2019 4F 6 A
37 BEEIM

[ DA N e 3

Journal of Northwestern Polytechnical University

June 2019
Vol.37 No.3

https://doi.org/10.1051/ jnwpu/20193730636

AN BRI B R IREADFI 25 NIRE

21,2 1,3
#wEZ? FR

C.?ﬁﬂd‘ﬂﬂﬂi?ﬁ%[&% ToABE, #WIVE WO 3130005 2.4 /R K57 MU TARE AR, ISR SERFAI/R
BAETEIRRE RGBTSR, IMER FRAIR

, RFER, B

H3A0C3;
H3A0C5

 E.SSEIRAAPTENERN RN E A RN LT A, EART SRS MANET B
RO ABEA NG R BT 2p38 40 T Z ove BB 1A) | f 03 Bk AP A % BE 2 Sir N BT 77 % T g e 3% 9]
M, AT Hamh Kok e AR R Fe— A~ 3-DOF FFIRALE A, S #1386 Frm DN iZALBE AT 2 MES
TG R RN 35 AL FRAF T BAF bk A WAL S B NI 35 (NHTIS) 49 7R 3)
"W K, AT T Hove S B 8] e A ) IR Bh 69 AR A1, IF R B BT | B BR oY BB S N T B ATk
45 R E B NHTIS fe A2 SRS R AR RN G R IR & A& Gorm ik B

x #
hE 4% E . THI16; TP242; 0328

FE il 1 U, BLas N 22 0T 2 S AL | L
FL AR GE A5 I A B RS Bl R RS R Ay F A DAY
fabn . FFBA LA NHA B9 2R G NI Az s E
P, R A s S R R B (B i 2
WF AR SN, WA 2 2l B A B T 5 A R sl ok
WIS, EHERO M I SRS B i AR R o SR
AR SR AR B 1A RO R B R AR
R G AR FNBELE T3 — 25 ko, I
e UL AN RS R oy AL S (B A0 UL PN
ST IR, AT AR RS SR A PR 3h . X
75 AR Al B BB ZS R G, ] il B 2R
ZGert, Bl N B i R LA B R A iR BT,
A /N 22 5 T AL A N B PR AR 40 AR AR IR
ghirol ) 2R A S e R 4 kg 2
Bod ar —LEAA R B ) B S A BOE AR IR G T T
JCT HOR R TRT B AT ) A 5 o 2 A S Y
ARARSN (BB IN T 2R G0 I ] SEIR | R bk
R A 2 RS AR E B DL AR AR G
8]0 LA, M — A RS 2R e 4% B 1 3 R 2
BT e A D 3 B3 AU 9 8 22 S W A I, — A
| SR W A A IR BE 7 TS AR, T o2 T IE ok o i
PR i A IR Tl SR, L 2 T SR G ) 7 14 ]

5 B #9:2018-06-14

RN ET S R A IRF IR ILEA
SERAR SRS A

X E4HS:1000-2758(2019)03-0636-07

JEIRFR xRl ks, A4 A B A 2 0 4k 5
P P B R 5 I RS Y RS A7 Dk ey A BT
for SRIE I — AR T UK P A TR B 2 RS R A
I

1 FEERA

—Fh = By B (3-DOF) JEBEHL 28 A & 1
iR,

e Al AL

W FHER 1 ARBETE
TR Bk 1
TRk e 2

WERLAT
L)
K1 3-DOF FFEcHlas A

IR A 3 4 LA S A ) —F- 1 1

E&UH : F&K R 754 (201708330107) FHiTLA A AR 54 (LQ12E05008) %)

