HS53L oM
2024 4F 9H

BAEEREMBISIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.53, No.9
September 2024

DOI: 10.12442/j.issn.1002-185X.20230406

R BURILER Si P E] /= X 50 5 & LUK B EE R AR
EREA SRR

KedF 2, £ |2 x

He 1.2
(1. ZNMBET RS AHLEEC&RLEN T SHEAHERESLRSE,

B2 BARAR N, KM S

HR 22 730050)

(2. ZMBET R MRBZS TREZERE, HilF 2 730050)

(3. THbA < Jm B F B,

O SRR BHRER Sik AR

PR HEAT AR o RFEL IR MY Si i D2 RS NN 4 S SR B R b I BE R L R SRR R DA R R S g A T R

Bevt i 710016)

FAE Q235 H # iy T T L 29 20 um R[] )2, A H HE S IR BE#R 2 15 1060 40

FL1H IMCs

o R M RE RIS . S5 SRR W) Si P )2 BV IR/ BRI ST R R EE R B, BRI TR R S BB AR R A
W, BETIAEAS &R AL GBS B RRAC: SR ERT R, B MBI G, W0 T i
&R B Y ETE I FerAls Fll Fes Al # 71 S ERE BT ) AloFeaSisy AlosFesSios T E M 53k & A0 B 25 ih A1 £

Yt 590, HOIMEUIR N, I MR A A S R G

KR WH/ANFRE L EERIEEE, BRE, REKLEY; e

FEESES: TG456 XEkFRINAS: A

XEHS: 1002-185X(2024)09-2524-11

WE 4L 9K zh R 2 18 ( continuous drive friction
welding, CDFW) &8 180 & & 44 [ i B A 3
BEM & B AL S, AT 2 A 2 R kA6 A 22Kk 0-2), K]
I, R IEM . BRI EAT L2 B2 R A
SR, HH T A e A [ s P 22, 3k 3t & &
J& 8tk &% Cintermetallic compounds, IMCs)
FesAl. FeAl. Fe:Als. FeAls DL K FesAljsl4ol, Hp
FesAls. FeAls %M fifi IMC 23 W2 35 PR AR 42 3k ¥ ) 14
REUl. [EIT, PSS A Selih e i BE R 2 th e Sk s
07 W BEAEHAE AN R, 49 BEHE = O], S8k
IAPEREAH LA ST R B, i 2y LB A RE .

ok TR A G ol U a R R ol LT R
PEBE AN 3 &) 1) /L, 2 A O W N & 8 R
18] = i 77 20 B A R ME 1 IMCsE0-121, 4] 5k Bt
KM, EHE/NELRPHRIMN Ag. Niv Cu, Cr 5
4 J& v 8] )2 A 45 ] DL 3 BH W BE A B9 AH By E,
W/ IMCs I J2 B, 78 541 AR B ) 22 T R 5 I 1
M I /E B 13100 Senthil U5 T SS304L 5
AAG063 (1) BE B2 05 E 45, A5 Al i w8 (1 07 f
H(Ag). BN (Cr)fE ] JZ 4% 72 SS304L

is HER: 2023-09-11
HEEWB: EXRARBIHIES (51961025, 52261013)

HEE b, FEARMTEE I TH#TRE. &
R B, W Cr gt & W8k 7y 5 1k R W B o,
PrhraR S ph U EA RS R, WEH
Wr o0 5 W% . Reddy US145 AR A M85 1A ¥
Ni. Cu. Ag 3 FhJc & 70 Al ¥ | SS304L & 4 #
i, R H CDFW 5 AA6063 #E47T 15 8, @i
W R I Ag i Ia] JZ ik 2 B = /A, Bk 4
J& T A6 & P I T B, TR)BF AT B ARG AR 2 B I R 4 R
e, BRI E, Bk &8 AL A Y IR K
BE & B 5T 03k fE, 5 AT R ) 2 T B Ik 4
mzrk, FEERBRRESEBTR. FL£BET
ORI A B IR A A, x4 Sk R B OR R AL
MAEH » Kang ZU°1E HPF R M N T Al-Si
WEHESBREGSHAT T A EHEBE KR, &3
KW, W E T DLk R SE RO 0 5 4 Sk TR 1
Shehabeldeen29145 7E AA6061 554 5 T6 %k Bt 7] s
IS8 Ak B0 98 K Ry R I 35 AT 40 FF BE AR R B R
iR, SEGBELM, & SR
A/ S £ s AN (W A L 2 el A (it
Ak, AT REAR 78Sk S IMC B R .

