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Fundamentals of Vibration

=ECTi | ks 1 Intelligent Mechanics Lab.



» TOUN] OfjAY (222 o)

o 2x|2| HIZXO| L=

—_ 1 "1 = | L.
of) &I XKpendulum) 2&, M XHelectron)2| 25, M e 25,
HY 2| rolling, Z+&(wave motion) &
e Oscillation

s BOURY OHA] (V[ HIT LR OHAs):
o« J|H FEEC =Xl 25 (B ol | =1
o ENY AlA, ol EE, 7|H F== XS
o 7|H, E3Y 20F: F=Hz ~ = kHze| Ful= HE
o MHEH(HE 22X 2)9 49 : FE 1Hz ~ 100 Hz2| H ¢
e Vibration

Hojt | H s 2 Intelligent Mechanics Lab.



& HI(AMARY, system) :
o Y1 0| ol U2, sEF o= nHYo| HoEl fAHE
o Al AR O] H Q| = Sl A{Xte] FHE 0| X H e zEol 2fsl st E
o EE= A Sl A=
o ZX|(device)e| A RFEZ X FMH B2 E= I 0
of: 3|, KoY, Ho{H, 7| = S22 74 %.Jxﬂ

r°l'

Z H3o| ZetA (1SO &)

Input =—> | System | —> Output

% Y& (analysis) : AlAE 2 =315 o 2 o|5fi5Hs 2.
AAHe| SHE motsn AHSS oS & 4 U
Yo N H IS 1 3 Intelligent Mechanics Lab.



gl ——> | il | ——> ==

o ME (#RMW)AIAH (Linear system)

o H| M & (FEART)AIAE] (Non-linear system)

o A EHEERO)AIAE (Time-invariant system)
o Al (BO)AIAH| (Time-variant system)

F =k x, k = constant
F4  F=kx)x k = ax + bx2

uh

& 2%l (linear system) MX(t) + Cx(t) + Kx(t) = F(t)

o SEO| 7tEIE 2| 37(0f H|E 5= A
e Zt 49| SFHO| M A2 7IX = Mg n|2Y A2 HEez B8 Jts
e TH 2 E[JIHEBE = U= A

& MEIH| (time-variant system) MX(t) + Cx(t) + K(t)x(t) = F(t)
o 2t 40| SEMo0| AlZte| B0l A B JHXl= A

of: i & 2| M5, 587 2= 52 Zd Bt k(1)

Yo N H IS 1 4 Intelligent Mechanics Lab.



& MM Hl(vibrating system) :
o 20| X0l &o|11, EHo| 22 LIEH|= A|AH
o A Z¥(mass), &M (stiffness), 22| (damping)2l Moz M= £ 2| E &l

o 1K} A (1 degree of freedom system) : 0= =24 A 2| 7+ = 2t A M 2|5t
sl TtX| tLte] S8 E ZEIFEH 28 A

o CIALF = A (multi-degree of freedom system) : = =24 Aol M S 2 sHA A 2|
st7| flall 270 EE= 1 o[ ake| & E FEIL LR 57

o O[ MA| (B AZEA) (discrete system) : A2l +MH S EH X 27| s 7F&t 2 ZHEE
L2 5= A

o HEH|(ZZA) (continuous system) : 78t 2| 7tset S E 742 JIXl= Al

AL BT S0 g4z EX
pEmE) —> | BFH | ——> =59

*—»x * 1% = A=
CCHRIRE AlA é ----- @ ------ é ...... n

%0 - O|MH(EOI%) AlaY A
- - q-- o O A|AE] Qi) G gs(t)
A 1 DOF A 3 DOF

WCjzt 1| erutse 1 5 Intelligent Mechanics Lab.



