526 55 7 0] HEFEREEFR 2016 47 11
Volume 26 Number 7 The Chinese Journal of Nonferrous Metals July 2016

XEHRS: 1004-0609(2016)-07-1427-10

AR W/3% & E A Sn &
A R SIR R EEREL

oyt oxek " ARR, g, AFRE RO, £k

(1. IR R VRES GG B R s s =, Kb 410082;
2. IR MEIRRA S TREERE, K 410082)

O OE RADCTHOCEE A, %) 1.4 mm JE DP600 SUAHENFT 1.8 mm & AZ31 £:54 PR3k 740 |
NI R R0 Sn SERTEOCHVE SIS, BRI R IR T E S, PSRRI, R
FHER R SAH W AEE . T AR UEDS) MR . X ST 2R AT AU (XRD) S M SN Sn JE89 /88 3k 1) A 21
RMITE MG AR FIFH ANSYS A RRITHMY:, S B S EIREEA CE  BIaR 4tk 14t
SRR, FRACAN/BE A A RO IR B AR M = AL S PR GRS, B AN B e S IR A O A
SERRM: VNN Sn ST SEIUAR/AE L R RIAROE:, IR B0 IVE IR, BRI RSk, RS
SERRAR GRS AY) A, B R v T A AR B TSR SR A /B 4 R B R B I (R & B, (i TR0 Sn 98
W LR ) N RS S E i, R — e PR IR AECR, FITRE 8 2 KA BRI,
SR L JZEAM A HR EE R, FERKANIR S Sn SE Fe. Sn JCRAAEY HUN IR, S EUEN /A% S 18] A0 O 3o 36 X 4 2

% FeSn. Fe,;Sn. Fe;Sn & Fe-Sn AH, By X 3k A4 il Mg,Sn Ao Kk, W0 Sn 966 Bh S XUAHAN /855 4 57

Tob ) PR A 20 2

KR W/BSEAE)E; Sn i WOLRVLE IR, BUERH; EE

hESZES: TG113.26 XHkFRERS: A

R HAT BARI s LG 8 w4 n A4k
WA REAEMERC A RSSO, ARG 5K
DU 42 5 o ik e bz —. RS S AR
(LA S R EE NIRRT, RSP R Mk, Sy IRDicRI A
BRI VR e L B AR AR 1 2 S AR XA
B RVEE G S AEV G IR FH K98 B W 5 2 T )
PR, AREN BRI T ZE K, oA B F R AL,
IEAh, Mg 7t Fe TN, TG AR R 3 1Ak 54 g 1)
AP, DRI SRR AR 5 86 B S H 1 TR U
NIRRIN B G JE 2 M 7, NS
67T o A ik b e 5 eI & P, BB I 4N
NS, BEANZ AN Cuy Ni A1 Sn 2% e i) 32 2 X6}
AZ31 BEA A Q235 MBI T, RILKZITR Y
R A S Mg IS B EY), 5 R
— A B Fe IR AA, A8 n m i) S8 2 B8 O N
PESR RIS BB BT VR . TR AP i
NS PG RE, RGBT IR IR
M, AR Tl 55 3 o A o 4 4 b 1 I e R A

FPERE = A E S, 1 H AR T BN R A
oW, IF HAE m, DG, PR RIS I 5 A
LA T BUE R B AT T b L

ARAEFH LG4 5 H DP600 XUAHAA AT AZ31
A NI S, RGO G 1E SR A,
AR R AR T 2SR, H RS & AT
N, RAE EnTEE OB RE RO 26, [ R
J5E ELAR BN, it B VA BhAS TR DG 2 2 ) AR
HY G RN B BN AN/BEE RSN Sn
HIO e SR, CLSZBAR /B 57 b 4 8 10 R st
o KN SA RSB, WA BEIL(EDS) 14
HiBi. X SHRATEHU(XRD) S T BOWELA N Sn §544/
PRSI A ZA . ST R A AR S5 A e A
F ANSYS HBRTCEA, R iR S o
& AR, RN/ A 4 5 P 4 8 PR 1Rk
DI B AT HUERA,, 7800 2% LA R I YE 2 5
MR EROGHE . WIURAAE . U IFER W, Jf
RIS 20 45 B 550 45 AR LG, Sk ik ik )

EEWHE: EREBARRETRIESIH (2012AA111802); 18 K2E R 44 5 Se ik B vk il [E 5 35 s s [ EWS8I0 H (71075003)

