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Automated Welding Process Using IGM Welding Manipulator and Its
Application to Asymmetric End Structure of HXD1 Electric Locomotive
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Abstract: Aiming at the problems of low efficiency, large deformation and poor quality consistency in manual welding of
the asymmetric box-shaped end structure of HXDI1 electric locomotive, the automated welding process using IGM welding
manipulator was investigated. The weldability of the end structure was analyzed, and five key technical challenges were ad-
dressed: large assembly dimensional deviation, difficulty in continuous welding of right-angle welds at the coupler box rein-
forcement plate, insufficient welding torch accessibility in confined spaces, difficulty in welding deformation control, and
low programming efficiency. Corresponding solutions were proposed, including laser cutting combined with three-
dimensional template positioning and hydraulic clamping fixtures, segmented welding with trajectory replication, extended
slim-neck welding torch with positioner posture optimization, rigid fixation with symmetrical welding sequence, and para-
metric programming. Using 80% Ar + 20% CO, mixed gas shielded welding with the IGM manipulator, 25 locomotive end
structures were welded. The results show that the first-pass inspection rate of welds reaches 99.5%, the surface quality meets
EN 5817-B requirements, and the ultrasonic testing meets EN 1714 Level II requirements. The flatness of the upper cover
plate is 2 mm/3 m and that of the coupler box is 0.5~1 mm/1 m, both satisfying the design specifications. The production ef-
ficiency is improved by 52.7%, the programming time is reduced by 20%, and the secondary positioning time is decreased
by 25%. This process scheme has been applied to 41 locomotive end structures, providing a replicable process reference for

automated welding of complex structural components in rail vehicles.
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Fig. 1 End traction beam structure of HXD1 electric locomotive
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fixture
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Fig.3 Clamping fixtures for primary and secondary manipulator

welding of end structure
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Fig. 6 Schematic of welding direction and sequence for end reinforce-

ment plate welds
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Fig.8 Programmed welding of primary end structure
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Fig. 9 Programmed welding of secondary end reinforcement plate
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Table 1 Welding parameters for fillet welds between front/rear end plates and stiffeners (primary end structure)

(S T RS WREDIR I . S WA 9,
REERSE s ‘ " MICBEE  Bkab o S
i @/mm /kVA /% /(ecm-min™") 5 /mm
a5 1 135 1.2 12.7 32 7 A 35 100,2,1
F2 THERMEHNIEEERZTIZSH
Table 2 Welding parameters for welds between bottom cover plate and rear end plate
PSR FEBRAE  BUETIR DRI . PP I
BEERSE s ‘ " MK AEIE Tk o o
Ik @/mm /kVA 1% /(cmemin™) 2 /mm
1 135 1.2 12.7 37 2 H 32 100,2,1
2 135 1.2 12.7 38 6 H 26 80,4,1
18HV,a3
3 135 1.2 12.7 38 6 H 22 80,7,1
4 135 1.2 12.7 36 2 H 20 70,11,1
®3 THERFENAIRIEERZTZSH
Table 3 Welding parameters for welds between bottom cover plate and front end plate
, SR E i WOEIAR DR . e L LIS
BEERST RN Ik MEEE Bl . o
2/mm /kVA 1% /(cmemin™) 1 /mm
1 135 1.2 12.7 37 2 H 32 100,2,1
2 135 1.2 12.7 38 6 H 26 80,4,1
18 HV
3 135 1.2 12.7 38 6 H 22 80,7,1
4 135 1.2 12.7 36 2 f 20 70,11,1
F4 FINREEIZSH
Table 4 Welding parameters for manual root pass
JrE SRS R AL IR iR\ , TP A3t
tR g - " e LRSS B e e
Jrik @/mm /A N /°C /(em*min™)
1 135 1.2 230~260 26~28 DC(+) 100~150 40~50
®5 IGMHHTFEETIZSH
Table 5 Welding parameters for IGM manipulator welding
FE FRAS R WE )= Y| SR WA RTE R
Wt ‘ ’ IKAEE kol - T
Jii: @/mm /kVA 1% /(em*min™) /mm
2 135 12 12.7 42 7 A 35 90,3,1
3 135 1.2 12.7 39 6 H 30 80,6, 1
4 135 12 12.7 40 7 A 25 70,9,1
5 135 12 12.7 38 6 A 20 60,12,1
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Fig. 10 Main program and subroutine architecture
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Fig. 11 Welding of internal weld simulation specimen for primary end

structure
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Fig. 12 'Welding of simulation specimen for coupler box reinforcement

plate
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Table 6 Comparison of end manipulator welding and manual welding
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Fig. 13 Weld appearance of end structure by manipulator welding
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