=034 [CJCi
& =208 D=

[2
ol
H
[I2
1©

H|

ltems

Continuous model

Discrete model

Equation of motion

Partial differential equation

Ordinary differential equation

Variables

Time, geometry (X, Y, 2)

Time only

Solution accuracy

Exact solution

Approximate solution

Solution type

Analytical solution

Numerical solution

Solution procedure

Very complex, limited

Easy, Computer used

Continuous model

Discrete model (1 DOF) Discrete model (3 DOF)

Over-estimated

Over-estimated, better

Intelligent Mechanics Lab.



yaV |
o =3} 7}&l(harmonic forces) o 2 ZF(mass)
o F7|X JI&l(periodic forces) o Z+M(stiffness)
e 52 JIZl(impulsive forces) o Z+4| (damping)

o 21 I}l (random forces)

—>

ris

o AI7Zl-S(free vibrations)
o UM Zl-S(forced vibrations)
o X}2{ Zl-S(self-excited vibrations)

N-FZ-S4(natural frequency)

—\WN—

e I
o 172 =(natural mode)

o 2 Z¥(mass) : 2SSl Metsts Mol A
oS o

=

(inertia force) = EA|
MBHEYSZ FA|
X

« 24 (stiffness) : T S5H= EH @2x0f w7 (3181) 9] xe| ¥ slol o 3t &l (28 =) Fel
B 5} H|(k = F/X)2AM EFAM 5212 (elastic restoring force)= EA|

o &

v

(damping) : Al 2+ EE= 2|0l & ol 4 X[ 2] 2&~&H(dissipation)2 2, A|ZHo]| HE

=z o| MAIAMl UAE LIEHY = Z4| 2 (damping force) E Al

0

o M ML :

Yol 1 H RS 1

7] 220 AESTo| B2 5t ASS T o Ui Yato R &g

o 1 -1

T
7 Intelligent Mechanics Lab.



q(t)

L S
M+Cqg+Kq=F(t) 2419
&

HsAH 2| =5t =EHF ==

1 8 Intelligent Mechanics Lab



GEN

#10

—

—

e il
| i

feet e 0
“g I e e | L

HP Rotor L P Rotor
Y= I HTE 1 9 Intelligent Mechanics Lab



& FBt(sine wave)q FZF: Y= Asin(2xft +¢)

« £ (frequency) f : THl AlZtol| ZI S5t Bl

« 37| (amplitude) A : TE, T =2l 77|
« 2|4 (phase) f 7|28 E2 TSTkd Afo| 2] Aozt
N
y
¢ 7
A Angle (deg)
180 0 180 360 540
1 1 1 \ 1 1 1 N
\
- T ]
< (
f=1/T)
=HCjTl | ks 10 Intelligent Mechanics Lab



E
df
1
L
D
E
df
P>

& H?(Unit) :
* Hz (Hertz) : 124 &I S3dl= 3l 2=(cps ; cycle per second), 28 f & HED|
e cpm (cycle per minute) : 12 &St 8l 28 NE=n2Z HI|
N=60f (cpm)

& 1 8IF$ (angular frequency) :
c S0 NSl 2EE, 2E o (omega) 2 ED|
® =2nf (rad/s)

& 31| (period) :
. 13| YRR S(HE)E 5Hs Al

—_ o

- EIH (H2)Q &%

T=1/f ()
O E—
=ECiTiT | ks 11 Intelligent Mechanics Lab.



%21 3 (magnitude)

Q =30 et

o Xl = H 2| (displacement), —.E(velocny) Jt=5 & (acceleration)
« JIEH NS QI8 S SH 8, ETI S

O Y 8o 2t
e peak EE= O-to-peak(HZEIE, p) : FE, 7[5 0 ALS
e peak-to-peak (MZZF, LXZE, p-p): Hlol ALE
e rms (root mean square, A &X[) : He| & IS0 Al

of, & ¢4 Ih(= 0.707 x peak)

mpeak /\ eak-to-peak /QY ms
VAV \/

ol el o e T T e 12 Intelligent Mechanics Lab.



