A2A Z37F7A £ [Response to Harmonic Excitation] p.129
(1A Z=A12] ZHA R 5)

Aol &g = Fo4x 7Fdol o3& of7|E Ao &5
27)(t=0) 7} sk <ot _
7}z12 (applied force)oll g & =
Z237H31 1 spue] s b 23§ (sine, cosine) B EI9] 9 F
of:

Z3}7FA [harmonic excitation of undamped systems]

o
—
=

s

Jﬁﬁ:‘
)
lo

e (REY) waA - 2.24

_/VW_ p.131

maxlt) + caxlt) + kalt) = 1255 744 AAR T +5A 2

v A e =0, Z37kx F(t) = F) coswt (B

AsF 171 w, (4] 75*4 )52 %4 [(undamped) natural frequency]

wy + A 35355 [damped natural frequency]

w 315(7}1_]) 1%< [driving frequency = input freq. = forcing freq.]
mzt) + ka(t) = Fy coswt 1A= 93 A A5 54 (2.2)
= BTY z(t) + w!z(t) = f, coswt fo =

3] [solution]
dwka] (bdal) z(t) = A= () + 5530 «,@)

z,(t) = A, sinw,t + A, cosw,t = A sin(w,t + ¢)

5473l [particular solution]

z,(t) = Ay coswt + By sinwt

(-w? A, coswt — w® B, sinwt) + w,”* (4, coswt + B, sinwt) = f, coswt

= (0,” - w) 4, coswt = (0,2 - w?) B, sinwt =
= 2 _ f() o) _
coswt (FOE A 4, = —— ( ) ), B, =
L-w
/ f
= z,1t) = — 0 5 coswt = X coslwt - 6) X = - 0 .
w, —w ‘w,,l*w ‘
w,>w DWW 0=, w <wdu =



A )-8 [total response] (YWl [general solution]

= ¢ &l [complete solution])

x(t) = A sinw,t + A, cosw,t + ——— coswt (2.8)
a)n—w
= A, sinw,t + A4, cosw,t + X cos(wt - 6)
Ay, Ay Z7Z2ONAN AARAHE ATE | Z271ZAS
dﬂ 1'(0) = Ty = = A2 =
z(0) = v, = = A, = = (2.1D p.133
A (211)& Ho=Z
a3y 2.2 (A& vtb2_1) p.134
oA 2.1.1 7F=Ee A717F 23 N, 8577 17859 F W, 2712319 2 = 0 m, v, =
0.2 m/s® Fold o, 2 22)2 RAYH= AZg-dF A=dY S7S Akt
a2 el A AEle] A#e 10 kgola A32¥ AHEE 1,000 N/mo|t},
Fy=23N, w=2w,, 2o=0m v,=0.2m/s, m =10 kg, k = 1,000 N/m
w, < w OJEE g = = z,(t) = X cos(wt - 7) = - X coswt
_ [1,000N/m _ _ _
w, = \/ 10 kg 10 rad/s, w =2 w,
~ _ 23N _ _ )
fo = T0kg 2.3 N/kg = 2.3 m/s
(2.8) — z(t) = A, sinlOt + A, cosl0t - X cos20t
2
X = 23m/s’ g 667w10% m
|1O —20 | rad’/s
z(0) =4, - X =0 = A, =
x(0) = (10 rad/s) 4, = 0.2 m/s = A =
z(t) = (0.02 m) sinl0¢t + (7.67x107° m) coslOt - (7.67<107% m) cos20¢
= 0.02 sinl0t + 7.67x107° (cosl0t - cos20¢) m a9 2.3 p.135
daAl 2.1.2 74 2,000 N/mQ =ZHo| dZ%o] 10 Hz (5, 207 rad/s)olAd 20 N Z3 o=z
7HIE = A mY AANES AZEEA AEe HgHIEE 0.1 mE SA4HAD
T GAGHE (zy = vy = OZFH AFseE Aoz 7M. o] AJAxEle]l HgkS
Al L bato] 2,
k = 2,000 N/m, = 207 rad/s, F, = 20N, =z, =01lm z,=1v,=0 m =7
3 ) fo
z(t) = A4, sinw,t + A, cosw,t + —— coswt
(,Un*(,l)
z(0) =0 = A4, = z(0) =0 = 4, =
o 2f L w,tw L w, T w
z(t) = o (- cosw, t + coswt ) oo sin—— t sin 5 t
2F
P = S g 16l = 2, S (e —w) =2l
5> mo= — Uz F 2 Ry = 200N/m)O1m) T 2QON) _ 4,05 0608 ke

