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Problem 1. Please briefly answer the following questions (Closed books/notes)

30 Pts (5 each)
@%ﬁt @h6)ﬂw 77
FF *opoe
B. &% 56%%@7 S5 -L P
W, PR B2 1 TRIT

inertia coefficient = ;%

%, ﬁc’b A RREE RPET 2.
A 2 AT B AT 2

force-feedback accelerometer, 33 g e

, #d 3% 2 4F Rk Feh mass matrix.

=8}

Detector / Feedback Amplifier

Output —

Flexible

Supports

Permanent
Magnet

C. it ¥ %
(Orthogonality) # . 2 &L
E. ;,_@ ‘g— ,ﬁ ..vbj'?%ﬁ?ﬁrg /;u\
3. % F Pl ang, BREMREEC
F. i 4o Bl#7T 2

T,

s (Ch. 8) 2 MDOF systems (Ch. 6)
RSP R
D. 31 p e a7z, FA Swept Sine & f‘iﬁﬁi-

A A b2 — B 3R 2 mode superposition 3 R R # R

compression type piezoelectric accelerometer

| Fixed Plate

Moving

| Capacitor

Plate

- Force
Coil

AP 3R & F| Mode Shape i %
2R A 470 E £ LR,

21 iFhma

Housing

Seismic
Mass ——|

Electrode’

- Preload Stud

Piezoelectric
Crystal

| @Quarty
(A5 Pi

13-Piezoceramic)

Built-In
Electronics

-' # Signal (+)

— 1_- Ground (-)

Problem 2. § Zi=8 4 § (35P

A, TRIZESZ APRESH S FRE

H =3

ts)

i b5 B .

o Blendichy < ek R R AREIE S (B

= #7). Notes: it may have more than 1 natural frequency (5 Pts)



o.os | [ 1 1 "—
D 4
=
-0.05 |
o1 J i l J il
PO R R | SR
A9 491 492 493 494 495 495 2497 495 499 5

(i)

B. A transfer function Bode plot (i.e., output voltage (volts) / input acceleration (m/s?)) of an
accelerometer is shown below. Note: } Bz %idh 5 dB scale, & " B%, = d T F4 T
T B, ® H%dheed linear scale. (10 Pts)

1. Please estimate its damping ratio. (5 Pts)
1l. Suppose you have performed an acceleration measurement and the accelerometer
output A(t) = 2 cos(10t) + 3 cos(140t) + 5 cos(500t) (Volts). Please estimate the real

acceleration signals. (5 Pts)
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C. Consider the following signal, please briefly show its power spectrum (35
™3 & & en spectrum level). (5 Pts)

10°

10°
Frequency (rad/sec)

10"

& &
-
A
)
o w o
TR
. N J.m
,‘m.— L rwv 2
o ﬁl L
»wbb. = ==
i -~ 4
= ER ~ o
S T m B
\\\\”\\\\”\\\ ,\\\\,\\\wawws. ‘ﬁﬁx ﬁf o e T
< « T
= ) " s T
| | | | 4 e Tor
[T SN A L
| | | | < - At v
~f [
e B A o
I I I | — N ﬂ o
1D w J.m I
| | | | I P LN w Lo
” ” ” , | 0 AFE— H« JB Muﬂ -L-L-
it R bty TT T T T - . [
o = T e i
o g BB T
Ry e EEE St o RER T4 |
~ N % o o
D R S i/
e a0 2 ) o 2 N\
[ | | | Zm W| T @.P .E; w D
| | | | T ~ . IR W
= P L ® 32 g S\
D ) o
| | | | | I\ J
\\\\,\\\\,\\ ,\\\\,\\\\,\\\\ I—H,W &N /W ﬂn %q 4,r ,T
I I I | A —t-
o %) 4 .ﬁ. H ) N
| | | I 0 B AR Sl TR ST
e 0 < 0w Ny ,
T o E 2 T A
] W o) g O |
\\\\\\\\\\\\\\\\\\\\\\ - —_— M |
SRR , LwT ¥ ED
. I
o A - o]
\\\\”\\\\”\\\L\\\\”\\\\”\\\\_b. ?w . ﬁ;n $ < 8§ ® 3
~ ~
| | | | ] _ i 8 — m
T | | | | ﬂM Tl ﬂﬂ .mrm o (&) esorban
| | | | | = . o)
e, o mE W
© t N o N ¥ © NN — ® X
I 1 1 Iq’ym %Bﬂ Iqﬂm MFW/F »tnr q\
\ i " -
o )
A= um_ : - wrm#
~ T K [
.”,H,F .fkr €N
) =
mi A ~~ N\
(T T R o
e <« ™
— (@\]

D.

3R RB, ERBE A
inductor

10

piezo
resistor

#& damper ¥¢3 P T

beam

i
L Einer— 27E I (5 Pts)

E. Please state the working principle of shear damper, shunt piezo damper (see below), ' 2 turn
mass damper (TMD).



Problem 3. Lagrange’s Equation (18 Pts)

Three pendulums, all of length |, are symmetrically arranged as shown in the figure. The center bob,
of mass 2m, is connected by ideal springs of force constant k to the outer bobs, each of mass m.
Please use swing angles of each pendulum as the generalized coordinates.

(a): Assuming small motion, please find the Lagrangian of the system. (6 Pts)

(b): Assuming small motion (i.e., swing angles are very small), please find the equations of motion
of the system. (6 Pts)

(c): What are the natural frequencies and the corresponding natural modes of the system? (6 Pts)

[Caution: for part c, a little physical insight will save a lot of algebra in this problem.]
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Problem 4. Continuous Vibrations (39 Pts)
A. Consider a bar (% +, % #_##) with axial vibration shown below, please write the boundary

condition for its axial vibration. (5 Pts) Lz &4
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B. Consider the bar shown below. Please find its corresponding frequency equation. & % & #
(10 Pts)



C. The cord of a musical instrument is fixed at both ends and has a length 2 m, diameter 0.5 mm,

and density 7800 Kg/m®. Find the tension required in order to have a fundamental frequency of
1 Hz. (8 Pts)
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F. As shown below, a beam is simply supported at both ends. However, at the left end, a torsional

spring with spring constant Kt is connected with. On the other hand, at the right end, a linear

spring with spring constant k is connected with. Please tell us the boundary conditions (5 Pts)
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