ME 270 Exam 2 - Spring 2024 NAME (Last, First): _Sg[u‘fion,.

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: J. Jones, Section 001, MWF 9:30AM-10:20AM
T. Han, Section 002, MWF 1:30PM-2:20PM
J. Jones, Section 003, MWF 11:30AM-12:20AM
J. Jones, Section 005, Distance Learning

Please review and sign the following statement:

Purdue Honor Pledge — “As a Boilermaker pursuing academic excellence, | pledge to be honest and
true in all that | do. Accountable together — We are Purdue.”

Signature:

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 20 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 Exam 1 is 90 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 back side 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 (20 points)

1A. Given: A crate of mass m is placed on a rough incline with a cable attached to the top. The other
end of the cable is attached to a free-hanging weight. The crate has a height of 2h and a width of 2b.
Consider the incline forms an angle 6 with respect to the horizontal surface and has a coefficient of

static friction ug, please answer the following questions. ]
ideal pulley

Find: Draw the FBD and calculate the weight W for the crate to be impending tipping? $
(Express your answer in terms of m, b, h, 6, us; and g)

FBD for impending tipping

W

EM,;;‘, =2 W + mgsing h +M3cmeb

=0

T {’Tn

> 2h-W = mylsineh+t (g b)
W - ﬂ;\i (hsin6+ beose)
2

W= 22 (56 + b cox 0) (3 pts)

Find: Draw the FBD and calculate the weight W for the crate to be impending slipping upwards?
(Express your answer in terms of m, b, h, 6, us and g)

iF5= N~ Mg Cesg =0 ®
Zh- l/\)~f—m35m6=o@

FBD for impending tipping

W

£ - SleN = hsmgeoso @
,\‘3/7 x O~ N:= mgeosp

@ > w: -F+m39|‘v\6 = mﬁ (/Aéwse-réfne)
AN

W= mg stcosé' +sin@ ) (3 pts)
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1B. Given: A drum with radius R is fixed to an incline with an angle 6 with respect to the horizontal
surface. A belt is wrapped around a portion of the drum with a block weight W attached at one end
and a force F applied at the other end. The drum is rough and have a coefficient of static friction .
Force F is parallel to the incline. Consider W, R, 8, and u, as known values.

Find: The minimum force F needed to prevent the belt from slipping. Express your answer in terms of
the given variables. (5 pts)

‘\-'/Belt impwd-i(\j 5liﬂ>in3 F i’:;d Drum
-F -f&'t gl F
Few
l ‘/Belt
Wb kP 6
F €
w
) AlR
™
A
3
!_\_}_ ) e/k(e )
‘_
_ W
F e/lsm"iu)
F = ?"}i—m_,—w (5 pts)
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1C (5 pts).
As shown on the right, a block with weight W is held up by a
wedge against a smooth surface. Please answer the smooth wall
following questions by circling the correct choice in each S
given scenario g
w
Rough Surface

L

If the given wedge is known to be self-locking, which of the following is true for the
block to impending moving down?

A. P>0
B. P=0
P<O
D. Not enough information is given to determine.

If the given wedge is known to be self-locking, which of the following is true for the
block to impending moving up?

A P>0
B. P=0
C. P<O
D. Not enough information is given to determine.

If the given wedge is known to be self-locking with the current angle 9, is the wedge
still self-locking when 6 is decreased?

@ Yes
B. No
C. Not enough information is given to determine.

If the given wedge is known to be self-locking with the current angle 9, is the wedge
still self-locking when 8 is increased?

A. Yes
B. No
@ Not enough information is given to determine.

If the given wedge is known to be self-locking with vertical smooth wall, is the wedge
still self-locking when the vertical wall is no longer smooth?

B Yes
B. No
C. Not enough information is given to determine.
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PROBLEM 2. (20 points)

Given: A truss structure is made of 7 members with
point A on pinned support and E on roller support.

AL

Truss AB, BC, and DE are 4 meters long and are in
horizontal position. Truss BD and CE are 3 meters

long and are in vertical position. A vertical load P is
applied at B.

