S D. J. Inman, Engineering Vibration,
4th edition, Pearson, 2014.
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A1 2=F AB-&% [Introduction to Vibration & Free Response]
A2 %3714 €9 [Response to Harmonic Excitation]

A3 2

=

Wt ZFAlSF [General Forced Response]
AN4F A= A28 [Multi-DOF Systems]

A57 A=A AA [Design for Vibration Suppression]

A 6% E3E w7l A]~8 [Distributed-Parameter Systems] ( Aek)
A7 A= A3 [Vibration Experiments]

A 87 Q 4™ [Finite Element Method] ()
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A0% Z1AX &8 HE
0.1 7] A& 8to] 2
&} [science] = AAG ol dis AAH =2
=g 8( , AA71E, ), 848
= A3, el es AA( QI B AREDAdS olsistE = st
¥ engineering]= 28] U E o] &3alo] 7te] A& Lol HEE 3t ShE (I
= st ok [design] = [production] FA &< =
71 Al &8 [mechanical engineering] =+
7
mechanics (93 @ A9, 1A G, 5H%
Newton®] W2 1.944, 2755, 3.48/928 « v
uf = g H
o] & 5 A A A static %% dynamic
} ) By dA (st tatics _
k| lid T =270 o :‘I T S _ . AE .
LA soli FA dA |2A D8 solid mechanics % dynamics
ANA liquid o s . :
>4 oA fluid |94 27 N fluid mechanics
714 gas fluid dynamics
93t = oA & HF= T
71 A% 8t [mechanical vibration]




lequilibrium]9] A

(€]

o

]

A

[force]™}

0.2 71 AIZF 38t [Mechanical Vibration]

of
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A} 3 B
auw oy . =3
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o2 oL wE N I o
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T E 5 EIE W T ~ ° 2 N i
— o o f T —_ a,
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[vibration analysis]

0.3 25 34
AA
o,
3 4 [analysis]
modeling @ H33 Z214 A4S degfsle] FHo= 13
(SRR, AR + 2712, BA%)
+
solving Fogor xdd WAgae dE g
= prediction
SES L
B3 A d4s dedgste FebA (U)o 2 1 ¥ [modelingldhaz,
71 3|E F3= [solving] HFH o EA,
AAGA A AEe] s 5SS [prediction] s .
4] o
=2 A [5R, physical system] - AA| E2A= H3Fsta 3|4 st7] of g
| o] A3} idealization]
8t X d[mathematical model]
v2}u] g [parameters] - A9l E¢]4 4 A [physical properties of a system]
o
Aol #3 O] 2HA| AEA
system type discrete systems continuous systems
EEE ERR A% shepil g S shehl g
parameter type lumped parematers distributed parameters
2234 @& i
T A A + B ) 3 4]
mat ema_tlca ODE + matrix equation PDE
expressions
AHE e T
DOF finite infinite
ol 7} 3 A 1,2-DOF multi-DOF a9l
courses B o) sk T

A% [DOF, degree—of-freedom]
= 2E Aae Il
the number of components of motion that required in order to generate the motion

the number of independent coordinates required to describe the motion completely

$ES A g8l a5



p.13
p.20

output

—>

system

i) o= 7h <]

O

shpel A

o

A7) B SR EE A7 94 o B,
o <

3

2
0) 7Fxlel st

7} 9 [applied force]d] o

3

input

71 (¢

L

=

= [response]

[e)

[¢)

A=A A
124754 [1 DOF] (
A E2 Al

A1A Fz 209 A+ [Intro. to Vibration & Free Response]
A 2]

1l
Bo
olo

—



1.1 A2 & I[free vibration] p.16
-

(=meg-A e = 02 1AFEAD)
cH<= %3} Z1F5 A [simple harmonic oscillator] k > ()
m
+& ¥4 W2 x(t) t @ AZF time (%, s)
s dz(t)
B dt
New o= dZ:z:(t)
B dt’
2 A [element]
23
31 [damper ]
A=A
15 22¥ [modeling] (SR
e FY
Newton2] #|2%H =
= %%Ho]'xéﬁl
=% (e gh 915
A AF
2LZAF AF 2913, 2914 p.18
o: m=15kg, 6 =0.01m
mg —kéd =0 = k=
TH 9F 1 | 1