EFE N B E 2 (1980—) , 2, WINITE-ZBE R ot | 2N HLE Az 3 B Pk sh ] G AL B B DT



5530

X AT B T, 4 LS ShHLAR B R AR iR r B 2%
PEERT TRIRZZAT ] R A 2 AR 6T, HAg
A FRAMEEAT R R — A5 =M R A2 37
7, NI B — D IFERBLAS A, Z P48 A AT <2 3L
XY R S M SE 2 5T XY VAL 5 5l
H A B R FbP R SO 17

x1 FEZHBHHRTOHBSH

24 HfH
RIS EF- 5 2R T 10/ mm 100
RERZAT TR S E/mm 400
HEAT R /mm 200
HEFF B/ mm 30
HEFFIEEE/mm 2
BEFFREL mE4e
HEFF MR/ (N - m™) 7.1x10"
BT EE/ (kg - m™) 2.77x10°
BRSPS E/ (kg - m?) 5.815%x107°

F 31 7725 5 2 AT A5 e AT = (0] AH B4R Y
ZHFFRNY ) E K45 3-DOF HLgs A FZ i
FRRT 2 A BE8 0 [ A7 W% FfBH e e, an 3k 2
Fﬁ%w,lo, .

*2 EHEMEMERL

PRSI [ 4 4514/ Ha BHJE LL
1 76.6 0.057
2 231.2 0.017

2 HNEERAE G R RS RIE

21 BESEANER

iy ABIE GRS — Ak S A G 5%
R AR A 5, (87 A2 (9 3K 20 1 3K TH R G 1 %
AAREh Xk w0 1 P B T A i e ) e 1
FERZ A 2R G0 0 07 B (] RO R R . X F BT R
B, 45 Wk R R S AR FE R 1] m] 1) R A 400 23 0 B
JE LRI AH DGR AS R IE AR TR (1), REFEX
Sek R IVE R, R AR S

By = J{ 2 [Bicos<¢i)]} ’ + {Zni [BiSin<§9i>]} ’
(1)

BE % 5 IR AR TR b ) SR s ped i i LA AR 3l - 637 -
Arp
B; = A, 1(1)76_@)“_”) o, =w/1 _gzti (2)

X, 0,0 HIRERGER MR FFLIE L, A, F ¢,
RS @ A ko I (AN I R] . A T3 i A
HETE A5 0 22 0 M 7 83, -0/ Jk o G 0T B A ik
SRR, (55— kb B VR FRBSER) R 0, - 423
Jok (R W AELZ A 1, 22 T A ok e 1 W (R Sy 1E A
BF, BR Sk IE ik b iy ARSI 2 LA ALy ZV | i
ZVD Al E AN R AU B HA S A R D

G N ALY AR 00 Ik b A 5 SR B Bk R 7 bk e
B ANFEIE AR, Tk i AR 8 118 Wi 07 R L O ik
P AT 2 R, FL AL TE 2% A AN R A5 A b
Z I SR bk ARSI 28 R] B A I ik o R
ik, HAT A ik b i A =2 F /N 55 F 5 —
AWK IR Q , ZE4 A Wk bV S AR b i R 52
PRBNIRE, 2 =1, ki AL NREA
NZV NZVD Fl NEI, NZV {4 £ 450 )07 5 J3 e bR, 1
NET B A5 fe i iR R
22 ZIEEWNER

SRS N FE T A2 1l SR W2 S AR 5 B A A 1Y)
[#6] 5 431 R BEL 2 b g 7 e Iy A2 1) PR ES i A BRI
R E B e TG, AR RS ARIES ., I
ik i 22 5 A T 2 A 4 P PR I ok i A B
TE A il , HR A4 ZV-ZV, ZVD-ZVD Fil El-
EI EATRERIB /N R 5L 2 B 5k AR 3, SR
Mg 17 S B P, Xt T O bk o 2 MRS i AR TE B, ZV -
ZV Wi 7 fpe R ARAS SR BHRE SR 1K T EL-EX i )i 55 12
R RS

hy 1 5 T Jik ivp 2 AR B A KT 2 1 e g 3
AR B Jbk e 2 67 ik b 2 A A i A s o R
W, 12T A bk o B S iy AT SR AT
RO ARA BRI 8] 40 AT S A ) 7 Jbk e B
SHABIL A0

