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Tab.1 Subsystems and corresponding components of

industrial robots
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Controller . . .
internal combustion engines
TN TR LB R
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Manipulator
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Tab. 4 Part of the learning samples for three-layer feedforward

neural networks
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Tab.5 Reliability allocation results of subsystems
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PR RS — bR eSS N

(0.865,0.135) (0.745,0.255) (0.500,0.500) (0.865,0.135) (0.865,0.135) (0.745,0255)

_ | (0745,0.135) (0.745,0.255) (0.955,0.045) (0.865,0.135) (0.745,0.255) (0.865,0.255) (37)
(0.865,0.335) (0.865,0.410) (0.865,0.135) (0.745,0.255) (0.865,0.410) (0.865,0.135)
(0.745,0.255) (0.745,0.335) (0.745,0.255) (0.665,0.335) (0.865,0.255) (0.955,0.135)

P DSR4 23 i e Ak A o L R, Ry
0.8650 0.7450 0.5000 0.8650 0.8650 0.7450

_|0.7684 0.7450 0.9550 0.8650 0.7450 0.8416 (38)

0.8180 0.7901 0.8650 0.7450 0.7901 0.8650
0.7450 0.7214 0.7450 0.6650 0.8416 0.9469

WG5S R sl R LR B4 3ok #h470(35) . (36) A (37) AT 1%
W, =4.5850; W,,=4.9200; (39) R,=0.9931; R,=0.9947;
W, =4.8731; W, =4.6649; R = 0.9945: R = 0.9935 (41)
w, =0.2855; w,,=0.2179; (40) S P

w;=0.22735 w, =0.2693

LB HIL T 2R G A i A DR SR
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[(0.745,0.255) (0.255,0.745) (0.745,0.255) (0.665,0.335) (0.255,0.865) (0.335,0.865)]
(0.745,0.255) (0.500,0.665) (0.745,0.500) (0.865,0.135) (0.135,0.955) (0.255,0.745)
(0.865,0.335) (0.255,0.865) (0.955,0.135) (0.665,0.410) (0.255,0.865) (0.135,0.865)

7,=(0.955,0.135) (0.410,0.665) (0.955,0.135) (0.745.0.335) (0.410,0.665) (0.500,0.665)| (42)
(0.745,0.335) (0.335,0.745) (0.665,0.500) (0.955,0.135) (0.255,0.745) (0.255,0.865)
(0.865,0.410) (0.335,0.865) (0.745,0.410) (0.865,0.255) (0.135,0.955) (0.335,0.745)
(0.665,0.410) (0.135,0.865) (0.745,0.335) (0.745,0.410) (0.335.0.865) (0.135,0.865)

Y N R E R AL 3 2 I LN TR E £ ) R, =0.9944; R, =0.9953;
Bl 3 9 T 535 o Ry =09945 ‘
R, =0.9943;R,,=0.9943; (43) KB4 1 FR GG 1 (1) SR Sy
Ry =0.9959; R,, = 0.9940
[(0.665,0.410) (0.255,0.745) (0.865,0.335) (0.865,0.410) (0.255,0.865) (0.255,0.745)]
(0.865,0.335) (0.335,0.745) (0.955,0.135) (0.865,0.335) (0.135,0.955) (0.255,0.745)

Z,=1(0.955,0.255) (0.255,0.865) (0.955,0.135) (0.745,0.500) (0.335,0.865) (0.135,0.865)| (44)
(0.955,0.135) (0.410,0.865) (0.665,0.410) (0.955,0.255) (0.410,0.745) (0.135,0.865)
1(0.865,0.410) (0.135,0.865) (0.865,0.255) (0.745,0.335) (0.500,0.745) (0.410,0.665)

JUEEEEE AN E N R N DRI £ 2253 WD S e Ry =0.9982; Ry, =0.9985; R;; = 0.998 8;
435Ky Ry, =0.9986; Ry, =0.998 1 (45)
PE 4% T RO YRR 4
[(0.955,0.045) (0.410,0.745) (0.865,0.335) (0.865,0.135) (0.135,0.955) (0.135,0.955)]
(0.745,0.335) (0.255,0.745) (0.665,0.335) (0.745,0.255) (0.135,0.865) (0.255,0.745)

z, (0.865,0.335) (0.255,0.865) (0.665,0.410) (0.745,0.335) (0.255,0.865) (0.500,0.865) (46)
(0.500,0.665) (0.745,0.665) (0.665,0.500) (0.955,0.410) (0.50,0.865) (0.665,0.335)
(0.865,0.255) (0.335,0.745) (0.955,0.335) (0.865,0.410) (0.335,0.745) (0.410,0.745)
1(0.665,0.500) (0.500,0.665) (0.745,0.500) (0.665,0.500) (0.500,0.745) (0.335,0.745)]|

