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Fig. 2-7 Accuracy of solutions Eq. (2.17) and Eq. (2.21); Y: direct numerical computation;
y: solution of Eq. (2.17); yy: solution of Eq. (2.21); Ym, ym, yym (m: node numeber).
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Fig. 2-8 Accuracy of solutions Eq. (2.17) and Eq. (2.21); Y: direct numerical computation;
y: solution of Eq. (2.17); yy: solution of Eq. (2.21); Ym, ym, yym (m: node numeber).
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Fig. 2-9 Controlled free vibration of lower-end-free 50-DOF FDR with no load by
control law Eq. (2.17); (a): time chart, (b): mode chart.
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Fig. 2-10 Controlled free vibration of lower-end-free 50-DOF FDR with no load by
control law Eq. (2.21); (a): time chart, (b): mode chart.
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Fig. 2-11 Controlled free vibration of lower-end-free DPR with no load by
control law Eq. (2.21); (a): time chart, (b): mode chart.
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Fig. 2-12 Controlled free vibration of lower-end free DPR with no load and
control displacement limit; (a) time chart, (b) mode shape.
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Fig. 2-13 Response of node 25 of 50-DOF FDR without load mass; UCYG25: Frequency response
with no control, CYG25: frequency response with control , CFDP: Controlled response by using
Eqg. (2.17), CFDA: Controlled response by using Eq. (2.21), CDP: Controlled distributed parameter
rope by using Eqg. (2.21).
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Fig. 2-14 Controlled mode shape of 50-DOF FDR.
(a) 1st natural frequency disturbance, (b): 4th natural frequency disturbance.
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Fig. 2-15 Controlled mode shape of DPR
(a) 1st natural frequency disturbance, (b): 4th natural frequency disturbance.
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Fig. 2-16 Controlled free vibration of 50-DOF FDR with load mass by using Eq. (2.21);
(a): Time chart, (b): Mode shape.
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Fig. 2-17 Displacement-limited controlled free vibration of 50-DOF FDR with load
mass by using Eq. (2.21); (a): Time chart, (b): Mode shape.
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Fig. 2-18 Response of node 25 of 50-DOF FDR with load mass; UCYG25: frequency response
with no control, CYG25: frequency response with control , CFDP: Controlled response by using
Eq. (2.17), CFDA: Controlled response by using Eg. (2.21).
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Fig. 2-19 Controlled response of 50-DOF FDR with load mass to 1st natural frequency
disturbance by using Eqg. (2.21) ; (a): With no control displacement limit,
(b): With control displacement limit.
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Fig. 2-20 Response of node 25 of lower-end-fixed FDR with load mass; UCYG25: frequency
response with no control, CYG25: frequency response with control, CFDP: controlled response
by using Eq. (2.17), CFDA: controlled response by using Eq. (2.21); CDP: controlled response
of distributed rope by using Eq. (2.20).
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Fig. 2-21 Control power history and node displacement by Eq. (2.17) with no control
displacement limit; (a) ym: mth node displacement; PW: control power; ER: control
energy; (b) all nodes displacements.
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Fig. 2-22 Control power history and node displacement by Eqg. (2.21) with no control
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Fig. 2-23 Control power history and node displacement by Eq. (2.17) with control
displacement limit; y,,: mth node displacement; PW: control power; ER: control
energy.
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Fig. 2-24 Control power history and node displacement by Eq. (2.21) with control
displacement limit;(a),(b) ym: mth node displacement; PW: control power; ER: control
energy.
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Fig. 3-1 Wave control of multiple simple pendulum system by using imaginary pendulum
system. (a) Wave propagation from real pendulums to imaginary pendulums (b) Initialization
of imaginary system.
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Xn+1=g{ 1 (imj]@_ 1 [fm’}e””}:o (3.7)
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TRV 2 E T 5 Z N TE D, WEVEI AR5 2 L CRHIlT 5 9,
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WESEHFETROBETES 21 L5 L k&BOETOESH TR L 72 5.
@+%{{k+ﬂ@H+ZMi—w—QQH}:O (3. 8)
ZZT, 6(s) =Lot) ] tEE, 77T ALMT D ERANEOND.

9(k+1)0(s),, —(52 -2

—|Q

j@(s)k +9(k-1)0(s),, =0 (3.9)

(3.9 D& (3. 10) LEL.

o(s), =7(s)" /k (3. 10)
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KB 11) 20 B EFFIE ST W AnHk 3~ 2 sk fE N (3. 12) NGNS,
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L4D4g]=%%(2kgﬂ-q (3.13)

3, 2 1A AR
(3. 10) 205, BEHHR T8 S AR L LC
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cERaInso 7T, A@B.13), KX @E. 14) ) o R FEK CIXE AR & LT
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@”(0'“EIEOF:VJ2[2 kg/T-(t=v) |6, (v)av (3. 15)

TREND. k& HOEFAENS (k+1) 8 H O 7 B ZA BRI (3. 165) THELT
x%.
22T, FEA(-12) X 0, FEEIE S IR B TS BMAIAR % 1S 5 B -1,

4+(s/kg/T) 20 (3.16)

SREAL L2 T AT 72 B 7200,

3.2.3 WEVMIRMOFEHESHBIRTR~DEM

XFHETHIEZIT 5 72, X B.7), KB 15)IT LY, ZHEURE R L) & ke 3 Ik
WEVE T HNTREV WA 2 FIE L CHIEE S EAE TE 5. 2£0, HEIEIFR—-THoN
& PR S| & THLISNOIRTR & 1 3870 IR+ GEEZ EIR1-5R) TR sk
LEAAETH L. KRNI A—=Z2LELTA=I/l, ZEATD.