3l [solution]
<JJ—7<H«] q o>
T715S sinests JHIZ 18 (584 AFZHH MY - dexsds)

z = A sin(w,t +¢) r = w,A coslw,t +¢) = = -w,’A sin(w,t + )
S5 A Y m [ —w,” A sinlw,t +¢) 1+ k[ A sinlw,t +¢) 1=
= (—mw?+k) A sinlw,t +¢) =
= -m w,”+ k=0 = w,? =



<H £ Aw> — 1.24d p.-29

o5 = =
mz(t) + kx(t) =0 = z{t) + w,? 2({t) =0 w,? = L w, =
m
2(t) = ae’ OY Moaet + w2 aeM =0 A\ +w,? aeM =0
N tw,? =0 = A= fjw, j= V-1
() = a; "+ aye 7" = a(cosw,t + j sinw,t) + ay(cosw,t — j sinw,t)
= A, cosw,t + A, sinw,t A = a+ay, Ay, = jla,—ay) p.31
= A sing cosw,t + A cos¢ sinw,t
= A sinlw,t + ¢) a191.6 p.21
O A
A= JA2+ 42 >0 = tan”' =
\/ n 5 ¢ tan 1

(ZHa 5255 [(angular) natural frequency]

w, = \/% (9] : rad/s) fn = O (&+9] : cycles/s = Hz)

2(0) = A sin(w,0 +¢) = A sing = x - D z(t) = w, A cos(w,t +¢)
2(0) = w, A cos(w,* 0 +¢) = w, A cosp = v, = A cos¢ = - @
D*+ @ => A= D+ = ¢=- (1.9)
z(t) = A sin(w,t +¢) o817 p.21
= x(t) =[] sin([-]1¢ +[-])  (1.10) H(1.9)¢F (1.10)& Foj= ¢F7]ef=] 2k A !

D A& [free response]l (AH-X%E)
t =0 o]Fo Al ¢H[disturbancelo] 7} A A eF3.

G<AFL7> w, = 2rad/s, z, = 1 mm, v, = V5 mm/s ¢ Al Wl maz + ka =0 9 A=
Teta, T F7] §ete] A¥E gz yERolg), p.108
z(t) = A sin(w,t + ¢) z(t) = w, A coslw,t + )
z(0) = < D
2(0) = w, A cos¢ = v, = A cos¢ = )
D*+ @ = 4=
O+ = ¢ =
a:(t) =
Window 1.2 p.25
oAA1.1.1 XA GFEHE) AA1.1.2 Z=7%F7A
AA1.1.3 AFHsTe dFoziy S 7+ AA1.1.4 S ¢
ALE



o
BN

3}-#%= [harmonic motion]

AZ A} [amplitude, phase]
H 9 z(t) = A sin(w,t +¢) (ZW=E gz vs. t ) Window 1.3
&% z(t) = w, A cos(w,t +¢) (ZPEZ 2 vs. t )
NEE 2(t) = -—w,? A sin(w,t +¢) (ZPE 2 vs. t )
Hel A% = &% AEF g 0= NEE QAE g =

(ZHH s w, (&l :rad/s)
w
zlg/\ = Hl.2= — n 11;_]_0 :
o T, T"L}T fn 27Trad ( H

1 2

Z7) T = _ 2mrad (2r9] -
fn w'n,

dA1.2.1 m, k - AFAETF w,, f,, T/ T

xy, vy = 0 — FHu IF 4

) <AH1.40> AR T2 98 eH o= AEA7 Hu W AZo] 5 cmolx Hul /&=
o)

