ME 563-Fall 2022

Test 1

Name

Pledge

I have neither given nor received aid on this examination.

Instructions:
« This is a closed-book, closed-notes exam.

* You are NOT allowed to use a programmable calculator during the exam.
* Please read the question on this exam carefully and answer only the questions I ask. Don’t

waste your time doing extra work, and don’t skip any of the smaller questions within a problem.
I can’t grade what I can’t see and I can’t give partial credit for something in your head.
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A bar with an end mass m at G is attached to a wheel pt O. The end mass may be considered a
particle. The wheel rolls without slip along a wall. A spring is attached to the wheel and deforms
purely in verical (x) direction. The bar has neglible mass. The wheel has mass m and radius R
and mass moment of inertia about its-center of gravity /° =1/2mR% The coordinate x denotes
the absolute position of the wheel’s center at O and 6 the angular position of the bar.

a) Determine the expression for potential energy U in terms of the generalized coordinates x and
6 and determine the equilibrium positions of the system.

b) Write down an expression for the kinetic energy 7 in terms of the generalized coordinates x
and 6 and their time derivatives. From this expression, identify the elements mij, where:

[ 22
I'=3 Z ZmijQin
i=1 j=1

¢) Determine the mass matrix [M] and the stiffness matrix [K] corresponding small oscillations
about the equilibrium state.
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A nonlinear linear single degree of freedom oscillator is attached to spring whose force is given
Fs =kix+kox* where the stiffness’s k1 = 4000 N/m, and k> = 20 N/m? and a mass m = 1000 kg and

x(O)@nm and pOy=234-mmrs—

a) Derive the linear equation of motion for the system small oscillations about an near

equilibrium point.
| = dﬂ%

b) Plot the solution for at least two periods. Determine numerical values for and label the
initial conditions, amplitude, and period on the plot. Recall the solution to undamped
oscillator can be written as

fr(‘f) —Cleosw t+ Ssinw,t
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c) Ifadamper is attached to the system with damping coefficient of ¢ = 200 kg/s. Determine
the damping ratio. Is the linear system underdamped, overdamped, or critically damped.
If the system is underdamped find the damped natural frequency. If the system is
overdamped or critically damped report the eigenvalues of the system.
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A 2-DOF system has the follow equations of motion.

1 0] [ a+s a—1] a1 %
G
ol
a) Find the value of o that admits a rigid body mode where o>0.

b) Using a value of a found in a) to determine the natural frequencies and mode shapes of
the system.
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Newton Euler

Zﬁ:mdg

ZMA =14

A 1s a fixed point or center of gravity

SDOF Response

mx + ct + kx = 0,
i+2<wnj7+wix = 0.

c o k

—, wn:

2wy, = —
m

0<¢<1,

z(t) = exp —Cuwpt (C coswgt + S'sinwgt)

Power Equation
T+U="T,+U,+Wn
dW'inc) dT =~ dU

@ dt dt
Lagrange’s Equations

Power =

d(0T\ OT OR OU _
dt \ 0q; 0¢;  0¢  Oq

Qi

Eigenvalue Problem
[M]Z + [K]Z =0,

Z(t) = X expiwt,
(~w?[M]+[K]) X =0
MDOF Response

N

Z(t) = Z X j)[ej cosw;t + s sinw;t]
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Linearized Lagrange’s Equations
_>
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I have neither given nor received aid on this examination.

Instructions:
« This is a closed-book, closed-notes exam. .

* Please read the question on this exam carefully and answer only the questions I ask. Don’t
waste your time doing extra work, and don’t skip any of the smaller questions within a problem.
I can’t grade what I can’t see and I can’t give partial credit for something in your head.
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A bar with an end mass m at G is attached to a wheel pt O. The end mass may be considered a
particle. The wheel rolls without slip along a wall. A spring is attached to the wheel and deforms
purely in verical direction, x measures the distance point O moves. The bar has neglible mass.
The wheel has mass m and radius R and mass moment of inertia about its center of gravity ¢
=1/2mR?. The coordinate x denotes the absolute position of the wheel’s center at O and 6 the
angular position of the bar.

a) Determine the expression for potential energy U in terms of the generalized coordinates x and
6 and determine the equilibrium positions of the system.

b) Write down an expression for the kinetic energy 7 in terms of the generalized coordinates x
and 6 and their time derivatives. From this expression, identify the elements mij, where:

|22
T= 3 Z Zmz'j(ii(ij
i=1 j=1

¢) Determine the mass matrix [M] and the stiffness matrix [K] corresponding small oscillations
about the equilibrium state.
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A nonlinear single degree of freedom oscillator is attached to spring whose resistive force is
given Fs =kix+kox? where the stiffness’s k1 = 4000 N/m, and k> = 20 N/m? and a mass m = 1000
kg and x(0)= 0 mm and v(0)= 2 mm/s.

