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Abstract With the rapid growth of demand for clean energy, the steel grade, diameter, wall thickness and transportation
pressure of steel pipes for pipeline construction have gradually increased in recent years. The technology of automatic
pipeline welding has gradually become the mainstream technology in pipeline construction due to its high matching strength
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and toughness of girth welds, high welding efficiency and low labor intensity. This paper describes the development process
and engineering applications in China of welding robot technology for long-distance oil and gas pipelines. This is based on
all-position automatic welding of pipelines, as well as the engineering application characteristics and technical status of pipeline
welding robots. Several advanced pipeline welding robots are listed, including a multi-torch pipeline welding robot, laser-arc hybrid
pipeline welding robot, double-wire pipeline welding robot and friction stir welding robot. By combining and summarizing the
problems existing in the development of pipeline welding robots, it is pointed out that the welding trajectory planning, welding seam
tracking, online monitoring of welding quality, the adaptability of special working conditions and supporting welding power supply
are the technical bottlenecks in the applications in oil and gas engineering at present. The development of intelligent research and
development of pipeline welding robots in the future is examined, and it is believed that three directions will be the development
trend of intelligent pipeline welding robots in the future: (1) For the autonomous planning of welding path and adaptive seam track-
ing technology, the groove and weld information of multi-layer and multi-pass welding of pipeline will be extracted, identified and
analyzed to obtain the ideal path point and welding torch posture, and the position of the welding torch can be controlled in real-time
according to the working conditions. It will realize flexible welding planning and adaptive seam tracking of pipeline girth welds
.(2) For remote fault diagnosis of welding, a complete welding expert system will be established relying on the data accumulation
of a large number of pipeline engineering applications, and remote monitoring and real-time fault diagnosis of welding robots will
be implemented. Networked real-time monitoring and fault processing systems are established for online monitoring of welding
quality; (3) For man-machine integration, the experience of skilled welders will be transformed into training samples for welding
robots through deep learning to guide welding training of non-skilled welders. Thus, the man-machine relationship will be changed

from master-slave to partnership that will complete pipeline welding work together.
Keywords pipeline welding robot; welding path; seam tracking; online monitoring of welding quality; man-machine integration

doi: 10.3969/j.iss1.2096-1693.2021.01.012

0 5% PERREEOR SR MO BUE . SR TR i 2
R, AL N LA T A o
B A1 R IR AL REAT I T R IR oK 0 R 1 B SEHLAS N — P RER 1 23 PR T 2 —

K, RTREVECH S AN AT A T 2348 1 B i 2
Ko HHEHANERBEMIFRIZENGE AR, AT
BRI T2 B P AR o hn iR R R Rl e 4, i
THUEN FEA ST i R R TR
SRR, P TARR EAEEL AT L BCE 4 i B /P I
Gl TARME R 5E i, NI, FEAEE Al T 00 R AR,
BRI ANEA A B IR

1 BARK R 5t

K EREN TR & S5 %, —R
AR R O™ A SR SR, #an 2017 4E 7 H 2 H
12018 4F- 6 J 10 H A& AE7E Bt I e 1) 1 AR <A
TE R R = SO 2 R TS I MR EE R RG E . THE,
INEAE S N A It T S LAy, H 0
TRESEZ 2EE S XHEE, MEWH. BEE. MW
PR ST RRWIRE B, R ARAS R AT (% 5 ) DT A KR 4
Sk OB, TR 2 A IR U
sz NASEI R . SRR . — A A% R
FEBGZ . TS aRE R, SN L EENY
PR SEPR TR SR . PERETE AR . BT A fRIERY S

SE 18 B YE3S R P HAS Sl AR T A AR A TR A,
IFRESE I L AR e S BORUR 2 Sh 2l i H 3h
ARG EMHIMERAGR /N IR T A PR fERR
L AR R . AT LA R BREE A8 A\ [ 35
WA AEPEH, HRTE MO RS R AR TE AR T
FEESRET AN, AL AR, TR
DR MR A e I A T AR i S R, R IR i i
B, REEEEH s W, AR TG T
Ak LG TRE ) KA 3e 4 1, 518l AL T A
IR T B SRR B A

