ME 270 Final Exam — Fall 2025 NAME (Last, First): joL,U'T‘?D/\/

Please review the following statement:

| certify that | have not given unauthorized aid nor have | received aid in the completion of this exam.

Signature:

Instructor’s Name and Section: (Circle Your Section)

Sections: West Lafayette Campus (PWL)
J. Osorio Pinzon, Section 033, MWF 7:30AM-8:20AM
J. Jones, Section 005, MWF 9:30AM-10:20AM
S. C. Boregowda, Section 008, MWF 10:30AM-11:20AM
J. Jones, Section 003, MWF 11:30AM-12:20PM
L. Krest, Section 009, MWF 12:30PM-1:20PM
F. Semperlotti, Section 001, MWF 1:30PM-2:20PM
A. Ramkumar, Section 010, MWF 2:30PM-3:20PM
T. Ballance, Section 032, MWF 4:30PM-5:20PM
M. Murphy, Section 007, TR 9:00AM-10:15AM
M. Murphy, Section 002, TR 10:30AM-11:45AM
J. Jones, Section Y01, Distance Learning
Indianapolis Campus (PIN)
N. Saqib, Section 031, MWF 9:30AM-10:20AM
A. McDonald, Section 029, MWF 1:30PM-2:20PM
D. Wagner, Section 030, TTh 12:00PM-1:15PM

INSTRUCTIONS

Begin each problem in the space provided on the examination sheets. If additional space is required,
please request additional paper from your instructor.
Work on one side of each sheet only, with only one problem on a sheet.
Each problem is worth 25 points.
Please remember that for you to obtain maximum credit for a problem, it must be clearly presented.
Also, please make note of the following instructions.

e The allowable exam time for Final Exam is 120 minutes.

e The coordinate system must be clearly identified.

e Where appropriate, free body diagrams must be drawn. These should be drawn separately
from the given figures.

Units must be clearly stated as part of the answer.

You must carefully delineate vector and scalar quantities.
Please use a black pen or dark lead pencil for the exam.
Do not write on the backside of your exam paper.

If the solution does not follow a logical thought process, it will be assumed in error.

When submitting your exam on Gradescope, please make sure that all sheets are in the
correct sequential order and make sure that your name is at the top of the cover page. Also,
be sure to identify the page numbers for each problem before final submission on
Gradescope. Do not include the cover page or the equation sheet with any of the problems.
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PROBLEM 1 (25 points)

PROBLEM 1. (25 points) To receive full credit, please show your work including a FBD.

1A. GIVEN: A 600-N cylinder being held in static equilibrium by two cables (BC and BA). Determine

the magnitudes of the tensions in cable BC and BA to support the 600 N cylinder. (6 pts) — (2pts
for FBD and 4 points for calculations)

Tgp = 600 N

— .
2. F=0 = Ty Cosus “(;)

ZHJ:O = Téc an‘fs" + (.53__

Em® » [Tga = 0.8839 Tge
Swbstitubing iz Into Eyn @)
9839) Tg. = 0O N

Tee (0-70%) +G’>€)(0‘3 ) Tee

= ’\"Bc'[o.?b'++0-530] = geo N
S F&:“%SOHN]A‘”
= 0.8339 (485. 04) = A42g.
5 Tgp=0 iy ‘-\61-31\15&

Tec=__ H%5.04 N (2 pts)
Tea=__ H43%.33 N (2 pts)
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1B. Given: A cantilever beam is loaded with four forces as shown below and held in static equilibrium
by a fixed support at O. Determine the reactions at fixed support O. (6 pts) (2 pts for the FBD and 4

pts for calculations)

4oN
3 My = M = 50N (2m) 4+ 6o Nl0) + 20N (2 S 307)

—~40oN (4m+ 3cos30°) = O
M, = +SoN2m) - 20N (B.Sm%o") +40 N (Ctm+ 3¢o§ 30°)