4
a3 Aok AEAE FAFFAA IAFEAZ 2D

cm/s*®2 FAWgo R 7

Atk g skar, A-EAke] AflErE ARtete] et

Tmax — A =05 cm, ‘%max = 2,000 Cn’l/S2
xmax = w"IZA j w" =
Jo =

| A41.2.2 @2 A [pendulum] @] 755
AA1.2.3 @2z A &= AU e

& %7
zero—to—-peak amplitude ro-p, (B HZolgkar 3} (=
peak—to—peak amplitude T p-p (=
root—mean-squared amplitude  zms (=

(Al g A=

T
5 7 = limLT 2 (t)dt -
T— oo 0
1/2
- - /2 P
AF-Fd-AH= (2)" = lim= [ @) dt}
T— o T 0

p.25

p.26

p.28

7} 2,000

O~
T

p.113

et

p.29
p.32



o,
)

ok

rO
>

A (dB) w9

E z2
Hlo] Aem1 = 10g10?(1) = 1og10x—; (Bell) 1 Bell =
0

Ly ? Ly
10logy, x_o = ZOloglox—O (dB)

TF v 71T A7E 9V

27) Aol A% Bel% Aol & Wl F8F ZA WA

o 1: THINEEE

N

o2 (1) 1099 AE7HEE,
(2) 10,0001 ¢] AEIIEES dB T2,
M @)

of 2:2F 1 msk 1 ume =7 ¥

dlo

2H(sound pressure) p

=odE 20 logmpi Py =
0

a7 -

°17ke k4= 8 Hz o]de] A
F3+ 30 HzolAl 2 m/s? A7]9 7H4E%
30 Hz X

gol A A= &



1.3

2

7+4]7] [dashpot =+ damper]

Aol g =

A4 [viscous damping]

474, 25 [Coulomb]#H4], o€ [hysteretic]ta], 37174 &

1H1.8

FBD

(mA2 + ¢\ + k) ae

rr

A1, Ag
AL Ay
At A

iy

rr

= 2Z2muw,

w

¢ (

n

3l [solution]

A7} kgl A Ao o
2(t) = a N FEHE S~
= mAN + ¢+ k=0
A\ _ —c*x \/02—4mk

1,2 2m
c2=4mk > 0 o)™
cA=4mk < 0 o]
c2=4mk = 0 o]
Cor = 2V mk
7+4)4] [damping ratio],
J— C —
C a Cer 2
o+ = 3+ L2 xz =0,
m m
z(t) + 2 Cw, x(t) + wnz z(t) =0
z(t) =a e = A+
Mg =~ (u, £ \/CQ_l Wy,

7w ol @) wep o] A

c _ c ¢ =
v mk 2muw,,
ﬁ =
m
c _ 2mwnc _
m m

20w, N\ + w,” =0

0,

a e+ 0

p.33

p.34

p.35



c> 1 -
¢=1 <
0<¢< 1 -
(=0(E c=0)
o A1.3.1 4] A, 7 £33 24 p.40

F=E74] 25 [underdamped motion] 0 <¢< 1

V-1 =vVEDa-0) = vV=1vi-¢ =jV1-¢

w, = V1-Cuo, : %4 [damped 1(Z) AL 3 5=
M= —Co, FiVI=Cw, = —Cuw, +juy,
X = —Cw, —j V1= w, = —Cw, —juwy
z(t) = ale)”t + a, M= a16<7 Gntjudt o a26(7 G = Jut

_ —Cw,t juw,t —(w,t —jwgt _  —(w,t Jwgt — jw,t
=aqe e “tae e " =e " age T +age

jw,t —jwyt . . . .
a e’ +age 7" = a, (coswy,t + j sinwyt) + ay (coswyt — j sinw, t)
= (a;+ay) coswy,t + (a;—ay) j sinw,t = A, cosw,t + A, sinw,t

2(t) = e " [ A, coswyt + A, sinw,t ] Window 1.5 p.37

Ay = A sing , A, = A cos¢
A, coswyt + A, sinw,t = A (sing cosw, t + cos¢ sinw,t) = A sin(¢p+ w, t)
z(t) = A e sin(w, t + ¢)