A(3.16) £V, k=n& LT, n @ MERR RO BRI O BRAUR B Q7 23
B%. n A HERERIRA R ORKEAIREIEL Q, 23 BBl AR O BRI T & 11335 Bhl i
ITED. Tbb, WANKBHIEOLERETHS.

Q, <Q =2ng/LA (3.17)

AT CFF DAV R BRI AR OXEE & IERE L HEHIR 72~ 0w At 2 fesd 3 5.
Fig. 3-3 (TR EMEIRIR S EHRE Y 2 2 L—y g ViR E O 2R, 33H HEIR 3R
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Fig. 3-3 Response of free vibration of 33-DOF homogeneous simple pendulums
with initial conditions with initial conditions &, =1, 6, =—1. Rigid lines: exact
solutions; Marker: approximate solutions.
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. (3.20)
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. UL, FEWBESZEEE T (A1) O%E, 1OMRFENMZEE TH L LB3015

Fig. 3-61C 3 HHEHRE & Tk MR 12 IR L= 56 OB HUGE 2~ 3. IERIThE
Mz =tg/l, #T, RFELSTA—F U=1/1)=02,1, 4, 6 DAL TH 5. Fig. 3-6

| Imaginary
pendulums

.................................. Control pOSItion

)
X, Gravity
| 3-DOF g
pendulums B

Il

m

Fig. 3-4 Wave control of the 3 DOF nonhomogeneous simple pendulum system.
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Fig. 3-5 Natural frequencies and wave propagation limit of 3-DOF
non -homogeneous pendulum system to the length ratio A.
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Mt a 5 272 3 AHERFROBENAOIURIFHNTIER U2 & bR LTV 5.

43



Gain

Phase (degrees)

100
—UG1
—0CG1
—G2
1 \ G3 |
—
(@) r=P.2 \L
0.01 c ‘ —
0 2 4 6 8
0 —
™~ —UP1
ki —P1
x\ —P2
-90 \— P3
[~
JENSE:E]
-180
0 2 4 6 8
Non-dimensional frequency
100

)

|
N
L

0.01
0 0.6 1 .8
0
D N o
@ \<
(]
2 -9 \\\\ I~
z AN
el N
2 | (b)) 4 ]
-180
0 0.6 1.2 18

Non-dimensional frequency

Gain
[N

100

I\

(@) ™

&S
Ir

0.01

-90

Phase (degrees)

o,
/[
/[ /

| (b,) k

0 1 2 3 4
Non-dimensional frequency

-180

100

Gain

0.01

N

RN

Phase (degrees)
©
o
/|

[(b) =]

-180
0 04 08 12 16

Non-dimensional frequency
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3.4 3 HHEBIRT RO RALEHIE

X (3. 7) VIR A BIE 2 SRR RBUINE BRI TTT 9 72, i RIR 1R O M SR
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K 4+ K X +Kp(xn+1—xf)=0 (3.22)
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Fig. 3-10 Time charts of controlled free vibrations of 3-DOF nonhomogeneous
pendulum system with the initial conditions (6, =1, &, =-1) andK, =1,
K, =1, K, =0.5for2=0.2, 1 and 4.
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Fig. 3-11 Experimental apparatus for 3 pendulum system and 2
pendulums and rope-and-mass system.
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Fig. 3-12 Experimental response of 3-DOF homogeneous pendulum system with
initial angle controlled by K, =0.25 K, =0.5 K, =0.5; (a):Non-control,
(b),(c) and (d): Controlled with initial angle for 4,8, and &, , respectively.
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Fig. 3-13 Experimental response of 2-DOF homogeneous pendulum
+ rope-and-mass system with initial angle controlled by K, = 0.25,
K,=05, K, =0.5.
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Fig. 3-14 Numerical response of 3-DOF homogeneous pendulum system with
initial angle controlled by K, =0.25, K, =0.5, K =0.5; (a):Non-control,
(b),(c) and (d): Controlled with initial angle for 4,8, and , , respectively.
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Fig. 3-15 Numerical response of 2-DOF homogeneous pendulum system and
rope-and-mass system with linear initial angle controlled by K, =0.25, K, =0.5