(M, = + 234 nm |

2.F 0= Oyt 60N + 20N = O,=-%0NJ

g

7Ry =0 = .Q% ~ 50N - 4ON ﬁ]Oj = %'j_l

o=—%0 )i +(__90 i N (2 pts)
Mo=_ 4+ D4 T N-m (2 pts)
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1C. Given: Truss ABCD is loaded with a single 400N load as shown and is held in static equilibrium
by a rocker support at A and a pin support at C. Determine the reaction force at the rocker support A
(1pt). Then using the method of joints, find the magnitude and sense (tension or compression) of the
force in members AB and AD. Circle the correct answer below. (7 pts) (2 pts for the FBDs and 5 pts
for calculations)

overall FBD ! 100N

Z'Mc"— O = “An (("“) +(“°ON)[3M)+(600N)(‘+M)

12060 N-m_+ 2400 N.Tm

> A= —n

> A3 =z 600N o
Joint A:
=8 4 Fes
i
5 /\4
‘ Fap

Fas =— 150N =3}50 N (0)

... = soN = 450N CT
Fap = - %FA& - ‘@)( #hg) =54 — L )

Ay = 600 N

a) \Fag =750N (Compresiio_n)) a) Fap = 450N (Compression)

b) Fag =500 N (Compression) b) Fap = 500N (Compression) (5 pts)
c) Fag = 750N (Tension) ) @:—4;@

d) None of the above d) None of the above
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1D. Given: The toggle clamp shown below is subjected to a force F = 160 N at the handle and is in
static equilibrium. Determine the magnitude of the force in CD (which is a 2-force member) and circle

if itis in tension or compression. Then determine the force at C on handle (BCF) in vector form. (6
pts) (2 pts for FBD and 4 pts for calculations).

CD - %o—d\me member

ZMB:: Oa -Fwa)

= Fep Cb$ 30° (.g..) + Fep Sinzo® (2)

FC-'D = =10.9% F

= —~10.93 (160N) :jj&_‘&_b}{

PUES

‘8.8 N (—c_ﬂ

i}

A
KFCDS“\BOO)’I L (.FCDC‘OSBOO> a
» <
= (V3 Mbbagin 3L — (- 13488 xtos3E) g
O
=&-8’-Hl.-0( ) +T5|L\.5a>t\l oy

&
H

Fco = 174%.% N Tension (Compression) (Circle One) (2 pts)

(FJonscr=(—8F4-4 )i + (1514.6 )j N (2 pts)
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PROBLEM 2 (25 points)

2A. Consider the stepped rod ABC with solid circular cross sections (1) and (2) of diameter d; = 2 cm,
and d, = 1 cm, respectively. Axial loads Pz =50 kN and P, = 20 kN act on couplers B and C
respectively. (6 pts)

Find:
a) Determine the magnitudes of the internal axial stresses in sections (1) and (2) of the rod. (4 pts)

b) Assuming a factor of safety of 2.0 for the rod, what would the yield strength of the rod need to
be to achieve this factor of safety? (2 pts)

Fac

4——-[:]-—-;;7 y . d
ZH=0 = -fac + R 2
Foc = ,’-3_ = 20kN (-fens/‘m)

P o i P v e et 20 _¥p= -30K
(W/-)Y‘LSS"'\\
0%, = Fae 30k -30eod oo mp
| A, T (e.0)) ©.00031418%F T
0. : Tac _ 20k _ 20,000 N s 254.&»/"1qu
ME AL 7 (o.008)  0.0000 7Bt M

q\_/','elci,rob = -FS_ = Z q— eu 1‘00 = Z. (2_54.[9):: 507.3 Mﬁ-

!

o= 95T MPa (2 pts)
Oy = 254. (o MPa (2 pts)
Oyieldrod = 269, 3 MPa (2 pts)
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2B. An L-shaped rigid bar ABC is supported by a double shear cylindrical pin at A, and a cable at B.
An applied force of P = 200 [b acts at point C. The pin at support A has a diameter of 1 inch. Determine
the magnitude of the average shear stress 7 in the double shear pin at A. (6 pts)

Find:
a) FBD of bar ABC. (1 pt)
b) Determine the support reaction of the Pin at A. Express your answer in Vector Form. (2 pts)

c) Determine the magnitude of the average shear stress 7 in the double shear pin at A. (3 pts)

FBD (1 pt): y
= : 1.5t
________________ 5 B : >
i ==
5 ¥ P=200 s |
> | 4 Ip
~——>AX N D f
T Y 1.5ft %A """"" &
(z,oolb.s)

7 g e = -P(l-'s\) ‘/‘-TBD(%)(Z) = Tlgy = 2501hs
.50 Jbs)

5 =S = fx -Téo(% - D Ay= I5olbs
k (25016 (220 145)

)__’P ) A%_ 4006 |bs.
,0—' [,_ ] &50 +4po] = \4’4 427.2 ls.

