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TA2/Q235 F11 TA2/0Cr18Ni9 444 i IR 4 (tungsten
inert gas arc welding, TIG &) F & & 4 M E B
TisFe;sNiygCuy; Voo Fll TisFe;oCragNizgCu,q, ki i X
SRR A B S HEREIEA T TIF9E, &3 TA2/Q235
PLAE 2 40 UAFAE CusNi, V,Ti, NiTi, 25 JLF ] 2. [&
TR, Bk T hi s B2 S 201 MPa; TA2/
0Cr18Ni9 MREEZHZNNIE W T8 Ti Al B i 3 iy
2, FEAE Z R O 577 45 4 (face-centered cubic
structure, FCC) FA03 37 Jr4544 (body-centered cubic
structure, BCC) #H, HLH7iRE 4 187 MPa; Hao 5 A"
K HBOEEE T EESCB T TC4/(CoCrFeNi), oy ,Cu,/
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Wi, 7Emii &4 Cu S i mit, 33k 2
PrhissE 161 MPa. 25 LR, ¥ @i & & VE N IR
PR b k0 R 4R R O A iR,



118

4 H 3, 42 TA2/ Coy3CrysCus Niyy/ Q235 Fikok TIG /B 82k 41 48 5 4 6 91

5 H AT A FE A A PR, B A B A SR B A
A, HARASF S o B o N 5, T E it — 2 g
A TE ) R A A T 2 AR T2, AR
558 i IR 42 SR PR RE. 1% ] Co,3CragCus Niyg F i M
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Yy, A FIFA B FCC [ AR, mT L2 s 20, FEAIR
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LI Fe JLRRIE®, 5 Ti FaL4 @ A4k &4 Ay fi1a)
/N, A FITF AR FCC AR A48 H 99. 9%
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6 mm x 3 mm M F 0 G 4 5k, BEMR A TA2 Bkl
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Fig. 1 Schematic diagram of welding methods
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Table 1 Welding process parameters
Yo g WA L T Hizs b ik g ﬁﬁ%iﬂ% ﬁ%?ﬁ%
IA D(%) f/Hz v/(mm-s ) Q/(L'min"")
= Q2351 150 53 2 1.4 20
I ETA2 110 50 2 1.5 20

W MR Sk R H L D) B ALY K 10 mm x
10 mm x 3 mm [RFE, HRIKH] 180 ~ 2500 5 Ay b
UCFTEE, Bl S EAT I EAb B, T & R mDE S LRIR
ik OSSP . RS MDI200 14 AH
B A S3400N #4714 HE - 2 fBE (scanning elec-
tron microscope, SEM) T WLE IO 4. i X-
SHEATEHN (X-ray diffraction, XRD) Il f A #5453k
(AR, B e R A5 S R R DB HIL ) B
HERLHIRAE, 7E CTMS000 AU 7 REH S ML E ik fTHi
MR8, I S3400N B H L+ (i falcge W g2 L by
FIES.

2 HEEESRNARS K

2.1 C013Cr28CU31Ni28 %ﬂﬁﬁﬁ%{iﬂéﬂ?ﬂ
2 g el 2 S A A SO e Sk i TOou

Z1. Coy3CryCus Nipg R H i G B O 24N %] 2a
7R, M 2 1 e i 4 o SR R RS A S AR
AN THE A &4 K TR A, X =
B4 AT T HEIE Y (energy dispersive spectrometer,
EDS) S 34T, AT SR g 2 Uios, A ST
B A 07, Cr, Ni, Co, Cu i J5F 55045 31
K 36.9%, 34.5%, 19.3% F1 9.3%. A #h Cr, Ni,
Co3 Mt HEM T RmEARTTERITH RS SITER
Fefil, B Cu 0y & Sl T3 He . B i T dnlH]
i E, M3 2 AT LUE M, X EE 4R Cu,
HIFEF 5380 80. 6%, Cu ZEALFh A X Sl fi 2. X2
H T Cu W SR, FEH B TR EEREAY, CutR
54 T SRS, B HESS 2 R & WA Cu ot
FXHHEILE MR AH (Cu-Cr 12 kl/mol; Cu-
Ni & 4 kJ/mol; Cu-Co 4 6 kJ/mol) %, 5 HE T
R M LA 2E, B Cu SURLE M. H
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Fig. 2 Microstructure of high entropy alloy interlayer and weld joint. (a) interlayer of Co43CrysCusNisg; (b) fusion
boundary adjacent to Q235; (c) center of weld(WZ,); (d) fusion boundary(WZ,) adjacent to Co43CrygCus4Niyg; (€)
fusion boundary adjacent to TA2; (f) fusion boundary(WZ,) adjacent to Co43CrygCus4Nisg; (g) center of
weld(WZ,); (h) enlarged view of region N in Fig. 2g; (i) enlarged view of region M in Fig. 2f