L - t
T o4 e cos(wy t —¢y)

71274 z(0) = z, z(0) = vy &

2(t) = A e " [ ~Cw, sinlw,t +¢) + w, coslw,t +¢) ]

z(0) = A sing = z, - O

. . ’UO+Cwnx0

z(0) = A (-Cw, sing + w,; cosp) = v, = A cos¢ = — @)

d
D>+ @ = 4= D+ @ = ¢ =tan’'(-) (1.38)
z(t) = [+1 e " sinlwy t +[+]1)
A(1.38)& doj=

THE 2(¢) vs. ¢ 291.10 p.38
A1.3.2 17| the] [human leg] p.41
AA1.3.3 2(t) = e " [ A, coswyt + A, sinwyt 1 oA Z9 p.42

Alz s A2:



d<K7E 2
Z

% 2009> 223, 7+417)(damper), AFAZ o] 2ol 1AHE 24477 9
7 22 FgHZ 2d9U w,

= 300 rad/s,

Aol e

A=)

¢ = 0.150 Q1 1AH+%= &AM =7 ¥
z(0)7F -25.0 mmolaL, 7] &% z(0)7} 40.0 mm/s¥ w, IZ A%} A 9= F3stol)
2(t) = Ae " sinlwgt +6)
w; = V1—Cw, = V1 —0.150* (300 rad/s) = 297 rad/s
Cw, = (0.150)(300 rad/s) = 45.0 rad/s
z(t) = A eij”tsin(wdt +¢), () = Ae ' [— Cw, sinlwyt +¢) + wy coslwyt +¢)]
z(0) = Asing = -25.0 mm < @D
2(0) = A [— Cw, sing + w, cosd] = v,
= Acos¢ = L [vy + (Cw,) A4 sing]
Wy
= e rlad/s [(40.0 mm/s) + (45.0 rad/s)(-25.0 mm)] = -3.65 mm - @
O*+ @*; 4

\/(— 25.0mm)> + (—3.65mm)> = 25.3 mm

o _ —25.0 _
O+ @ tang = — =685

¢ = tan '(6.85) = 1.426 rad, 4.57 rad, -
DOF @F W3t ¢ 3AHEH

Jomw, 7r<¢<%7r rad
= ¢ = 4.57 rad

H=312]$ %5 [overdamped motion] ¢ > 1
)\1 = _Cwn + \/CQ_]' Wy )‘2 _Cwn - \/CQ_]- Wy,
_ 2 _ _ _ 2 _
2(t) = alew—kazew _ ale( Co, + V¢ 1w,,,)t_|_a26( oy — V= 1wt
—(w,T 2 L - TUJ L
= e C”f[ale\/< lw”f—&-aQe Ve 1’”
a;, ay
T z(t) vs. ¢ 9111 p.39
A A4 [critically damped motion] ¢ = 1
/\1 = /\2 = - wn,
—w,t —w,t
m(t)=ale + ayte
= (a, + aQt)eiw”t
a,, ay
= aq = xo, [0 = UO—‘V_CURIO
JWE (t) vs. t 9112 p.40
ol 2
QRS



1.4 EAH3 o 4X] WY [modeling and energy method] D.43

5, =AY wes vlEshe ¥ g g
(B4 = 2dg + @)
EAlE gy

Newton® HHZ (A2¥W3A)
EA ZHelR 3 e 3 = A4l
(AR E e oA

Yofei = mz (AG=A 2 245

Ao gt 3 AFH T2 torque] & = AF| 75 [angular momentum]e] W3}

My, » 08 T2 EA 283k torque
I, : 3| AZol gist dzgF AR E[mass moment of inertia]
6 3 Az

4 0 3(F torque)E Eolol &8 Ths st

o =] W
ol JA] BEHZA (principle of energy conservation)
: 2Eo YA [kinetic energy] 79 YA ol A [potential energy] U9 &S w7t A,

