ME 274: Basic Mechanics 11 Monday, May 1, 2022
Spring 2023 1:00pm-3:00pm

Exam Final - Main Time
Particle Kinetics and Kinetics;
Planar Rigid Body Kinematics and Kinetics; Vibrations

Last Name: _éé&_/ _______________ First Name: _______________________

Instructor (please circle your lecture time):  (8:30am) Krousgrill (10:30am) Krous-
grill

(11:30am) Gibert (1:30pm) Davies (2:30pm) Sotelo (4:30pm) Rojas
Instructions:

You have 120 minutes for this CLOSED-BOOK, CLOSED-NOTES, NO CRIB SHEETS exam.
You are allowed to use a calculator but only for simple calculations during the exam.
The only person you should communicate with during the exam is the exam supervisor.

ALL THE WORK YOU SUBMIT MUST BE YOUR OWN WORK, see page (ii).

e If you are using the BLANK exam, there is no need to write out the problem statements in
full. Only redraw the Figure, if you are asked to draw something on it.

Each problem should start on a new page, and write on one side of each page only.
Draw FBDs for each kinetics problem. Clearly show the coordinate system(s) being used.
Use PROPER VECTOR NOTATION in your solution and include UNITS in your answers.

For most problems, work the problem using variables, substituting in numbers at the end.

You must SHOW ALL WORK to receive full credit.

If your solution does not reflect a logical thought process, it will be assumed to be in error.
If it is not clear how you produced your answers, you will not get credit for your solution.
When errors greatly simplify the subsequent steps in a problem, you will lose additional points.

Put your NAME, PROBLEM NUMBER on EACH PAGE.

e SCAN SHEETS IN ORDER: Cover page (filled in), honor statement (signed), Problem 1,
Problem 2, Problem 3, and Problem 4 sheets, and sheets in the correct order for each problem.

e Identify which sheets belong to which problem when submitting via Gradescope.

’ Problem ‘ Score H
1 (20 pts)
2 (20 pts)
3 (20 pts)
4 (20 pts)
| Total (80 max) |
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ME 274: Basic Mechanics 11 Monday, May 1, 2022
Spring 2023 1:00pm-3:00pm

Code of Honor for Students taking ME 274 Examinations

I understand that this is a CLOSED BOOK EXAM and I may only use my calculator to do simple
arithmetic and trigonometric calculations.

During the examination, I will NOT USE crib sheets, course notes, text books, nor any other
similar materials. I WILL NOT communicate with anyone else during the exam, nor will I accept
help from anyone else. I WILL NOT use information on the internet or elsewhere to help me solve
the exam problems.

All the work that I submit will be my own work.

I have read Code of Honor for Students taking ME274 and I agree to abide by this Code.

Signature:

PRINT Last Name:

PRINT First Name:

Date:

The Purdue Honor Code: As a Boilermaker pursuing academic excellence, I pledge to be honest and
true in all that I do. Accountable together. We are Purdue.
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ME 274: Basic Mechanics 11 FINAL EXAM - PROBLEM 1 Monday, May 1, 2022
Spring 2023 Last Name: 1:00pm-3:00pm

Problem 1 (20 points):

Given:

A disk of radius R meters and mass M Kg is released
from rest on an inclined plane when the spring (of
stifiness 5k N/m) is unstretched (z=0). Note k is
the spring constant.

The center of the disk is also attached to a
viscous damper (damping coefficient, ¢ Kg/s).
Note ¢ is the damping constant. The disk
rolls without slipping on the rough inclined
plane.

Let & denote the angular acceleration and & denote the angular velocity of the disk.
Known variables in this problem are: M, R, k, ¢, 4 and g.

Find:

(a) Draw the free body diagram of the disk at a position z meters down the plane. Write down Euler’s
equation for the disk taking moments about G, and also write down Newton’s equations for the disk
in both the z and y directions.

(&) Starting from the rigid body kinematics equations, DERIVE the relationships between o and Z. This
expression should be true at any location z along the path of G.