(207 rad/s)* (0.1 m)



2f0 . w7z+w . Wy T w . .
z(t) = —; > sin t sin t = 2X sinw,t sinwyt
W —w 2 2
w, Tw lw, —wl
w = o, Wy = 5 Wzo] [beat] AET w, =
T
77 =20 AT g2 2L AT wie) 3] 7y (=t = 2E = 2T
W w, tw Wo lw, —wl 2 wy, lw, — wl
p.136
(A5 vtb2_1)
o). Z%& [tuningl:
2Elwd - 7 AEF w, 9 aF A, o719 e —
w=w, AT v # w, 4 W, e Hzo] EF
w, = 0, & Wzo] MEsF7}
musical scales (major)
C D E F G A B C
do re mi fa sol la si do
S 2 f
264Hz 297 330 352 396 440 495 528
&% [resonance] w = w,
x(t) +  w? z(t) = fo coswt
x,(t) = Ay t coswt + B t sinwt cf. z,(t) =
aép = A, (coswt - wt sinwt ) + By (sinwt + wt coswt)
ng = A, (2w sinwt - w’t coswt) + B, (2w coswt - w’t sinwt)
[ 4, (2w sinwt - w’t coswt) + By (2w coswt — w’tsinwt) ]
+ w® [A, t coswt + By t sinwt] = f, coswt
= A, = , By =
x
z,(t) = , 1925 p.137
‘ .
ex. Tacoma Narrows Bridge
1940.8 7% & <=1l[suspension bridge]
1940.11 53
AN ¢ mpgkel &3k obF[vortex] o] EF = =

— flow—induced vibration o.

<oflA 2.1.3> (AEh)

A

o)



2.2 7+& A9 Z37}A [harmonic excitation of damped systems]
o : p.142

Z3p7hzlel] gt 1A= Al e A — 214
mz(t) + cx(t) + ka(t) = F, coswt

b
FN
o2

= z(t) + 2 (w, x(t) + wnz x(t) = f, coswt fo =

&l [solution]
() = z,t) + x,() cf. MigAA z,() = A, cosw,t + A, sinw,t
T, (t) = X cos(wt - )
A =8l [homogeneous solution] (F-F#24](0<¢<1)9e] %)

2, () = e “'(A4, coswyt + A, sinw,t) =
=V1-Cuw, A% oE @A VIS (27)EAL
E 3] [particular solution]
z,(t) = A, coswt + B, sinwt
m'[,(t) = -wA, sinwt + wB, coswt, QE[,(t) = -w?A, coswt - w?B, sinwt

(-w?4, coswt - w’B, sinwt) + 2¢w,(~wA, sinwt + wB, coswt)

+ w,” (A, coswt + B, sinwt) = f, coswt

(-w?4, +2¢w,wB, +w,*A,) coswt + (~w?B, - 2Cw,wA, +w,’B,) sinwt = f, coswt

(0,2 ~w?) A, + 2¢w,w B, = . = 2Aw,w A, + (0, -w?) B, = (2.34)
29 A o
4 = (w?, 2)fo B = 2Cw,w fy
: (u)i—wQ) (2(@ u)) ’ y (wi*w2)2+(2§“wnw)2
z,(t) = 5 w2 5 o 5 coswt + — f;u w /o 5 sinwt
(w”—w ) +(2(wnw) (wn—a) ) +(2§wnw)

U2 gz Wzl

x,(t) = A, coswt + B, sinwt

= X cos(wt = ) = X cosf coswt + X sinf sinwt
9 2 2 (wi_wz)f() 2 QCwnwa 2
=A°+B° =1 2 272 ;0T 2 212 2
((U,I,_CU ) +(2Cwnw) (a)n—w ) +(2§wnw)
2
f
2 2 2f0 2 = X = 2 2 20 2
(Wi —w?)*+(2¢w, w) \/(w,l*w )+ (2¢w,w)
B, 2w, w 2w, w
tanf = — = - = 6 = tan! -
A wi—wQ wi—wZ



HAA S [total response] (Y9Hs] [general solution] = ¢4 [complete solution])

e(t) = A e " sin(wyt +¢) + X cos(wt - ) (2.37)
A, ¢ Z7ZANA AAE = s (JRAE5Y A5 s - (d52.20)
Ty (t) : Z‘p(t)
(A% vth2_2) 18 2.34 p.198
A 2.2.2 Z7|FH WE HA S p.147
oAA 2.2.3 A9 ¢S AR, AFHE I 49 ¢ g} vl p.148