TEIE KUB Ak A /O R i S BEL SRR > R, =09987;R,,=0.9974; R;;=0.9976; (47)

e R, =0.9955;R,;=0.997 7; R, = 0.996 2
IR T R G I A R SRR

[(0.865,0.500) (0.335,0.745) (0.955,0.255) (0.865,0.135) (0.410,0.665) (0.255,0.745)]

(0.665,0.335) (0.255,0.745) (0.955,0.135) (0.865,0.255) (0.500,0.745) (0.255,0.745)

Z;={(0.955,0.135) (0.500,0.665) (0.865,0.335) (0.865,0.335) (0.255,0.865) (0.335,0.865)| (48)
(0.500,0.500) (0.255,0.865) (0.665,0.410) (0.665,0.255) (0.410,0.665) (0.135,0.865)
(0.865,0.335) (0.410,0.865) (0.865,0.255) (0.745,0.335) (0.335,0.745) (0.410,0.955) ]

U0 oA L LR BRI REE S0 PUBR T 1 R G I A DR SRR
R;, =0.9985; Ry, =0.998 4 ; Ry; = 0.998 7; (49)
Rs,=0.9980; Ry, =0.9986
[(0.665,0.500) (0.665,0.500) (0.745,0.410) (0.745,0.410) (0.335,0.665) (0.500,0.500)]
(0.955,0.335) (0.255,0.745) (0.955,0.255) (0.865,0.255) (0.135,0.955) (0.135,0.865)

Z (0.745,0.335) (0.335,0.865) (0.665,0.410) (0.745,0.335) (0.255,0.865) (0.255,0.865) (50)
(0.955,0.410) (0.355,0.865) (0.665,0.745) (0.955,0.410) (0.500,0.865) (0.410,0.665)
(0.865,0.410) (0.255,0.865) (0.865,0.335) (0.865,0.410) (0.335,0.745) (0.410,0.745)
(0.745,0.665) (0.665,0.410) (0.745,0.500) (0.665,0.665) (0.500,0.745) (0.255,0.865) |
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0 53 2025 4F

PN RN IS4 Y L ) A ES S £ s 20
CIEE 37|y
Ry =0.9959; R, =0.9987; R, = 0.997 6; (51)
Ry =0.9973; R;;=0.9977; Ry = 0.9959
F SCHRL 32 0] 0 Tl AL A B R S0%, H it
A5 = 1920 hBF AR SR T HEM:, Nk 6 IR .
553 S B X LRI, KT BP Rl ZR I 45 1Y) 43 B
25 3CHRL 10 ]S AT AR AT RG] S
AHRT 15 22 43 5124 0. 009 8.0.012 5.0.011 9.0. 005 8.,
0.001 8.0. 006, VB 1R 22 /1N 2% 7 A7 340, ARl 2
AR E B R BE SR AL IR SRS PSR N2
HUME T 1) AT SEPE XA T SR (10 ]2 ik, iX 156 AA

HHERGEEY TREGWEZE TR
FERYIEBLT , I BP 4t 28 00 45 T A4 mT Sk SR Lo
SR BT AL LA AR NI ) SRR
P AL B A5 B FGRAS AR N TR AR A5 2
PR — IR 2 G RS, 75 IR AR DGR B A7
B SEBRIE G, I HAZ T BP 428 I 46 T 14 45 51 BE U
DT HLER A RS

126 6 Al A1, 7E TAE 1 920 h i, KRR 2R T
YRR B 2 Tk IL#S AT 34 75 4 ik 80 000 h, ) 4%
— BB QA R R S RO T AT A,
SE—SE AR R 2 SR A, LS BT SRR H AR