(o‘) Use some or all of the equations in parts (b} and (c) to derive the equation of motion of the center
of the disk (G). Put this equation in standard form with the coefficient of i equal to one. [There
is no need to transform the equation of motion to describe the motion about the static equilibrium
position.]

(@ Use your equation of motion in part (d), to determine the undamped natural frequency (wy,) and the
damping ratio (¢) for this system.

Solution:
(a) Draw the free body diagram of the disk at a position & meters down the plane.
b~ cCW tVWe A
ouk ofpage htve)
% y —
— -~

-
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ME 274: Basic Mechanics 11 FINAL EXAM - PROBLEM 1 Monday, May 1, 2022
Spring 2023 Last Name: 1:00pm-3:00p.

equations for the disk in both the = and y directions.
SMTewts R = Tad = IMR 0,
SHe= M?f,@% ~Shx—cx-§ + Mgsmp = ™M
prszgé M%wse - N = M{J =0 ____ __Q.&él_

(¢)_Starting from the rigid body kinematics equations, DERIVE the relationships between o and #. This
expression should be true at any location z along the path of G.

 cxpression —— — " AN :

£ “ A . no s\ O*
Cdga= Ocf + oLRA + "Ry P —_wfRy)
A X ce
A DOMVOhQ,V\\’f;‘; Qe = R , ey = xR Rng @

(d) Use some or all of the equations in parts (b) and (c} to derive the equation of motion of the center
of the disk (G). Put this equation in standard form with the coefficient of & equal to one [There
is no need to transform the equation of motion to describe the motion about the static equilibrium
position.|

Fom@UD) & = WMEEE = KM )
Sulo. wito —5ki-Cx —LMX + Mgsin® = Mx
Rﬂ&q‘m%‘,j’ %V\SE+ CZ;C’» + Bhax = Ms.sine'

Divide by M . §
ee g ) le ; - " T \
x +%%,+‘I’ + = ] _qumt} .@ Mo

(e) Use your equation of motion in part (d), to determine the undamped natural frequency (w,) and the
damping ratio {¢) for this system.

Standacd form of Tae 2nd ovder diffesental equasions
r Wonx + W= F&)
COMPOVING Wik (S ges

Zgwn = A

o
— an d Fn —

°e° Wn = !P_E NS M ‘S": ___C_"_'__ 2 = ,,.__c—'-—-"“' —
J amﬁ——‘»a ¢ 3MJ ok 30kM ANS

i
c
x

|

v
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This page is for extra work related to Problem 1
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ME 274: Basic Mechanics 11 FINAL EXAM - PROBLEM 2 Monday, May 1, 2022
Spring 2023 Last Name: 1:00pm-3:00pm

Problem 2 ( 20 points):

Given: A homogeneous disk with radius, r (m), and mass m (kg), rotates about its center and fixed point,
G. A spring with stiffness k¥ (N/m) is fixed at one end at point O and is attached initially unstretched at
point 1. A block B, with mass M (kg), is attached to a cable that is wrapped around the disk and is pulled
straight down by an externally applied force F' (N) a distance Asp (m) (unknown, determine this distance
in terms of known variables based on the positions the disk rotates to get from 1 to 2 corresponding to the
rotation amount (arc length) of the disk at each point (1 (no rotation) to 2 (quarter rotation)). The system
is released from rest.

Fixed point
g
2.4r
A—_
B - T_ T T 1
|:] As,
B 2 e 2
‘ gl
y
System at Position | System at Position 2

Find:

(a) Draw the free body diagram of the total system (disk, cable, block) at an arbitrary position so
that the spring force can be displayed. Clearly indicate your coordinate system and define your
gravitational potential energy datum(s).

(b) Write the potential energy in terms of all known variables due to gravity for the block B, Vjrquity, as
defined by your datum at positions 1 and 2.

(c) Write the potential energy in terms of all known variables due to the spring, Vipring, at positions 1
and 2.
(d) Clearly write out the Work-Energy equation and the individual terms associated including the kinetic

nc

energies (7;), potential energies V;, and non-conservative work (U7*,) from position 1 to 2.

