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Analysis welding robots diagnosis based on fault tree analysis

LIANG Fen, JIANG Hong-wei, GUO Ya—nan, ZHU Ming-ri
(College of Information & Business, Zhongyuan University of Technology, Zhengzhou 450000, China)

Abstract: Welding robots as a large complex system mainly engaged in welding, cutting and spraying work, it has a high failure rate
more difficult diagnosis for its complex control objects and many tasks. In order to solve the problem of diagnosing welding robots blindly,
improve the efficiency of diagnosis and reliability of welding robots , the fault tree analysis (FTA) method was applied to the welding robot
fault diagnosis based on analyzing the failure mode of robot and the trait of fault trees diagnosis. All the possible failure causes of welding
robots system will be found by the fault repair experiences, the analysis method of from general to part, from top to bottom according to
the tree structure was applied, and the fault tree model of mechanic and electric control system on new welding robot was studied. Take
the welding torch gesture and suspension height of welding robots for example, quantitative and qualitative analysis for fault diagnosis
model was used to find the weakness and failure causes of system. The results indicate that the method is intuitive and simple , and have
good maneuverability. It has greater theoretical significance and practical engineering value for new welding robot designing .

Key words: fault tree; fault tree analysis(FTA) ;fault diagnosis; reliability analysis

FIHT, B AL s a2 Wr B R B F 5 AH
XD EXHL S NSRRI A . Blgs A
BRI W B E 58 R 29 2 20 80 AR AAHITF i ™ A

0 51 7

FHENLER N TR TE Tl AL gs N LRl A ik 1Y
JeRb R AT, S N (R DD R 5 TR ) 1Y Toll.
Pl A, BB T Tolk A sh b, bl AR
—MRIIE IR ARG, T HAERI X G208 AL BT 55
T2 MBEEHLAR B, X LS A2 W Y F
FEHLBORESZ B Rl AT

WiEHE: 2014-02-13

AR, WS BRA2 T B R AL R R B AR 52 3, A H AR R
SRR 3T [l A AU ol 22 I 2% F AL i B 12
WAL s [ N LA 27 3 TR TR X R G BP
P2 258 X AL AR N EAT RO AGIN ™= o 5 AR 53 7 12
FTA(Fault Tree Analysis) 7= A ARGl T R
I R GER AT REPE 3BT TRDET , MTIT D4 Jo R R TR A2 2% 24

EEREIT: B J5(1982-) g, Wl AR, DRI, 3222 Al W7 B LHL 28 45 5 TR A AFSE. E-mail : 1001023354@163.com



- 1068 - HL )

T & 316

GEHATHCERIZ W AT T RAFHEEAl . FTA 2K R G0
AN IR D CEAG R A AN RIRER) , Ak s
BT AERECRES T, A B 2 R A 43 B Tk
s T R AV G 2 458 ] S 2 AV o3 A R XU 3
P i) — At A RO S AR 20 T4 60 4R AR
¥, L E 1) Watson Fll Mearns" 1 S5 HIBC A 4387 5
2, R R T o S 9 R S S ) 2R G Y B AL 2K A58 ) i s
MBS T T R T R R ) R A s
FEVEFNE B3 AT, R R G0 B S PR, B A R i
PR

ARBFFETESS G o3 DT R AL A N s =X Sl e
RS WT VR s At b RS B ARY 43 12 7 T A
BLas N2 Wb, I DU LA AR LS R T o
TR A 18], AIF S R AR AL (Y ST, X AT
S PRI B 34T, R SRR, T AR A e o /R 4
PLRG S 2 W0 & B, 52 512 s fig Wk
%,

1 BT R i Al e A

Xl W AT R A R Bk B B A
B S/ VRIS 0 TR MU SR PR A AR . i
Bb B 1R/ NEIERARR AR S8 1 s, R 1
AR/ NEISRATAE  RGURAL TR RRRAS o 7R Xl Bt
AT AL EEE A 2 i, VR R

(1) JRFAFZ A EASL 5

(2) JEER PRI 2% g iR A&, IR IE % 5
R

WRGA KA/ K=(K, K. K) 7R K
AR R LA R NRISR KA TR A
Mo T T X BB A PR S T, R 4
H RO S R AT RS il | S 1Y 24 e 5T
BN

D(x)= ijkj(x)ﬂ{1 +K,+...+K, (1)

H . g m/AEEE (Isj<sk ) 2R FMF
x(l<i=n) (n —IREMEE) BR80T 2540 R
BT LA APl B ToU g (Y e AR AR F s (RGEANTTSE
JER Fs TR T ), TR 2 AR T =X