iE 2 CO130|'280U31Ni28 EDS ﬁ*ﬁgﬁ% (E;ﬁﬁy %)
Table 2 EDS analysis results of Co43CrygCus¢Niyg

LR Cu Ni Co
A 9.3 34.5 19.3
B 80.6 8.9 6.6

X} Coy3CrpgCusy Nigg i M A 4 FIAREE 8 L E 4T
T XRD 43, HATH EE A E 3 s, bR s &
I Coy3CragCus  Niyg 2 & 4 2L & XWUAH FCC 24
¥, 43910 & Cu BY&HIE) FCC AHFN LY FCC A, 4
&l 3a fiis. RIS Hr5 HY Coy3CrpgCus  Nipg ZHEZ
R fai L, XU FCC A,

2.2 Co045CrysCusqNiyg BEE & 1 1ERE

[l 4 Jh Coy3CrysCus  Nigg (R A 42 7 il T 1 &
AR 7-R AR L. i 4 AT, FE SRR CakET
AEIR IR WL A B KR 7, IR 0 A 4 B A8 T 1
68%, Ft RHR K 642 MPa, iXFE I A WL, I H.
B RS R p a3, I, Coy3CrsCusyNiy A
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Fig. 3 XRD patterns. (a) HEA of Co43CrysCus¢Nisg; (b)

WZ, area and Co43CrysCus4Niyg interlayer ; (c)
WZ, area
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Fig. 4 Stress-strain curve of Co43CrygCusqNisg high-
entropy alloy
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B 5 Co043CryCusNiyg 1EATIEE I TA2/Q235 #k
Fig. 5 Co43Cry5Cus¢Niyg serves as a transition layer for
the TA2/Q235 joint. (a) surface; (b) cross section
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& 5 Hi Wz, Fl WZ, JREEUEAT TP b, 4k
R E R WE 6 U, ATLUE 1, WZ; X35
Fe O AE LM A AL T B, JF HLRH G B 29 5 i
HEA ], & FFZE[%AK, 1 Cu, Ni, Co, Cr 4 FiTE
FEAEIE B B o i T, A M & 2B 7
TR, H i AT B TR 11 Coy3CrygCus Nigg
A a2 TR SR, A TERSEN
AR BEY L WMT IS WZ, KIS NS AT R
MY REAR B i A R R, bR T AN 4 Foc £ A
JEAE INFRAH LT HEA BER AR, K4 I HBR
Ml HEA 50485 G LML Cr, Ti & B/ IY
RAFHN, FETE Ti, Cu, Ni, Cr, Co 5 FhCZE S # ik sh
BNy, ULBHIRAE A T =i b i .
3.2 Wz, RIEHIMUMALRRED

& 2b ~ & 2d S WZ, [X 38 P4 K5 4% P30 A0 oo
2021, Q235 il Coy3CrygCusy Niyg 754545 & = TR
WA S 45 A, IR IRE, ez KALEBA.
TE Q235 M 4 Fl Co,3CrygCuy  Nigg 142 22 Ak &k
W TR ALK, NI SHL. *
FAG A, F R SR AR | R S AR A
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Fig. 6 EDS line scanning positions and results of weld

joint. (a) EDS line scanning positions; (b) WZy;

(c) WZ,
PR, AOREAR T ) 2 AN — B0, 12 i T AR 48 Y
PR RS 10 AN PRl —, TR MRR % PN AR B o0 et At
P 25 T5 T AR, F 0 diRads S AR5 BCEAOT 1] A2
1, TEARLE N ER AR R 1 AR A AR IR AR A, R 3N
WZ, X3P AREE PO B 4% 5 EDS SBT3 T 4s
R, WZ, 19V ¥4 105 A 32.2%Fe, 17.2%Cu,
20.37%Cr, 18.87%Ni, 10.97%Co(J5. T2+ %), 1E4%
PR ATCE B EITE 5% ~ 35% ZIR], KEEE N
Wik, ASUOURYE EDS o3 73 i T v 1 i K 4%
RIS A5 A LB W), SO KRR EAT T X ST
S Hr. B 3b 2k Wz, X8k i) XRD fi7 4 E 3% 5
Coy3CrygCuyNiyg 1] JZ2 XRD fT4 GRS L, H