Igis BEA: 2015-12-28; 81T HEA: 2016-05-04

WIEMEE. MR, 22, L, #i%: 13017297124; E-mail: ZDWe mail@126.com



1428 hEA SR R

2016 £ 7 H

AP, JECAON SRR, MR 45 A A AL 55 A
TRUHAS N Sn FE S BUSUR A /8% £ o 4RI (K 4 I AL
Bo DIHNHASROe EBR E S il M A, [R]IN
ORI /B 5 e M ARV 42 5 B
A EE A IO B R R K NS S

1 I8

S TV A 25 5 1 DP600 WU A B RN HAELIE K
RS AZ31 BEA S, SR FIEE & oA )R
4350 1.4 mmX100 mmX30 mm A1 1.8 mmX 100
mm X 30 mm. XUHAR (1946 22 BRAS OF it 0 30, %, R IRD)
Jy: € 0.079, Si 1.0, Mn 1.52, S 0.0049, P 0.015,
Al 0.023, Fe 4xh; AZ31 H:EEMLERD N
Al3.12, Zn0.95, Mn0.15, Si0.10, Mg &¥. KM
HARAE b BEARAE B AN SO #5482 . AN/BR 2 R
INEifE KT 99.0% [ Sn §E, NIk 0.18 mmX 40
mm X 30 mm. Y301 Sn fE ) DP600 15 AZ31 #4580
JRAL AR R B 1 BT o SRR 80 5 D ARHT B
HARCREERR, ZLBRAEAIEE, SRS F A I 2 B 1 )
TSMIEEJE S Sn SR 1000 S5 NP AT BE 5 P4
e, BT KA LRI R IR Rk
%, DA BOb 2 R TR B

Back shielding gas
B 1 70 Sn § AEN/BEFEBO IR RN 75 1R
Fig. 1 Principle map of steel/magnesium laser lap welding

with addition of Sn foil
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Fig. 2 Finite element analysis model of steel/Sn/Mg joint
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Table 1 Thermal conductivity under different temperatures of

laser welding of base metal

M(W-m™-C™
t/°C
DP600 Sn AZ31
20 46.5 29.6 3434
200 44.5 24.8 343.1
300 40.3 2.47 341.4
400 37.5 4.71 339.6
500 36.2 6.94 337.7
600 34.8 8.21 314.5
800 31.2 12.46 243.1
1000 28.4 16.81 248.7
1300 31.8 - -
1600 34.8 - -

R2 B LERA
Table 2 Specific heat capacity of laser welding of base metal

at different temperatures

. c/(Tkg'-C™h

DP600 Sn AZ31
20 443.8 226.9 1009
100 475.2 239.1 1047
200 520 255.9 1090
300 565 247.9 1130
400 580 240.9 1588
500 690 240.7 1376
600 761.7 240.8 1954
700 825 241.2 1584
800 875 241.9 1386
900 816 242.1 1385

3 FHRE5HM

3.1 RBREXIBTRENSH
Kl 3 Frm AR T 2S5O0t % P=1400
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Table 3 Density under different temperature of laser welding

of base metal

pl(kgm™)
t/°C
DP600 Sn AZ31
20 7670 7398 1760
100 7670 7368 1758
200 7633 7338 1749
300 7602 7020 1730
400 7573 6950 1712
500 7539 6882 1693
600 7501 6790 1661
800 7446 6628 1576
1200 7274 - -
1600 6778 - -

F 4 REAEA R
Table 4 Surface coefficient of heat transfer of laser welding

under different temperatures

t/°C 20 100 200 400 600 800 1000 1600 1800

o/
P 20 35 82 182 352 417 438 845 492
(Wm=C™)

[Me]
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Fig. 3 SEM image of magnesium transition region of steel/Sn/Mg joint and element map scanning distribution: (a) SEM image;

(b) Fe; (c) Mg; (d) Sn
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Fig. 4 Microstructures of interface of steel/Sn (a), magnifications of interface to Sn-added joint (b), SEM image (c) and amplified

SEM image of region b (d)
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Fig. 5 Microstructures of interface of Sn/AZ31 (a) and
amplified SEM image of region £ (b)
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Fl Mg,Sn Z54&: @b 54, 5 FiREN/Sn. Sn/Ekif4 33 REGEMERS S
ST Z B AT HED A2 B4 A S ) 1 25 RAR AT RV IN Sn $ SEISUR AN /B I e v A

B AT, OB/ A N Sn 98, ERON I PEIX
1 /E % FeSn. Fe,sSn. Fe;Sn %5 Fe-Sn AH, EE(d i
XA MgoSn A, X LS AL SEEN /B R P a8 2
[ RIRaEE 5.

