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Fig.1 Whole arrangement of mast crawler crane

1.2 Jpifpitd

AR A AT 2 Al 7 ML A A B 23 i )
o v 0 R A R T 00 A ST A AR B
A AT A AR AN R AR X 2
PAROE ANV IV WSE 4 B SRR T R ) TR
TET A XM A TG TL AT 58 B B &) 2 Jr 7. 4%
SE SN FRBOR BT B AL EAR IR B C
Mokt b8 B, BB EBOA T B RIARES I, &
BB L. BRI L 8RN £
M DOEGEMAT TR N, JCHRE ok Ul B M br d b

R,
L2.1 AroERARR  pHr B A 2R R, B

I, 432 J3 LR 5K

F,=@Q (x)

F, = Qtan 0, (y[a])
AP Q BAFERE KT MHUERE 10, 2 W1
WAy Il e AL 5 S s Sl v 0 4 T O 25
HELL A .

QD)

(@) FRAERI
M2 BHRENEEECE

Fig. 2 Simplified model of crawler crane
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Fig. 3 Geometrical relations of optimization variables
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Tab.1 Parameter list of mathematic model
ZH Bl /m ZH Bl /m E 20 Bl /m E 20 Bl /m
Xy 1.8 Yy 3. 27 X, 0 Y, 1.62
X, 0 Y, 1.4 Xt 0 Yt 1. 40
X Amin 0.5 X Amax 1.5 Y Amin 3.27 Y Ama 4
XDmin 0.8 XDrmax 1.5 Y Dmin 3.27 Y Dmax 4
Xcmin —9 X Cmax —7 Ycm 3.27 Yom 4
LcAEmin 2 L ACEmin 2 LEDNmin 5 — —

B Sk A AT X TR T B 2 4
k2 IR

Tab. 2 Optimization conditions

T# L/m  G/kN

Kl

o 0/ QKN 6,/

@ Fa/kN 64/ Li/m  Hy/m  G,/kN T2

1 84 647 0.5 1. 00 0 0 0
2 24 266 0.5 1. 05 30.5 1446 2
3 84 647 0.5 1. 05 30. 1 144 2
4 36 394 0.5 1. 05 30.0 2 632 2
5 96 808 0.5 1. 05 30.1 682 2
6 36 394 0.5 1.05 30.0 3317 2
7 96 808 0.5 1.05 30. 1 70 2

0 0 0 0 0 0 1
1.03 306 1.7 0 0 0 2
1.28 185 1.0 0 0 0 2
1.02 316 6.2 13 4.2 4 000 3
1. 07 247 2.5 13 4.2 4 000 3
1.01 330 6.2 20 4.2 4 000 3
1. 40 98 2.5 13 4.2 0 3
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Tab. 3 Preference regions of design objectives

fa fi fis fu fis

Fy/kN 3308 3748 3969 4190 4 410
F./kN 3161 3582 3793 4003 4214
Fa/kN 2573 2916 3087 3259 3 430
Fae/kN 3308 3749 3969 4190 4 410
Fa/kN 6 542 7 414 7 850 8 286 8722
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Fig. 6 Evolutional progress of population
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Fig.7 Physical programming evolutional progress

of optimization objectives
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Tab.4 The comparison of optimistic results

KM B SRR R4 RN/ %
A/m (1.10,3.75) (0. 82,4.00) —
D/m (1.10,3.75) (1.44,3.89) —
k C/m  (—8.50,3.67) (—8.73,0.36) —
% Lg/m 82 82.7 —
#  Lun/m 12 11.5 —
Lig/m 23.3 29.0 —
La/m 31.5 35.0 —
Fe/kN 4430 4126 93.1
. Fu/kN 4243 4204 99.1
% Fa/kN 3107 3156 101. 6
b Fag/kN 3940 3 489 88.6
Fa/kN 8 791 8 330 84. 8
i 4 e 5.55 2. 67 —
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Multi-objective optimization for luffing system

of crawler crane based on physical programming

GAO Shun-de”', LU Xia's ZHOU Yang'. XU Jin-shuai’

(1. School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China;
2. Dalian Yiliy Construction Machinery Co. , Ltd., Dalian 116025, China )

Abstract: The luffing system of crawler crane, an important part of whole crane, has enough
capacity to realize the boom luffing. Analyzing the characteristics of components, the mechanical
model of luffing system and the multi-objective optimization model are built. Using the method of
physical programming, an integrated optimization evaluation function is defined with preference
functions based on limit loads of components. A multi-objective chaotic genetic algorithm, updating
solution set with Pareto domination and elitist strategy to retain the optimum solution set, and the
chaotic local search to avoid premature convergence, is designed. Numerical example shows that the
method can efficiently optimize geometrical relations of components to reduce forces and significantly

guide the overall parameter design of crawler crane.

Key words: crawler crane; luffing system; physical programming; multi-objective chaotic genetic

algorithm