(e) From position 1 to 2, find the angular speed wy of the disk in terms of all known variables. You may
have to use kinematics to relate linear velocity of the block B and angular velocity of the disk.

Units must be clearly stated as part of the answer (only at the very end) you do not have to
carry units throughout the analysis. Note that your final answers should be in terms of (at most) the
known variables: m, M, r, k, F, w, and gravity, g.
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ME 274: Basic Mechanics 11 FINAL EXAM - PROBLEM 2 Monday, May 1, 2022
Spring 2023 Last Name: 1:00pm-3:00pm

Solution:

(a) Draw a free-body diagram of the total systemfhcluding a coordinate system and datum(s). Include
spring force at an arbitrary position, (e.g. podition 2).

y 0o &_J9NX

-Wﬂ[lgftm bl,//((ﬂﬂ"a"ﬂ’]j>
SR
LF

(b) Using the datum you have drawn on the FBD, write the pot¢atial energy in terms of all known variables

due to gravity for the block B at positions 1 and 2. Note: Asp is unknown, this variable must be in
terms of known constants.

Vgravity at 1 Vyravity at 2

Melr = 07 Mq DS ==Maq, 0
/ 17

@/a'}‘m’\ 51440»(/\ ,p,./

luc (€
(c) Write the potential energy in terms of all known variables due to the spring at. positions 1 and 2
Vtspm'ng at 1 Vgpm‘ng at 2

\ { 2 >
}[LAZ PV ‘le(b - \fzk (x - (Zﬂ(/r)>

| s - 2
bl f s} ke = Sl 1L20) = ppallr

(Z.é/f—r}j% 2
2 Ul &W 2 % A
r

ME 274 Exam Final PROBLEM 2 Page 5 of 18




ME 274: Basic Mechanics 11 FINAL EXAM - PROBLEM 2 Monday, May 1, 2022
Spring 2023 Last Name: 1:00pm-3:00pm

(d) Write out the Work-Energy equation in its full form (T,V,U) followed by filling out the contributions of
energies associated with the system for each state (1,2). Note: Asp is unknown, this variable must be
in terms of known constants. You may have unknown angular and linear velocities in your expressions
for kinetic energy.

l s
W-E: T/ + Vsl 2 + Vo

0 1= O

(1) Vs = Veming + Vi = (O F 0 ¥ O

i) visa= FAbg > ¥,

(iv) Tp = JZ 1c7u}2l { ,;M(/&‘Z;2

(v) Va = Vaspring + Vagravity = ’M?rﬂz , 'z Y AZ’ ,_Mj/r%/ EINAE

(e) Is energy for the total system conserved? Provide a very brief explanation.

M /77 ayplied /1

(f) Determine the angular speed of the disk, wy. You may have to use kinematics to relate linear velocity /5 \ 4 4

of the block B and angular velocity of the disk. |

?(l‘z - %/(701/ (IR /’"l/mw/‘?;rﬁ +(9?ch( Ug"’\/@ ,VQ74/(,J7\7,;/6
o 2 D+ )R x(vt)
Ff}; 3 ,@fawz’l + L7/1/l(rw7§ - ~
_— /21.-\ \)é ﬁffw/)‘
il 1 [ 'l>
e Q.(?/ y cMary 0.72Ur
2 —_—

Im YT I8

G
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ME 274: Basic Mechanics 11 FINAL EXAM - PROBLEM 2 Monday, May 1, 2022
Spring 2023 Last Name: 1:00pm-3:00pm

This page is for extra work related to Problem 2
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ME 274: Basic Mechanics 11 FINAL EXAM - PROBLEM 3 Monday, May 1, 2022
Spring 2023 Last Name: CoLuTION) 1:00pm-3:00pm

Problem 3(20 points):

Given: A particle P of mass m (kg) travels with a horizontal velocity of 7p; = vi (m/s) when it impacts the
corner A of a homogeneous square plate of mass M (kg) as depicted. Immediately after impact the particle
P becomes embedded to the plate at point A. The plate is pinned to the ground at O, and has a center of
mass G. The sides of the plate are length L (m). All motion occurs in the HORIZONTAL PLANE.

