32 E AW FEHEERFIR

Volume 32 Number 4 The Chinese Journal of Nonferrous Metals
DOI: 10.11817/j.ysxb.1004.0609.2021-37938

2022 4 4 H
April 2022

T2-Y/Q345B W & Bk
MMLALR 5 F1z 1 gE

RO, BAA, KEAR', RERY FAT, £ &'

(1. PUH T K% MERZES TR, 752 710048;
2. T KL ER R AR AR, i 710087)

i OZE. N T IREANE SRR L, IREEEES M B ERE, R S201 S 22X T2-Y/Q345B 57 i
MEREAT AR TEE O F B R GMAW) RS, 3 BRI A 0L R, il 2506
WEFL T AR AR T 20 Al AN B Sk L U PERE MR . 25 R W X T2-Y R4 BEMA EAT I AT LA AL 34T
FI TR mt e & B R F, RE RS R B Rt oK. A (X (HAZ) 3 5
AR A LA, FmiEERE TIFELT K. H5, 1R JORERER/ER TR h o Rk G5
TR Hb, FeroBxIR4E)E BAH AW ER, M SEBURSERERE & TN B . HeSkbihing
FE 5 15 224.1 MPa, G5 BUHIIBEM 58 BE 1K) 90% LA I o ARG X SRR, oA IR Sk (M 3 A5
XA sk TAKREL BOMZLLl JifEvERE

XERE: 1004-0609(2022)-04-1014-11 FESES: TG407 XERFRERD: A

SI3TA83: ki, AR, TRk, 5. T2-Y/Q345B W& JE H L WO AL 435 71 2 1 Re U], h A (4 8 4k,
2022, 32(4): 1014-1024. DOI: 10.11817/j.ysxb.1004.0609.2021-37938

ZHANG Min, DU Ming-ke, ZHANG Yun-long, et al. Microstructure and mechanical properties of T2-Y/Q345B
bimetallic joints[J]. The Chinese Journal of Nonferrous Metals, 2022, 32(4): 1014 - 1024. DOI: 10.11817/j.
ysxb.1004.0609.2021-37938

B E DU DAL R A R, AR — AR

Lo IC R I TSN N 755K MR R RRIZ D
6] 2 DIREAL, DRI XT A M A g S T By
PRSI EORUY, SR RS e, 3
PEREREMESERS /L, C) A TE. AR A
WAL T UL R AR IS il i S5 . Hil T e m i
5, AR A S A KRR STk, W
iR e & aii . RSt @A R &, e LR
UEZE R ARG TERE A RT3 T PR A BRASZ H il
RE R DR A S i B T A D B b

BRAM—FEE, BRAWERE. YT AR
LA, RISk, 8RN SRS R R A A5
PERE B — S5 M, AUERFA R RETF LA
Iy RAE, T HAKKBRS T Tk filis s, FHE
G 4 M AR K B AR T 45 A A ) o 55 A 15 22
m};ﬁ[lo—m]o

HAT, B PAE 2 55 e A A
EHAT TR, B T BN FE R R AR
RO R R 0O SR ] MIG-TIG XU 9IS 3575
(0400 /8 S P R R e Sk M SR S MR R AT I ALK

HEWH: EBXRAARRZELSHBTH (51974243); Bevbd BRI IEAETT 71T R B2 Bh I H (2019)2-31);  7h 22T BH ok kil T H

(201805037YD15CG21(16))
WimHHEA: 2021-03-18; f&1THEA: 2021-07-14

BIEESE: sk 8, #U%, 4 HiF: 029-82312205; E-mail: zhmmn@xaut.edu.cn



BREH4H

ik BG S T2-Y/Q345B W& & Bk oW L 41 5 g2k g 1015

L, B MRGm XORAE T B BRI, I
HAHEWT . FRACIR R AT LB R e Sk i e
BALBE S5 Wi i STt A 2 A AR P AR
BEkMAHS S MEREHHT T, SRR EHE
PR L2 BT, DR B HRReth
F R L, B Sk 9 T DUIA B 482 MPa.
PHANIKUMAR 26"ER H CO, Ot I8z 14 77 =0 i/
B OMRHEEAT T RS, 0T H AW 4 2R Ak
BUBIEAT 10 ir . ARRH: AN mpREE .0
A, BH LU SR AE KA e AR 5
Gb, EARMNE A X BRI T R FZ RIS . A
MM, H AR K LR N BN HOGIE . TR
TREENEEAR ST B, MECASCIUOR RS AR =, X4
VPR AR5 1) 38 AN o