AE ATy, (1), y,(t) Aole] ZHE X}o]
CHl: deg, rad
HIM o 2 N2{slX| £Z
Q_%I'}" -T,—E:l ol't o_l_
E4M g ujotst At g mj
2 M| of st X} gt mf

y1(t)
¢ ’
2 © ¢ [y 1
4 . ¢ \
g \ ’ \
0 \ ) \
0 [} ) [}
' \ i y,(t)
0 )
] ‘ [) \
' . 4 \
L}
F
\ b ]
A ]

Rk s 13 Intelligent Mechanics Lab.



NE ATl Y

. QHIA 2= AITOIMO T - O ROIFANY S

— dv/dt = d?y/dt?
&2 m/s?, g(E= G)

=ucjet 1|y Fretse 14 Intelligent Mechanics Lab.



Equation of Motion

e Newton Bt Al H{&: ma=2XF &2 md2x/dtZ = IF

o ZISH 2 Newton HHA|(2S 4|

md 2X/dt2 = XF = |:spring + I:damping + |:external F(t)
= _ kx—c dx/dt + F(t) | iX
LX) . m
mX + cX + kx = F(t)
k C
Isaac Newton 77777777777
1642-1727 OlsH 22
=ECiTiT | ks 15 Intelligent Mechanics Lab.



N-m-s/rad

Intelligent Mechanics Lab
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o]
<° |«
Iz ol E
™ 2
o] i
e OH |
lip P & o
) o 4
¢ ol | of H =N
.| X0
K|l R
a0
Rl
o 5
T W
LHO
O —
- X0
m_. oH | ni0 ™
Kl /R
i)
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ol | =




o2 n} Z+4| 7} YUk JHA S (F = 0, ¢ =0), 2SWH Al
mX+kx =0
e X(t)= Xsinwt 2} 5t11, 25| 0| 2 5+H
X(t)=—o’Xsinet 7t 21, 0| 58 2 YHa 4ol of ! 5tH
(—me’ +Kk) X sinwt =0

X7}t 00| ot 7| flet =A(e|n] U= s E 7HX7] fIet =H)2

—mo’*+k=0 == @=+k/m

e
Hojt | H s 17 Intelligent Mechanics Lab.



>
do
H1
o
|©
e
do
[2
dil
op
Il

k e[+l ==«

mX(t) + kx(t) =0 mX(t) + cx(t) + kx(t) =0
x(t) = Ae”™ X(t) = ae”

j i _ ot +joy1-¢ —joy1-¢ %t

X(t) = et +a,e i X(t)=¢e (aie +a,e j
2 2

X(t) =e‘§“’t(a1e+w “Hrae ‘“)

X(t) = (a, +a,t)e™

Yo N H IS 1 18 Intelligent Mechanics Lab.



1| 1 A2 AT S8

X('[) _ ale+ja)t n aze—jwt X(t) _ e—{a)t(aleﬂa) 1-¢%t n aze—ja)w/l—gzt)

X(t) = Acosat+A,sinat  x(t) =e (A cosw,t + A, sin m,t)

X(t) = Asin(at + ¢) X(t) = Ae ™ sin(w,t + @)

A =a +a, Azz(ai_az)j

A= N+~ g=tan(A/A)
_A+A] a, = A-A) HEMSE 27[x20) o5 AW 5
2 2

9

Y= I HTE 1 19 Intelligent Mechanics Lab



w, = 27t = (elasticity / inertia)'/?
X(t) = X cos (w, t + @)
e PE=%kx?=%kX?cos? (w,t+ ¢)
e KE =% mv2 = % m (dx/dt)?
=% m w?X?sin? (o, t+ ¢
e TE=PE. + KE. =% k X2 + Y2 mv?
=% kX?cos? (w,t+ ¢)
+%m w? X?sin? (o, t+ ¢
=%k X?(cos? mw, t+sin”> o, t)

=hkX2=Y%mV?