Al A, WZ, X385 Co,3CrygCus Niyg HYAT & S =
FERALL, ek i WZ, KISCA TR B FCC A,
SRICE L, (U T BN B, BIVAE A5 4
ISR, KRR NS, BNRSLER AR K, Frb
B AR SRS E PR S &, ABE 08 & DM [l
RAELER N A BEALA B, DI AE A4 ZR B fii 1) A
REE BRI, AR a5 9.
F£3 Wz, XiF EDS SR ANMER EFHE, %)

Table 3 EDS point component analysis results of WZ,

region
(DAY Fe Cu Cr Ni Co
I 315 17.8 21.3 19.2 9.6
i 32.9  16.5 19.2 18.3 13.1
111 32,2 17.3 20.6 19.1 10.2
FHE 322 17.2 20.37 18.87 10.97

3.3 WZ, RisHMAR KB

] 2e ~ & 2i g WZ, X 385, P K5 4% P30 A0 fOm
A, 3% 4 HE 2e ~ A 2i 455 EDS SR
L. [ 2¢ WK SIRAELS A XN L th B A]
DUE Y, FESET TA2 B, I X2 20 g ]
B, SRy SRR B AU RO R SR A 4,
P s T T A R, B PR AR Ti o080
R A 63.3 %, Cu JE T8 EIRZ M 18.8 %,
Hag 3 Moo E & /8L, AHr ikl 258 B-Ti fl
Cu-Ti b &Y. MECRAE W TifkKER o E2 T
E, BT 05a 8l 51.3%, Cu 5 Ni &4, 7
W1k 16.8 %, 18.8%, (Cu, Ni) & A 5 T4 &
I, Bl AL T AR A Cu-Ti AL & s e A H 1 5%
Wi (&1 26 S i A 4 — s & SR B i TOW 4 2
M, FEMLAAT — 4R SERE 2900 157 pm A2, X it
BEZ R ZE 1000 £5 5 4n1& 21 iR, &0 I8 )2 5

F 4 WZ, XI5 EDS S#T&ER (RFHE, %)
Table 4 EDS analysis results of WZ, region

[IVA=S Ti Cu Cr Ni Co
1 51.3 16.8 9.3 14.9 7.7
2 63.3 18.8 8.9 7.0 2.0
3 37.9 19.3 6.5 18.3 8.0
4 28.9 29.1 8.7 25.6 7.7
5 5.8 3.6 85.8 2.7 2.1
6 34.3 19.8 17.3 18.9 7.7
7 28.9 29.1 11.7 22.3 7.0
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i AL E, £ ITC R R T80 5O 37.9%TH,
19.3%Cu, 6. 5%Cr, 18.3%Ni, 8.0 %Co, JMHr it Tif
S, CrotR e S =L, KR 3FcEY
R B i 22 AN K, AR IC R e 0I5 FBEE P L
AR, 4 ST SR E, Ti, Cu, Ni & & 3EAH
2 AT TE] T AETE B Cu-Ni-Ti BEEIR. 5 2t
AbHT H B BUREARZH Y, T LA B Cr & B s, 1k
F'T 85.8%, Mt AHEZAE Cr AH, IXHERIE T £k
i Cr A ARG G, X b 4T 455
B, Z55 A& 7 B, BT AHFE20E Cr A1 O B
B SEARY. A A0 )R A T G, TR Sk
KULJE T AFR R, ATRES ™ Em gk ny
PERE. & 2g AR Ak L X RO L ZUE S,
Kl 2g FTLAR 1, FREE TR SERMIIE & XS, H K
P €8 AR B AR i S5t S5 R R 5L 1 it ) 2
ZUHRL. 6 i T TR, H T i
R 34.3%, Hop 4 Fn RS ES SHE 2L ER
M4 T RIS (EZEHIAK, B2 S Mot R 5
YEA T H B R 7 50 T ] 2R 6 [X 3, il
TR, WA T ZH Ti, # Ti & 2 IRRE
Z, KT Cu, Cu 5 Ni &MY, /it kb £ 2
P (Cu, Ni) B R 3, i 7=/ D& CuTi, (b & .
25 b, R NG K IEOT R S TE 5% ~ 35%
Z 8] (BR 4G 2Bt i 3 43 IXBAE7E Cr e &R R 4R),
TG I Y BB ) R 5 4 P Do DU