A3y gne A A vs. WS

J@h =Pt 2Cayw? o \/[1_( )T+(2< o f
n w?l
w
20—
2Cw, w
6 = tan* f ~ 5 = tan! il 5 = tan™! 2<T2
w, —w 1| 1—r
2
WE5(F94) ¥l [ratio] r = :)“ (
— X 1
X = =
folwh V=22 + (20r)?
¢=0
C=O T C=Ol
e ¢=0.5
=1.0
¢=0.01 o ¢
¢=0.1 /2
1 ¢=0.5
=1 ¢=0.7
0 0
0 1 NGO 0 1
PRS-t I A& 1, or
a4 2.8 (a) (A5 vtb2_3) (b) p.151
(1% 29+ 19 2.8()9 MEFS Logrw o= vt A)
owm 1. AHIF 1S Wl (¢=0), r = 194 EAFolth
2. 1=
3.
4.
5. A& v
6.



Al 2.2.4 d& AZFH-AF AdA, FENEFe Mt mE % ds) p.149

oAA 2.25 SH A7I7F Hurt == v p.154
£y = L A=r? 4 (2¢r)? 17
) = —%[ (1-rH2 + (2¢r)? 1777 [200-79)(=2r) + 2(2¢r)(20)]
_ 2P —1+2¢) -0
[(1—7%)+ (2¢r)*]*?
7'peak =
0<¢<0707 71y <1 HANETF w, =
¢ > 0.707 Tpear = O
f o) = A11-(1-2¢D17 + 2°¢*(1-2¢H)7 % = [4¢°A-¢H177 =
(<01 o r =1 F IAAEF 0,5
Ft) = Fy sinwt 4 @,  =,(t) =
v A8 7Agel A4S o
AL
2.3 & X 3HE [alternative representations] p.156
(254 92)



2.4 B}&+712 [base excitation]

p.163

o
F. B. D.
m
54
=
mz + cx + kx =cy + ky
vhete] st PHlE LB AT y(t) =

mz + cx + kx = cw,Y coswyt + k Y sinwyt:
FTgHE A&

T+ 20w,z + wlzr = 2Cw, w,Y coswyt

Y sinw,t ,

+ (1)712 YSinCL)bt =

3l [solution] r+ 2w,z + wlr = f, coswt & S z,(t) = X cos(wt = 6)
T+ 2w, + o'z = f, sinwt ¢ 553 z,(t) = X sin(wt - 6)
2¢w,w
X = fo , ¢ = tan! f '2
\/(wi—w2)2+(2Cwnw)2 w, —w
at) = @, ) + 2,0t) = z,@) + 2@ + 2,2 @)
2 V() M QY B (= cw Y ) 553
5,2 @) G By =k v)e 559
2Cw,w, Y 2Cw, w,
2V (t) = Con cos(w,t = 6,) 6, = tan_l%
\/(wi - C()[%) (2<w71 u)b)2 W, ™ Wy
2
Y
2)(4) = “n - _ _
x,”(t) sin(w,t = 6,)
? \/(wi—wb) (2Cw wb)z
54 (
2,(t) = 2V @) + 2 ()
2¢w, w, Y w2y .
= cos(w,t = 0,) + sin(w,t = 6,)
\/(w3*w§)2+(2§wnwb)2 \/(w2—wb) +(2¢w, wb)2
= X, coso cos(wyt = 0,) + X, sing sin(w,t = 6,)
= Xb COS(wbt - 91) - (b)
s5ael 27 (87 W9l A%
w (2 )2 Wy,
X, = Y \/ o ¢ = tan! — = tan"! L Oy = tan'2¢r
\/(w —w) (2 Cw wb) 2Cuw, 2¢r
oy Virla) (2.70) QAFH o= <AL 248> F
V=P + @)



W9 d9E (displacement transmissibility) (= 3% ¥ X%/7z ®9 1% 4])
X V1)
Va=rP+2¢r)

upeto 2 e e gEo] Agow Anh} Aol Kl

= Vi+t@o)? X

~

i
™
oift
-
=
1o
1%
&
fu
T
o
Y

¢=0 a9 2.14
¢=0.1

¢=0.5
) ¢=0.7

o :
AA 2.4.2 AN T2 F3 AT a8 217

AgE+E 3 (transmitted force)
18 2,139 AL

i Fot) = k(e—y) + clz—y)

= mu)bQ Xb COS(LL)bt - 9,) - QS) = COS(u)bt - 9;, - (b)
el 7]
k

X,
Fy = =—2wb2Xb=kr2Xb=kYr27b

n

e Vi1i+(2¢r)?
V=) +(2¢r)?