RIQIIT SE

Kinetic energy (KE)

T 1

20 Intelligent Mechanics Lab



<
.
r

(natural frequency)2t ?

o)

JJ
o

4o

Kl

.« B (M) ALK B2

. @, =~ K/m (rad/s)

<F
LHo
oF
=

» 2 &l (resonance), &&= S (critical speed)

Intelligent Mechanics Lab.
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o HIZA T EH=

Undamped Vibration Model

1 Kr19rl;'l1|0| 7.‘_?J' ‘II-KI _8_|:|-

o LAl NF EE

Damped Vibration Model

Harmonic excitation

I F@)

F(t) = F, cosm,,t

I F)

m

Lx(t)

mX(t) + kx(t) = F, cos o, t

Lx(t)

=

mX(t) + cx(t) + kx(t) = F, cos aw, t

22 Intelligent Mechanics Lab.



mX(t) + kx(t) = F, cos w,, t

Lx(t)

X, = Ay COS @1

f
K X, (t) = —5——Cosm,t
| @, —0y

fofo :\E X,(t) =Asino,t+ A, cosw,t
° m m

: f
X(t) = A sino,t+ A, cosw,t + ————CoS @, t

@, —WOy

Free response Forced response
R

Yo N H IS 1 23 Intelligent Mechanics Lab.



1 RIS EHIS) ZS9 T S E

X, = X(0) = A, +

2 2 VO = X(O) - a)nAl

W, —ay

r

Vo . f f
X(t) = —=sinw,t+| X, ——5—— |COS @t + ————COS @, t
@y, @ @ 4y @, — Wy

n r

o H|ZA|HO|EZ2 AIFZESS
o 270 F I (an, wyr)Ol SFEE ke (271 T 3)

o= 1 radls 2 /{ { |
o T

S TS 1 24 Intelligent Mechanics Lab.

ol -
X, =0.01m Ho.m/\\ \(’\ ﬂﬂ [\ q/\ f m’(\ ,r\ Wﬁ l'ﬂ ,ﬂ \/\ ﬁ/f\
v, =0.01 m/s P \ V] /\J M /U\ UAWIARLA {1 M /F\J It \ /U\




oo

n
I
M
[Ib
re
=

1| =% 1zl

28 (Beat)

o 270 F A= (on = ) 7H 7 2| 22 ol LY

K| odod =9l Fo| AMx|I=l =X = 'll'”.l Mﬁ I
oo, BF Hof, 5 7| 20l Mx|E FEHET| . “ | I] ﬂ | - | }] o
‘ —v =02 It iy | Il { I | M 1 |
b= To Nl } \ I \ I \ \‘ I [/“""‘J\ u W\Il\f“”v I
(t) = T (cos(w,,t) —cos(a,t)) 3 \U U I \ \Jl J \} m I |I "UI |
n dr Ik | | u.
=2 i P o e ” 1. I )

o 2RI F U= 270 FHof RK(f,—fy)

1
Af :|fn — fdr|=g|wn—a)dr|

=ycqel e 1 25 Intelligent Mechanics Lab.
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5 Dl(resonance)

o 27 _I_El'_l_((on wyr)? F 22 8ol L
o 2/ RSt Ao IRESTILX
o I| 3 ZIZF0| AlZH0f| 2} M X2 BT}
o O 2 9| 3] 5} Abgl
-S| ot YR B HE Y

X, (t) =tA;sin

X (t)— fo tsinm,t

n

Displacement(m)

MHEARLL 2l

|=|

Time(s)

t
20,
Vv
X(t) =—
@, 20,
R
Yo N H IS 1 26 Intelligent Mechanics Lab.