Ay Az
NZV, = |: xznAi' NZV, = [ NZ\21.:| (3)

tNZVlk tNZVZk

:EEEP ’ AVZVIk ’tNZVIk ’ANZVZk ’tNZVZk ﬁ}jt'gljﬂ\jﬂik‘{lilﬂﬁ/{] mgﬁ%n
VEFHITR] kA ik b scae: , D) 67 Jik o 7 A5 25 g AR IR
P NZV-NZV K

A v Ao
NZV-NZV = |: Nuu.:l N l: NLVZA:| (4)

tNZVlk lNZVZ]r

TUpK i A2 i A\ BETE 2 RE I 0 e R L )



. 638 - ode Tk ok

¥ 537 &

R H 28 W 40 $% NZV-NZV , NZVD-NZVD, NEI-
NEI'® MRS R G0 P 4 B 10 B 20 R 3 A5
T B 2 S W b e, — e 4 ] SR ek 410 1 iR 20 i e
W30 FEAIR VRS 22 A A iy A\ R TR 428 1 R W BB At R 1
AR | 36 oA 1) S WS A 6 4% NS 1 % B R 1 4
S N7 AN [RS8 g T i o SRS S A A TR 2 SRS
P IX LY 256 AR AL, HS A S ZV-ZVD [ ZVD-
ZV EI-ZV ZV-EI ZVD-EI 1 EI-ZVD'"
2.3 GfkMIRE SESRNER

1 AR R GUHR BN AT AT i AR I 25 S AR
KRBT, 353 1 ik b 2 A S i A B TE 28 i IR RE T T
B s L Ah , IE Bk ol Z TR G i AR IE 25 1Y R G 1,
BN PRI I ST — BT A TR ) R S v
ik el e, X 2 RGeS B IR ST Y B B
FPR BN L, HE ST AN [7) 2 78 1 17 ik np BBy A\ 2L T
A AT AR S AR B0, SR SRR EATTAS AR, AT
kR A SR AR s, —A P
B RGE, HAT 2 B iy £ bk o 28 T A #OE 4%
NZV, ,NZVD, {i'F

AVZVIm} NZVD _ [ANZVDM:' (5)
, =

tNZVl m tNZVDZn

ﬁ EFI ’ ANZVlm ’tNZ\'lm 7ANZVD2n ’ t,\IZVDZn %%u/fﬁ%%ﬁﬁ 2 Igjl\ﬁ

NZV, = {

ik e PSS i A BT i Ik o £ (R T B T, m

Fn SRS 2 A i AT 25 A0 bk b 4 D 3 il

Tk IR A PSS AT 2% (NHTIS)
NZV-NZVD = NZV, * NZVD, =

A NZNV1m A NZVD2n
I i

t,\IZV 1m 4 NZVD2n
MR % el A 6 > NHTIS % A4 IE 45 .
NZV-NZVD .NZV-NEI , NZVD-NZV . NZVD-NEI . NEI-
NZV NEI-NZVD,, &, fEF i NHTIS i f2H, Z
W T I AT Z [R]AAR B A AR R AR A

PRI 28 X il 5 R i s A s i

3 (hESHSH

CL%1 3-DOF FERHLEF N R s S50, @ (HE
h 1 TER G OR AR B B A BRI T
& NEIL [ 2 B35 0 A B8 25 19 4R 3l i (5 A4 8 o
5% ., e F G580 0 R (o AR R e 4 B e
/N, W] NZV-NZVD, NZVD-NZV, NZV-NEI F1 NEI-
NZV &% /b ik #h FE %1 & 15, 1fii NZVD-NEI F1 NEI-
NZVD #/b ik b 2 51 ok 25, 3-DOF F-BXHLAE A B
NHTIS S5 3 Ak 4 FiR,