(a) Cr Kal (b) O Kal

E7 SHA€/RELEAX EDS BABER
Fig.7 EDS surface scanning results of HEA/weld
bonding zone. (a) Cr Ka1; (b) O Ka1
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Fig. 8 Stress-strain curves of titanium/steel weld joints
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Fig. 9 Fracture morphology of titanium/steel weld joint
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ficiently and accurately through a few tests.

Key words: high throughput; testing technology; high-power

laser welding; process characteristics

Simulation and design of variable polarity GMAW welding

power source ZENG Min, YE Qiujin, LI Yang, HU

Zixin (South China University of Technology, Guangzhou,

510640, China). pp 83-89

Abstract: A variable-polarity gas metal arc welding (VP
GMAW) welding power supply based on STM32F405 is built
to solve the problems of high-heat input and easy deformation
for the metal sheet, which is applied to adjust the heat input
through modulating the duration of EN/EP and the amplitude
of output current. The mathematical model of a second
inverting stage with coupling inductance is established based
on the analysis of the commutation of the output current.
Besides, ideal output waveforms and a control method are
developed to solve some problems in the process of variable-
polarity (VP) welding. On the basis of the research above, a
simulation model for verifying the feasibility of the control
method provided is carried out to work as a good reference
model for the design of a VP power supply. Compared with
the experimental waveforms, the results show it lives up to the
factual expectation. Finally, an experimental prototype of VP
GMAW power supply is developed to perform a bead welding
experiment on an 1 mm thick metal sheet. The result shows
that the weld surface is smooth and regular, and there is still an
effective and stable welding progress in case of the

commutation of output current polarity.

Highlights: (1) A new current waveform control schematic
applied in variable polarity welding is provided.

(2) The simulation model of variable polarity GMAW welding
system is built to work as a reference for the VP power supply
design.

(3) On an 1 mm low-carbon steel plate, a good welding effect

is attained by a VP GMAW welding power supply built.

Key words: variable polarity; short-circuiting transfer; low-

heat input; gas metal arc welding

Microstructure and properties of TA2/ Co;3Cr,3Cuz;Ni,g/
Q235 pulsed TIG weld joint PEI Longji, HU Zhiyue,
QU Long, JIANG Shuying, ZHANG Junli (China University
of Petroleum (East China), Qingdao, 266580, China). pp 90-96
Abstract:

chemical properties between steel and titanium, a large number

Due to the significant difference in physical and

of intermetallic compounds are formed in the weld, which
makes it difficult to achieve reliable connections. According to
the idea of solid dissolution and high entropy of weld metal,
Co;5CrygCujNiyg high entropy alloy was selected as an
intermediate transition layer for pulse tungsten inert gas
welding of TA2 titanium and Q235 steel, the microstructure
and properties of Co;3Cr,gCu;3Niyg high entropy alloy and the
weld joint were analyzed and studied. The results show that
Co,5CrygCu3;Niyg mainly has a two-phase face-centered cubic
structure (FCC),which is cu-rich intercrystalline FCC phase
and intra crystalline FCC phase, and its strength and plasticity
are good. The welded joint is formed well, without stomals,
cracks and other defects. The weld microstructure is composed
of simple solid solution structures, which are mainly FCC
phases on the Q235 side, and mainly body-centered cubic
structure (BCC) and FCC phases on the TA2 side, mainly
composed of BCC phases. The tensile strength of the welded
joint is 224 MPa, broken at the fusion zone near the high
entropy alloy on the TA2 side, this is mainly due to the
formation of brittle Cr;Og. Many dimples and cleavage planes
are observed on the fracture port, which shows certain tough

fracture characteristics.

Highlights:

plied to the fusion welding of titanium/steel dissimilar metals,

Co,5CrygCu3;Niyg high entropy alloy was ap-

and a well-formed joint with certain strength was obtained.

Key words: TA2 titanium; Q235 steel; high entropy alloy;

pulse TIG welding; microstructure and properties