1 Kr19rl;'l1|0| 7.‘_?J' ‘II-KI _8_|:|-

o ZAl NFEES (Damped Vibration Model)

mX(t) + cx(t) + kx(t) = F, cos o, t

Lx(t)

X(t) + 28w X(t) + o’ X(t) = f, cos w, t

c | k
Tl = X, (1) = A, COS(@, t — 9)
f 2
= X, (t) = 0 cos[a)drt —tan™ iw”wdrzj

f.=—" o =\/E \/(a)n2 —0,°)" +(20,0,) @, — Oy

m " \m

— c —Cawt A
¢ = oo X(t) = Ae > sin(w t + 8) + A, cos(w,, — @)

Forced response Free response

Y= I HTE 1 27 Intelligent Mechanics Lab



1 Kr19rl;'l1|0| 7.‘_?J' ‘II-KI _8_|:|-

X(t) = Ae ™ sin(w t + 8) + A, cos(w,, — @)

7T S e H Akl S
Free response/ Forced response/
Transient response Steady state response
Amplification factor (dynamic/static) Phase angle
AO — 1:0 ¢ — tan -1 2é/a)na)dr
2 2\?2 2 2 2
\/(a)n — Wy, ) + (zé/a)na)dr) @, — Wy,
Ak _ Ao, 1 _ ot 26T
= = ¢ = tan >
Fo fo JA-r?)?+(2)° 1-r
22 2 2
Jk-ma,’) + (cay,) k—ma,
R
Y= I HTE 1 28 Intelligent Mechanics Lab



0 esuwEa ;. MX+CcX+kx = F,sinwt

O 53 x=x,sin(ot—¢) 2ta m,

/ Static response

. F, F, /k
* Jk—mot)i (o) - (0l@?) T + (2¢w]o,)
_ 2w | w
=tan™ =t n
=t e T (ol )
C C w f

= = [=—=—
- c, 2+km o, T,
Z+t2 H| (damping ratio) = I}==H|(frequency ratio)

syt 1 T

29 Intelligent Mechanics Lab



0 58 NEH(AL) :

Folk L= (f /1 £,)° P +[25(F 1 £,)]

M =

ol

e =mi2y F1E 92088 ¢ <

\)n?_\./
.._|r_|n
//
|+
~—
4 1
—
T

(-
(qe]
)
|

>

Intelligent Mechanics Lab.
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TN NE Ui (HEH )

Dynamic Magnification Factor

10 0.05
0.0
9
38
7
o 6
'"é c 444 Damping|Ratio
>
©
= 4 A
3 )A8\\
2
14 :
o ——
0 | _
0] 1 2 3 4 5
Frequency Ratio
T
=ECiTiT | ks 31 Intelligent Mechanics Lab



Response Phase Delay

180

0.0 0%7/:, ——
150 / ﬁi T |
8 e ——
o I i
_g)) | Ddmping Ratio
;‘; 00
= /]
|
a7
7))
o ="
0.0 1.0 2.0 3.0 40 5,0

Frequency Ratio

L ee—————
=ECiTiT | ks 32 Intelligent Mechanics Lab



K
[P

& 528l(resonance)0| & ?

1Oz S92 AL EF

HI X
— M

ol
=

& LMY FA Hi&(FHHIE) (quality factor: Q factor)

Q=1/2

H|ZZ FHollA= A H&ko| |t

Intelligent Mechanics Lab.
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] | =
T mye) =1y

« o] D REZFLt 7[R F Ot A X[5t= H %, & (resonance)0| &4
- B2 Foisee B2oME SEo| SMo= SZ5of 7E FEo| 57t
« O] ZIZE2 ZlSAH 2 Z4 el A7([ol 2fai A 2F A Bt
« 37 AEt2 2| E5to{ 5 1|l okot &t
« I8 2 F7(Hel 2/ F 7t 7l X = 42, 1A =A 2] Faf=of t 835t=
SE X & LIEM
Amiphitude X Resonance
(=1,
L
_\_‘—\—
a fr e frequency |
ASAZ M
D
=ECiTiT | ks 34 Intelligent Mechanics Lab.



