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Research on Handheld Laser Welding Process of Galvanized Sheet

NIU Guanghao, GUAN Xudong, DING Chao, LI Xiaopeng

China Nuclear Industry Fifth Construction Co., Ltd., Shanghai 201512, China

Abstract: In the investigation of the ventilation system of a nuclear power project, it was found that the carbon steel ventila-
tion pipe mainly uses galvanized sheet with a thickness of 2.0 mm, and the zinc removal needs to be carried out on the sur-
face of the welding area before welding, which may bring air pollution, increased workload and low welding efficiency in
the process of zinc removal. In this paper, taking advantage of the convenience and advantages of handheld laser welding
technology, the orthogonal test is carried out without removing the zinc layer by adjusting the welding parameters, and the
non-destructive testing and physical and chemical performance testing are carried out. The final experiment shows that the
welding joints that meet the requirements can be obtained by using the process parameters such as negative defocusing, mod-
erate laser power, appropriate wire feeding speed, welding torch inclination angle of 30°-55°, and suitable protective gas en-
vironment.
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JERTARR . AMEGERE T 2 L, WOt by
HRIHEOEINBAE S5 AR PR PG XN
PEIR BB FRV/IN , [R] I AR 4% i 38 25 3 g T B AE VA
Sy LB RE H SR T R TR ARG
A zs MR R AR AU H B T RO
FEAEAZ HL AU BT T S0P

JRBCAE T X 0.7 mm S A B AN Al 15 L 22
P T 2RI PERERT S8, i X O o) % S
PR | FR AR MK 22 S5 G T S B RO A T
il FRGE T S o A% it B2 I T R B B AR FH
BET 2, HARCE T B T 3% B2 R R 5 A TE
T2 , SO CARIE R MELE | B B AR IR 42 TR
BRI EEIE SO XHEAR 4 . A SO B 4
77 R 2SR 2.0 mm SEREAR , FEATIRE T 20HE, 56
UEFFRFHEOCIHEABR B2 PER AR T2 n Ak, A
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1 KBEERHETE

1.1 KRR
B 2.0 mm B985 EEMR, 1§ 5 DCS1D, Hifk
ST ANER 1R BUPIBREE R 341 MPa,
R1 BHUERS (RESE, %) FRERE

Table 1 Chemical composition (wt. %) and tensile strength of base

metal

C Si Mn P S Ti
0.042 0.01 0.18 0.014 0.008 0

1.2 RIeiEE

ARSCAE 2 000 W OGEF OGRS 1 F RO AL
(DL, S50 2 iR | ot i i Kk
2532 000 W, FE1H4 150 mm, i H 1 1 080+
10 nm. ZIEHLAGERAE T ER 7 (68, ol 0% e, R H
JeEF Rt A8 T Tk
1.3 REiRE
1.3.1 FarkE4

it FHO'E 1 3 5% B RO 4 A n T R )
300 mmx125 mmx2 mm FY3RFE , FHAT S T 5 7 Bt
ik G b i B A R B v O R 4 Tl

1 FHREEEN
Fig. 1 Handheld laser welding
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Table 2 General situation of test laser welding machine

JEtE U
JE LB2000
HAHE 220 Vac
AR 50/60 Hz
F KA LI 45A
SEPN ThaE) et 2000 W
ORI EN 1080 nm+10 nm

K DEIR R ARAL KR T F AR

R AR I AN T SR, AR AE 4L X 1Y
ad AR CRAIE AR 1A I B <10%T, HLZLX [RIB7E<
1.0 mm, BPFZH2E NI 2 i .

T
V. N N \
E2 ExE
Fig. 2  Group of gap diagrams
S A PR AR T s ), SR AR R o
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TE% 22 R N PO 3l , FREROCIR L R
25 5 W BUCHE U O , PR SE IR R A — 24 45
VEIRZI AR T FHREBOCI N E 4 R
132 RK&ERfE
F IR S Pis IR AR EA T T 20050 .
1.3.3 R4 5k gk ] X
Fie I GB/T 29710—2013 Hy, 130 S 3O M4 T
SVFE RS I E AT IR . R R e AL
i 18 GB/T 3323.1—2019 By bR vfEZE AT JC ARG , -
P BT 20 i 50y Rk T TR . T G A%
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Fig.3 Welding fixture diagram
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Fig. 4 Simulated welding state diagram
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Fig.5 Test flow chart
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Fig. 6 Processing diagram of bending sample

2 RIEETE

24
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Table 3 Welding parameters of the butt weld

