ME 563-Fall 2023

Test 2

Name

Pledge

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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Second-Order Continuous Systems

a% (m@%) + fla,t) = r(x)%

Solution form
u(z,t) = Z Un(z)(C,, coswpt + Sy, sinwy,t)

foL r(x)Up(x)u(z,0)dx
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Fourth-Order Continuous Systems

0? 0%w 0%w
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Solution form
w(z,t) = Z Wi (2)(Cy, coswpt + S, sinwyt)
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E p(x)A(z)W2(x) da

1) pe)A@) W (2) % (w, 0)da
Wno [ p(a) A(z) W (x)da

Properties of Even and Odd functions

The product of two even functions is an even function.
The product of two odd functions is an odd function.
The product of an even and an odd function is an odd function
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Test Problem 1 — 20 points

The longitudinal motion of the rod shown below is described by u(x,?). The rod has length ,
mass density p, cross sectional area 4. Where the cross sectional

A= (24, 2)

b

at x=L a lumped mass, m, is attached to beam. Attached to the lumped mass are two springs of
stiffness £.

u(z,t)

a) State the geometric boundary conditions at x=0, and derive the natural boundary conditions at
x=L. For the natural boundary conditions an accurate Freebody diagram must be provided
and used in the derivations.

b) Write governing partial differential equation of motion for the system. No FBD diagram is
needed answer.

¢) Assuming a spatiotemporal solution for u(x,t) = U(x)7(¢), Convert the boundary conditions
found in a) to spatial boundary in terms of U(x) and its associated spatial derivatives. Do not
find the characteristic equation.
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Test Problem 1 Additional Page
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Test Problem 2 -40 points

A 2-DOF system has the following equations of motion
2 0 T 1 2 -1 r1| _ 0
AR EA R R Rt
where m and k& have units of kg and N/m, respectively. The system is given a set of initial
conditions of x1(0) = x2(0) = xo and x1(0) = x2(0) = 0. Find X(t).
Bonus (3 points): If damping is added to the system the equation of motion can be written as

rli o el Wl S )

0 2 i)

Is the system proportionally damped? You must justify your answer to receive credit.
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Ewluate ¢ and 5 cardons

o-T7[2]30) _ 1 13af5 20705 {1 13§28

— Y xs

= I 2 1 - = ’XD
e R 1 R T R
AP L LU SN E 1/ B ¥ NP Y

X lm] X £ Bm ():.zo](s;/j Yy -

5 and -3, we 2e/d  sne Fd=0

in)= G Tevwe = wf /s oo Vi on )

Oonuz; [€]=alm] + aL]

6= «(2) +/B(2)
—2= &(0) tB(-1) —> B=22A2 ognd A=/

VW with 4= «(2) +AB(2)
G £ 1(2) *taaD= 6

ot propartionally  dampecd






ME 563 - Fall 2023 Nam e

Test Problem 3 -30 points

A 2-DOF system has the following mass matrix:

|10
"= lo 2
with modal/natural frequencies of

w1 =0, rads/s and wy = V3 rads/s.

In addition, the modes shapes are given by:
X'l:{l}, and )22:{ 11}
1 —3

a) Find the mass normalized modes shapes of the system.

b) Use the mass normalized mode shapes to find the stiffness matrix of the system.

al 4 = / / / /

= _° = [, L
/Iﬂ[m]J" /Z/ 3 [ f]{,lj /7113 £L3 /s 53

f”,/;'/’ ; /3

/ ( /

/
p= —m— =
T3 Ju-w3 L5203 nlirn3it 7z oy
i ;/
% e

o TT[e]X = w X [£]X*=0

= L
Z[e]X" = e [K]= [ i
Exgncd Z7LEIZ, =

/ (
/ / i Kz 7 _ (5 5 — //3 {/ /‘5 Ky thz
ﬁ-; g/ 3 [lb Kaz E‘/;'- / ” ; K/Z + Kzz

fu T 2z 7 Azz =0 = //5 [/(// 1 2h2 ‘f/(zz> = 0



ME 563 - Fall 2023 Name

Test Problem 3 Additional Page
Fxpand fzf /7 ’tjfz S
I i eh
/% 20 | 2 Koz 2 Y,
by Kz /e _ 3
g & B
?/5 f/(u-[/z/& —)C 2y, +ztzz/4§:. 2

kl/ —liz ’ftZ.Z/q( _—;2

Fapancl X’ [/gj;c s

L {0 1 g A "fﬂ]_/f/g = O
E/; z Kig Kzz Z {

L f/ 73 ty 622 _ -
/2772 ‘ Kz F Lzz

_ o
C * [ Y ¢
/// /(/Z, [Z/Z / zZ/

/6// %B,C/L/Z ,_,/(ZZ/Z — D



7&{ have 3 equafions atd 3 wnlnarls

[// *2[12_ T [zz. =0
= 49,
Ly —kiz Th=z4 = /Z

ke T3hszy, - ez, =O

Ly = 2 bz =~ & Lzz =