T~ M1 &TF4e 2275)

-1
o
- A

2

UM E XE 03715 8% o[ 2 = =5 517 25l Z[AHle] &HkE
| o] 37} Wl SHX| E =5 Hl(system)E & 5= HHY

Al 2
W
et
-

EH
H

H1
02
12
=
2
>
0K
Rl

Mo
R4

Mor2 L og &
A
Ofn
2
=2
>
2
10

B
0x
o
>
0z
roe
I

2 o ret
4 Z o
2

rlo

Ho

Pl

N
pal
Ll

O U qor IH

op4e f 7} o} Zohe,
=zl Aol 2ol o

oy

Hojt | H s 35 Intelligent Mechanics Lab.



& Mo(ZAe] 271

St = Aol 2| 2%
« O AlAl 2 FIF3Aof A0 X2 =
o O] BHH 2 M UL T|(viscous damper)&

s HAZ17] lal HE

N

X
LI

CS Bl=—] [ni-is
H X'e

I ———
0 fn = fe frequency

Hojt | H s 36 Intelligent Mechanics Lab.



.0l2{3 M 2 2 o}x| X RsictH,
C BIIE Ol AY-EHA (RS H)E SIlsts SE7Y| 9

« 0| B2, ARASF 1,2 2702 LRI SF(1, 21, )2 =2

Z=E X, 7oA L
= H X}

2 2748 oln|
2 X

SA2 Mg o} 3

0| MES DRASHE ByL AlAR o g M 2t 2 Cof ofF

. 0|5 Falsol M 2 37|18 HEHsty| sl 24 B '8 £II3HAlAH | Tl
ol M SE 378 ZA IHs

cFE YIS AFE Dol AZY D AT E BIlsHs Holl 2s) T

« 0| £71H

=
T

¥

o| x| =

—_— - O

Main
vibration
system

Secondary
system

CH= 3 I

A Z 4

o 2xodo]

— -0 T

=1 B

X
Ke
.-f'-- T o H".
}(IE _,--"Jr ...._,.F e ".1
uui-ll-'-:::-.-.. Hl"n,._
0 fin fn=fe  f2n frequency

R
Intelligent Mechanics Lab.



RIO| M

Vibration

F(t) solatlon

k C

/////i’/////
Fr(t)

Ul
=

R4k
=

L©

WCjzt 1| erutse 38 Intelligent Mechanics Lab.



| -|I-7(IE=|O| ran I =1,
[ | | [ |

Q 7Aoo LHMstH= JIEY F )7t 2Zd 2 242 7| & &350
7| =8 (foundation)2 M= &= g2 =2,

mX+cx+kx=F(t) TS

ITl
CX+Kx = F (1) L
F = (—m@? +icw+k) X kg % e
F. = (ico + k)X 77777777777
Fr(t)
. WOl MENR (| XEE MTEE & /7| Ao EB5Hs 8 )
e B NIHIRCE R

Fl = (F /8, +12(F 1 1,)F

R
=ECiTiT | ks 39 Intelligent Mechanics Lab.



:|| ;i B19]0] ME

Q 7| =& (foundation)2| &S0l 25l 7[H 7} Ld27|= TS

, x(t)
mX+c(x—x,)+k(x—x,)=0
G : m
MX 4 CX + KX = CX,, + KX,
x =X e x =X, k é ¢ xu(t)
Zl=F29| tls #e, o|2] FoH . [

(M’ +ico+Kk)X = (ico+K) X,

QT 3N HIE (Z[A2] ®ls /7| =72 &S )

J1+[28 (1 £)]
JIL=(F 1 )22 +[24(F 1 £,)]

=HCjTl | ks 40 Intelligent Mechanics Lab
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= (Transmissibility)

e =

N

ris

(Q\
| |
~—~
[
Y
=~
N S
— ||~
&
S]] —]
w— |+
S (| oy
SR
[\IN
+ || ¥
— || =~
| v
N’
|
.
T~
I
o
_I