Known variables in this problem are m, M, v, and L.
Find:
(a) Draw the free body diagram of the system made up of

particle P and the square plate during impact, clearly
indicating the coordinate system.

(b) Why is it beneficial to consider angular momentum

about point O instead of G for this system? Justify . i
briefly. G

(c) Write the angular momentum expressions for the parti-
cle P and the square plate about point O right before ;
impact. Answers should be in terms of, at most, the P € ‘: v
parameters m, M, L, and v. m A e R

Up, = Vi

(d) Write the angular momentum expressions for the particle
P and the square plate about point O immediately after
impact. Answers should be in terms of, at most, the
parameters m, M, L, v, and the unknown w.

N | b~
| o~

(e) Find the angular velocity & of the square plate imme-
diately after impact. The answer should be in terms of, at most, the parameters m, M, L, and
v.

Solution:

(a) Draw the free body diagram of the system made up of particle P and the square plate during impact,

clearly indicating the coordinate system. A
V) ‘3 3

Ox Ly

(o)

‘G

Pe
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ME 274: Basic Mechanices 11 FINAL ENXNAM - PROBLEN 3 Monday, May 1. 2022
Spring 2023 Last Nameo: 60{_ UT \ON) 1:00pm-3:00pm

(D) Why is it beneficial to consider angular momentum about point O instead of G for this system? Justify

briefly. SUL£0 ok EMo zO, THAS owbu\ﬂ\f oen b iy
wngevved oot  pantk 0.

(¢) Write the angular momentum expressions for the particle P, ﬁom- and the square plate, Hp ., about
point O right before impact Answers should be in terms of, at most, the parameters m. M, L. and v.

ﬁ
1 < N -0 -y X = ~N e
Hor, = Cefo x W\\p, -3 A)x wmal mL

d) Write the angular momentum expressions for the particle P . Hp .. and the square plate, Hp ... about
g p P Opo q I s2
point O immediately after impact. Answers should be in terms of, at most, the parameters m, M. L,
v and the unknown w.

°© . -
3 - P L%)*m(%-\'w"rP/ox

HOm: rP,OX m/\)pz - 9~"—
= L";'t—l-ﬂx""[w'\a x (-3t 13)]

(e) Find the angular velocity & of the square plate immediately after impact. The answer should be in

terms of, at most, the parameters m, M, L, and v.
>

HO‘ = ‘Ho-.._
5 mlf + S ME A
[q L w = w|

I

my,f\)f\«.

= M~ A v - rod 40
W= (%ﬂw%q) L (3m+M) SL S
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ME 274: Basic Mechanics 11 FINAL EXAM - PROBLEM 3 Monday, May 1, 2022
Spring 2023 Last Name: 1:00pm-3:00pm

This page is for extra work related to Problem 3
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ME 274: Basic Mechanics 11 FINAL EXAM - PROBLEM 4 Monday, May 1, 2022
Spring 2023 Last Name: 1:00pm-3:00pm

Problem 4, Part 1 (6 points):

Given: Consider Systems I and I1 shown below. System I consists of a homogenous disk pinned at O of
mass m (kg) attached to a rope where force F' is applied. System IT consists of a homogenous disk pinned
at O of mass m (kg) attached to a rope that passes over a frictionless pulley. The rope is connected to a
block of mass m. In system I the magnitude of force F' equals mg where g is the gravitational constant and
the rope is pulled from position A to position B by a distance h. In system I the mass drops from position
A to position B by a distance h. In both systems the rope does not slip with respect to the disk.