%3 NZV-NZVD NZVD-NZV NZV-NEI #1 NEI-NZV # N BT =S5

NZV-NZVD NZVD-NZV NZV-NEI NEI-NZV
A () A () A ) A0
1 0 1 0 1 0 1 0
-2 0.000 68 -2 0.000 93 -2 0.000 70 -2 0.000 93
2 0.001 21 2 0.001 26 2 0.001 23 2 0.001 26
-2 0.002 76 -2 0.002 17 -2 0.002 77 -2 0.002 24
2 0.002 95 4 0.003 10 -2 0.002 90 4 0.003 16
-2 0.002 90 -4 0.003 43 2 0.002 97 -4 0.003 50
4 0.003 58 2 0.003 70 4 0.003 60 2 0.003 76
-4 0.004 11 -4 0.004 63 2 0.003 86 -4 0.004 69
4 0.005 66 4 0.004 96 -4 0.004 13 4 0.005 02
-4 0.005 85 -2 0.008 49 -4 0.004 56 -2 0.008 53
2 0.003 86 4 0.009 42 4 0.005 09 4 0.009 46
-4 0.004 54 -4 0.009 75 4 0.005 67 -4 0.009 79
4 0.005 07 2 0.009 00 -4 0.005 87 2 0.009 07
-4 0.006 62 -4 0.009 93 -4 0.006 63 -4 0.010 00
4 0.006 81 4 0.010 26 4 0.006 83 4 0.010 33




%5 3 1 BLE 22 55 R A AR i SR D s 1 L 2 AR 3l - 639 -

%4 NZVD-NEI #1 NEL-NZVD i N 232 5% HRAE 7B, B 2 45 1T ok ARSI FIH NZV-
NZVD-NEI NEI-NZVD NZVD YERIT 3-DOF ML#s AR Sl o7 ph £
Ay t,(s) Ay u(s) Fefy N BT
1 0 1 0 T— NZV-NZVD
-2 0.000 70 -2 0.000 68 2k
2 0.001 23 2 0.001 21 i
-2 0.002 17 -2 0.00224
-2 0.002 77 -2 0.002 76
4 0.002 87 4 0.002 92
2 0.002 97 2 0.002 95
-4 0.003 40 -4 0.003 45
2 0.00370 2 0.00376 i
-4 0.004 40 -4 0.004 44 0 o— 00a 0.08
4 0.004 93 4 0.004 97 /s
4 0.004 94 4 0.005 00 N S
- g T AR o]
4 0.005 14 4 0.005 19 K2 A NZV-NZVD FIJckis A i 4 sl i )i
-4 0.006 47 -4 0.006 52
Lo0mee 4 o0eT 1 2 % 2 A AT B PR 2 B
- . - . ¢ S AL Do N _ A ik Jiz 2R
2 000000 2 0.00007 E’Jﬁf@ LN ] %uﬁﬁﬁ NZV-NZVD WA
4 0.009 19 4 0.009 21 J& T 2 B s A B sl B sk, FC A £ bk R A
-4 0.00970 -4 000974 Z RS ALY 25 iR sl 1 i Ze an &l 3~ 8 FoR,
-4 0.009 72 -4 0.009 75
%
4 001023 4 001028 It 5 3_ u’gﬁ%{ﬂlﬁgm,u%)\ YA A IE KPR A
4 0.011 26 4 0.011 29 iy N BEIE A AR Bl 1 it Ze Xt L
-4 0.011 46 -4 0.011 48
-4 0.01177 -4 0.011 83
4 0.011 97 4 0.012 02