EZET: SKEH, 5, 1973 44, Wit B, 2N T AR R e m et in T 5 A E X E R e, Hlt 221 730050,

E-mail: zhangeq@lut.edu.cn



%9 W KBTS

ARV Si AR NS

SN BRSSP RE I R + 2525«

BT UL B, Sionf DL 8 /4045 3k 7= 4R 2 07
TH] PRS00 o Si7E 45 AN 42 Sk o mT DU 31 B A1 45 BE A 1)
5 R, AR SR BRI TN AR Ay M e N BB RS JE
A R AL . I A Ak R R A S B Ak R
BRBE AR SR A I & R M BE 21220 5 Fe/Al I [ ¥
W, 5 Fe AERERBRMLEY, HIEB/ANE
kit Si TR A B HE FeaAls o A [ & BEE, 45/
X FLT 2 42 i Fe-Al-Si = Ju#i#H, 1 Fe-Al-Si 4
KAHEL FeaAls N8 23, X A6 43 71 & @ L &
WA KR RS, R, Fe-AlL-Si B Al 1 22 1 Bk
BN R, GuolP 45 i 35 — M R B R 4t Hh B A
T Al-Fe-Sift & ¥ ( #H > ¥ it , A 4 Al-Fe-Si
&Y RRBEER, L FeALSI; A #H B IF 1 5
2R .

gx b, Signz al LA R R N Sk T RE
SR H T CDFW WA Ak 72, Jo & s 7 K52

J& e v J]F @40 mm=80 mm, 4z % [l B 29 60 mm
) Q235 N #E, HLhLsE L 435N 60, 390 MPa. BE#f
Rt 1 o, MBI EER MR iR R
WWBEIRTE ST iR I B W IR e m R W, T2 RRE
e C1D 8 R I %ok 40 s 67 43 iy 2 THD 32 AT 158 AL Ak 24
(2) FBEMKE Si PR B AAEH N 30 um; (3D Xt
AR AT BRI A3, TRAVGER N 100 °C, A

N 20 min;  (4) FEAON o T B AT W R a6, AR
TR, BEWE 280 °C, K/ 0.7MPa. Nk

HEFE ] ] R R, K AF B Bhik e Wik B
IBAT o A e B T R A A b B E AR R A A AT 2
R PR AR, 20 4 AT R AR JE AN
0 T PCAR 1 295000 Si R R o RESIN/AAN AN S [a]
JE AN MR B SR W 2 fros, B 2b 9 Si %
MR IR R SR A A, 18] 2¢ RTTHLRERE, K 2d
N Si R EB e A K. T RN RS B R

B2 )5t I A B N DS BN L 7 S N o i
i Ve BEIRVE RS ST R US N B Q235 A% # i T F Ay o Q235 1060 Al
fJZ, il CDFW 5 1060 45 # 3L 17458, @i X} 1
PR 36 B 7T ST o I J2 B R 00 42 Sk 4 42 5o A o 1 @40 = = P60 | PO = - T
B BRHLAE L ARG P B S Sk A2 B e L T IMCs o b T
TES R VERE ) 52, NEREN CDFW [ 4H S HF 7t 42 it
g R PR . Welding end face
1 3£ I8
" B 1B R R
SEIG A K F 040 mmx 125 mm ) 1060 4545 DL A Fig.l1 Schematic diagram of sample size
z1 BMHEEUERS
Table1l Chemical composition of the base materials (w/%)
Sample C Mn Si P S Mg Cu Fe Al
1060 Al 0.03 0.25 0.03 0.05 0.35 Bal.
Q235 steel 0.18 1.4 0.3 0.045 0.045 Bal.
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Resin for inlaying
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Fig.2

Weld surface topographies of steel side: (a) without Si interlayer, (b) with Si interlayer, (c) surface roughness of Si

interlayer, and (d) sectional metallograph of Si interlayer



* 2526 -

G E AR R

53 %

FEXE ML) 20 pm, 8RO %2 a0 B 2d AT Si
W] 2 B E N 2~3 um. Siofy 55 IR 4 7 4%, Q235
W B REREZ) 5 90, 1060 455 Al 4 3 4%