R6 BEMSEAI A EEM LRI ESE

Tab. 6 Reliability of component allocation and current reliability

idEs Uit VLI 2 e EpiipiE s i%Es 3 HC A S ES DT

Component Allocation reliability ~ Current reliability Component Allocation reliability Current reliability
%8 Gear 0.993 1 0.994 0 KUk Fan 0.997 4 0.998 7
7K Bearing 0.994 7 0.985 6 4k 28 Relay 0.997 6 0.999 6
% 3yl Rotating shaft 0.994 5 0.994 0 /O3t 1/0 module 0.9955 0.999 1
%114 Pin gear 0.993 5 0.992 3 ill 2l H Bl Braking resistor 0.997 7 0.998 3
JZ7T Belt 0.994 3 0.9957 P #AHL Combustion engine 0.996 2 0.998 7
I 7% Coupling 0.994 3 0.999 1 FH Motherboard 0.998 5 0.996 2
X [ 2LjiE Tighten the screw 0.995 9 0..999 1 J5# % Screen 0.998 4 0.987 2
2k & Coil 0.994 0 0.999 1 HLj# Circuit 0.998 7 0.997 9
#1 Band-type brake 0.994 4 0.983 0 HREL Wire 0.998 0 0.995 3
Zfi%#E Encoder 0.9953 0.997 4 $%11 Interface 0.998 6 0.997 9
5l Rotating shaft 0.994 5 0.9923 K Big arm 0.9959 0.999 6
i %% 1 Encoder 1 0.998 2 0.991 5 7)VE Small arm 0.998 7 0.999 6
A4S Transistor 0.998 5 0.9957 W2LY Thread 0.997 6 0.998 7
4k HL 4% Relay 0.998 8 0.997 9 Zifi%E 2 Encoder2 0.997 3 0.997 4
[% T Network interface 0.998 6 0.997 9 ) 14 Power line 0.9977 0.998 7
Fe2k Wire 0.998 1 0.998 3 245 Cable 0.9959 0.997 0

JF 2% Switch 0.998 7 0.999 6
5 2B R SZ IR 6152 PRURAE R BC eI, 5 1A

PEH —Fh 25 G BP 4 M 2% A1 PEN 19 Tk AL#s A
RG] SEME SR BC 7 1k 3 % VAR R AR
e

D) HEST T 25 BRI RSO S 1) Tl HLEs N R S
AT SEPEAEARY 4R T ] S A Y R

2)TE RG] ST L B RG] SR R v
1 BP #1128 R 28 S Tl Z2 40 ] i i A\ R R
T RGN T RGNS E R RRE IR

3)FE % JEF Z2 50 nl S 4 e B AR vT Sk ) i
B R EEE A HARKCE T4 2

WIS PEN R, LA 1T L 0 o id #2 Ay
EWLE

4) 5T AL B AR TSR PR eI, 23 5015 AH G
SCHRAIER A 25 A7 n] SEPEAERT LG, 45 R W, ik T LA
TEWB D A B[R] 5 58 BT S Pk H AR, I AT RUFS AN
FEEER BT R  H OR T S A
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Reliability allocation of industrial robot systems based on BP neural network and

Pythagorean fuzzy numbers

XU Minjun DONG Qiuxian LIU Ruliang LIU Jun XIA Chenguang FANG Xiaojie

(School of Mathematics and Computer sciences, Nanchang University, Nanchang 330031, China)

Abstract: In order to ensure the industrial robot realizes the reliability goal, reliability allocation is a task to be

accomplished in its manufacturing design stage. According to the characteristics of industrial robots, such as complex

structure, high uncertainty, few samples, and failure correlation between component parts, a reliability allocation method for

industrial robot systems based on BP neural network and Pythagorean fuzzy numbers was proposed. Using Copula function to

establish a system reliability model, the failures of industrial robots were classified into three levels, the system level, the

subsystem level, and the component level. By using the back propagation (BP) neural network, the system reliability,

subsystem structure importance and subsystem complexity were taken as the input variables to complete the system-to-

subsystem reliability allocation. The Pythagoras fuzzy number was introduced to score the influence factors of importance,

environmental condition, technical level, maintainability, cost sensitivity and complexity, complete the reliability allocation

from the subsystem level to the component level. The results show that the methodology achieves reliability goals and ensures

reliability growth.

Key words: Reliability allocation; Industrial robot; Copula function; BP neural network; Pythagorean fuzzy number
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