1.2 "|l o
0.8 .
——ZV-ZVD ——ZNVD-ZV . S
----NZV-NZV ----NZVD-NZVD = ----NEI-NEI
** NZV-NZVD «++ NZVD-NZV >~ 0.4 ««« NEI-NZV
0Ot
. . -0.4 . . -04 . .
0.02 0.04 .00 0.02 0.04 .00 0.02 0.04
t/s t/s t/s
Bl 3 ZV-ZVD NZV-NZV FI NZV-NZVD [El4 ZVD-ZV NZVD-NZVD F1 NZVD-NZV [&]5 EI-ZV NEI-NEI I NEI-NZV
HOIE W4 Sl o )i i IAE =LA HEIE IR B
1.4r
1.0 ,"l ~
|
——ZV-El ——ZVD-EI = 06
----NZV-NZV ----NZVD-NZVD = ----NEI-NEI
«++ NZV-NEI «++ NZVD-NEI ++ NEI-NZVD
0.2
y
. . R -0.2 . .
0.02 0.04 . . 0.04 .00 0.02 0.04
t/s t/s t/s

/16 ZV-EI NZV-NZV FI NZV-NEI [§]7 ZVD-EI ,NZVD-NZVD fl NZVD-NEI [§]8 EI-ZVD NEI-NEI Fil NEI-NZVD
HEIE iR Sl )7 HEIE B4 Sl 17 RIE (% B 1o



. 640 - odk Tk X

¥

W37 4%

H & 3~8 Al 5, NHTIS fig B S /)N 3-DOF Ff-1k
LA AT 2 MRS AR A IR s, HLl ot 5 1 bk b iR
B IR AR 25 (PHTIS) % b, NHTIS (1 1

TEFE R AR A AT 2% 6 0 1 B R B 55
B IE) B 4 b e 5 P

RS WNEBREZRINGD R E

A AR IERKREMAEIL s flkRAMmA R/ T ] E A %
ZN-ZVD 0.010 5 0.006 4 39.04
ZV-EI 0.010 8 0.006 9 36.11
ZND-ZV 0.015 1 0.010 0 33.77
ZVD-EI 0.017 7 0.013 4 24.29
EI-ZV 0.015 4 0.010 2 33.77
EI-ZVD 0.017 4 0.012 7 27.01

MR 5 AT NHTIS GE B 5 46 /= 22 8 0 iy B ]
NZV-NZVD  NZV-NEI ,NZVD-NZV , NZVD-NEI , NEI-
NZV NEI-NZVD I, ZV-ZVD ZV-EL ,ZVD-ZV . ZVD-
EI.EI-ZV EI-ZVD 4354548 T 0.004 1,0.003 9,
0.005 1,0.004 3,0.005 2,0.004 7 s, FEiX46 NHTIS
H1 NZV-NZVD G0 1o B[] e B, 77 4 B [a] L 3] A
L IRE T 39.04% , 11 NZVD-NET (140 137 B 6] 5 1
4G B[] A B AIG, {EAT He ZVD-ET (4 mm g e, 5 44
B[] 6 51 A 24.29%

NHTIS G 38/ MR AR 207, 1 PHTIS F i) [
M Lt NHTIS A b it £ B3, i 4G 2% PHTIS Af
DA B 2 5k A ik 2, (B PHTIS We) 7 B[] 0 4
Bifi 25 IF ]38 00, NHTIS 11 PHTIS 78 22 40 0 Jof i i) 2
Je AR R AR IR B0 ) B 22 Bk B /N . % T 3-DOF
Plas A, NHTIS ©RE W E M fIALEs AR ek, H
PR RS DIV 1 B3 i B i g S E = s 1}
NHTIS BEA L1544 M o B[], i NHTIS 55 34 38 7
Bk s AT AR AH L, 76 RGeS R 22 )5
A LRI NHTIS 3 i 53 4 $i 20 i {8 19 g 77 225
T3 RS Ak vl AR TR AR, Bl 40 NZVD-NZV
T NZVD-NZVD ( WLI&l 4) ,NEI-NZV ¥ NEI-NEI
(WL 5) ,NEI-NZVD #fF NEI-NEL( /L& 8) , ifif H:
2SR NHTIS 41 I 20 W B2 1) e g 21K 73 6 7
Bk iy ABETE 2 (E0 T A7 25 A NHTIS,
L 37 ][] S R 3 PR 0 Dk iy AR TR 2%

