ME 274 — Summer 2022 Name < iOJ V¢ )72 (M)

Final Examination (ALTERNATE)
PROBLEM NO. 1 - 20 points
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Given: A homogeneous square plate OABE (having a mass of m) is pinned to cart H
(which has a mass of m). The cart is able to slide along a smooth, horizontal
surface. The system is released from rest from a position where corner B is
displaced slightly to the left of being directly above O.

Find: It is desired to know the angular velocity of the plate when 6 =0,
immediately before the plate strikes the bumper at E. Please follow the four
steps provided below, and present your work within the appropriate steps.

Solution:

SETP 1: Choose your system and draw an appropriate free body diagram for your system.

] : 1
STEP 2: Kinetics
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Final Examination (ALTERNATE)
PROBLEM NO. 1 - continued

STEP 3: Kinematics
v(:z_= Vogz + 002> 7';,0 j\ C.>
= Vo2 & (w2 ;‘;}<(—z_2 -f-l\j':)
= oz ~LwD) T+ (—-Lw:_j)

VGX? = Vaz—-L—WZ (g)
VC’W: — L W3 Cq)
€ Vs = Vs + Ve &

STEP 4: Solve for the angular velocity of the plate. Write your answer as a vector. Leave
your answer in terms of, at most: m, g, b, h and 6.

()= Voz2=- Vexz L
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PROBLEM NO. 2 - 20 points

x;' 3 C)

Given: Consider the system above that is made up of a homogeneous disk (with a
mass of m and outer radius R), block A (having a mass of m), two springs (of
stiffnesses k and 2k) and a moveable base B. The disk rolls without slipping on
a fixed horizontal surface, with block A translating without slipping on the top
surface of the disk. Base B moves with a prescribed horizontal motion of

xp(t)=bsinQt . Let the coordinate x measure the motion of block A. The

springs are unstretched when x=x,=0.

Find:  1Itis desired to know the differential equation of motion (EOM) for the system
in terms of the x coordinate, and the particular solution for the EOM. Please
follow the steps provided below, and present your work within the appropriate

steps.
Solution:
SETP 1: Choose you “system” and draw the appropriate free body diagram(s) for your
system.  F———®» <t Aro 2iesc

I —

+4
k(xa -Y)

STEP 2: Kinetics

Disk: T = [Bfe-)]R - R =T-S @
B’ 2= fp-—zke =mk &)
W= =L LS +RrReGe-D]Zx
@ =S fa= mx+26x
S MR R = o5 [F RS +RRGs -] ®
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Final Examination (ALTERNATE)
PROBLEM NO. 2 — continued

STEP 3: Kinematics

Srimce C=TC =
- <= z:ze=>e— ——)9——2

STEP 4: EOM. Leave your answer as a differential equation in terms of, at most: m, &, R,
x and time derivatives of x.

@.&) & =
MK 2P = 2K E‘(Emlzz)—— + R k(e — ?->J

‘é"'m;&+ g—gxz 2—’/&657/7_9.17

—> 5&.+-‘,§-&x—iﬁbS/m < Eom
;7—- //M
Rt

STEP 5: DERIVE the particular solution of the EOM starting with the general form of a
linear differential equation with sinusoidal excitation.

éx,,ét).—: Acosot +BsSmast
5%9 -&5) S—AQt tosoA B oS ot

. a
C—-._n- "'W")A' cos ot + (=2ruiat) Bsrnat = 7/—% & Sy
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Final Examination (ALTERNATE)
PROBLEM NO. 3 - 20 points
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Position 1 Position 2

Given: Particle P (having a mass of m) is able to slide on a smooth, HORIZONTAL
surface. A cable is attached to P, with the cable being in contact with a smooth,
fixed post at O, and with a spring of stiffness k attached to the cable at end A

of the cable. At Position 1, P is at a distance of R, from post O and is moving

with a speed of v, in a direction that is perpendicular to OP. The spring is
unstretched at Position 1. At Position 2, P has moved outward with the radial
distance from O to P being R, =2R, .

Find:  1tis desired to know the velocity vector of P at Position 2.

Solution:

SETP I: Draw a free body diagram (FBD) of P. Show the polar unit vectors e rand ée in
<

your FBD. / s
Er

STEP 2: Kinetics
2 Mo=0 => Hp= cost
Sz‘:o, = Mo Vo, = (B SV ED= mr, v, B
Hoz= m o= Upz= m(zzagx(ﬁzep_-f-zzuhéé
= mza,wz =

ooy = e - B ., _V
Ho=t+Hoz = nlzt‘/l= MR, W, =D UJ;—?:,\/,— 'qf’é,

i/mv;2= Z(/mvz;z"‘sztz =$\/z-—'\/z kE
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Final Examination (ALTERNATE)
PROBLEM NO. 3 - continued

STEP 3: Kinematics: Write down the velocity of P in terms of its polar coordinates and

using the polar unit vectors e, and e, .
=1

V7_= .Zzez.}- zzw:.és
Lo et m200? 3)

STEP 4: Find the velocity of P. Write your answer as a vector, and in terms of, at most:
J
m, R, kand v,. A
—

.2 =
©,@,D: v’- Bgs g, + @EDZ[(%J 5
-5 2‘0

—_ oA
S Ve= (RULBRE et %ée - Va
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Final Examination (ALTERNATE)
PROBLEM NO. 4 - 20 points TOTAL

NOTE: You are not required to show your work on Problem 3. There is no partial
credit awarded for the different parts of the problem.

