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ABSTRACT: The work aims to solve the joint failure problem of Al/Steel friction welded joint after thermoelectric coupling,
and explore the influence mechanism of transition elements on mechanical properties and interface structure of the joint after
thermoelectric coupling. The transition element Ag was added to the weld faying surface of Q235 steel rods by brush plating,
and was continuously driven friction welding with 1060 pure aluminum rods. The joint carried out thermoelectric coupling test
for 56 days under load of 40 kg, high temperature of 300 ‘C and DC 60 A with the joint without Ag. The mechanical properties
and interface microstructure of the two kinds of joints under the influence of thermoelectric coupling were compared and ana-
lyzed. The results show that after the thermoelectric coupling treatment, brittle fracture occurs at the interface of the original
joint. The tensile strength and the elongation are 96.2% and 28.9% of that of the original joint, respectively. There are cracks and
holes in the intermetallic compound at the interface. After the addition of transition element Ag, the tensile strength of the joint

is 98.2% of that of the original joint, and the fracture site is aluminum base material. The fracture site is aluminum base material
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with neck shrinkage, and there are no cracks, holes and other defects in intermetallic compound layer. Under the thermoelectric
coupling effect of 40 kg static load, 300 ‘C and DC 60 A for 56 days, the aluminum/steel joints with transition element Ag can

maintain the mechanical properties and interface structure of the original joint.
KEY WORDS: aluminum/steel dissimilar joint; continuous drive friction welding; transition element; intermetallic compound;

thermoelectric coupling
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Tab.1 Main chemical composition of the base materials
wt.%
Sample C Mn Si S Mg Cu Fe Al
1060 0.03 0.25 0.03 0.05 0.35 Bal.
Q235 0.18 1.4 0.3 0.045 0.045 Bal.
Q235 1 500 r/min 30 MPa
Q235 ls 80 MPa ls
— — — 200 kA
— — Ag 1.5¢ 300 C 8 000 A
10 um 28 d 1
C320-5 40 kg 300 C

60 A 56d
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Fig.1 Schematic diagram of thermoelectric coupling test
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Fig.5 SEM images of different joints at different positions
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Fig.7 Morphology and line scan at the central area of joints without transition elements and with transition element Ag
Ry é‘t E .
3 it BE A
[1] GULLINO A, MATTEIS P, D'AIUTO F. Review of
1 28 IMCs Aluminum-to-Steel Welding Technologies for Car-Body
56 d Applications[J]. Metals, 2019, 9(3): 315.
IMCs [2] , , . /
IMCs [J1. , 2022,
12(2): 8-13.
ZHANG Chang-qing, WANG Shu-wen, LUO De-chun,
B Ag / et al. Influence of Process Parameters on Structure of
IMCs Aluminum/Steel Rotary Friction Welding Joints[J].
Nonferrous Metals Engineering, 2022, 12(2): 8-13.
[3] > > s . -
Ag IMCs (7. , 2015,

36(9): 83-86.
WANG Xi-jing, LI Jing-wei, ZHANG Chang-qing, et al.



14

11 Ag

169

[10]

(1]

[12]

Phase Friction Welding of Aluminum to Steel for Elec-
trolytic Aluminum Anode Guide Rod[J]. Transactions of
the China Welding Institution, 2015, 36(9): 83-86.
R R , .
[J]. ,2021, 35(21): 21228-21235.

QIN Feng, LI Rui, ZHANG Chun-bo, et al. Research
Status on Axial Friction Welding of Aluminum/Steel
Dissimilar Metals[J]. Materials Reports, 2021, 35(21):
21228-21235.
. [M].

,2004.
SHI Chang-xu. Handbook of Materials Science and En-
gineering[M]. Beijing: Chemical Industry Press, 2004.
LAI Yi-shao, KAO C L. Characteristics of Current
Crowding in Flip-Chip Solder Bumps[J].
tronics Reliability, 2006, 46(5/6): 915-922.
WANG Hao-ren, KOU Rui, HARRINGTON T, et al.
Electromigration Effect in Fe-Al Diffusion Couples with
Field-Assisted Sintering[J]. Acta Materialia, 2020, 186:
631-643.
CHIU S H, LIANG S W, CHEN C, et al. Joule heating
effect under accelerated electromigration in flip-chip

Microelec-

solder joints[C]//56th Electronic Components and
Technology Conference. San Diego, CA, USA. IEEE,
2006: 663-666.

