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Fig. 1 Some equipment ball head workpiece
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Tab.1 Technical requirements for ball head hole opening
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Tab. 2 Equipment reference plan for ball head hole

opening
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Fig. 2 Improved 7-DOF robot configuration
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Fig. 3 Equipment plan for ball head hole opening
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Fig. 4 D-H coordinate system of robot
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Tab.3 D-H parameters of the robot

i a1 ai—1 d 0;
1 0 0 0 0
2 90° 14 — 0,
3 —90° 0 I3 0
4 90° 0 Ly 0,(90%)
5 90° Is s 0;
6 —90° 0 0 06
7 90° 0 0 07
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Fig. 5 Kinematic verification results
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Tab.4 Range of robot joint rotation

i 0; i 0;

1 +180° 5 +180°
2 +90° 6 +120°
3 +180° 7 +180°
4 —45°/180°
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Fig. 6 Robot workspace
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Fig. 7 Static stiffness global performance map

0.0215
0.0210
0.0205
0.0200
0.0195

080 082 0.84 0.86 0.88 090 092 094 096 098 1.00
[,/mm

B8 4 A B E

Fig. 8 Speed comprehensive global performance map

/;,/mm

oo~ aa
WV oDOD=
ONPROOOON BN O

P 1.0 m B AT 3K S0 55 B (9 B 45 6 o B
L5 5 A bR R 3 TR B R 2R G 4 BUHE A B A
BE £ B RS 3G i AR 22, 5 60RE OG A i kT
JER L ROT AR AR R 2 J5 B RT #E I AE 450 0. 8
5% 1.0 m AR B F AR

g5 AR 6 T HLas A H Aw ok £ 1T RS
T ) RUST 2 6T O 19 3 T PR 728 b e 38 T 12 £ i 7
T4 B B [ B BB S L i = I rE s TR L H
PR A A B R A S 0 2 B AR Ak 5 ik
AT A B,

VL I 4 S48 s 0 8 255 A SR A A
etk B DL K T A 2 8] 5 25 48 A 7E S 20 3R 5%
PR WL NI IR RS A RS A A e b A o
SERGE AR RERLANF

f] :Amin(o)
max

f.=—S, (18
s.t. L=1.62

3.3 R FRERALTEIL KR

ASCAE ] 2 B b £ BB R X AL Y
ROSE AR AR Y JE A7 3R S Zad JLak f LI
[F] Bf 2% TSR0 SR T W B 0E S B0 O Tl
FURL 20 M 75 R4 1 20 FfL IR BL 100, 18T R )7
Ji 15 3| Pareto Hif s W&l 9 s,

Amin/ 108

B 9 Pareto 7 3%

Fig. 9 Pareto front end

AR 5 a] L R A S s N R 2R
AR AR A TR E R g E AR
TR B, mT % BB A AR RS 0 R R 1
T AES 4 2T B R R A B A R
TR B 2R G A BAE A AR T Y R AR AN
MTESS 4 2205 WECE b, R 25 6 4 P pr 42
T 114 35 S T A /0N T R A B A R AR Y
SR I X T IFFLALER K U W 4 SR AR AR
AR T T 25 4 4 Bl A A o Ohy o S S RS 4
2O T R R R RS S O S B A S
SR (5 A 3 S A5 B FTE ST 0. 958 m, R
<Fo4 0,965 m.

% 5 LB A Pareto B 3% P B F

Tab.5 Pareto front particles of robot

| i HIE LA
1 0.979 5 0.960 9 2.917 0.020 46
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4 0.957 8 0.964 6 2.824 0.020 15
5 0.950 3 0.967 2 2.655 0.020 04
6 0.943 4 0.968 8 2.519 0.019 93
7 0.938 1 0.971 4 2.401 0.019 85
8 0.931 2 0.974 5 2.359 0.019 77
9 0.929 2 0.976 0 2.339 0.019 70
10 0.924 9 0.978 3 2.309 0.019 64
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Tab. 6 The comparison of robot's forearm and reararm before and after optimization
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Research on structural optimization of 7-DOF ball head opening robot

XU Peng's FU Wei"®, CHEN Yanlong’, XIAO Kaiyuan®, XUE Rui’

( 1. China Shipbuilding Industry Corporation No. 716 Research Institute, Lianyungang 222002, China;

2. College of Mechanical and Electrical Engineering, Harbin Engineering University, Harbin 150001, China )

Abstract: In order to solve the problem of opening a hole on the ball head of certain equipment, a set
of 7-DOF tandem opening robot equipment program is proposed. Based on its D-H kinematics model
kinematic analysis and inspection of the robot’s workspace are conducted. According to the static
stiffness, speed and maximum workspace distance of the robot, the multi-objective size optimization
model of the robot is constructed. The multi-objective particle swarm optimization algorithm with less
control parameters is used to solve the model. The final results show that when the forearm size is
0.958 m and the reararm size is 0. 965 m, compared to the size before optimization, the robot’s static
stiffness global index increases by 60.05% , the speed comprehensive global index increases by 3.1%,

the maximum workspace distance index increases by 6.4 %.

Key words: 7-DOF; opening robot; workspace; size optimization; performance index analysis