System 1 System 2 System 3

Letw ,, @, ® , and o . represent the natural frequencies for Systems 0, 1, 2 and 3

n0> “nl’
shown above. For all four systems, the disks are homogeneous and have a mass of m.

PART A.1 -2 pts. — choose the correct response

. 5 B c—
2) 0,>0, SElwr | : ZmR+=<=0
b) ©,0=0, = wn =55
c) O <O,

d) More information is needed to answer this question.

PART A.2 — 2 pts. — choose the correct response

a) ®,>0, On Nt 1~AA£/vesncad
b) o =0, =, \7mw‘¥7
c) w.,<o.,

d) More information is needed to answer this question.
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Final Examination (ALTERNATE)
PROBLEM NO. 4 (continued)

PART A.3 — 2 pts. — choose the correct response
> Wn3 o Nt /rfluencael s R

a) .,

n3

b) o ,=0

) o, <o

0 3

d) More information is needed to answer this question.
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Final Examination (ALTERNATE)
PROBLEM NO. 4 (continued)

Q
A e
F ¥ A 4
F v
System | System Il

PART B -1 pt.

The force F for both Systems I and II pulls the center O of the disk to the right through a

distance of d. Let Ugg , and Ugi)z represent the work done for F for Systems I and II,
respectively.

a Ul >uh), Aq,): Si:km f ma&%kwm'c;)
o) doe) Ve

) _yyun
b) UlﬁZ_UleZ

(N (n
©) Ui, <Ui,

d) More information is needed in order to answer this question.
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Final Examination (ALTERNATE)
PROBLEM NO. 4 (continued)

no slip

PART C -1 pt.

As a result of the applied force F, the center of the drum O will:

Z‘VE, = cw = O sm»oue)
'+D75u./<7/»}

a) Move to the right.
b) Will not move.
¢) Move to the left.

d) More information is needed in order to answer this question.
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Final Examination (ALTERNATE)
PROBLEM NO. 4 (continued)

AT
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System A System B
PART D - 1 pt.

Consider Systems A and B above containing identical disks pinned to ground at center O.
In System A, a block of mass m is attached to the end of the cable, and in System B a
force F' = mg is attached to the end of the cable. For both systems, the cables do not slip

on the disks. Let &, and o, represent the resulting clockwise angular acceleration of the
disks in Systems A and B, respectively. Choose the correct response below:

a) a,>o A.; 2 Fy = —T+m\7=m04.(>9)
b) o,=a, (a T = m@—ﬂﬂ)< =
c) o,<og

d) More information is needed to answer this question.



ME 274 — Summer 2022 Name XX UT7 OASL
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PROBLEM NO. 4 (continued)
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observer 2

—T —I—
N 0

PART D
The horizontal shaft above is rotating about a fixed axis with a constant rate of €. Bar
OB is pinned to the horizontal shaft, with the elevation angle @ increasing at a constant

rate of 6. The following moving reference frame kinematics equation is to be used to
describe the acceleration of point B for 0<0<90°:

ag =aO+(a3/0)rel+oc><rB/0+2a)><(v3/0)rel+a)><(a)>< B/O)

D.1 -2 pts. Using an observer 2 (attached to OB), fill in the following terms below for
this equation (in terms of their xyz-coordinates):

@:J)__’I\,-/-s‘?z =._Q_(oo.se.2~smej‘) _,.é‘lé
i- St= SEo =B =S [(was-t —_sz_éms&‘—+®£] <R’
S-S 050 X -Srs2ca8

D.2 — 2 pts. Using an observer 1 (attached to the horizontal shaft), fill in the following
terms below for this equation (in terms of their xyz-coordinates):

(VB/O)reI B Léj

(53/0) - LR



ME 274 — Summer 2022 Name SSCY_ (ol

Final Examination (ALTERNATE)
PROBLEM NO. 4 (continued)
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PARTE —1pt.

A thin, homogeneous bar is attached to a roller at end O. The roller is able to roll along a
smooth incline, as shown. The bar is released from rest. On release, the angular
acceleration of the bar is:

[‘a) clockwise. | ZMC» T CW D L=<wW

b) counterclockwise.
c) zero.

d) More information is needed to answer this question.
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PROBLEM NO. 4 (continued)

Y go
— 90 mm S/’)¢= (SO = O.G
-P X S - (2o
120mm R
X
0 ~.
Enr= —Sb 0 +casdy
= -0 +0. ed“

2 L)
Ep = —caSP L, —S-a ‘?

PART F = —0.8% —0.6\7"
The velocity and acceleration of particle P are known in terms of their Cartesian
components:

¥ =(400i +300 jymm/s

a=-@0i+20 j)mm/ s>

For this motion, choose the correct responses:

F.1-2 pts. - ”\ — -~ ~ -~
" R=Ce V=(CO6% +08 3'[4oo,<,+5oo\7’3
a) R>0
= (0.0l +Ho. (300 =o
¢) R<O0
F.2 -2 pts. . ~ -
a) $>0 Rb=Ep-V
b) ¢=0 = @o. s,,?,__o.g\j’b -(qo0% f—aocy')
= (0. 9Gd) +£0.0)(Bd) = —~500
F.3 -2 pts. = ¢<O
m s ,0 -~ -
R+ = Ep 3
b) $=0 -;(_.o.a;c—o.a:j\)(—@:w-zoj)

.o :ZB
(> >0