and K, =0.5
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Fig. 3-16 Natural mode of 3-DOF non-homogeneous pendulum system
of the length ratio 4 =1,3,4,6.
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Fig. 3-17 Mode localization of 5-DOF nonhomogeneous simple pendulums. (a): Natural
frequency of 5-DOF system; mode localization occurs for A =3 ; (by) and (b,): frequency
response and time domain simulation for 4 =5and A=7; UG1 and G1: controlled and
uncontrolled displacement of the lowest pendulum; G1s: simulation response.
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Fig. 4-1 Wave control of crane rope-and-mass system.
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Fig. 4-2 Crane rope and-mass system suspended by imaginary multiple simple pendulums.
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Fig. 4-3 K,,K, effects for angle and support position control of rope-and mass system with
initial conditions # =-0.25, 6, =l.andx, =0, /, =1m.
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Fig. 4-4 K, K, effects for angle and support position control of rope-and mass system with
initial conditions &, =-0.25, 4 =1, andx, =1m, /=1 m.
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Fig. 4-7 Control response of rope-mass system with /, =1m, /=1m, K, =1,
K,=04, K,=0.2, (a): free vibration control with § = -0.25, 6 =1, x, =0,
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Fig. 4-8 Control response of rope-mass system with /, =10m, /=1m, K, =1,
K,=04, K,=0.2, (a): free vibration control with 6, =-0.25, 6, =1,x, =0,
(b): traverse control with x, =1m .
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Fig. 4-9 Control response of rope-mass system with /, =1m, /=10m, K =1,
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73



451 SEBRRER

ERITn—EERES L =1m, KFETTFAEFESI=012m, 1m, 10m, 100m D
BIZONWTITo 72, HIEEREE R A2Fig. 4-1510RT. v —FICWBIEN A% 5 2 - —En
—FROFEBRTHSH. Fig. 4-165) IFFFETTNAMIEFREI=012m, 71— Ky 7155
K, =18, K, 22054, Fig. 4-15(0)1F1=1m, K, =16, K =1OHH, Fig. 4-15(c) i
I=10m, K, =12, K,=9 D& &, Fig. 4-15(d)1&X1=100m, K, =12, K =9 DHEDHERTH
5.

wiZa—FIZYIEN A% G272, |, =1m ~03m D% LiF L& T LERERAFig.

4-16 LFig. 4-1TIZ7”" 3. Fig. 4-161%, HPET VR FESI=1m, 71— Ky 755
K, =L K,=lZz T, &L BFL) #EZ0082ms & LIEHAETHD. Fig. 4-16
TIFE LT TIE CIFFRMENFRICER L TEE LR, ZOBRBRLTVWD. U
=TT Faz—F EAERMIBEENFRRNTHAI LEZ LD, KEITYIal—rs
NCEVREICEETHZ L aEER LTV . Fig. 4171, I ET MVETFE S 1=10m,
74— Ry 7EREK, =9, K =5 2 N T, BRI (BT L) #EAZ0082ms & L7cHe
DFERTH .

KR RN EBE ORI ER AT o 7. P — AR REEZ BT 5720, 70— K3y 74
K, =025%H\ /. Fig. 41812, n—7RK &1 =09m, HFETNVIETRES1=09m &
U CHRIEARTED & SCFF RN 2 X, =02 mBE) S 7R R AR, Fig. 4-18(a)id 7 1 —
RS 788655 K, =1 K =1o5E, Fig. 4-18(0) 13K, =2, K,=2D5E5TH 5. Fig. 4-
18 (a) TIIMMEEINIR DM, 7 4 — RN Z4RE D K& VW Fig., 4-18(b) DA TITFRRIR
AR LNR. Fig. 4-18(a) DA 1IFig. 4-18(b) DA LA THIFRRFE DM EL TV
LN, BEWEMOA—"—va— EBRR LS.

74



0.15 0.1 -
@ 0.1 2
= 0.05 005 @~
S| E—é
@ =S
> -0.05 0 2
c (=X
< -01 A
-0.15 -0.05
0 10 20 30
Timet (s)
0.1 0.3 -
= S
B 0.05 0.2 §
s 0 01 gE
%’ -0.05 0 g
[ o
< -01 01 &
(2]
-0.15 -0.2
0 10 20 30
Time t (s)
0.1 01 ¢
2
5 =
g 0O 005 &%
D o
g 005 .
-0.1 -0.05
5 15 25
Timet (s)
0.06 0.1
< 003 2
g 005 G~
< 0 S
= o g%
2 -0.03 (%
-0.06 -0.05
0 10 20 30
Time t (s)
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Fig. 4-17 Experimental response of rope-mass system when winding up (a) and
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(b):K, =K,=20.
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Fig. 4-20 Numerical control simulation of rope-mass system winding up (a) and
winding down (b) at velocity 0.082 m/sand /=1m, K, =1, K, =1, K, =1.
Rope length varies between 1m and 0.3 m.
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Fig. 4-21 Numerical control simulation of rope-mass system winding up (a) and
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Rope length varies between 1m and 0.3 m.
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