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he butt joint test of different materials of copper and steel was conducted by using DC magnetic field assisted TIG welding. The influence of

DC magnetic field on the microstructure and mechanical properties of TIG welding joint was analyzed. The results show that when the mag-
netic field intensity B=10 mT, the appearance of the joint is good and the weld has no porosity and other defects. With the increase of magnetic
field strength, the tensile strength of the joint first increases and then decreases. When B=10 mT, the tensile strength of the joint reached the
highest (194. 6 MPa) , which increased by 25. 79% compared with no magnetic field. The micro-vickers hardness of the joint fusion zone in-
creased by 8. 8%. The joint was composed of steel base material, steel side heat affected zone, steel side fusion zone, weld zone, copper side
heat affected zone and copper base material. The fusion zone tissue from a large globular particles ( | layer) and strip granules ( Il layer) of
copper steel solid solution. When B=10 mT, | layer spherical iron-rich phase appeared obvious reunion phenomenon and containing copper par-
ticles increased, gyrate (o+¢) bipolar tissue increasing much and curl, iron substrate from mesh into small strips; |l layer iron-rich phase disap-
peared and (a+¢) bipolar thickness of the organization thinned. The increase of the curl and the aggregation of Fe rich phase in the fusion zone
enhanced the mechanical bite and the second phase strengthening. It is the reason that the strength and hardness of the joint improve.

Key words DC magnetic field, bipolar organization, mechanical interlocking, second phase reinforcement, Fe rich phase
0 2|= GuR LR A BEAR i PR AR I 1IN 5 [ S A 1
=]

SRR B SRS URT LA 48 AR 3B RE RS K 4%
£ A MPERR AR 3 AV AE Tl b R TIZ A v e
B WU MR T U R T TR R
T -5 A B A P RE G B R R A7 AR R 22 57 B T 2 07
PR Ao R, R ) 2 W S A EAR 22 1 R, S R Fl
GRMELGERNRGEE G, RS TEREREAR

UTAFER /40 5 b <5 g A I 3 I ) M A O 0k R
PR BRI T AR ARORAR 5, Hoh TIG 47
HAE RS EAERE R TG VE, 23] T AT, (H2
P T A i ) e TG R R g L 57 B ) ol 5 i/ 409 S o <
J& TIG Jf4E Sk VR AR 22 NTTBR ) 1 HSEBRE . A nwg
HATMAR B 450 115 157 00 BE AT 2008 i 122K T 2 PR RE A5 1
BB ENAMEF I Z O, Chen 55 PR AREY) MIG
WOCHRZE 5 BT 1045 304 ANEEAN, 45 R R W] 1018 Y ) #E

Gt R AP FARAZ (LA T, 2522060 X ARk S A 4
JREATRE B MIG JESTARBIT ST, 45 R, Sk e 7
Ja KRR AR IS AP AE Y SR B G, Rl 7 5% il A
FE Sk A Ao i 2 P 3 48 e

SN ELRRE S , B IR AS AR RS . X B i
TSI 1) R 74 ) R 5 4 25 1O, A B M A N HE AR TR
R AR A5 B A . SRR, SN 1 7 i et = il
JEE TS P AAEAT B4R T

SN E R W Re % X 154 TIG LI AR & 43 11 AT L1k
PR AEHEARAE e Sk R W SR B A 2L, AT B R
S A C RN~ D A N @ 1 B U ) T NN ER R 2770
-BIHEAT TIG XX, WF ST 1) B IR W3 X K4 Sk 10 4 4
2T CIRAVS IS SR UE ARSI NN RIR 277k
BSEFADRE TIG JE B9S2 PR IR AL EE IERl S T 2275

R4 H . ERKH AR 4 (51965045)

This work was financially supported by the National Natural Science Foundation of China (51965045).

< xzyww @163. com

22137

DOI:10. 11896/ cldb. 20070129



A SR 2021 ,35(22) :22137-22140

1 %k

PRI BHERE 2 mm JREY T2 S04 A1 Q235 KA A9, R
FILAE A 120 mmx60 mm; #E223% F ®2. 5 mm Y HS201 4415
22 IR B4 K FH 5l WSM-315B 78 1 9 Sl S KE L oR
i B 38 VR W e A 2 G A R TR R 3 B
7 L g A I8 i 7 HL T, 2 T4 TG 37 0 P T AR A, AR R
FACE AN 1 oo S 1 M DR 1 T S A T A ) A
P W KA O 1] B 000 0. 2 mm | U225 15 O 1] 5 3% 22, 3% 24
1A 120 mm, A A5 B BT A TEIBR A 0. 2 mm, 56 FP AR F
SRIEHLTN 95 A AR 95 mm/min, #3758 5 1 Ry
0 ~20 mT, WFJE B G 37 00 H8 4 Sk B JR 82 WUE | 2 T2 248
FI2FVERERY R, SR RS S WDW-200D FAL4% il HL 7 5
AEIIRHL, L)L 0.5 mm/min YA H MG I H2 K Tk B2 $ir
e RSFan & 2 s, SR 25 4 DureScan 4 [G g S A8 JiE
TR Sk W AR B L >R FH %% i U8 ( Optical microscope,
OM) 37 % 5 i ¥ F B85 ( Scanning electron microscope,
SEM) X% 4 X ( Fusion zone ) #F1 7L, ZEFAH#E BT SR I
AR IR 3 B A3 A, IF BTG {X ( Energy dispersive spectrome-
ter, EDS ) i 52 45 LW AH %45

VA

Welding
X Sliding torch TI(_;
Magnetic rheostat | weldl.ng
contrel [Excitation machine
power a
supply
1

U

Copper | Steel |

I Workbench
1 B R A

Fig.1 Schematic diagram of welding device

5 mm

~_ Weld seam -

4

73
2

&

N
L2,

B2 frffidae R

Fig.2 Drawing of tensile specimen dimensions
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Fig.3 Appearance morphology of joint without and with external DC magnetic field: (a) front morphology of magnetic field-free joint, (b) reverse morphology

of magnetic field-free joint, (c¢) front morphology of joint at B=10 mT, (d) reverse morphology of joint at B=10 mT, (e) cross section of magnetic field-free

joint, (f) cross section of joint at B=10 mT
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Table 1 EDS results (at% ) of various points in the fusion zone in Fig. 4

Point Fe Cu C
A 86.51 6. 68 6.81
B 26. 10 67. 50 6.40
C 8.23 86. 05 5.72
B=0
D 90. 02 5.11 4.87
E 85. 66 6.61 7.73
F 80. 55 13. 48 5.97
A 86. 01 6. 68 7.31
B 26. 02 67.48 6.49
C 10. 18 82. 68 7.14
B=10 mT
D 91.22 4.53 4.25
E 86. 68 6.57 6.76
F 67. 54 26. 54 5.92

B4 LS TS X SEM 3T H : (a) REP; (b) B=10 mT
Fig.4 SEM comparison of fusion zone with or without magnetic field: (a)
no magnetic field, (b)B=10 mT
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Fig.5 Effect of magnetic field strength B on tensile strength of joint
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