P(T)=plk, +k,+...+k,)=

Yo=Y k) + X, i)+t (2)

i<j<l=3
(=0 plkykye k)= F = Fy+ ... +(=1)"'F,
Hop
k k
Fi= 2 pk).Fo= 3 plhk) ,ooe, Fo=plhkoky)

i<j=2

M TR R0 & B R < 1, 808 TIIAR%
KT
F -F,<F,<F,
F-F,<F,<F,-F,+F,, .. 3)
MR FM 0 KRR <0.01 B, Fy Al il

Fy~(F,+F ~F)2=F -F,/2
o

Fo= 3 plk) 0

Wi/ NEIEE kR AR R Plk) DN/ NEISE £,
(AL R R hy

1= i((l;g) 1<j<k (5)

[F) 2, BT n AR R IR R A

ol Fl<isn ,THE N EEMETRRN

Fy=F(F Fo. o F) WSS i NG AR 2 N
IF JOF(l<i<n),

2 FTAYEREEEHL AT S Hh i g

AT G I ] A DR TR R A i L R B ML N
B RE W A AL Tl A 77 19 A3 3 Ak Re Ak 2
SR, T AR AR AR AN | KR A% SN I RS R R g
1 b5 DA AH R A R B3 AR LA N R SE
FE ARG R TR IT R GR 2L JRAE IR
EEPATHLA . T AR IX S AL ARG LSRRI o X
BRI AR 8 AR L SR LR S AE AR A A
1R .

31
ARM LRG|
B YLD

% N N
il T || e [ T

L{ fBnRE |

K1 REHLRGHERA

TR S B o E B EAE N R L R G
BRI, — ELUR AR S 7 B R AR T LR DL
AL I S LA KA 2 R I B o JEE B i
e B ARSI IR UG LM BIF
JEU B R A ], IR B R T ST AR AR S 25 T
T v PR AR AN R 2 BTN R AR AT
ATEETESMT



o5 8 1 PN A LT FTA RIS N2 Wi AR 78 - 1069 -
T =m—
7] %] ] 2]
P
$
salcalcalicalien %
l
7] (X7 [X]
[ 1—”—1 | [ l ]
|xo||§£||x,||x2||zz| 7 & & & O o] 2
%] %] 5] 5] &) 6] o] %] %] %] a] ] %]

&2

W2 7, JE AR A IR V7 o TR T AR 25
] SR IR AN SR 1 s o AR ATk
B S M BT AR

T=T+X+X,,+X,

T =T,+T,+T,+T,=X,+ X, + X, + X, + X, + T, + T,

T,=T,+T+Ty+T =X, +X,+X, +X,, +X,+ T+

T,+T,

T,=X,+ XX,

To=(X,, + X0 + X)X, + X,p + X, ) =X, + X, X, +
X Xig + X g+ X g X + X X + X X g + X X o =
X+ X+ XX

Ty=X +X,+X,

To=T, +T s+ X=X, X, + X+ X,, + X, + X

=1

A 2 2 TS 1o R U Ry

PNIIEERE
T=X+X,+X;+ X, + X;+ X, + X, + X, X, + X, + X +
X+ X+ X+ X+ X+ X+ X+ X+ X, X, +
Xy + Xy + X, + X, + X,
HR A iR oA, 45 IR B LRAR LSS B P =
TR S A 1) Al e R N
K 1Xi 15 Ko 1G5 Ko A XG5 Ko [ XG5 Ks: XG5 K
%Xs} ;K7: {X7% ;Ks: %XSXO} ; Kot %Xlos ;Km: {Xn} ;Kn:
%Xu} ; Ko {XH% 3 Kis: %XM} 5 Kis: %X15€ ;3 Kis: {Xm% 3 Ko
{Xit 5 Ki: {Xash 5 Kis: 1 X! 5 Kior { XXt 5 Koot { X} 5 K
%Xzs} ;Kzz: %X24} ;Kzs: {Xzsé Ko %XZE'} o
H1 TR AL Al SRR IR SR R AL
BER F g /T 0.1, HI N B R FF, #oal it T

BRESHRZEEREMEM P EEHRKES

g

JEFHF(X~X)5)

E%{ﬁF(XIGNXZé)

Ty AEPFRIR

T SRR LA LR

Ty BAMH LS EAE AR IR

To: 2 LUK S HLAL IR

T f TR

To: GMR K877 o5 JEE 4 TR
Ty KAk

To: ARESA BN

To: 2L AL 4

1 T REAR BB AT D) i
ARG B

S EE SRR HLANRE A Bl

s I LA BRI 3

SRS R T AR A T B
s: ik BRI

w

)

X B IR

Xo: AT SRR

X LB s

Xs: TCERATSZ IR0 0 JRE B ok
Xo: HERE T

X« SHEEAG I  J

Xs: GMR AFAG LI o B2 A% R A b ()
Xo: GMR AFAG LI o BE A RS b ()
Xio: ZHGEHALF  FAE

Xoo: HUPLBH 2 RO & BBl S8 2H i e
Xis: FOMLGRA S

X KRR 200

Xos: LRt #2504,

Xie: FAEGT R

X AZSIHLE] B K

Xuo: HOHLGRAT S BT B
Xio: 58 J TR

Xoo: PR HLHL AL AIG

Xov: 9K ST L PR Ty 4

Voo FER R IR

Xos: JE e TABURK

Xos: Arm FHE G TR H
Xos: PR BT BRIE BT A B AN L
Koo s BB A NN b




- 1070 - HL )

