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Research on robot adaptive welding control of

thrust chamber outer wall
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Abstract; The robot welding control is studied for the weld groove of thrust chamber outer wall.
Based on the acquired groove parameters with the active laser sensor, the adaptive welding for thrust
chamber outer wall is achieved and the welding quality for thrust chamber is guaranteed by building the
models of groove ,parameter and welding. On the basis of “static” studies,the “dynamic” control of the
process parameters is studied and an adaptive welding parameter model is established for the groove of
outer wall in thrust chamber. Furthermore, the welding adaptive control system is established combined
with the fuzzy control algorithm and the welding experiment is accomplished for a thrust chamber simula-
tor, which verified the applicability of model and the adaptive welding system. A parameter calculation
model of hot wire TIG welding is established for the materials such as S =06 and 1Cr21Ni5Ti in the thrust
chamber of liquid rocket engine, which can cover the thrust chamber joint with a depth of 5 ~12mm. The

adjustment factor of the welding adaptive control system is optimized for the control response speed under
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the SIMULINK platform. The welds of the test joint are well welded, which passes the X-ray examina-

tion, and the strength is higher than 90% of the base metal.

Keywords: thrust chamber of liquid rocket engine; robot welding process; numerical simulation;

adaptive control
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Fig.1 Robot heat TIG welding system

2 ENENERESHERET

2.1 IR

PEATH RN S A WYRSRES HA 22 TIC R K
5 JC R IR BB R IR 22 IR E F
ARIEBEERBE AN 2 (a) BT, 10 5% RE I PR AR5 L 3
Lo SRJE PRI L AL AS TR K, T 300 40 U R o a5
2(¢) Fizm , LR BL I BRI 1,0 € XB) LS
BIl,=0.5(1,, +1,.).

() AU R 4

2 EBERBERE

Fig.2 Fusion state of welding



68 kPO

2019 42 H

[ AR A5 A7 4 T S 0 B A e A A\ B 4
ERESR LS H AL S B0 S0 L AR 4 7 T
To t R A WEBUNBN D = (il ¢, = maxt] ,i =
{1 W, = minW}

2.2 BESEIERIE T REEZE

AR S 5 B AL 1 T 225 2 s v T AR S
TS E AR SRR e 3 B 19 56 &%, 78 e =2 i 7 22
AR | (75 5 (B A0 Y 45 2R 5 3 S
Y25 SRR — SOk, DU M A b A4 7 i 4 0ok AR AU
BB R 0G0.8 545 S -
06 NG, i@ X SYSWELD 47 — 3R H & , @7 pF
BEQCH0. 8 51K S —06 HyA RIS

2t TIG J i FE it 2 i B o PR 462 )
FA) B 1 0 7 72 A o vl Sk 9 ) 2 2 (R 1) i A e
HR A XS - ARG B W5, He v DR 35Kk 7% 2l il A
PSR RR A AnlE] 3 R

B3 WAk ARRE

Fig.3 Double ellipsoid heat source model
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Fig. 4 Temperature field of welding test plate
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Fig.5 Measurement of welding section
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Tab.1 Simulated results of filling layer

Mg/ R BES X/ X,/ X/ RV
A mm (em-min~') mm mm mm mm”
400 9 15 1.59  10.06 5.82 74.545
400 5 10 1.40 10.92 5.04 70.325
400 12 20 1.13 8.8  4.86 53.071
400 15 25 0.90 8.06 4.30 41.912
300 9 10 1.45 9.58 5.80 69.526
300 5 20 .22 7.80 4.00 40.56
300 12 25 0.95 6.21 3.20 25.461
300 15 15 1.02 7.81 4.20 40.612
200 9 20 0.87 4.61 3.07  18.21
200 5 25 0.56 3.92 2.24 10.976
200 12 15 0.42 4.66 2.55 13.840
200 15 10 0.54 5.95 3.33 23.026
100 9 25 0.21 2.14 1.60  5.634
100 5 15 0. 08 1.35 0.42 0. 824

100 12 10 0. 04 1.87 1.73  2.465

100 15 20 0.01 1.10 0.22  0.024
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Fig. 6 Calculation model of estimating welding section shape
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Fig.7 Block diagram of adaptive welding parameter
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Fig. 8 Adjustment of wire feeding amount in the groove
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Fig. 9 Welding adaptive control system
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Fig. 11 Adaptive welding experiment of thrust chamber plate
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