7 Ibs .
- Vi 4238 g, = 272l pi

/50 T+ 4‘007 Ib (2 pts)
2. F2.1 psi (3 pts)

N
K
1)
!
)
oS
i
V)
v
°\l~>

S
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2C. Consider the C-beam with a cross section as shown in the figure below. (6 pts)
Find:
a) Determine the second area moment of the U-beam about the z-axis, I, (4 pts).

b) Qualitatively, with no work needed, would I,/ of the U-beam be greater, smaller, or the same

compared to 1,? (2 pts)

30cm

Aceo d y
Area | 125 cvm* [2.5cm P
A—r.m.?.. 125 ecm® | -12.5wn SCmt { sl
/-)fréa 3 [00(/\,.‘2‘ O 2. : 10cm .
20cm
5cm A :
& o 2 _ 7 - v
Iz ;I) +A;)l + Ao 1'!4,6?,_ '1‘,L3+A3¢D3
4 .
P = 2 &
:T)i<2:>m\(f’am) + )25cm\>(<’2'°bm\\z
3 2) (]2.5wwm
ol (251‘,"3(51%\ r ()25 wm .
3 wmi
10O
+ L (5ew) (200m) + (
4 53] ¢m4'
:"T‘:i - 260,4’26‘”) + /q}
; 200, 42 et + 19, 531
: 4
+ 3333,330m F O
s = 42,91
T, = 1q, 204 1R, F 1 333 /
I, = 44/ j_l__(f'? cm? (4 pts)
I, will be: @geD Smaller Equal to I, (Circle the correct answer.) | (2 pts)
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2D. Given a shaded region enclosed by a parabola y = x* and a line y = 8 in. as shown in the figure
below. Assume I, is the second area moment about the x-axis shown, I, is the second area moment
of inertia about the y-axis shown, and I, to be the second moment of area about the centroid of the
shaded area.. (7 pts)

Find:

a) Determine the second area moment of inertia about x-axis I. (3 pts)

b) Based on the shaded area, would you expect I, to be greater than, equal to or smaller than I,?
(2 pts)

c) Based on the shaded area, would you expect the second moment of area about the centroid of
the shaded area (I,.) to be qualitatively greater than, equal to, or less than I, about the x-axis
shown? (2 pts)

30 lo

SOF. 2 in? (3 pts)
I, = I I, < I, (Circle One) (2 pts)
XC =

I, =
<)
SR | I ) SZXC < I 2 (Circle One) (2 pts)
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PROBLEM 3. (25 points)

Given: The solid 30-mm-diameter shaft is used to transmit the torques applied to the gears. The gears
are subjected to the torques: Ta = +300 N.m; Tc = -500 N.m; Tc = -200 N.m: and To = +400 N.m.

Find:
a) Determine the polar moment of inertia for this solid shaft?

J=7.95x108 m* (4 points)
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b) Determine the absolute maximum torque on the shaft and on which segment this absolute
maximum torque occurs. In that segment, determine the absolute maximum shear stress.

A
T (% 2 Mx=0 = =
)] i e -m
J00N.m = TAB = —Tap = e _]

Tre
A - B
( c ZH\,=O=TA +Tg +1ge
TvA T T.. = ~Tx =g * — 300N-M -~ (- S00 N-m)
Jopn™M Ty, B¢
-~ 500 N-™ Toe = ¥ 200 N 1]
A
( : TMe=0=Tat Tar et Teo
D
T | = =Th B
K T?\ e i -~ -200 ~(-590) - (-200) = =300 +50D +200 |
o soe. Mas Tep -
ch = Hoon-l\ s
[TMay\: ]CD\: LooN-M
Too \ 7 _ (4oon-m)(0-015m) i MPa
g = L = & mt  |Io® NIlm*
TS T J.a45 %10

= 74543 Mo

ITmaxl = H00 N-m N.m; AB BC (circle one) | (6 pts) |

1Tmaxl = F9: HF MPa (6 pts)
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c) If this solid shaft is to be replaced by a new solid circular shaft made of the same material to
withstand the maximum allowable stress of Talowabie = 20 MPa, determine the minimum diameter (d)
of this new replaced solid shaft to the nearest 10 mm.