R, ASSCVE & LT RN 5 5o R 5
SR A AR AR R A5 S I 80 7 S WA e F i 2
T 0 AR B T 2040 5 R B B Sk A LR
REffszma ALEE, @ HS MR 2 MR R R,
R R TR AR s 25 At e 4 1) ) i ik — g (R BB SCHE
NI FEEARR AR b PR A 7= i 3 A

1 =CI§

1.1 IR

56 BT K F % BERE 2 Q345B AW AT T2-Y 284
RS 84 300 mmx150 mmx5 mm, JFE4%IE T 8
NEAR 1.2 mm ) S201 2B 1R 22 . BEM FIIE 7841
W B R 1 s, 1 PEREINER 2 s o

1.2 HWHFE

AR IR B #5 R A N MIG/MAG SR IE
Bl EHLE S YD-500GL. H T 45 F iR
PAENEN, R T Bk IRARE S, DA

&1 WA Ry

Table 1 Chemical composition of test materials

Mass fraction/%

Material - -

Cu C Si Mn Cr Ni Sn
Q345B <03 <0.2 <05 =<0.7 0.3 0.5 -
T2-Y =99.95 - - - - - =0.002
S201 =98.0 - <05 <05 - - <10
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Table 2 Mechanical properties of test materials

Tensile Yield )
) Microhardness
Material strength/ strength/
HV,,
MPa MPa :
Q345B 450-630 345 140-160
T2-Y 215-275 - 60-90
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Fig. 1 Schematic diagram of welding joint groove
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Table 3 Welding parameters
Joint Weld Welding Protective gas Preheating ~ Average heat
Current/A  Voltage/V o ] ) ,
No. bead speed/(mm+s™) (volume fraction)  treatment input/(kJ:cm™)
Front 200-215 24-26 2.54
1 20%CO0O,+80%Ar No 14.5
Back 190-210 22-24 4.16
Front 215-235 23-24.5 3.13
2 20%CO,+80%Ar Yes 13
Back 220-240 22-24.5 4.20
Front 210-225 23-24 3.15
3 30%He+70%Ar No 14
Back 190-205 22-24 4.18
Front 220-235 23-24 4.15
4 30%He+70%Ar Yes 11.5
Back 220-240 22-23.5 4.30
Front 260-275 22-23 2.55
5 100%Ar Yes 21
Back 195-225 23-25 2.18

N [EIE, 18 F MHV1000Z %8 % 5 4 [ AH 25 1)
BRI B, ISR T N 0.98 N, T
HEFFIF RN 15s, 47 ATEFE 0.2 mm.
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Fig. 2 Schematic diagram of tensile specimen size (Unit:

mm)
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Fig. 3 Macroscopic morphologies of weld: (a)—(e) Welding surface morphologies of Joint 1 -5, respectively; (a’)—(e")

Welding section morphologies of Joint 1-5, respectively
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Fig. 4 Microstructures of copper fusion zone (WM is weld metal): (a) Joint 1; (b) Joint 2; (c) Joint 3; (d) Joint 4; (e) Joint 5
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Fig. 5 Microstructures and element line scanning results of steel side fusion zone: (a), (a') Joint 1; (b), (b") Joint 2;
(c), (¢") Joint 3; (d), (d") Joint 4; (e), (¢') Joint 5
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1 — Plane crystal; 2— Cellular crystal; 3 — Columnar crystals; 4 — Equiaxed crystal; S— Solid; L — Liquid
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Fig. 6 Schematic diagram of constitutional supercooling and solidification model of steel fusion zone
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Fig. 7 Stress—strain diagram(a) and average tensile strength and elongation diagram(b) of samples during tensile test results

