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Structure optimization design of mine crawler robot with two rocker arms

HU Kun, ZHANG Zhiyuan, LI Deyong, WANG Shuang
(School of Mechanical Engineering, Anhui University of Science and Technology,
Huainan 232001, China)

Abstract: In view of multi-objective optimization problem in structure design of mine crawler robot
with two rocker arms, a structure optimization design scheme of mine crawler robot with two rocker arms
based on GA-PSO algorithm was proposed. Influence factors of maximum obstacle crossing height of robot
and centroid position change are obtained through geometry and kinematics analysis of obstacle crossing
process of the robot. According to work requirements of mine robot, constraint conditions are established
to get multi-objective optimization function, and the multi-objective optimization problem is transformed
into a single-objective optimization problem by introducing weight coefficient. GA-PSO algorithm is used
to solve the single-objective optimization problem, and the optimal structural parameters of the robot are
obtained: the quality of the car body is 10 kg, the quality of the rocker arm is 5 kg, the distance between
front and rear wheels is 600 mm, the radius of drive wheel is 115 mm. The simulation results show that
the energy consumption of the robot adopting above parameters is lower than other design schemes, and
the target motion is easier to achieve.
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Fig. 1 Centroid position distribution of robot
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Table 1 Test functions

HUREWESEA' EAi' R 230
Ackley 2 [—8.,8]
Griewank 2 [—600,600]
Rastrigrin 2 [—5.12.5.12]
Schaffer 2 [—10,10]
Rosenbrock 3 [—2.048,2. 048]
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Table 2 Optimization result of test functions
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i PSO —3.093e—04 —2.997e—04 2.034 le—04
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GA-PSO —5.392e—03 —5.093e—03 3.879 2e—06
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Fig. 5 Performance comparison of GA-PSO algorithm and

standard PSO algorithm
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Table 3 Schemes for comparison of robot parameters
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Fig. 9 Comparison of height of centroid
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Fig. 10 Comparison of torque of rocker arm
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P78 5 M/ . AR AT AL AR AL RE Ay H 22
Ta b5 - AR BN W S AL BT ) 3R 0N L RE BRI
M 1011 AT A5 . 5 B () 45 iy 32 14 e 5 40 I 7
ST R R E R R B ML T R 1
M e KRR HLAE 7 %8 5 /0 11, 5% fe R A (R L5
Fe % 5/ 2500 . X R W M s 1R B SR 5 %6
1P By S50 S8 R BLAS A 58 1 H b 3 1 B if 19
REFE SO AR, SN 5 T 5C B H bn s 4E . 3k 17 R )
GA-PSO 52 AT HL & N 2540 S 8L s i 4 21
PEFIAT A4

4 HiE

fe i T AT GA-PSO B2 1Y XU R R A B
I MLas NEEAPEA et T 5. B o S HLds A 454
SRS B 2 8B LA 7 5 s 8 R BOR &R L 1
FHL AR A B8 pR A 45 O TR B Y o (L
SEARREREC AT GA-PSO 53k X H b o Bt 17
SRAgE AT B Ee UL S RUE AR 10 ke, 38
BRSNS ke FiiJ5 RN 600 mm. KB HE 48
115 mm, 855 85 240 FH Solidworks 41
HEAT 3D HAL, JF 285 ADAMS B/ 3t 47 1 U RE AL
3z B 7 5L 7 LA R B IE T 4548 2 50 & B R
AR BT BRANET] DUE L& NS5 E 2,
BEAR LT IRAS L 3 BE A HL A% A 52 I H b 3 7R 7 75 19
REFE AR . AR SEblas NJT KR IS %

£ 2 3L #f (References) :

(1] ZRpe.REX NGEANS520LAHLIT]L T A
g4k ,2007,33(5) :40-42.
LI Dongxiao, LI Yanxue. Robot and full automation

of coal mine [ ]J]. Industry and Mine Automation,



60 -

5 B

2019 £ % 45 %

[4]

[5]

L6]

[8]

L9]

2007,33(5) :40-42.

TR 5 Al bbb L AL M2 T VR TH KRS ML AR A
AR HT S 24y H LT, ML T 5 L 2018 (1) .
261-263.

SHANG Deyong, YANG Lei, DU Shaoqging, et al.
Dynamic analysis before the obstacle crossing of
inspection robot in thin coal seam [ J]. Machinery
Design & Manufacture,2018(1):261-263.