- FINEEE P AR B dxmp RezE af_%@% [T BPA(Lomin™) BRI
mm/s /mm /W /mm /mm /mm /(ecm+min™") nai 1] /()
BOE LR {E 600 3 1300 0 0 1.0 50 Ar/N, 20 N/A 45
ZHROATIERE £200 +] +300 +5 0-1 1.2/1.6 £10 Ar/N, £5 N/A £15
2.2 SEFFRXEBHEIR R RN E , Qe 4 F7R

i TR gt Z ORI S L #
ERREE TS50, A Y ¥ 2 GB/T 29710—
2013 AFRIME. TRISYE 120 % 18] BR<1.0 mm, 5K AR
BGERE 5 Bk AR IS e R G . 1
1300300 W 114 Hy 2385 [l N #E A T AR 0, X 1) o>
1600 W i}, JREE R 1H A2 = LT 0, B i, HL
T ARG S TR A, I #<1 000 W I, 5 I

2.3 EHEAREEZEIZRM
23.1 BEAEBRATEIT R MA

LR IEACIR RS L NS 8. FMIHUT
TSR RERAS H ARG A 4% 1 8% , RS 4L
W s PR,
232 BHEAHMEL

PSR 3% I GB/T 29710—2013 AR (7
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R4 2.0 mm FEFRITER AR FE R

Table 4 Forming condition of 2.0 mm butt specimen

IS (DA IS i
<1000 W T PEGETT AN B
i IETREEA <0 , i BRSNSk
>1 600 W
] T HRAEAYH>2 mm
RS 2.0 mm SEHIR AR RIEESH
Table 5 Parameters for butt welding of 2.0 mm galvanized sheet without removing zinc
e FREE  AMTE REYR R IR MRz AR RReZEUE . By (Lomin™) KR
el Y
/(mm-s™") /mm /W /mm /mm /mm /(cm+min™") 1E T i) /()
1 600 3.0 1450 -5 <1.0 1.6/1.0 50 At/N, 20 — 30~50
2 400 3.0 1500 -5 <1.0 1.6/1.0 50 Ar/N, 20 — 30~55
3 500 2.0 1500 -5 <1.0 1.0/1.2 50 Ar/N, 20 — 40~55
4 400 3.0 1450 -5 <1.0 1.6 50 Ar/N 20 — 45~50

2

R o TEA ARG IS0 e B, 5 T A R S
R, KR EE A T B AL, HLRALH BB
MRSNER AT, JR 4% AL I LA 3

o O SEBURE  PRIE SRR B AR R X A A I
FAR IS EUN T RIS, IR S HGE R,
PR AIE T 228, ik 6 s,

®o6 EMLEHSHEE

Table 6 Range of curing welding parameters

PR WA 3R B 4R MZE AZEE . PR Lmin - IABHERA
A ! ) R ——————

/(mm-s™) /mm /W /mm /mm /mm  /(cm-min™") 1 i) BE/(°)
X 400~600 2.0~3.0 1 400~1 500 -5 <1.0 1.0 50 N, 20 — 30~55

3 WNERSHH

F A AL S BT R4, 0 TCABUGIN 5 A% A4
P F IR PRSI o TR, JF AT ALK,
3 THEA T 20 WA AOWLAGI 25y e
3.1 IREEERIAEET

T 5EH N T4 50 mmx50 mm {4 A Al
WO ACHEAT AR B, R i T 2 BEOR S S AH
10% FYfiFd IR TP RS VA B0 Teasl 1, IR FH < 10 4 B4 i
RBEHEATRLIN , A& 7 7R o Zead K Je ke B, o2
20 AL e ORIE ORI BRI AR AEIE T AR

17 0.3 mm, FE4% 1Y 43 0.4 mm, 35 /& GB/T 29710
—2013 T 2P i Bk B G aE 2K

WRRREL 711 REEL -
7 BEBIHEIEE
Fig.7 Macro docking sample diagram
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Fig. 8 Microstructure of weld seam and heat affected zone of welded joint
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Fig.9 Load-displacement curve of tensile test
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Table 7 Results of tensile test
WA BURE/MPa

LTEI A= E7A R i 25

G5 (ER{341) ' e
2 384 BB GB/T 2651—2023 &

3 389 i8] GB/T 2651—2023 &%
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Table 8 Bending test results

IREE IRIT H P ThRiE £t
4 T GB/T 2653—2008 L
5 way GB/T 2653—2008 B

(b

(a) PR

(b) (c) I F5 25 ik
10 (REELRRME T il

Fig. 10 Tensile and bending specimens of welded joints
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i, 255 77 AL, BRI AR sl D S SLH R

(2) M FFRBOCIR AR )Z 2 mm P55
B SE, 948 950 % Sk 400~600 mm/s , $9 44 i & Ky 2.0~
3.0 mm, WE{H I3 1 400~1 500 W, B A2+ -5 mm,
ZH XA PR <1.0 mm, 35 2Z 3 ¥ 50 cm/min, i F &<
FE SRR, IE T AR 7T 20 L/min, S A 2 300~
551, KRAE OB AT, FTARAS i B i KR4
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