(= W3 A [strain energy])

—

T + U = constant

= T U =T, + U w2 (T + D) = 0 1
EA7F AEY A (=005 AL W], = HY = T = LU=
EA7F AgadE A W), = 2 =0 = T= ,U-=
WetA T, = Up o @)
TR 1 oYU A = 27 Folun= 5 o] &3tA & Al EEHAAS =T

smge) GANIA U, =
o o3k AT U, =

s R T =

(D—



1l
P
%
©
=
K
2
— |
1l
% 1l
m
) 3
m
I} ~
IS
b =2
-8
~— 1l
N
— | <
=
1l (@\
%
< g
N —| e
1
(V]
N—

p.47

-4 A9 3HEE [rotational motion] (¥ Windowl.1)

=
=

o A1 1.4.3

J (= %m}f)

1w}
=
™

0

oY

o)
&

o

o] WA

=
]

T =

o | A]

o

(

d
dt

=

JO+ k6o =0

<

veel

T
1o
o

ot

<

TR
W)

o}
=)

ce

;Aﬂ
il
)
N

A

A sin(w,t + ¢)

0(t)

3

p.47

A A (pendulum) &% (728 Windowl.1)

!

NI

e

=t
B

ol

7+

<AF1.15> <dA1.1.1>

oo
N

il
JE

0 + %Sine =0

i) oy

U= mgh =

A A A

d
dt

[

mio (16 + g sind)

mlh * 0

=0,

0 o™ sinf=

0



AA1.4.1 vt s} HAEF
T = %m;}: + %JéZ T = J ARHAPEANE
o = 2 ak : - J
fradeffective mass] m, = m + =
,
A 1.4.4 2ZPG-AR A, ~xe] A 18,
- 1
m, = m + 3 s
o A1.4.5 UAE HFA [manometer].
w, = Tg = FEHH -(yAz) - (yAz) = (LADz
qA1.4.6 HEAA - BEXAZ
Ly 11 2) N2 = L1202
T 2Ju) 5 3ml ) 5 Ia’)
1 1
U= mgh = mg [51 (1 - cos®)] = Smyl (1 - cosb)
d 1 2 ~2 1 1 2 5N 1 . o
| — + — — = = J— + — =
7 [Gml 6 2mgl (1 - cos®)] =0 3ml 06 ngl sinf 9 =0

oA 1.4.7 Lagrange's method

mlé(%lé+ %g sinf) =0, mlb

= + =L
f 2

o~

0=0 °]|" sinf=4 ,

( A=f)

*= 0

A 1.4.8 A+ ATY <AF 1112>=HA2 + 23X

2

2

iy

torsional vibration (rotational motion)

ALEd deEE A v (« & 1.D
axial vibration (translational motion)
displacement x(t)
force F
stiffness k
viscous damping c
mass m

angular displacement (rotation) 6(t)
torque (moment) M
torsional stiffness Ky
torsional viscous dampling c
mass moment of inertia J E=

14 -

p.46

p.49

p.50

p.bl

p.55

p.b8

p.58



1.5 73A [stiffness] p.58

0. &4 239 (Y £~229) 1%1.25 p.61
223 Qro A= ¢, 2 NS 2R, T AL 5 p, AGEBAAS @
3% F, 8 g ZNALARAA p.795 413-13
4nR? d*
6 n}f = F = ¢ 7T (z =
Gd 64n R
S AEARRE) k=
1. £2%3+= ¥ [thin rods in axial vibration] 191.23 p.59
o] do] |, ¥ d A, (BHEAAAF(FE) E
Tek sl F, WY 2
Fl FA
= —_—— = = —
T A F i T
St R e A DI
o o = ko
= aglEs w, = 4/— =
m
2. 1|53 HE3l= % [shafts in torsional vibration] 1%1.24 p.59
efe] el 1, MARYRAE (= Tt = Ddh), ARERYAF ¢
torque 7, H|EH Z} ¢
Tl GlJ
= =
9 G T 6
= HEH4A k, =
AA1.5.1 HE9H Ao 1/FHEF p.60
, GJ,
w, = 7 = ZJ J =
¥1.2 &84 “<4[physical constants] p.59
steel E = , G =
aluminum FE = G =