F5 /SRS EHEK LA DR EDS 20 #7456 R
Table 5 Chemical compositions of steel/Sn/Mg alloy joint by
EDS analysis

Mole fraction/%
Zone
Fe Sn Mn Si Mg
A 89.83 6.87 2.08 1.22 -
B 13.89 85.37 - - 0.74
C 96.27 3.73 - - -
D 63.40 36.60 - - -
E 1.53 26.47 - - 72.00
F 1.33 31.31 - - 67.36
G - 20.90 - - 79.10
[ ] '_Mg
*—Fe
i +—FeSn
4—Mg,Sn
v—Fe,; ;Sn
: *_FC3SI’1

20 40 60 80 100
260/(°)
6 VSl Sn § DP600/AZ31 43k 11 XRD i
Fig. 6 XRD spectrum of DP600/AZ31 weld joint with

addition of Sn
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BG5BT Snda s 231 °C, AZ31 A
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TS, R G B 0P 2 A B % A AN A 2 TR
Sn $AMMAIE . I 7 WEH, EMAREO IR TR
I Sn A, JEREASIY Sn nPREAN . BRI NIRRT R
i

Kl 8 Fram Aot D2 R H] 1500 W HoAh )2
OO LA S HORAL ST, RIS Sn 570
Sn FEAN/BEHO IR HAR B (B ZE A o ] 8 T4,
KRNI Sn ART, NEEERMEIE, HRABKR TG

6 1400 W, 30 mm/s F5fF S I 4 NS AR EE SR L
Table 6 Comparison of size of real weld pool and simulated results at 1400 W and 30 mm/s
All Weld width in steel Weld width in steel Weld width in AZ31 Depth of fusion
oy
upper surface/mm lower surface/mm upper surface/mm in AZ31/mm
DP600/Sn/AZ31experiment 1.24 0.69 0.96 0.56
DP600/Sn/AZ31 simulation 1.28 0.60 1.62 0.62
DP600/AZ31 simulation 1.16 0 2.60 1.10
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Fig. 7 Comparison of experimental and simulated weld cross
sections with Sn foil under condition of power of 1400 W and
welding rate of 30 mm/s: (a) Experimental weld cross section
of steel/Sn/Mg joint; (b) Simulated weld cross section of
steel/Sn/Mg joint
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Fig. 8 Simulated temperature distribution in steel to
magnesium welding under condition of power of 1500 W and

welding rate of 30 mm/s: (a) Without Sn foil; (b) Sn foil
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Fig. 9
magnesium welding: (a) Without Sn foil; (b) Sn foil

Simulated temperature distribution in steel to
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Laser heat-conduction welding and numerical simulation of
double phase steel/magnesium alloy with Sn foil

TAN Zhe" 2, LIU Jin-shui">2, ZHOU Dian-wu', HU Lin-xi', LU Yuan-zhi"2, JIA Xiao', JIANG De-fu'

(1. State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body,
Hunan University, Changsha 410082, China;
2. College of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: Laser welding test with Sn foil addition was carried out on DP600 double steel with thickness of 1.4 mm and
AZ31 magnesium alloy with thickness of 1.8 mm by using fiber laser beam and the method of laser heat-conduction
welding in an overlap steel-on-magnesium configuration. The best welding was achieved based on the optimization of
welding parameters, and microstructure, elements distribution and phase compositions of the welding joint were studied
by the horizontal microscopy, SEM with EDS and XRD. Considering the temperature dependence of material properties,
initial conditions, boundary conditions and other factors, the nonlinear 3-D conduction finite element model of the
steel/magnesium dissimilar metal laser welding was established by ANSYS finite element software. The results show that
the effective connection between steel and magnesium can be realized in the heat-conduction welding mode with addition
of Sn foil. The simulation calculation results of the weld pool shape, size are basically consistent with those of the actual
weld, which verifies the rationality of the Gauss body heat source model for simulating the temperature field of the dual
phase steel/magnesium alloy welded joints. Because of the addition of Sn foil to slow down the heat transfer from steel to
the magnesium alloy, the effect of heat insulation of Sn foil is beneficial to the steel and magnesium plates melting at the
same time. In addition, the cooling speed of the upper steel decreases and prolongs the diffusion time of Fe and Sn
element, resulting in FeSn, Fe; ;Sn, and Fe;Sn phases in the transition zone of steel and Mg,Sn phase in transition region
of magnesium. Therefore, the addition of Sn foil can help to realize the effective connection of dissimilar metals between
double phase steel and magnesium alloy.

Key word: steel/magnesium dissimilar metal; Sn foil; laser heat-conduction welding; numerical simulation; temperature
field
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