2 BIRKIRDIRR

R HILAR AAE Tolb A= 7 B2 AP o S Tl Ml gs A
45% VL &, BARHERRRGE . LRk Ak
PR AR, 2 HATSE B A S i R
FBo WRTAL LS AR A RDIRE, EEIR LA
WAHRIHZE DT T LAT 3 SRR B>,

e AVE: 5 G 2/ 81 US| RN S 3
PATHLRE (RN ERBLTE ) | S il R GERARLAS
HARGE (AR TR ) A, XML AR



K VE LA N AR BUR S K 4

147

VEANTG BN AR, U ol TR R 58 s
P SIESGE S R G R NS, BTG 58 ik
FE WA BIE. IR EE AT A EhE, &
IEPATHR R ZE . S —ARHLER A A XA U5 B it
TR EE ST, XIIE AR TCIEIE V. AR R rh
XTI T A8 SR BORAR B, 4 N BERT 0 B
e 198 B R AR RAR AR, T BN T 45 R Gk
Wi, BHET, XAEEAEYAGS AR TREAR SR
ENEE WA, ARRAE TSI, Wkl 1 PR,
g 90 AU H R EAM IR AR A E R A TR B
W& 1 PAW2000 BUAE SIS A

0 T ACE A BN T RE n A B R LA AN X
Hlas NEAAHAES . W GG RIRe. 7ER a2
o, B alin SR EARSE G, RIRHOLERR R . BESE

B A B B B 1355, O A B R R A
Ho38 B 25 A SR AR AT S BB O R T

B 1 PAW2000 B EEEZENIEAN
Fig. 1 PAW2000 pipeline welding robot

B2 3%[ECRC-EVANSAHIH P625 BEERZENAHFAT
Fig. 2 CRC- EVANS P625 pipeline welding robot!”

WL R SEHE AR AR R v g 0 RS R R
AR Ak A 1R F IR e AR F 3 S S A, A A
H B0 IR 3% DL UE S F O RE A Rl A B 2 BT OR O 36
CRC-EVANS /A HJF & P625 RIAFEMENLAE A, FIH
FEL A FEL R A SR AR A i A T 58 UK AR 7K A I B
Ti] BRER (4 R FH )

5 AR AR AV T R AL . AT DL R
2Tt At S IR AN O A IR B AR A i i v, i HL
RERS SRR SR A TUE HARBY S, hoE L
PRI IAT 5o . X RS Bk . RS
P BRAF G S RO T R AL . BE . Flr, A
TR T R IS LR AR T 2280 A shlt il . 1R
AR, OO AR I 1T B R B R AT DL R IR REAR
PR AR A T DL o 22 R L R S 1 R SR A TR
Frar g, YpLE AR A B ERE R B [ RS W
AL TIRE, HENZEE BN A AR AR B
BB, oML FHHE

3 BIARWFERBUR

3.1 MAIR

20 tH22 60 4ERA, 2 [E CRC—Evans 2> ) H 50K
BT A AR EEAILAR AN i il A= it T 00,
Bl 1T ML A sh 4 AR R R Wk 2,
VIETZ . #:[ENOREAST. %[E SERIMAX! A5/ F]
AHLRTF B A RS, FE90AE 35 R Se ik B H AR K
ik AT, 3EE CRC—Evans 2 ®/E A S L
BNFAR L5140, CAE 4 BRI P
K 9.6 J7 km!",

1992 4%, o A A8 R T IR TE KRR ALER A B




148

FIMBLEER 202143 H 6B 1)

TR, T 1998 4F 12 H A ABM X = 4 i HUs
N [, gl dEE A E AN e A, REA 1999
A B [E 5] i NOREAST 4538 H sh IR LA A, [FI4E
1A, RATEREEEN, HEE R . IR
ARG A RIR A N, BRI A
FEE N TR D A R E, Wk 1, B’ 3 R,
HAET, ASMECH SN KO RS E R T3
B, B A PR AR L (P B KRR T
B2 EILLNG KRS TR A AL AT B
SR 1 B BT 1009% .

32 EBRIE

i 5 < i o A R AR R S R e &
X70. X80 KA, AR AR R, AT i T AT
R U R s 2 AR T, AT R ALER A
FIIRKREE, MG AIEA TR | 70 0 o5 i A5 4
(1) T 2 AT AR S K AR
321 FHEARENEA

I NI N B U AR T, E 4
R LA I RAR S T R A5 BT ) CPP900—TW

F1 EFEFETBREEEEN[AEREBR

Table 1 Application of pipeline welding robot in recent years
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Fig. 4 Pipeline internal welding robot
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Fig. 8 Laser-arc hybrid welding robot for pipeline™™
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