A 810l

=

al

at=| (f/ 1) 71 J2 o mf, Z2(d|of

10| =lC}.

a =

s (F/1,) 7 oot 2 o,

a =

Intelligent Mechanics Lab
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N MEE (Transmissibility)

Vibration Transmissibility

[alA)
\" v

5
0.05
10
4 Damping Ratio
= i
= /
)
Rz,
= ’5\\\
@, }‘\
=
|_
1
0] |
0] 4 5
Freguency Ratio
T ——
ol el o e T T e 42 Intelligent Mechanics Lab



1% &=P1 (Vibration Isolation)

o« Xz AHAZ 0|EEmountinge] AA

. PHZVS BFIYLC} 5 MF

o SIEX|XHHE U st nF ot HE2| S R

. ZEo| k248 FASAo]| FOLL, SAA(IHLE) A
ES0| XLEx[H HA|= ZdE LRISH| 2lsl & ote| HAHE2
I8

. ZFo|7} 3014 2E MEBO| 0.10|517F HIRE B =

=ECTi | ks 43 Intelligent Mechanics Lab.



F=!T(Dynamic Absorber)

=3

(=]
E BN

M B o= o|SA|FA FSof|HX

Xl 2F
= O

- HSoHXE =

1 1 1
oo ] [Nl L

=Y TdSTE 5% aTYu

)
8
=
0p]

o
L

-+

c
©
=

1
e}

"
%
)
S

Absorber
mass

ol

H0

KJ

Intelligent Mechanics Lab
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X%t 224(Harmonic Analysis)

s O
1
E
2
>
Id
S
®
5
o
o
(0)]
Q
>
Q.

+ Fourier24oll 2|3 0{2] 7io| =3} 42 Ha 7hs
. IR FE SHO| 25 F7|H
. CjSE O] J|H AlAROIA LAY

& 9 :
o C|AAZ HAAAl 2t EZ2EHP Uty HE, EHl £9| 25,
710f ole| StEE 54, A5 7| &S L2

————
Hojt | H s 45 Intelligent Mechanics Lab.



B\ N

Diesel engine combustion chamber2| Pressure change

Gas turbine&| Shaft whirling

Ship propulsion shaft2| Torsional vibration

=HCjTl | ks 46 Intelligent Mechanics Lab



X% E2&Y(Harmonic Analysis)

Joseph Fourier :
ol FI|Hel sHE 1 7|8 Fuisel iy E

ZatetrE2 &2 2 o|F0] & 5 AUk =,

X(t) =a, +a, coswt + a, cos 2wt + a, cos 3wt +....
+b, sinwt +b, sin 2wt + b, Sin 3wt +....

(N B
= |, x(dt A

2 (T _
:?L X(t)cosnwtdt (1=1,23,...)

Joseph Fourier

2 (T :
= ?_[0 x(t)sinnwtdt (1=1,23,...) (1768 ~1830)
=ECiTiT | ks A7 Intelligent Mechanics Lab.



s nA YR

a, cosnaot +b, sinnat =c, cos(nat —¢,)

c, =+Ja2+h? , 4 =tan(b,/a,)

Ch= nXt & 2(nth order component)2 37|

294 (harmonic coefficient)

a, b, (AL ELe

Cor®y (D] L 24h
Fourier series, harmonics s =& 28

. DA RS o EESET
. XS 2Mo| 9 TR
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A B (high order) :

2014 (fundamental frequency) :

el mtg o] 7|0l of 5t T ut=

o2
I

»

7|2 a5 0|2 o vl =3} d FE( 24t 3L, 4%t F)

|0

49

| il == (1%}, 2X}, 3%} &)

Z=3}8r(sine wave)dl M

0gt

of|

9

o

=
=9

Intelligent Mechanics Lab.