a) Determine the equilibrium points of the system. Derive the linear equation of motion of
the system for small oscillations around equilibrium point. Hint there are two, one may
not be physically possible.
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b) Plot the solution of the equation derived in a) for at least two periods. Determine
numerical values for the initial conditions, amplitude, and period and label them on the
plot.

c) Ifadamper is attached to the system with damping coefficient of ¢ = 200 kg/s. Determine
the damping ratio. Is the linear system underdamped, overdamped, or critically damped.
If the system is underdamped find the damped natural frequency. If the system is
overdamped or critically damped report the eigenvalues of the system.
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A 2-DOF system has the follow equations of motion.

1 0] [ a+sz a—1] fz)| _ =
QI S PR B
a) Find the value of o that admits a rigid body mode where a>0.
b) Using a value of a found in a) to determine the natural frequencies and mass normalized
mode shapes of the system.

c) Ifpossible, find initial conditions such that the only the rigid body mode is present in the
response.

a) Aet KT = O
€ (atr 1) —(x-1)F) = O

Dot | — (xE—SA 1) =O
oD 4 )] TATE

g%+ 45 =0 a=0 A=Y T Al

4) y [/ O % ”7/3]//5_,)'
w];%;/j”‘ﬁzﬁ (i3 =0

~WEM Yk 3t 7 —
/ — 0
- L — w7 A I&i



ME 563 - Fall 2022 Name

Test Problem 3 Additional Page
W= (-w2m e Y &) (WomT2) — U> =
= 2™ = 20 — YW rtme + AT~ YRE =
=W syt =O
= Wim — 15w/ = O

= (@?m —izyh) w* = O 2= O

w2 )G

Vel /5 yow oF L

[—WM U)X, X = O

I) ?/C';Zﬁ’l - =
Bl 2

W/:D

2SR A e
Wz:t/g\/f/
/I) ///—/)j/m /7) - 2,




ME 563 - Fall 2022 Name
Test Problem 3 Additional Page

7, Z
2L
= _ /3, — 4, = 4/ =2
/Bépaz’ A A é /5

Cileaoatler /5 Fov  mode ShAxdSS

_ /
o= .
/i1y m[3eT8hs e

[
/124
2.

-—

/ 1o
072 - — / — /
BT il e
— 3

=

9



/:2 [ :Z:_i / A
T-Efay T afay e

) _ .
Nee) = /C/ +s,t)X/¢ (¢, costhot + 55i05€) X
¢, = X [mTixo) (= X ImITl)

o= X Loty o= X [m1%D)

Several options

= 7 / —~ N g2 SV 20
/) Y Z'f) = & I Mo mpotro P
ovew?cn

————

'/j/;/o):é) —> 5,=5270

‘;/f/%}[ ]Zf'xw _

Cz:]‘/%m (’Joo ~P2/g,/)fzo>—”0—> To=~24 WD S AtS

l/ Cy /ZZD"/ ’)0/9-/"

= (/ V%ZM ﬂ ] 2/2/:>



st X'

XY= —> ¢, = (2 = O

) xle) =

=2

72 /%j ]ZVZ: B

—
=
bollpwiney +he  previls apeys >

52'—"’
A
Ve

_ = =/
3 we)=¢ X' s

Hen  from prRUIOUS

7 5?2/0 'fZ/‘j,?;zaﬁﬁd /I[jo—.

- Z/a /izc) /\///76

€z = 517 /'?(/0 f%’?%) =0 —>= %o %‘ﬁz@
iz
® . ) B 2 9
o jr;&, v o) T C T Ko T 00



Newton Euler

Zﬁ:mdg

ZMA =14

A 1s a fixed point or center of gravity

SDOF Response

mx + ct + kx = 0,
i+2<wnj7+wix = 0.

c o k

—, wn:

2wy, = —
m

0<¢<1,

z(t) = exp —Cuwpt (C coswgt + S'sinwgt)

Power Equation
T+U="T,+U,+Wn
dW'inc) dT =~ dU

@ dt dt
Lagrange’s Equations

Power =

d(0T\ OT OR OU _
dt \ 0q; 0¢;  0¢  Oq

Qi

Eigenvalue Problem
[M]Z + [K]Z =0,

Z(t) = X expiwt,
(~w?[M]+[K]) X =0
MDOF Response

N

Z(t) = Z X j)[ej cosw;t + s sinw;t]

T ROT MR

Linearized Lagrange’s Equations
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Z(t)="7t) - o
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