HSU C H, JUANG C F. Multi-objective continuous-
ant-colony-optimized FC for robot wall-following
control [ J .
Magazine,2013.,8(3) :28-40.

R P SOME AR SRR A R AL LR SR B
PR 5 & & 0 ) B ooz Bk [0 B ok % e
2018,43(4):903-913.

WANG Guofa, PANG Yihui, REN Huaiwei, et al.

IEEE Computational Intelligence

Coal safe and efficient mining theory, technology and
equipment innovation practice [ J]. Journal of China
Coal Society,2018,43(4):903-913.

2 ANE B SR, R AR SEL DU JE Y OBUIR T AL AS N B
PLEE B g 71 [J ). HLAS A .2010,32(2) : 157-165.
LI Yunwang,GE Shirong,ZHU Hua, et al. Obstacle-
surmounting mechanism and capability of four-track
robot with two swing arms[ ] ]. Robot, 2010,32(2);
157-165.
SCHLOSSER C, SchiPPSTUHL

T. Numerical
controlled robot crawler: new resource for industries
LJ 1
Engineering, 2014, 8(6).719-725.

R N, 20k, 4. S5 T B AR ML 00 JE A7 7T A B
BLAS NG5 0 S 80 it KR aE [T ], ol T /22 % ik,
2016,32(14) :39-46.

ZHU Yan, WANG Minghui, LI Bin, et al. Mechanism-

with large scale products Production

parameters design and validation of transformable
tracked robot based on goal programming [ J .
Transactions of the Chinese Society of Agricultural

Engineering,2016,32(14) :39-46.

LYU Z, ZHAO J, WANG W, et al. A multiple
surrogates based PSO algorithm [ J ]. Artificial
Intelligence Review, 2018(4) .1-22,

YU S, ZHANG ], ZHENG S, et al. Provincial

carbon intensity abatement potential estimation in
China: a PSO-GA-optimized multi-factor

environmental learning curve method [ J]. Energy

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Policy, 2015,77:46-55.
KANG Q, FENG S, ZHOU M, et al. Optimal load
scheduling of plug-in hybrid electric vehicles via

weight-aggregation multi-objective evolutionary
algorithms [ J .
Transportation Systems, 2017,18(9) :2557-2568.

NAIDU K, MOKHLIS H, BAKAR A H A.

Multiobjective

IEEE Transactions on Intelligent

optimization using weighted sum
artificial bee colony algorithm for load frequency
control [ J 1.
Power &. Energy Systems,2014,55(2) ;:657-667.

ZE DUME, F U, B O . —FioBUE A AL A8 A BT
AR (1], B R R AR, 2014,9(6) :665-671.

LI Zhenhui, WANG Hongguang, WANG Yuechao,

International Journal of Electrical

et al. Centroid adjustment strategy for a dual arm
inspection robot[ J]. CAAI Transactions on Intelligent
Systems,2014,9(6) :665-671.

TG, RSO SRS S L e A R AR E T oy A
(V] HLARRL 2 5 3R 2007, 26 (1) :65-67.

MO Haijun, ZHU Wenjian. Analysis of the stability
of a crawler-type mobile robot crossing over obstacles
[J]. Mechanical and Technology, 2007,
26(1):65-67.

NAIDU K, MOKHLIS H, BAKAR A H A.

Multiobjective

Science

optimization using weighted sum
artificial bee colony algorithm for load frequency
control [ J .
Power &. Energy Systems,2014,55(2) :657-667.
MAHOR A, RANGNEKAR S. Short

generation scheduling of

International Journal of Electrical
term
cascaded hydro electric
system using novel self adaptive inertia weight PSO
[J1.
34(1) :1-9.

X B R AL BT 2 H AR AL T T R
BLEF A 3l Sy DC B [T ). HLBK T AR 2 42 2015, 51 (3)
18-28.

LIU Jian, GE Shirong, ZHU Hua, et al. Mine rescue

Electrical Power & Energy Systems, 2012,

robot power matching based on multi-objective
particle swarm optimization[ J ]. Journal of Mechanical
Engineering,2015,51(3) . 18-28.
LI X, LYU L, SHENG R,

construction method of modular manipulator 3D

et al. An effective

virtual simulation platform[J]. 3D Research, 2018,
9(2) .24,



