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Table 1 Physical properties of Al and Fe
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Material Density/ Melting point/ Thermal expansion Thermal conductivity/ Specific heat
ateria
g-cm” °C coefficient/x10° K™ W-(m-K)" capacity/J-(kg-K)"!
Al 2.7 660 24 237 1080
Fe 7.8 1536 11 80 795
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Fig.1 Phase diagram of Al-Fe binary alloy’

[20]

IR F BERR T LR A ARRIR E AN & < AL 22 0 [ A
52 B4 BN R B 52 o St 2 SV AR e A AT AL )
AN B (D FHH T AL Fe J& T I HH 5 (2)Fe J5
TAE AR TR IE B ALIRES , JF a6 4T Y IMCs 5 4% 5 (3)
B TC R — 9B IMCs SR K ORI T RGESEZ 5 (4)
ANJF] Fe-Al @ AL S A HHAR . e AR89 5F
T X TR AR BSNS540
B IMCs JZ 7T LU 58 510 25 6, A R 5 40 i) 5 i 2%
R ML JE (1 IMCs J2= 0 2 450 403 82 S PR e A, 72
BEAT BRI 5 b < i AR 1 s A Hh G S 7 A 2
IMCs JZIJERE . HAT, WFFEN 53 3 2R A3 41 1 3
LG T EZHA I 8] JZ i LLA N e 37y 56 7 oK
2 Fe-Al & M AL 590 )= 1 3 BEANE 25 T 3R A5 57 T
A YEREIL R B A S A

2 E/NEMERERSIEMTIE

FEM e B IR ROR OO RO I, H AR Ot
& (laser welding, LW, H 9 /£ (arc welding,
AWDPS L IH 5 4% (resistance spot welding, RSW)P 1,
6 P JBE 45 (friction stir welding , FSW)F 128 77y | H
HAEORET, SR, S Fh 4 1 3G A )0 o b TR P
B B, F B DL B HL K3 B4 ) i& (wire arc additive
manufacturing, WAAM)P' F I ¥y K IR 148 & (laser
powder bed fusion, LPBF)®*** (30l 52 [4] fg & TR (laser-
directed energy deposition, LDED)!"*** 2% 730 h ¥, % F
W, AR B AT e i < e BG A ) 3 5 1 R 2 TR] I S
[F) 2 Ak, 550 S/ ke A1 H oG A o i L ri SR AN SO 1
PG ORI T R AT A
2.1 $B/5NELITE

DI LA 8 2% AR 3003 vy B A RTE S A,
TE 45 i RS/ R 2 B R 2 ST N A+ 23 T2 . /AN
F, TG 5 > FH e AP A=, BRI o 510K /480 7t T
I, R SRR A AL G SN AR & SR I 7
@ KA A I R AR N R TR BT IR Rk T R 48 S5
BB AT B AR FE R U AT 7 N B Al P P
AR P4 (tungsten inert-gas arc welding, TIG) /& 4L K45
PEAS AR AR 745 (metal inert-gas arc welding, MIG) Fl1¥4 4
JEILIE (cold metal transfer, CMT) %5, H,CMT S A%
JR ez Al AL 5 MIG AHSE G, $RA5 1 5 i R 4 T



526 e WA EEMES TR

554 3%

TR TE 1t B AR B N\ S AR
Sravanthi Z£°753 51 5% B TIG 1 CMT £ AR %+ AA5052
Aa & S EEHCIRAN AT TR . B2 Bs,
FAE R ATV BN R TR R T — 8 JRE ¥ Al-Fe-Si
EWZ, BT CMT HoR BA AR N , BRI R H
A AR R AR89 32 3k T IMCs J2 1) J5 55 R 6 35K B
IMCs JZ )& FE 5 #vii N i s bEPY . R i SR
fik b CMT 1882 7 1538453 T 2 ML 3 R 4T 1) AAS052 5
B B/Q235 ARRAN X He e Sk, AR BN ST AL R B 171
JEFE 2110 pm 1 IMCs )2, H2H 2354 W 40 ) 2 K 1) IR
Fe, AL fHFISE I 88350 51 5 A i) FeALLAH . %5 IMCs J2
JEFE (1 AR, B0/ 3 S PR o A i B 38, >4 R 18
& RUF HA T % I 2 3k 1 0 R 5 B A e, 0 3
158.3 MPa, L W 24 {37 B M 45/4K 3 18 54 5% 2 55 BEAF X
FH AT L, IMCs PR T 25 R0 RS 2 R B8/ 42 3k ) 2 1
REFR DA 5. VRS0 F g 1 4 B r IO T AR BOR
HIHL T AAS052 554 4:/SUS304 AN E N Bk . &l 3 Fr
TN » [t A G ) 8 T, 5/ T AT IR 78 AR S I R

