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TR EARAE RGN B B2 S RGNS IEAI ] MATLAB/ Simulink 5 ELF- & 857 05 BOBOR | KR 3G SERR %
SLEMPEHE 28 AR R T M AR O P R B M BRI F FEL (zero vibration and zero deriva-
tive, ZVD), IR HE AT, JF MR ENE 3 DM HRATH A BE T M E AR, FE
LERERW . 18 ZVD B ABIE g B BB, X E R R, A L A0 5 43 S0 e R A M 43 B
WE B T34 T % 56.43% |, 96. 78% , ULHHR M FHABAE JME—FE 1 S50 ZVD Fiy AETE 3l 25 7T LAy (8
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Simulation of Payload Swing Control of Hydraulic Crane Based on Simulink
CHEN Mingliang"?, ZHU Yu"?, YIN Zibin"?
(1. School of Marine Engineering, Jimei University, Xiamen 361021, China;

2. Fujian Provincial Key Laboratory of Naval Architecture and Ocean Engineering, Xiamen 361021, China)

Abstract: In order to solve the problem of payload swing during the operation of the crane, taking the hy-
draulic crane in the laboratory as the object, the mathematical models of its hydraulic operation system and the
swinging system of payload were established, and the simulation models were established by using the Matlab/
Simulink simulation platform. During the simulations, the swing damping was increased, and a zero vibration
and zero derivative( ZVD) input shaping controller was then designed as per the length of lifting rope, the swing
of the payload was further studied under the joint operation of the three actuators of the crane. The results
showed that the forced swing amplitude and inertial swing amplitude of crane were reduced by 56.43% and
96.78% on average, compared with those of the conventional operation under various operation modes with the
crane shaping controller. This proved that using the length of the lifting rope as the only control parameter for
the ZVD input shaping controller could effectively control the payload swing.

Keywords: hydraulic crane; payload swing; zero vibration and zero derivative( ZVD) ; numerical simulation
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Fig.1 Composition of the experimental platform for hydraulic crane
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Tab.1 Main technical parameters of the experimental platform for hydraulic crane

SR (PERE HfH SRR Kl

WUE RT3/ kN 20. 00 WUE (81 il ./ MPa 8.00

/P TAEFAR/m 0.76 U 72 il ./ MPa 19.00
RRTAREAR/m 3.00 WUE T HI T/ MPa 18.00

AR SEE/ (°) 0~50 WUE T (RR R /(m® - h™h) 3.54

[ E S/ (r + min~") 0~4.5 BIUE e R (I i)/ (m® - b 5.04
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Fig.2 The three dimensional coordinate
system of the crane payload system
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w, = J/B.D,/ (T JV,) .

x,(s) = {kq wy(s)/ A, - k (1 +Vs/(4B8.k,.)] FL(S)/Ai}/{s[(sz/wi) +(2¢6/w,)s +1},

& = (h/A)/B.M/V, +[B/(4A)]./V/(BM,), (6)
Hop, 0, R DRI (rad) 3 & MRS IRBC ;. o, MBEDIKEAG R, D, WBED A
MFLEHER (m®/r) 3 V, o0 ik s R ) 2 2245 0 0 I I M B (m?) 5 T VR T Sk Bl i 4h 6 3%
A (N - m); b NBHRE-ENRE (*/(N-m™)) 5 B, BT Sk F a4 37 5 5 ik B iy
BEEBLE 250 (N - m/(rad - s7') )3 B HRGLAIMERE (N/m') 5 J NIRE Skl 5 shi5 &
(kg » m*) 5 x NBEIMEAFE (m); & WBIEGIBLIE H; o, J W R EL R A A% M, % 28 K 6 3%
MEBTE (kg); FUOMBIESIRGET) (N); A BEIMGELIS ZE MR (m?) 5V, R W0 I B4 11 i)
AR (m’) 5 B NTEZE R UM BRMERLE REL (N - s/m) ;s FHERIGE T,