Find:

3m

D
m

a) Complete the free body diagram on the artwork provided below and find the reactions at points A
and E. Express the reactions in vector form in terms of P.(6 pts)

SMy=4m.P +8m -53;0 FBD (2 pt)
P
bEb.sl.F Ax _A ._B .C
i-Fx = Ax =0 AB /
2Ty = Ay~ P+By:= 0 ! i
By
L Ay =P-By - 1P
A=( 0O i+( 3 )j
| =P : (2 pts)
E=( o i+( 3P )

b) Identify the number of zero-force members. No work needs to be shown, just select your answer in

the box below. (2 points) ownly DE

|o M 2 3 4 5 6 7 (circleone)

(2pts)
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c) Use the method of joints to find the magnitudes of the loads in the truss AB and AD in terms of P.
Clearly state (by circling one option) if the links are in tension, compression, or zero force.
Include a free body diagram of the joint used. (5 pts)

Jotwk A 5h:hp+tfn:o ©
2 hy = 3 -
wo,, e YT Ay-3he 0@

~ -
A}]T o @_P-FAbaéAn"%P

O 7 he: ~4T - %'%P=‘

win

P

Fup = % ~o.61P  Tension @ Zero (circle one) 2 pts)
pts
Fup = _& P ,-":O.SSF Compression Zero (circle one)

d) Use the method of sections to find the magnitudes of the loads in the links BC, CD and DE in
terms of P. Clearly state (by circling one option) if the links are in tension, compression, or zero force.

Include a free body diagram of the section used. (7 pts)

Fec ¢ TMc = For 3m=9 O
L€ ST~ ~Foc - $Fep o @
FDE% TE 21'-3: Eg‘S-FCD=O

j ©—>FD'E =0

Fpc =23/2P ~ 0677 Tension @ Zero (circle one)
Fep =5/tp = 033P @ Compression  Zero (circle one) (3 pts)
Fpe= O Tension Compression (circle one)
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PROBLEM 3. (20 points)

Given: The frame ABCDEF is supported by a pin joint at A and a roller support at F. One
external force and a couple act on the frame as shown.

v‘_——
, 2t | 1 ft |

] 2t 7 :
I o 2 g 20ft- Ibs
————————————— 7 9| J ’)
2 ft ) D I
T
’ ; 10lbs

Find:

a) On the artwork provided, complete the overall free body diagram (1 point) and solve for
the reactions at supports A and F. Express the reactions at A and F in vector form.

ZMy=0=20-]0(5) +E<(3) Tﬁla, ‘ FBD 1
C Fe = +101bs, Ax | 2 ft |, 2t | 1t |
ey ; | 3
2 0= 1.+ F 2 f e 1@&43.
/‘}x = = Jbs. Fx ’ 16(bs.
'ZF‘}?O = /}1&-/0
Ay = + 10 ]bs
’Az( = i (10 )jlbs 2pts) |F=(_74+ /O )ilbs (2pts)
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b) On the members provided below, complete the individual free body diagrams of the

three members. (3 points)
FBD 2 FBD 3 ka FBD 4
Hhs 47 1 G A%
T LT fi-lb
Ax A B Cx -+—0of c1ft C D Ew e
———f [ . S C I S s o T 55
Bx |lin : -9 C& : DK :
e e Fe - i o
dx U R - ; l
» 2f0 1 2fe D'd__ 2 ft lo[bs
c) Compute the forces at pins C and D as seen by the member CDE in vector form. (12
pts)
FBD 3 (-Holbs\
ZMa=0= -Cx(N) +R(3) = &= +30/bs
FBD 4
Z My =0 =-¢y(2) -lo(N+20 I Cy= t5bs,
. (+30bs)
ZFx = O = (y b o= iD= ~ 306|bs.
(—t-S"Ibs)
ZhE, =0 = C% 1—])5 O = Daz +5 /bs,
e
©oncoe=(+30 )i+ ( +5 )j lbs (6 pts)
Doncoe=( =3 )i+ ( +5" )j lbs (6 pts)
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Exam 2 — Equation Sheet

Belt Friction

E_ ehB

S
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