Element /%
51.74

Braze bead

R, FEAE N B E IMCs J2 R B J2 45 W 4 R VTR A ST [+
i IMCs J2 JE FE 1 R 4G 10 1.99 um BN 7.95 pm. 2415
HIl 0 0.2 mm I, A5 JTRCIR S 1T BN B Sk i bz
R JE S, 1A B T 152 MPas MM A $] 0.3 mm B, JE
IMCs Jz= 1) 47 75 A5 45 Br/AN 43 Sk 1) e P 386 < i P8 e
BT, AF 70N G 2267 F AR i 2 b 5 NG | 75
Wy VEBVE AR TR A8 B T BO R/ L AT TR, B
WAS 7 — S A E 0 B R I S iE 5T A W] D HL I A
G RN T A R TR R TR 5
2.2 $R/ARE SRS HIE

X T B IR S5 VR ERTE R R I AR AN R
K R IR T VAR A SE B S W0 RSO o« TRAA% Gt AL 9IUAR:
TEFR/AM 52 A% 540 A 7 T TR SR PR S S BT S R
P A AR 22 32 B A AT L R R ik 75 i U ) ) J 2 —
WAAM LR 42 B IR TR, WK [ b AN (7] 46 Je8 22 44 1
A AT 1B JZ HERR , B ST AT 24k 45 ) A1 1) — AR A T
JaT il & A IR MERER AL TR T S IR
FHLL , WAAM I FEAMEL S T ARAR 6 8 )= TR IR R 42

Element

Fe 57.01
Braze bead Si 0.05

P2 R [R] AL ORI TT IR AR A0 2 S 4 A ST R T 35

Fig.2 Microstructures of the braze bead-steel interface in Al/steel joints obtained by TIG (a) and CMT (b) technologies'
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Fig.3 Interface microstructures of Al/steel joint under different offset values: (a—b) 0 mm; (c—d) 0.1 mm; (e—f) 0.2 mm; (g-h) 0.3 mm
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Fig.4 Characterization of the fabricated Al/steel bimetallic structure: (a) as-deposited component, (b) interfacial morphology; (c) inverse pole

figure map and (d) phase map along the build direction!®
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Fig.6 Interfacial microstructures of the initial (a, ¢) and subsequent (b, d) Al/steel interface in additive manufactured Al/steel components under

magnetic field (a-b) and without magnetic field (c—d)"™"
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Fig.7 Laser welding-brazing of 5754 aluminium and CRRA 1000 steel: (a) schematic of Al/steel laps, (b—c) microstructures of the interface

between weld metal (WM) and steel for the specimens fabricated with welding parameter #1 (the spot location containing 1/2 aluminum

and 1/2 steel) and parameter #2 (the spot location containing 1/3 aluminum and 2/3 steel)"”"!
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Research Progress on Welding and Additive Manufacturing of Aluminum/Steel Dissimilar
Metals

Lin Chunfa', Li Xiang’, Han Yugiang', Dong Longlong®, Dai Yuxuan', Zhu Chengqi'
(1. School of Automotive Engineering, Changshu Institute of Technology, Changshu 215500, China)
(2. Advanced Materials Research Central, Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: Aluminum/steel bimetallic structures show a good application prospect in lightweight vehicle manufacturing due to the low density of
aluminum alloy and the high strength and low cost of steel. Nowadays, aluminum/steel components can be prepared easily and rapidly by welding
and additive manufacturing techniques. However, there are some urgent problems such as the differences in physical properties between Al and
steel, the formation of continuous Fe-Al intermetallic compounds, which decrease the mechanical properties of aluminum/steel interface of the
components. The weldability of aluminum/steel dissimilar metals was discussed, as well as the development status of aluminum/steel dissimilar
metal welding and the regulating and eliminating methods of Fe-Al intermetallic compounds. Moreover, the latest investigations on the arc
additive manufacturing and laser additive manufacturing of aluminum/steel bimetallic components were also expounded. The similarities and
differences between additive manufacturing and welding of aluminum/steel components were investigated. Finally, several suggestions for further
research directions of aluminum/steel dissimilar metal welding and additive manufacturing were proposed.

Key words: lightweight; aluminum/steel components; weldability of dissimilar metals; bimetallic additive manufacturing; intermetallic compound
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