1.3 ZVD B ANERSEFWIZIT
VERRI BRI, AL 0 A TR ko 55 14 8. IR ERE Ay, ARG, &
BIKHE SN 3, SREAIRG LS V(w,,€) =0, 58 ZVD BIEL (LLFFR ZVD S ARIEDR) .
ZVD i NIEIE A8 ARV I AR K, (R Rty Wi 22 WAk i@ N, ik ARG
1E B BB FR B R A 20 0 k38, If kb RGeS AR IR R SRR, IREETIER
LT EIES REMFE AR o, MR ¢, nTRITHHYKSE R ELEK ({EH ZVD AR N
F(s) =0.25 +0.5¢ ™70 10,25 Ve (7)

http : /xuebaobangong. jmu. edu. cn/zkb



- 264 - FFRREM (HRBERRD 530 %

SEA R ML A S BCA B R MR R R R B, B T AR Y ZVD f A BB AR, fE
Simulink F7 FLAHAAF- 5 b AT LU R SRR i 5 2 2 9 58 By FUR R

2 ETF Simulink R EENRGEHHEER

T MATLAB/Simulink 04, A< SCHEST A9 AL VR 0 0F BB AL 2 2 3G TH R gt | [l
FE RGBSR R GURIHORN i R S AR, Gl R E RS A A BIAH R A X R A
e R A M EES R, W PID FERIE Y, ST IR G 25 S AN EE R Y TE A
HAMA . MR MARKEE, 1M S R A AL RGOk H R B Sk
BRI MERGENNFHE (3) M (4) REIFMBASIRLEM S 2, LRERLEWN
fif, T BR BT AT 00, AR Simulink 204 o DU - Fo By M PEES 5 (ODE4S ) #EA7oR it
HEFE LM S R E AR 4 fs

%
B4 I
i 5 725
_> N pray | e O L -
I TR O REBL > 12
W ol
ok il
s M

MEgK

B4 EBEVNREZDEHFEEE
Fig.4 The schematic diagram of a crane swing control of payload
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Fig.8 The swinging curve of the crane’s payload under unshaped and variable rope lengths (up)
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Fig.9 The swinging curve of the crane’s payload under unshaped and variable rope lengths (down)
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Fig.10 The swinging curve of the crane’s payload under ZVD shaped and variable rope lengths (up)
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Fig.11 The swinging curve of the crane’s payload under ZVD shaped and variable rope lengths (down)
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Tab.2 Maximum swing angle and anti-swing efficiency of variable rope lengths(up)
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X WA 5N TN A 5 T M £ T4 [ [EdN:E
Fi&gy SR -1.4104  1.606 9 0.648 5 1.5797 -0.8023 1.5418 -0.5396 1.4861
/(%) 1.0525 0.5265 0.2502  0.496 4 0.1134 0.171 4 0.1450 0.2043
ZVD  5&fil  -0.3665 0.8184  0.1651 0.7646 -0.3023 0.7036 -0.3256 0.6490
BIE/(°) MPE 0.0340 0.0057  0.0088  0.0152 0.0042 0.0070 0.0086 0.003 6
HEE BB 74.0200 49.0700 74.550 0 51.6000  60.080 0 54.370 0 39.660 0 56.330 0
R/ % HPE 96.7700 98.9200  96.5000 96.9300  96.2600 95.9000  94.100 0 98.220 0
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Tab.3 Maximum swing angle and anti-swing efficiency of variable rope lengths(down)
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BI/(°) M 0.0086  0.0125 0.0041 0.0075 0.0420 0.0215 0.0024  0.017 5
HEE SR 54.8300 37.7400 52.6200 45.170 0 73.2400 50.8800 73.0600 55.7300
R/ % IBPE 97.3700 91.8300  99.030 0 98.4000  95.1500 95.8800 99.5400 97.7100
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