RIS R B 7 ok, 78, 3k 1. 2
(RN B R aE, k3. 40 SWIRALE N4
MFREEm X . Hodr, Bk 4 PiRiE e, BE
224.1 MPa, 35 T2-Y 50158, H 3 £ FA7 K
FEEWT AT B I T W RSN I 5, R WA
FESK I B PERLLT

Nk — 20 T SRR SR I L], 6 A
F13E4T 7 SEM WL %2 )2 EDS 7047, 4% B4l 8 s
K 8(a) T NSk 1 T ISR, AT LA L
TP, B X3 B T 20 & R ORAR e 2 J R
FL, XTHEESKBREE A T AR AWEI8(b). (o)
AU I R X AR )5, B E B oy

A RKANA—HFLIE, REAFEEBTR R B R
G017 — BT . (HI R A AR D B
BRIE e, IR ] REE RSk 2 F0 3 g R 5
M PR35 . T BT 8(d) (o) T AMNAELE B B (R TR iAT IR A
P, MAAERZ MR RS, 8 T SR A 2
2. ERI) RIS T, REE2s I
— B R MH i o-Fe, X144 R A — 2 Mk
FH o TR ARG e X Rk A ™ 2, (752 X 3k
DB ISR R R S AT . R A LA B
ATDAMRH, PERE AR R RN . PR I HAZ
(1 i O REL LA AT i) 2 B2 v AN S5 I 2 Sk i JEE T A A
AT WKW X3 H B ) R 2R 14T EDS RETE 43



BREH4H

ik BG S T2-Y/Q345B W& & Bk oW L 41 5 g2k g 1021

8  HKAHLAHIT LS

Fig. 8 Fracture morphologies of joints during tensile test: (a) Joint 1; (b) Joint 2; (c) Joint 3; (d) Joint 4; (e) Joint 5
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Table 4 EDS analysis resutls of zones in Fig. 8

Mass fraction/% Phase
Zone ..
Cu (0) Fe composition
A 66.03 32.68 1.29 Cu,0
61.54 33.10 5.36 Cu,0
C 56.46 27.75 15.79 Cu,0
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Fig.9 Hardness curves of welded joint
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Microstructure and mechanical properties of
T2-Y/Q345B bimetallic joints

ZHANG Min', DU Ming-ke', ZHANG Yun-long', ZHANG Bing-xian®, LEI Long-yu', SHI Jie'

(1. College of Material Science and Technology, Xi’an University of Technology, Xi’an 710048, China;
2. AVIC Xi’an Aircraft Industry Group Co., Ltd., Xi’an 710087, China)

Abstract: In order to optimize the welding process of copper/steel composite parts and improve the mechanical
properties of welded joints, the GMAW test of dissimilar material around T2-Y and Q345B under different
welding technology was carried out by using S201 copper wire, and the influence of different welding processes
on the microstructure and mechanical property of copper and steel welded joint was studied by metallographic test,
scanning electron microscope test, tensile test and hardness tests. The results show that the preheating treatment of
T2-Y copper base material is beneficial to improve the spreadability of weld metal, and the different protective gas
also has a great influence on the joint quality. The heat affected zone on the copper side is mainly composed of
twin crystal that grows perpendicular to the direction of fusion line. In addition, under the action of arc force and
concentration gradient, the elements in the weld are fully diffused, among them, Fe element has the second phase
strengthening effect on the weld metal, so that the hardness of the weld is higher than that of the base metal on the
copper side. The maximum tensile strength of the joint is 224.1 MPa, which is more than 90% of that of the copper
side base metal. Due to the serious grain coarsening in HAZ grain on the copper side, this zone becomes the part
with poor performance.
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