;__ = -‘:M
¥ CJ;IImuAble

Y 3
y - allew

o [2 TR )
ﬂ”fanw

(ax 400 N-M_

— 2
Tx K0 ¥% 10® Nim

~ = 0.023%5m = 2355 mm
d = ¥ 23.35mm = H6.Fo MM
2 ‘6p mm
d= 50 mm | mMm (round to the nearest 10mm) (4 pts)

d) If a solid shaft is replaced by a hollow circular shaft, will the maximum shear stress qualitatively
increase, remains the same, or decrease given the applied torque and the outer diameter are the
same for both shafts? No work needs to be shown

J-= g(xo”_ Tﬁ)l ‘j'mm:I&ﬁ_T

Tmax Remains the Same Decrease (Circle One) (3 pts)
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PROBLEM 4. (25 points)

GIVEN: A cantilever beam supports a uniformly distributed load and a concentrated load as shown
below. The beam has a rectangular cross section with b = 3.0 inand h =4.0 in.

y
A B=i65ih q =100 lb/ft \\&
X \ Dh
A
2 ft 0 4 ft C?k g

FIND: a) Draw the overall free body diagram on the artwork provided below (2 pts). Use the single
equivalent force for the uniform distributed load. Determine the reactions at the fixed end C and write

them in the box below. (5 pts) \{

400 | bs. ?(_W ?‘,_

N Me

A g c/

=M. =0= M, - 100((0) + 400(2)
© M. = - 200 f3-lbs.

A 160 bs.

ZE=0 = Cx > Cx=0lbs

i
0
Qs
“+
S
O
)
N
O
G
U
N
Qc

ZF‘\-\J:O

O i+ 300 )jIbs (3 pts) M= (= 2.00)k ft-Ibs (2 pts)

(W
]
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b) Find the expressions describing the shear force V(x) and the bending moment M(x) as a
function of the spatial coordinate x. Write your results for the segements AB and BC in the box

below. (8 pts) 553‘ AR flbélbb. M Sea BC lwob(.q_)
| oolbs, M
?4l) 2+ —Pe-( X -z\-ﬂl
S M) = 100X ZMN, == M= 100(x) + 00 (X-2) -2
) =M=o Mz ) e
= Fy=0 ="/ +100 ] M) = =50x%+300x) - 200
C V) = 166 1bs, | ZXy=o==V+ido- |00 (X-2)
} L Ve - 100x+300
SegmentAB | V(x)= [DO bs | M(x) = /O @3 ft-los | (4 pts)
Segment BC | V(X) = — | X 4300 bS M(x) = =50x*4+360K)ft-bs | (4 pts)
- 200

a) Draw V(x) and M(x) on the diagram provided below. Please label the shear force and bending
moment values on the diagram at points A, B and C, as well as any max or min values. (4 pts)

M(x)

: X
\% - 200 54-1bs .

ME 270 Final Exam — Spring 2025 17



d) Indicate the location on the beam which has a point in pure bending by stating its location from the
left end of the beam. For the point experiencing pure bending, find the value of the maximum tensile
normal stress and the location on the cross section where it occurs. (6 pts)

Puxe %QM}‘\a ccuncs Lare V2O ok M +e
Feem  Viy= - lo0(L) +300 =©O
1= 3.{:.).. Lo le:’)c'f' Mﬁ% Deam.

Mm _ 250 f+-1bs ( tensile witl oco o Bo%wn\
e .

L _I_L(gm\(ﬂrm\: 6 in*
217
- My - (2505 163) (- 210 (1 V\v

bo tw I = A ”\4-
¢ — E—Lb_i- = 3?.5-'05;
"o Ub_o = 37 Tn®

Pure bending Located 3 ft from the left end of the beam (2 pts)

Max tensile s 3 ?_5 psi (2 pts)

stress
Location of max .
fanails cides Top Center (Circle one) | (2 pts)
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