BEAI, 7 ik p AR S i A TE 2% AT NHTIS 7E 4]
P R S e —SE B B IR, (H X B4R 35
/N TCH AN EIE 8V I R G R AR 5, X
P i AT 2% v %) Ik b 52 e 1, Bk 9 1 8508 5 ik
MR O, Dk b B B 22 IR T IR B 22

XTT NHTIS, 7EJ R L F2 1, NZVD-NZV 7= A= 4k %
R R, T NZV-NZVD 7= A= (14 % 35 W8 B2 fe /D 5 24
FIA Dk v FH 45 o )5, NZV-NZVD 1 4101 5% 22 i 5%
RARZN , HAE B T ] 58 I BR A 5 R IR 3,
Il NZVD-NEI #l i1 5% x ¥k sh e b, HIHBR 20 5k
PR BN T AR ) e

A, Tk e PR A i A ST 2% i e 107 B[] 5
NHTIS JU-F-AATA] (B4 ] B 2h a5 0 5E 1 20 AH R
Z B I A TR 2R PR 3 R B 9 g 02 i A
P SIASLZS R I AT B B R M e |1, 94, 3-
DOF FfERAIL 5 AT 2 A Y 17 ik o BB 2 g A
I AR NZV1 NZV2 NEI1 (NEI2, R A4 n P A5 285 1Y
i A #IE 2% NZV-NZV . NEI-NEI ,NZV-NEI Al NEI-
NZV 33 SEAH Y 85 1) Wi [0 sf (1] Lo B0, (A i 4 2
WRAEL A RE AN TR 1, sk 20 i 20 s 1 A i IR Tk
& NZV-NZV NEI-NZV NZV-NEI NEI-NEI, [FJ&£RY
S5 R 3E H T A B Z RS AL AR R &
2RISR AL AR

4 & it

G T — o ALV R ] SR M Y el PR i 3 O
454 —Fh 3-DOF JEERHLES AFIEE T 6 4~ NHTIS %
A # B #%. NZV-NZVD, NZV-NEI, NZVD-NZV .
NZVD-NEI NEI-NZV #1 NEI-NZVD, & FH {5 &1
AT T K Sy AR g AR M BE , OF 5 1E ik o
RGBS Ak i PO AR 2 g AR I 288 A 410 IR P g
XL, MR 5 EL 45 B AT 45 NHTIS fig B i sk /b 3-
DOF FFERAL#R AHT 2 BB B 5% x4k 2l , (0 AE 40 il



%5 3 1 BLE 22 55 R A AR i SR D s 1 L 2 AR 3l - 641 -

PRt Brp e T SO AR PR, X R s AR RS [E] . H NZV-NZVD £ NHTIS H i L i) (5]
AFIE AR WK ol sZ e 1), DR b Z IR B 2, B, IAE] T 0.006 4 s; 1 NZVD-NET [0 iy 2 B fe
BEAR AR 25D NHTIS 8R i iy th 263045 T, 12,5 0.013 4 s (B35 ZVD-ET R 1 0.004 3 s, 154
P Tv0] 140D 1 41 0 i 4L %) BE 0, NHITIS g i) o7 s [i] B T 24.29% WM NEEHR], PRIE AT 45 NHTIS RE7E 3R
ST PHTIS, kiR &% ABIE 28 NZV-NZVD B0 7 8B N A R0 /> A8 R G R AR5 .

