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Abstract In order to evaluate the reliability and accuracy of the end-effector of a six-degree-of-freedom industrial robot in
the task space, a robot motion reliability analysis strategy based on the envelope method was proposed. Firstly, the error function
and reliability model of the robot system was obtained through kinematics. Secondly, the envelope method was used to solve the
reliability model to obtain the failure probability of the end-effector, and the error function was linearized by Taylor’s formula,
while redundant points in the covariance matrix were excluded in the calculation process to make it conform to the positive definite
condition and improve the accuracy of the envelope. Finally, the proposed method was simulated and analyzed. The results show
that the error of the envelope method compared with the Monte Carlo method is 0. 5% ~19. 8% , which verifies the effectiveness of
the method.
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Fig. 1 Virtual prototype and structural sketch of the

six-axis industrial robot
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Fig.2  Motion trajectory diagram of the robot
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Fig. 9 Position reliability error of envelope method relative to MCS

5 #ig

ARSCLAZS H B T HLas A WFFext 4, s oK
Urig PRAT A L3011 15 22 AR NPT SE PR AL I o A 4%
R AZ UL A RBCR A I R 45E

1) 3z Iz Bl 50 H R S AT A AR T [ %
S RIS A5 AL NARIZ SRS AL
RS A S PR T e 130 14 1% 22 AR T A 7 T I
AL R HL g A S ol FE PR

2) SIAEERENS A SEERORI A TR A, 453 P&
AR S AT i B AT e B8 3207 VR AR SR A 3 78 v ox e ™
AL BRECP I Z A ST T A SR X —
AT RIAL BE AT USRI ACSK A a2, AN T 5248 R % IR I 1)
BRI 2~6 i,

T NI RAFEI | DR A 4 5 B RHIT i 7 ok i S
FEAHENE N R AR a8 3l e

2% 3R ( References)

Eood, w WS, X Wy, A R T AR 2R Y8 B R
FIEEPERFSEL )], MUBKEREE, 2020, 42(4) : 869-874.
WANG Shuai, GAO Peng, LIU Chang, et al. Research on time-

[1]

dependent kinematic reliability based on time domain error model
[J]. Journal of Mechanical Strength, 2020, 42(4) . 869-874 (In
Chinese) .

LARA-MOLINA F A, DUMUR D. Global performance criterion of
robotic manipulator with clearances based on reliability[ J]. Journal
of the Brazilian Society of Mechanical Sciences and Engineering,
2020, 42(12) . 1-13.

WU J H, ZHANG D Q, LIU J, et al. A computational framework of
kinematic accuracy reliability analysis for industrial robots [ J].
Applied Mathematical Modelling, 2020,82. 189-216.

W, & wt, FIEW, A ST S5 05 S AT BHA L
TAPTREE TR ST T]. U TR, 2020, 56(19) : 210-
220.

PAN JingFeng, ZI Bin, WANG ZhengYu, et al. Research on
reliability of spray robot trajectory accuracy based on conjoint
analysis of experiment and simulation[ J]. Journal of Mechanical
Engineering,2020, 56(19) ; 210-220 (In Chinese).

WANG L, ZHANG X F, ZHOU Y ] J. An effective approach for
kinematic reliability analysis of steering mechanisms[ J]. Reliability
Engineering and System Safety, 2018,180: 62-76.

EXR, AR, I, . SFIHPLEYLIEZ F AR S Pk
AN [J]. PRI (A AR M) |, 2019,47
(5): 45-50.
WANG XingDong, GUO DongSheng, ZHANG JiaBo, et al.
Evaluation on motion accuracy reliability of planar path mechanism
with multi-objective[ J]. Journal of Huazhong University of Science
and Technology ( Natural Science Edition), 2019,47 (5). 45-50
(In Chinese).

EWEDF, RE B, ok fH, & PIRILELE JFERPLES SR
KEBERTSERE AT [T]. W B TREBLAR 4, 2019,17(2) : 166-
171.

WANG HaiFang, HUANGFU YiFan, ZHANG Heng, et al. Speed
accuracy reliability analysis of two typical serial and parallel robots
[J]. Chinese Journal of Construction Machinery, 2019,17 (2) .
166-171 (In Chinese) .

2, SUREF, Br
A [T].
2556-2561.

