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Temperature Field Analysis and Joint Microstructure of Laser Brazing
of Galvanized Steel Sheet Based on CuSi3 Welding Wire
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Abstract: The welding temperature field of CuSi3 welding wire laser brazing of galvanized steel sheet was studied by com-
bining welding experiment and welding numerical simulation. The combined heat source model composed of Gaussian sur-
face heat source and rotating Gaussian body heat model was used to calculate the numerical model of the temperature field,
and the effect of the welding line energy on the microstructure of the welded joint and the effect of temperature field distribu-
tion during the laser brazing process was analyzed according to the experimental and numerical calculation results. The ex-
perimental results show that the base metal BM (basic mental, BM) of the welded joint is mainly distributed as fine equiaxed
grains with uniform size, while the HAZ (heat affect zone, HAZ) area is mainly distributed columnar grains that the growth
direction is perpendicular to the temperature field isotherm and towards the heat source; with the increase of welding line en-
ergy, the aspect ratio of the welded joint also shows an increasing law; the temperature field distribution gradient in the cen-
ter of the surface weld is small, and the welding line energy has little effect on the peak temperature of the weld center; the
temperature of the weld edge close to the base metal is higher than the boiling point of the zinc coating under all parameters,
which leads to the formation of holes on the surface of specimens.

Keywords: galvanized steel sheet; CuSi3 welding wire; laser brazing; composite heat source model; temperature field; Mi-
crostructure
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Table 1 Major compositions of galvanized steel (wz. %)

C Si Mn P S Al Ti
0.02 0.01 0.015 0.01 0.007 0.04 0.05

K2 CuSBRERZFENZEMS (RESE, %)

Table 2 Major compositions of CuSi3 filler metal (wz. %)

Cu Si Zn Mn Fe Sn Al P
Base 35 0.18 1.2 0.02 0.11 0.009 0.01
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15 mm
\
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Fig.1 Schematic diagram of plate size and overlap
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Table 3 Laser brazing welding parameters of galvanized

B HOLT)  RREE ARREhE XaEUE OURE sk
i /W /(mmes™) /(Jemm™) /(mm-s™) #A/mm /mm

S1 4500 70 64.3 70 4.8 0
S2 4100 60 68.3 65 4.8 0
S3 3700 52 71.2 60 4.8 0
S4 3200 43 74.4 43 4.8 0
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Table 4 Physical parameters of galvanized steel and CuSi3
R EIEES T - o 2 EL
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B
7 840 1025 1300 225000 335
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Table 5 Thermodynamic parameters of galvanized steel

R/, C FRE[W (m-K)] /(T (g K)™ ]
28 46.64 0.511
100 43.62 0.559
200 43.10 0.597
400 42.16 0.717
500 39.98 0.773
700 28.03 0.820
780 29.21 0.807
800 29.55 0.800
860 3038 0.773
900 31.42 0.754

1000 30.74 0.725
1060 27.22 0.727
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Fig.2 Schematic diagram of finite element meshing
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Fig. 3 2D Gaussian heat source model
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Fig.4 Rotating Gaussian heat source model
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Fig. 5 Illustration of the location of the microstructure area
U5 T8 BM X B A1 60 5 5 3 L JUT Y
NSEASIE 10 pum HAZ TR 4 C 2828 1w TR e

> A L)
Bl N 4

(¢)if4S3(P=4 100 W, v,=60 mm)

FREETEARIE R AT SR 58 T ) R N R 2
— ARSCG TR B A TR T8 UL SN ST AR KR ST AR
TMUASRAE , ok S WS FEAR AT K i e v AN [R) J-He 2k e
OO T AR AR S TR 0 L B A 2R, B BT S v i |
BRI an1&l 8 s

TE VY ETAR TR AR L BE X T AR TR TG 1L
A AN 9 7R o DUZELRRE P A R BE R R/

AR A AT AR i, e 2D RO R R 1Y 45
A AR A IR L8 35 um. HAZ X814
AR T R, T FRE S SR A
&, EHLAIR 57 ) 9 Bt Bl 4 S A BT AR TN K.

A ORI [X 32k 1 ik SRR L AN R 7 R o A i
T LA a4 5 ZE M R BOH [R] , BM X 38k 32 2243
A1 g A0 A5 HAZ B3 IR B 43
R A 255 i o H5 2 000 S Fle 2l PR ) 1) 2 A
HAZ X 38J& 2% AR 2 sl R ReK 25h
i 30 AR A A BT B8 5, i B R e AR e il o
AN 2 H BM X 5 HAZ F0E A 28 W i e
JiE B2 R B A R T FARAE

-

()i S2(P=3 700 W,v=52 mm)

<3, 3 SRR
%
RN

(d)iff: S4(P=4 500 W,v,=70 mm)
El6 iXfES1~S4py1RER MZIMEX BRALR (Z£M)

Fig. 6 Microstructure in WZ and HAZ from S1 to S4 (left side)
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Fig. 8 Schematic diagram of aspect ratio of brazing seam
SR A RAF A B — 3, 10 F TR E S
7 BRITASARY ) A

DIAREER A ST 3R 37 8 ] m] 45 213 R 50(E
BRI R « AT RHA LT WL A5 4% rh 0 78 2 32
0.18 s JETRE TF4n U LT, 78 0.22 s RV AT 215K 2 5
TREE 1384 °C, [E AT RHBE 2 485 fil R VA8 42 Tt A
BJAA 8] B 58 BT YR A0 R, b eh Tt RS A% T2 B
R R B E AL DL TR ET 4% . WS HOLTR
S 25 S AR TSR AT RIS A . B2 H)

(d)if4: S4(P=4 500 W,v=70 mm)
E7 X ES1ES4RIRER HEMX BHRELE (HN)

Fig.7 Microstructure in WZ and HAZ from S1 to S4 (right side)
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Fig. 9 Effect of laser welding line energy on the aspect ratio
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Fig. 10 Verification of the cross section of the distribution in HAZ
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Fig. 11 Calculation results of temperature field distribution from S1 to S4
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Fig. 12 Welding thermal cycle curve in the welding zones
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