.Zn Cu/Sn/Cu-xZn
[J1. , 2022, 58(2):

s s

269-275.
LIU Zhi-bin, QIAO Yuan-yuan, ZHAO Ning. Effect of
Zn Content on Interfacial Reactions of Cu/Sn/Cu-xZn
Micro Solder Joints[J]. Journal of Mechanical Engi-
neering, 2022, 58(2): 269-275.
s s s . SnAgCu

[J]. , 2006, 27(6): 1136-1140.
WU Yi-ping, ZHANG lJin-song, WU Feng-shun, et al.
Electromigration of SnAgCu Solder Interconnects[J]. Ch-
inese Journal of Semiconductors, 2006, 27(6): 1136-1140.
SOMAIAH N, KUMAR P. Effect of Thermomigra-
tion-Electromigration Coupling on Mass Transport in
Cu Thin Films[J]. Journal of Electronic Materials, 2020,
49(1): 96-108.
SRAVANTHI S S, ACHARYYA S G, CHAPALA P. Ef-

[14]

[15]

[16]

[18]

[19]

[20]

fect of GMAW-Brazing and Cold Metal Transfer Weld-
ing Techniques on the Corrosion Behaviour of Alumin-
ium-Steel Lap Joints[J]. Materials Today: Proceedings,
2019, 18: 2708-2716.

LI Rui-di, YUAN Tie-chui, LIU Xiao-jun, et al. En-
hanced Atomic Diffusion of Fe-Al Diffusion Couple
during Spark Plasma Sintering[J].
2016, 110: 105-108.

/

Scripta Materialia,

[D]. ,2021.
WANG Shu-wen. Study on Mechanical Properties and
Microstructure of Conical Joints of Aluminum/Steel
Continuous Drive Friction Welding[D]. Lanzhou: Lan-
zhou University of Technology, 2021.
MESHRAM S D, MADHUSUDHAN REDDY G. Fric-
tion Welding of AA6061 to AISI 4340 Using Silver In-
terlayer[J]. Defence Technology, 2015, 11(3): 292-298.
REDDY M G, RAO S A, MOHANDAS T. Role of Elec-
troplated Interlayer in Continuous Drive Friction Weld-
ing of AA6061 to AISI 304 Dissimilar Metals[J]. Sci-
ence and Technology of Welding and Joining, 2008,
13(7): 619-628.
LEE M K, PARK J J, LEE J G, et al. Phase-Dependent
Corrosion of Titanium-to-Stainless Steel Joints Brazed
by Ag-Cu Eutectic Alloy Filler and Ag Interlayer[J].
Journal of Nuclear Materials, 2013, 439(1-3): 168-173.
LIU Yong, ZHAO Hai-yan, PENG Yun, et al. Micro-
structure Characterization and Mechanical Properties of
the Continuous-Drive Axial Friction Welded Alumi-
num/Stainless Steel Joint[J]. The International Journal
of Advanced Manufacturing Technology, 2019,
104(9-12): 4399-4408.
SUN Min, XIAO Kui, DONG Chao-fang, et al. Effect of
Stress on Electrochemical Characteristics of Pre-Cracked
Ultrahigh Strength Stainless Steel in Acid Sodium Sulphate
Solution[J]. Corrosion Science, 2014, 89: 137-145.
ZHANG Chang-qing, CUI Guo-sheng, CHEN Bo-yang,
et al. Effect of Ag Interlayer on Friction Torque, Me-
chanical Properties and Microstructure of Large Diame-
ter Aluminum/Steel Joints by Continuous Drive Friction
Welding[J]. Journal of Manufacturing Processes, 2022,
78: 341-351.