LI Tong, JIA QingXuan, CHEN Gang, et al. Motion reliability

B, AT ) T B BT 55 LA NGB Bl
RE T RS FH AR, 2014, 36 (12);

assessment of robot for trajectory tracking task [ J]. Systems



5 46 B4 4 1]

BPMRAE . N A W T LS A8 3l i SE i 931

[12]

[13]

[14]

[15]

Engineering and Electronics, 2014, 36 (12). 2556-2561 ( In
Chinese) .

CUI G H, ZHANG H Q, ZHANG D, et al. Analysis of the
kinematic accuracy reliability of a 3-DOF parallel robot manipulator
[J]. International Journal of Advanced Robotic Systems, 2015, 12
(2): 137-152.

ZHANG D Q, HAN X. Kinematic reliability analysis of robotic
Journal of Mechanical Design, 2020, 142 (4):

manipulator[ J ].

044502-1.
HUANG P, HUANG H Z, LI Y F, et al. Positioning accuracy
reliability analysis of industrial robots based on differential

kinematics and saddlepoint approximation [ J ]. Mechanism and
Machine Theory, 2021,162. 104367.

Ak, W, £ UL, & ETAERPR X RES M T L&
NIBFal FEERFFELT]. MU ST, 2021, 37(2) : 40-44.
WU HaiMiao, CAO XueShan, WANG Kai, et al. Evaluation of
industrial robot motion reliability based on non-probability interval
theory[ J]. Machine Design & Research, 2021, 37(2) ; 40-44 (In
Chinese) .

X8, R, WEEHK, % LTSRS U R ST
SEMEBO MR [T]. SRR, 2022, 43(S1) : 189-195.
LIU Qin, JI GuangZhen, CAO PulLin, et al. Reliability design and
analysis method for complex mechanical system based on physics of
failure [ J]. Acta Armamentarii, 2022, 43 (S1): 189-195 (In
Chinese) .

ZHANG D Q, PENG Z Y, NING G S, et al. Positioning accuracy
reliability of industrial robots through probability and evidence
theories[ J]. Journal of Mechanical Design, 2020, 143(1) . 1-30.
EigTy, ik fH, R F PSS IS SR EE TR K
HRGIZ[I]. TR, 2016, 14(6) : 475-480.
WANG HaiFang, ZHANG Heng, HUANGFU YiFan, et al. Reliability
and sensitivity analysis on motional precision for palletizing robots
[J]. Chinese Journal of Construction Machinery, 2016, 14(6) .
475-480 (In Chinese).

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

EOfl, O, BEESR. BT IR EAL TR HLE NGB 3 Rl &
PRSI T]. WL R 4 (TR , 2018, 52(1) @ 1-7.
WANG Wei, WANG Jin, LU GuoDong. Reliability analysis of
manipulator based on fourth-moment estimation [ J ]. Journal of
Zhejiang University ( Engineering Science) , 2018, 52(1); 1-7 (In
Chinese) .

WU J H, ZHANG D Q, LIU J, et al. A moment approach to
positioning accuracy reliability analysis for industrial robots [ J].
IEEE Transactions on Reliability, 2019, 69(2) . 1-16.
FERNANDEZ A, BALEANU D. The mean value theorem and
Taylor’s theorem for fractional derivatives with Mittag-Leffler kernel
[J]. Advances in difference Equations, 2018, 2018(1) ; 86.
CHEN F, LI X L, SHE X, et al. Joint probability method to time-
dependent reliability for planar path mechanisms [ J]. Journal of
Mechanical Engineering, 2017, 53(15) ; 119-124.

MRk, 2R3, X B, A PO AL I AT S ST Y
A MER AL T]. AU TR, 2017, 53(15) : 119-124.
CHEN Fang, LI XinLing, SHE Xia, et al. Joint probability method
to time-dependent reliability for planar path mechanisms[ J]. Journal
of Mechanical Engineering, 2017, 53 (15). 119-124 ( In
Chinese) .

WU HN, CUI G H, CHEN P, et al. Motion reliability evaluation of
six-axes robot based on non-probability interval theory [ J ].
International Journal of Vehicle Design, 2020, 84(1/2/3/4) . 238-
257.

DU X P. Time-dependent mechanism reliability analysis with
envelope functions and first-order approximation [ J ]. Journal of
Mechanical Design, 2014, 136(8) : 081010-1.

SR WA H. ol LS N E ALK BE AT E T BIF Y B £ A
[J]. S EHURTAR, 2020, 31(18) ; 2180-2188.

WU JinHui, TAO YouRui. Review on research status of positioning
accuracy reliability of industrial robots [ J ]. China Mechanical

Engineering, 2020, 31(18) : 2180-2188 (In Chinese).



