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Abstract: This study aims to investigate the influence mechanism of remote laser welding process parameters on the weld-
ing quality of steel door and window frames for Body-in-White (BIW). Using galvanized low-carbon steel test coupons with
identical material and thickness to the actual product, the lap joint configuration of the window frame welding flange was
simulated to conduct remote laser fillet welding experiments. The research systematically analyzed the effects of key param-
eters—including lap offset, fit-up gap, welding speed, and laser power—on weld formation and defect generation. The ex-
perimental results indicate that: to ensure seam tracking stability and welding quality, the lap offset should be no less than 4
mm; the fit-up gap must be strictly controlled within 0.5 mm, as excessive gaps lead to insufficient filler metal from the mol-
ten pool, reduced effective weld width, and a tendency for burn-through defects; the welding speed should not exceed 70
mm/s, as higher speeds cause molten pool instability, increased spatter, and porosity; the optimal laser power range is 2 100-
2 150 W, with higher power exacerbating zinc vapor ejection, increasing spatter, and interfering with seam tracking. By opti-
mizing and controlling these process parameters, this study successfully suppressed common defects such as porosity, under-
cut, and burn-through, producing well-formed and qualified remote laser welded joints. The findings provide direct technical
guidance for achieving high-quality and efficient remote laser welding in the steel door and window frame areas of BIW.
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Fig. 1 Door and window frame diagram
1 HOCEERE

S @R AT R S T RE R AL, & T AR
SERAE T OB e, TR G T = Itk
A JrRIE A . ARSI R R A T ML, T
PR o AR RS SEHT &R
FETHOEIREAE 10°~10° W/em? 5 [l N, 48 TA4F%
W I IR A AL, AR AL R 2] T R, (T 2
1) 4 JE s A T I st , 7 el A rp T R A
TIEACIF A TR BN, X R R 7 R A
SR CUBOLIRE KT 10° Wem? B, JE b i TR
T VR B BT K NL OGR4 T
ANFLEETE b, SRR 7 SR R AR . AR

LG R S R AL, A A Y B
Fe T35 it , S BB E/UF s SR T
15 o RIER AR 20 AE T A3 I b — BT 4
T, B S R R PRI 28K R IR AR IR
— TR RRAE DX, NP 26 7R o B WO
HRs 2l , 6 28 IR W 2 R S 8 2 it 1)
s 7 LA SRR

Laser beam Laser beam
10%-10° >10°
(W/en?) (W/em?)

(a) P p (b) TRIE I
B2 BERE
Fig.2 Welding diagram
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Fig. 3 Resistance spot welding window frame cross-section diagram
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Fig. 4 Remote laser welding window frame cross-section diagram
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Fig. 6 Welded lap joint of window frame Fig.7 Appearance photo of welding seam with 4 mm offset length
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Table 1 Test coupon stack-up information
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Fig. 8 Metallogriphic diagram of welding cross-section with 4 mm

offset length
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Fig. 9 Appearance photo of welding seam with 3 mm offset length
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Fig. 10 Appearance photo of welding seam with 2 mm offset length

(welding speed 60 mm/s)
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Fig. 11 Appearance photo of welding seam with 2 mm offset length
(welding speed 70 mm/s)
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Table 3 The influence of overlap gap on welding quality
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Fig. 12 Appearance photo of welding seam with 0.5 mm overlap gap
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Fig. 13 Metallogriphic diagram of welding cross-section with 0.5 mm

overlap gap
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Fig. 14 Appearance photo of welding seam with 0.6 mm overlap gap
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Table 4 Influence of welding speed on welding quality
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Fig. 17 Appearance photo of welding seam with 80 mm/s welding
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Fig. 18 Appearance photo of welding seam with 80 mm/s welding

speed (0.5 mm overlap gap)
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