o

}+= X [bars in bending vibration]

oft

1%1.26

fo
i
bz

p.61

o
g
s
Lo
N

o] 1, BHe] WABYLE ](=%bh3), SAA(AR) B

ot
ol
odt
o
oy

F, ¥y 2z

sholl W AF3lEs Wt p.61

0%
av)
f
ol
fz

oA A 1.5, 819 roll&F A

L4

% (pitching, rolling, yawing)

p.65

olrt

7} 23 % [equivalent spring]

W [parallel |94k, = Xk

2 - F=F+F-=
i=1
n 1 -1
A4 [serie]d 2 key = (ZIE) — T = xy 1 xy
AA1.5.5 EHI=EH-AF Ao /5T H4E + 2d) 191.32 p.67
o 4]1.5.6 " " " (H4d + 44) p.68
o,
F = F, cosf, + F, costy, < F, =%k < 6, =z cosb,
kzeqx =
key =
A5
1.6 A [measurement] p.70
AT sAPE>o R A7)



2]
—
o
N
o1

1.7 AAA 18E A [design consideration

AgAe 2A = omdt 7719 AFgswe] SAT ‘BF oy ‘A’ Vs THAVNES

594 perEE 245 2

g2} e E [parameters] =

) 5] EF[response shapel
— FE(¢>D), FF(¢<D) 74 «
Z7 [constraints]

o

9
]
Al gk

A5 @ p.76

rr

A A1.7.1 A% AFo] &4 25 mm BT} HEZ 5

d<AE 1.102> 12 kg @] 225 10° N/m ZA9 dad ~xg oz FAE oA 1.7.2
o] A2HS TS A2V E 22Xy HER Fol, I/ FTT7T 9 rad/sE
=5 A7 s ddsioe) p.123

w; = 9 rad/s, ¢ =7

3
S 12ke k= 10°Nm > w, = o N g 99 gy
12 kg

2

wi = w, V1I=¢ = <=\/1(Zd

n

Cc

= — — — = = 3
¢ T ¢ 2 (0.1673) V(12 kg) (10° N/m)
= 36.7 ka/s (A & 87.2 ©F)

(ii) A% [performance

T E [e] L_%—}l:
- = P Gd'
d. 2X8g AA (AMEe A, 2 WMAE AL+ F) = -
64nR>
AA1.7.2 10 kg A=Fel] @A xxgo] Fad wf A~xE-AFA7F 10 rad/s(%F1.6 Hz)9
IFRAEFE 2ty dad A2y S A sk p.78

o <AEF1.106> 12 kg Ao F 25 AdFnjg A~XFHo| tste] oA 1.7.25 ¥r&-3g. p.123
=12 kg, w, = 10 rad/s, (d=1 cm), aluminum G = 26.7x10° N/m?

VE

4 9 2 4
Gd 5 _ (26.7x10°N/m”) (0.01 m) = 3.48%10°% m®

k = — R = =
64n R° " 64 (1,200 N/m)

= (12 kg) (10 rad/s)* = 1,200 N/m

R=10cm °o|¥H, n = = -

3.48 <10 * m?® _
(0.05 m)?

R =5 cm °o]¥, n =

AA1.7.3 AL oJHE. p.79

7

A5 (A 8ls



1.8 9FAA [stability] b.80

stable response 191.37
unstable response 1991.38, 1.39

dA1.8.1 =HA X} inverted pendulum]
19H81.40

o

e
R

by

1.9 A7Fg29 X3 3|4 [numerical simulation of the time response ]
5

MATLAB 4 p.84

1.10 2% v}z A A} [Coulomb friction and the pendulum ] p.93

A g Al (A=)