U IE Bk iR & i A SR TE 4% ZV-ZVD 174 T 39.04%

SEH

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]
[10]

[11]

(12]

KAPUCU S, NIHAT Y, YAVUZ H. Suppression of Residual Vibration of a Translating-Swinging Load by a Flexible Manipulator

[J]. Mechatronics, 2008(18) : 121-128

AR, A L5k, ST AR LRI SRR LRI T]. L0, 2016, 33(11) ; 233-238

YU Chunli, NIU Wanggiang. Research on Anti Sway of Wharf Handling Crane Based on Input Shaping Method[ J]. Computer

Simulation, 2016, 33(11) ; 233-238 (in Chinese)

JIA P X, LI E, LIANG Z Z, et al. Adaptive PD Control Combined with Input Shaping for Suppressing Vibration of a Single-

Mode Flexible Mechanism[ J]. Journal of Vibration and Shock, 2013, 32(17) . 189-193

MOHAMMED F D, ZIYAD N M. Nonlinear Input-Shaping Controller for Quay-Side Container Cranes[ J]. Nonlinear Dynamics,

2006(45) : 149-170

LI B, ZHANG X P, MILLS J K, et al. Vibration Suppression of a 3-PRR Flexible Parallel Manipulator Using Input Shaping| C ]

//IEEE International Conference on Mechatronics and Automation, Changchun, China, 2009: 3539-3544

MASOUD Z, ALHAZZA K. Frequency-Modulation Input Shaping for Multimode Systems[ J]. Journal of Vibration and Control,

2016, 22(15) ; 3439-3451

LI B, WEL'Y L, ZHU S X, et al. Hybrid Multi-Mode Input Shaping Suppresses the Vibration of a 3-DOF Parallel Manipulator
C] //International Conference on Advanced Engineering Materials and Technology, Sanya, China, 2011 2115-2118

HUANG Q, ZHANG D, LI B, et al. Vibration Suppression of Manipulator with Multiple-Mode Negative[ C]//2012 2nd Interna-

tional Symposium on Chemical Engineering and Material Properties, Taiyuan, China, 2012 816-820

BAUMGART M D, PAO L Y. Discrete Time-Optimal Command Shaping[ J]. Journal of Automatica, 2007, 43 1403-1409

ZHANG X P, MILLS J K, CLEGHORN W L. Dynamic Modelling and Experimental Validation of a 3-PRR Parallel Manipulator

with Flexible Intermediate Links[ J]. Journal of Intelligent and Robotic System, 2007, 50(4) : 323-340

SINGHOSE W E, SEERING W P, SINGER N C. Time-Optimal Negative Input Shapers[ J]. Journal of Dynamic, Measurement,

and Control, 1997, 119(2) . 198-205

HANY Y, LI B, WEIL Y L, et al. Vibration Suppression of a 3-DOF Paralle] Manipulator Based on Hybrid Negative Impulses

Multi-Mode Input Shaping[ C] /2011 International Conference on Mechatronics and Information Technology, Shenyang, China,

2012, 372-377



- 642 - [ A O N

B
gl

Quick Suppression of Vibration of Robot via Hybrid Input
Shaping Control Strategy

’

1,2 . 1,3 . |

WEI Yulan~, LI Bing ", ZHANG Qingzhu
1.School of Engineering, Huzhou University, Huzhou 313000, China;

2.Department of Mechanical Engineering, McGill University, Montreal H3A0C3, Canada;

OU Pengfei’

3.Department of mining and Materials Engineering, McGill University, Montreal H3AOCS, Canada

Abstract; When the vibration amplitude and resonant frequency bandwidth of each mode are different in the multi-
ple-modal system, the response time of a system is increased but the residual vibration is effectively reduced by the
positive impulses multiple-modal input shapers. However, a negative impulses hybrid multiple-modal input shaping
method can solve those problems. The basic principle of this control strategy and a 3-DOF parallel robot were intro-
duced. Six negative impulses hybrid input shapers to reduce vibration of the first two modes were constructed based
on the robot. Using simulation methods, the response time and vibration suppression abilities of various negative im-
pulses hybrid two-modal input shapers (NHTIS) were obtained by analyzing the vibration response curves of these
input shapers, and comparing with positive and negative impulses two-modal input shapers, respectively. The
results show that the NHTIS can improve the response speed of the system while significantly reducing the multiple-

modal residual vibration.

Keywords: input shaping; multiple-modal ;negative impulse ; hybrid vibration control ; robot
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