T & 316

VRIS 1] RS SE Xos s Xos, Xoo B AEHEZE 0,000 1, HiAy
JEE A AR HER IS R 0.001 , ARYEARE R 22 [/ A i U sk
PR AR LA TR B T TR R R
FS=P(T)zﬁp(k,.,)=F, +F,+F,+F,+F.+F +F, +
FF+F +F +F,+F,+F ,+F,+F +F, +
Fo+F o +F F, +F,+F, +F, +F, +F,=
0.019 302
S 23 25 RIEL T 1 o 18 S e ) e /N R 4 BT
FOMRE R R 2 PR,
R2 KREHHEREEERR/NIE

RIS RohEISE RhEISE REFHE RSN
U R #EREEE U BEREEE
Ki~K; 0.0010  0.0518081 Xi~X; 1.000 0

K; 0.000 001  5.180 8le-5  X; 0.001 0
K 0.0010 00518081 X 0.001 0
Ko~Ks 00010 00518081 Xe~Xs  1.0000
Koo 0.000 001  5.180 8le-5 X 1.000 0
Ko~K: 00010  0.0518081 Xy~X»  0.0010
Ko~K: 00001  0.0051808 Xp~Xs  1.0000
Ko 0.000 1  0.0051808 X 0.000 1
Xos 0.000 1

Xas 0.000 1

M2 s B RLAS R AT A, 2 RSB Y A AR
PR I v B dee /N RN B R AR BERAE R/ MELLAE
ARHE PR 2 T4 AR I N AAER B SR R
GEE I, W S O RO BRI, A ek
MIERA N BCEE R e B AR T e m AL
SRR R ST BRI B e AR L R e 0
AEENE SRS WTACR

3 LR

ABIETEL, G SFAEHUSOE SSBER oA i% B R AL
DA R 28 25 T8 17 o L T80 5 e o 1]
SL T RAR SR T i B U S W RS TR

A5 A

W BEEAR 3 B3 i FH AR AL g iz e, HL2
YR BB PR e B 12 WSS X0 45 2 08 N D3 6T AR B
[ N R 2 v N =N E 2T T S A s B N A 1
florm B, SEBRTE IR 2 B2 W 5 1 1T B DO, P44
o

2% 3T Hk (References ) :

[1] TAKAI M,URA T. Development of a system to diagnose au-
tonomous underwater vehicle[J]. International Journal of
Systems Science, 1999,30(9) :981-988.

(2] FEHOF, 5% 2,7/ IET LRSS RIS
N2 B WE5E ()] THE AL & 5 454, 2010, 18(4)
773-775.

[3] PIRES J N,ALTINO L T, GODINHO P, et al. Welding ro-
bots[J]. IEEE Robotics & Automation Magazine, 2003 :
44-55.

[4] AMARI S V,JENNIFER P D, AKERS B. Reliability analy-
sis of large fault trees using the vesely failure rate [J].
IEEE Reliability and Maintainability (Annual Sympo-
sium-RAMS) ,2004:391-396.

(5] 4 A UEM. TR A SEMEEE SB[ db
A [ Tl R 2002.

[6] DAVID P. WEBER. Fuzzy fault tree analysis [J]. IEEE
World Congress on Computational Intelligence, 1994
(3):1899-1904.

(7] EASE BB, Bk iSRRI 2 8 5 B LT .
HHAPLT A 50 ,2012,48(14) :226-230.

(8] RFuds, BB, JETF Petri W11 52 24 H 3 22 S0l Ay A7
[J]. BUb e 3, 2010(7) : 192-194.

(9] E2SCRAH B BREERN 5 IR B 2R G B i1 15
TS ], TR, 2004(4) :25-26.

[10] SKERIA. /NIl K S8 M ). dbat . BAHOR
th ittt , 2000.

[11] Tz, I8 RA H. T bab i A5 4 vl S 43
HrlJ 1. SO THEHUE ., 2008,24(6) : 80-82.

[12] B2E2 B 95 2T FTA B8 RER SR I2 W Tk 9T
[J]. HOTEEHUE B, 2005,21(6) : 123-125.

[13] ® 3¢, F4ER, e, JE T 2 1 R0 0] 55 e g ik (i A
AP 2T ]. HLH T, 2013,30(7) : 798-814.

[ Gt - LI 495 )

B OF RRAE Y AF BT FTA IRENLE NSRS R AR B E LT, BLHL TR, 2014,31(8) : 1067-1070.
LIANG Fen, JIANG Hong—wei, GUO Ya-nan, et al. Analysis welding robots diagnosis based on fault tree analysis[J]. Journal of Mechanical & Elec-

trical Engineering,2014,31 (8):1067-1070.

(HLH TRE) A%  hitp :/Awww.meem.com.cn





