40 pts)

A landing gear mechanism is shown in the accompanying figure. You may assume that it is in static equilibrium in the configuration
shown. You may neglect all of the weight except that of the strut and wheel (225 Ib) which is located at point G. The force F,
applied to member BCD, drives the retraction. oS w23

Find:
a. The force in link AB. {Hint: Use a coordinate system gligned with the wheel strut.) =
b. The magnitude of the pin force at the pin at P.
¢. The force F required for static equilibrium. (Hint: Now a use a coordinate system aligned with the BC axis.)

2.5”

36”

oo ol
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Problem 18 (cont.)

o.. FB®U =\1

‘Z_S'\‘ 6\\
Bpr.s Z\“’\o.\ao . P=O° —<FAQ; oS ’Z.OXC& - Faa i LO\C
we! Lo rena Laver ourm @
A W Einbo (exre) = 0O o .
NG
Fag = \380 \b
225 \b
[ 2 Fx=O * Px + Fag cos 20 - WecoesH0o =0
B ers Py = — 3% \o
EF\‘:o‘. Py - SAQ s(wlb-\&s‘\m‘-\ozo
Py = =330\ -
Bl TPl r e,z = W\ ()35 ne cregninae

C., *@p =& 2:

L.‘ \

\&"
- ‘0 XA = O
(o) eys 2 Moo & = < - CFX63 <FA$ S\

FeSw®I s T e Ve ";”"‘"'@ |
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Problem 19 (40 pts)

Consider the A-frame shown. Note: ABC is a single member, BCD is a single member, and BDF is a single
member. This is not a truss.

b

- (a) Calculate the pin forcesat B, C and
lk).'(You can neglect the weight’of the
structural members.)

Lon NOT q
truss. Lam
q frome!

- E
TS . A eecsemccsccvmmmmm.-———

~ (b) The pins joining the A-frame are in
single shear. The pins at B, C, and D
have cross-sectional areas of 0.25 in’.
They will fail when the shear stress
reaches 20,000 psi. The other pins have
much larger cross-sectional areas and
will not fail first. Determine whether
failure occurs, and whether the failure is
atpin B, C, or D.

5000 Ib

I e L

e = o e
(D 28 pvs 715 f 1566 | 1.5ft 1.5 ft 'T

) i g \-\;Q: ‘
F&D of envire shrvetus “E Moo Azl By & - (5000)6 =0

/\ l‘Sooo Yo E-\/ = S0oco \\»
/ \ 2Fxz0: Ax=0
—
A Ay

T €y $Eyz0. Ay rEy-S000 =0

Ed

(\Lpfrs -‘t—o\'\-e_x-e.'g N 6% Sor oD, & o o tPHf:O 3
T eaflfMong

———

- C T — .
FeD oF A%‘—*/ T Mabor €200 By (2) =B, (LsH=0
—>» (¥
EJY 6){ - é‘&\l
"
& x
tFx =0 Bx = - Cx
R born 2et0 iF\,=OZ eﬂ:—c'y
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Problem 19 (cont.)

Kaepsr o5 =) \e prs.

80 o ®OF: ¢ prs Sor aecd FBDS
S ets Sor vortTorS
Dy A'sooo \ \ee ]
—= N
6&&0 Ox
Sy

-]
€ " r-) \

Cx = -\975'\b,
Cy = ~LS0O\b)

ZFyz0! By r Dy -Scc0e =0 Dy = NS00 b
Summary:  Ax =0 Ay =© .. \Z prs
- S
Buz 1275 s  Byz 25001 |\ S 2135 b
= LS Vo
Cy = -\@15 \o Cy==-2500')p \e\s 3

= \
Dy = \&15 b Dy = 7500k \D\ = 1730 \b
Ex =0 E\; - ’&,S*OO\b

IS Souluce oceves, & weW ve o pv~ D, Q‘* e \

T = M730 b | 35920 ,05T > zoococes (4 P"SB
A (IZS‘I“L\

To uoil Sonl . andl M wo\ Garl ar D SNest  (Mers)
)
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