AR C320-5 AY3%E 0K A) BEHR IR AL, W]
ik PLC #6520 B 3 E A B (S 5 RER
SRR PR E U LBEREEES . REH
FEIR AL g . B RAR RS . O . RERFM
BOHEAC S A K- R AR e N DR AL R R R
TR, IR AL AT B R BE A F AR T 2 mm, BE A0 0.5R
Ab, REMRIEE S22 AD8495 UK, H 8 /RIL
WIERBENER G, HTREHRE LB ET
B BRES, IEER. BEESHRUEANEES.
K H NI USB-6008 %4k K4 K T HHLE 7 H %
RS 5 DL GRS 5, A R 00 10 si A 8 BN
k. WAREEIME 3 iR,

SCIG IR S BON FE 1500 rominT', FEHEE )
30 MPa, JEHERF(A] 1s, Ti#%IE /7 80 MPa, Til4kHf

Control of PLC

| Stator current || Stator voltage
L ]

Integrated hal
sensors

) 1s, MBI e M, e a . A5 A A PR R
Briis, REAR 2 AARBNFEEE LS 2 ANE
T Si i a) J2 4 Sk 08 5 R 2R D) E0K Sk U BN R A
GB/T2651-2008. GB/T232-2010. GB/T226-2015 ¥
SE AR HERLARARAE . T R RE . AR, & DIE
R B 4 B . R A Quanta FEG 450 3 & 5 43
Fili LT OB R R T BT 1 DA R BT I T ER A
i« K D8 Advance X 5t & A7 5 A0 49 0] iz et By 11
AT, KA ESA T AP KA 0.0297s,
¥ A3 2] XRD K% 5 45 #E PDF & F X & 5 2 #7 o

K H Hysitron TI 950 44 K H IR A H T W & #2 3k
IMCs (18 J& 5 5 PR A 5

2 #R5iTR

2.1 BEIESELIEUMR
FEFEGIR R I RE s BEHR AR DA R R B R SR
Bk RE A2 RS RCR A R S AR A 1 B AR

Temperature signal

( AD8495 )

i
( NI USB-6008 ) ( Upper computer )

3 SRR &ARER

Fig.3 Schematic diagram of experimental equipment

Welding seam ,

5 38 -
! =]
] 5 oo Ii§
-
100 5. b
T milEE
422/ slalz| || 1]2]3[\2 E : —=
1 g
3 2 [ ~f o
5 = [ | ®
13.6 71 | 72 |
144

K4 LUIEHRE

Fig.4 Schematic diagrams of wire cutting: (a) microstructure specimen, (b) bend specimen, and (c) tensile specimen
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interlayer and (b) with Si interlayer
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Fig.10 Trend diagrams of nanoindentation results of the joint without Si interlayer and with Si interlayer: (a) dot position of the

joint without Si interlayer; (b) dot position of the joint with Si interlayer; (c¢) load vs depth curves of the joint without Si

interlayer; (d) load vs depth curves of the joint with Si interlayer; (e) elastic modulus curves; (f) hardness curves
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Fig.14 EDS element mappings of Fe side fracture of the joint with Si interlayer in Fig.13e~13h
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Effect of Cold Spray Deposition of Si Interlayer on Microstructure and Properties
of Continuous Drive Friction Welding Joint of Aluminum/Steel

Zhang Changqing'2, Shi Yu'2, Wang Ye'2, Gu Huaizhuang'?, Ma Dongdong'?, Zhang Pengsheng?
(1. State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metals, Lanzhou University of Technology,
Lanzhou 730050, China)
(2. School of Material Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

(3. Northwest Institute for Non-ferrous Metal Research, Xi’an 710016, China)

Abstract: Cold spraying method was used to deposit Si powder on the end face of Q235 steel rod to form an interlayer with 20 pm
in thickness, and then continuous drive friction welding was used to weld with a 1060 aluminum rod. The effects of adding the Si
interlayer on the friction torque, welding temperature, mechanical properties of the joint, and the morphology and properties of the
interface intermetallic compound were compared and analyzed. The results show that the addition of the Si interlayer reduces the
friction coefficient of the aluminum/steel interface, the friction torque and peak temperature of the welded joint, and further
reduces the thickness of the intermetallic compound layer. The interface morphology is interlaced with each other, and the joint
has mechanical interlocking, which increases the contact area. The intermetallic compound which are mainly composed of Fe,Als
and Fe3;Al are replaced by AlxFexSiz and Alo.sFesSio.s with better mechanical properties. The average bending angle of the joint
increases by 59°, and its toughness is significantly improved, and the nonuniformity of the mechanical properties is reduced.

Key words: aluminum/steel dissimilar joint; continuous drive friction welding; interlayer; intermetallic compound; mechanical

property
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