System / System 11

& —5

|
|
|
h |
F=mg £ ‘ g
4 0 | ®) No Slip
— |
|
m |
NoSlip | R o |
| m A
|
|
Rope is pulled in a straight line \ h
Y B

\/77 ny
%/2”/—2—;_ ){10 Lrtonry

B: Justify your answer. ﬂ'—' Y(Y%mr®)

- "y
7‘/—5/47?’_= 29‘;’ .t/fz%, A

Ot (Bmr )™« Yymtl — o

Find:
A: Fill in the circle with the correct answer. Compare the angular speeds of the disks of system I to system
= F N A4 gVJ il aVJ
(a) @ (@Wi> (W
() O @i =n 7 Ok 7 Ok
() O (W)rr
)

(d) O It is NOT possible to answer.

™
w= /—9'/_ - //:-

411/'"4 Aﬂl’"
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ME 274: Basic Mechanics 11 FINAL EXAM - PROBLEM 4 Monday, May 1, 2022
Spring 2023 Last Name: 1:00pm-3:00pm

Problem 4, Part 2 (4 points):

Given: The position x of each mass is measured from the unstretched position. Which of the systems will
oscillate around a non-zero static equilibrium state?

No Slip

System A

Yes o r No

A: Circle Yes or No underneath the figure.

System B
Find:

B: Justify your answer for system A.

Gravitey sol & Lovctorn —> gg=0 &7

mey L. I St —AX- F= mx

- @;m >z2m,; br= 200
“—F h*
e % nx tEX=O

C: Justify your answer for system B.

Grayr 7y ool a $zctor =2 XSO o
s 147 q ZFx: ”kﬁ(’ff/tiz’/ =
@ 5 >3, . ﬁ/‘/ af 34/7%%[%’—/”7
W i o
L7 ok
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ME 274: Basic Mechanics 11 FINAL EXAM - PROBLEM 4 Monday, May 1, 2022
Spring 2023 Last Name: 1:00pm-3:00pm

Problem 4, Part 8 (4 points):

Given: A system consisting of a mass m (kg) and a stiffness 2k (N/m) rolls along a smooth surface. The
system is excited by a sinusoidal force F, sin Q¢ (N), where Q = y/4k/m (rad/s). The equation of motion of
the system can be written as

mi + 2kx = F, sin Q¢ (1)

Recall the steady state oscillations are given as z(t) = X sin Q¢ (m), where X is a function of the frequency
of excitation, amplitude of force, and mass and stiffness of the system and for this problem is given by

F,
X=—22
2k — mQ?

Find:

A: Fill in the circle corresponding to the correct answer. The natural frequency is w, is

@) O _ ] i T 2x = fosmIle e By 7 pl @
) TV st Yol

0) O w=1/2 E+(20)y= Fo o €

©) @ wn=y Lo wn™= %y — Ztﬁﬁ/@ﬂ
(@) O wn=1/2t,

(e) (O Not enough information to answer,/ Correct response not available.

B: Fill in the circle corresponding to the correct answer. The absolute value of the ratio of amplitude X at

Q=0or X(0) to X at Q = \/4k/m or X () can be written as ))5((8)) and is equal to
@ O ||~ 2 Y= Fo

_ z—
) O || =+ 26~

©® |-t w=_Ffk_ Y= Jo - /o

(f) O Not enough information to answer/ Correct response not available.
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C: Justify your answer for B.
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Problem 4, Part 4 (6 points):

Given: A non-homogeneous disk of radius R shown has a center of mass G, a geometric center located at
O, and contacts the ground at point C. The center of mass is a distance R/2 from the geometric center.
At the position shown G is directly to the left of the geometric center O. The disk has a mass of m and a
centroidal radius of gyration k¢.

A: Fill in the circle with the correct answer that describes the moment of inertia of the disk about point O,
Ip, compared to the moment of inertia about point C', I¢.

(@) O lo=Io
(b) O Io<IC
(C) O Io>IC

B: Justify your answer for A.

_Zo = < -r/n/%)z'; nt -f'/ﬂ'ez

T, = I + m((4)=+2R°) = m&~ +m5»</;
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This page is for extra work related to Problem
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