Fr
= 0:557— 1.245, — = 1063— 2.24

oAl 2.4.3 Zel= vieolq ALy = 3 a9 2.18

p.166

p.169

p.167

p.168

p.171



p.218
of <A5F 2.47> FAIZF 1800 NQI 71A17F wpel #o] ot v 71419 FAlo 23] &F 4 cm WY

ol Atk LAl A= 7IAY & Wi nhEE o= A g ow FX(r=1) LAA 0.2
cm® F o7 Fshgss b FZAH|7E (=0.01 9 Ao® JHAHst HJEHE g JY HeE
weel A7 ALtete et

mg = 1,800 N, 6=004m = k= - % = 45,000 N/m

Y =0002m at r=1, ¢ =001

X, 3

2.
Ads= wee 27 x, = = (0.002 m) (50.01) = 0.1000 m = 10.00 cm
A== 3o A7) Fp = = (45,000 N/m)(0.002 m)(1)? (50.01)

= 4,500 N = 4.50 kN



2.5 3A B3 [rotating unbalance]
D3 AANA BEFLE

A5 Qovlt guAsl A9l

o

i
ji

71A e B Aes f, = , w, =21 f, =
A A m, o AdleE W T oBF AR 2, =

TEO A2HF  -kx - cx = (m—my)a +
=mx - myx + myx - myew, sinw,t

. : ~ . o _
= max + cx + kx = myew, sinw,t D IHETE AT A

(:
THHE A3

=

mye 9

IS

T+ 2Cw,r + wlz = w, sinw,t

3] [solution]

r+ 2Cw,x + wlr = f, sinwt 2 S5

z,(t) = X sin(wt - 6)

p.172

S L 2¢w,w
- 2 2 20 2 7 6 = tan lﬁ
\/(wn—w )+ (2¢w,w) w, ~w
z,(t) = X, sin(w, ¢t - 6,)
my e w? mg e r?
X, = 2 22 z 22 2
m (@ =)+ 2¢w,w,) mo =)+ (2¢r)
_1 20w, 12
0, = tan'——— = tan 1%
w, —w, 1—7r
er T2 _

o



moe V=P (20r)

23 C =0
1;; ¢ =01 a9 2.21 p.174
2 = 0.
¢ ¢ =025
¢ =05
m X,
m06 ]‘
¢=1.0
0
0 1
o)) &5 1], r

oo W=

oAl 2.5.1 3| HEAHY AFH 3 HAA

p.175
oAl 2.5.2 FFYH Ay p.176
p.220

d <G 2.61> Aub(lathe) Zd HolE o AXxd AV|REg=z Zdy @ 4 it} HolEy RH
o Aol & 60 kgolth, Aute] FARE FHOZRE 0.12 me] AL 4 keol BFY A
FS 7HHT A" M= ¢ = 0.06 (AR SAHHNL, A7 EFE 7.5 Hzolth,
f, =30 Hz 2 7}4E o, BE | A0 W d3%S Aikshet.

m =60kg e=012m m, =4kg ¢=006f, =75Hz f =30H:

30
A X2~ 1 = = 22 =
Lo ] T 75 40
2
X, = - )((()'12) m) (4.0) = 0.00853 m =
60 V1= (4.0)2]2 +[2(0.06)(4.0)]2
Aede= g (a9 2.19, g g3 HdEE o))

F,(t) = kx + cx = kX, sin(w,t-0,) + cw, X, coslw,t-0,) = Fr sin(w,t=60,+ ¢)
o] A7 Fp = \/kQ—I—(cwr)2 X, =m \/wi+(2(w"wr)2 X =mw’V1i+©2¢r)? X,

mg e r
VA=) +(2¢r)
= mge w? 1+ CT)2
V-2 + )
Fr 1+ @)
myew?  A(1—?)P+(2¢r)

mw2V1+2¢r)

ju)
2
i
i

rO
)y



p.156

[alternative representations]

xHE

2.3 &

3,

=
=

Bl

+o]

5|

2 Wy A7

15

3
=4

L 7}

—~
o

aig

(3.4~ )

p.178

717] [measurement devices]

A

2.6 =

p.182

Ble] 4] [other forms of damping]

o

2.7 &

(A=)

p.192

2.8 X AA3 A A [Numerical Simulation and Design]

(MATLAB A+)

p.200

[Nonlinear Response Properties]

" 54

[¢]

A

d

2.9 H]

(A=)