=IA4 O OFAA <4
e EA YA 1178 (1)
Fourier series Diagram
15 T T T T T T T
1_ —
0.5 4
£
<
-0.51 4
AAF —
1.5'4 1I3 I2 I1 (I) I1 I2 I3 4
Time
AlZtEZHrectangular wave)2| o
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Original

&
ke
Al
2
AD
I
0
-
o3
&

Sum up to each order

_/\ 1st order Q
T~N— — ~~_ _— ~~—_—~—  3rdorder

T N~ T T —/—— 5th Ordel’ %
~— T T T T e 7th Ol‘der

«

15th order
Original

AlZt il (rectangular wave)2| of
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Niginal

1st order

I

k<

Al
2
AD
I
0
-
o3
@

Sum up to each order

J”\‘

2nd order /—\_/_\_/
3rd order J\/\/\

5th order

6th order

7th order

8th order

Original

Output torque of single cylinder engine

CHEtD 1| H R

52
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Holw || R 2| | ®
= O Ho..—l - ﬂuu._ — | — ol
© = R r I
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d % B (vibration mode) gt ?

GRS HOA 2 242 220 2o Z2EE= J=s2 S
. VEH B2 PESO NS HE

« RIS YUY OIS 2AH

. MDIRO HENO YD BOIRQ 3= Ul

. JtFUL SHUE 2

O &% EEC| L CE OIES
 Mode, Normal Mode, Mode Shape, Mode Vector, Eigenvector,
Elastic Curve, Relative Amplitude
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NS 2E (mode)

« SWSH (A AEM) 1 DOF 2 DOF
(1 degree of freedom system)

o 1702 D 7E S22 JtEICH
& O AZEY (multi-DOF system)

« o] 7lile] D RZl=+E JHEICE 2nd mode

- XMz 2Eo| JEE JIEICE

- 2 DOF 3 DOF
- IFX sfiAo| E3ict.
. i o} O|AHH = TREICH D e é """" @ """"" g @ """ é """ @ """ 2
. CjEEo| ZEIR A|AEOf & = qa(t) 02(t) qi(t)  gut)  gs(t)
1 DOF 2 DOF/—\ 3 DOF 3 DOF
1 DOF
Q- é --------------- Q- 3rd mode
X A 1st mode
qa(t)
I
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o,

X

=sinnxz—

Yo (X)

Q N5 @5

1st Mode

2nd Mode

3rd Mode

Intelligent Mechanics Lab.
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3RISEEHI2 T

i
H
I

— X3
K
AN m
-, o, =0.44504/k / m
w, =1.2470k /m
w, =1.8019+/k / m
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:IIII'Ol Xl EE ql

Plate

(2, 1)-(1, 2)

i'i,.

L,
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1| = Siad(modal analysis)

Transducer

Excitation
=ECTi | ks 60 Intelligent Mechanics Lab.



of NUTFOR N Hie HEFYS $HL ?

><
-v

T T
XA
T
Input Output
P System P
(Force) (Response)
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F8e 93,

2%

Excitation

62

ALE |

|>

oo
12

i

Response
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FIFO| 0L Ol

» STPY R|HY REAL
« BN AT

ZNETH]
<

||

i

Al
AL

M %(t) + CX(t) + K x(t) = F(t)

& I_I'UI'IUI' 'I|'||—=|

e L. 3

2

=
o

o
o

o 1813 (exciting force)
« 23 ME(harmonics)

« D1RMES 4 (natural frequency) ¥ BE(mode)
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& T2l T (Vibration assessment) :

S 28 U Bote| 7|F 42

& TTHI2 &% X 0El T2

o AEf ZEA 2 FIEE (condition monitoring & diagnosis)
o HMAHZASQ o= B 7} (prediction & maintenance)

e
. A K| BHA QU oFM 7|= Qb=

e Z|A2| FlZ E& (vibration quality) &

=ECTi | ks 64 Intelligent Mechanics Lab.



Assignment

& Self-study & Presentation

e Presentation material using Power Point File

O
WCjzt 1| erutse 65 Intelligent Mechanics Lab.
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