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WIERANTE, Kia G SR e R A 535K R i
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Fig.1 Macro morphologies of cross section of lap spot welded

joints with (a) and without (b) stirring pin
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Wit @A RS TR % 52%

B2 RS RO A 2
Fig.2 Microstructure of welded joint interface of FSSW-B joint (a) and FSSB joint (b), the enlarged view of marked area in Fig.2b (c)

Fz1 2 P ARELE S EDS S 4E R R T #EE
Table 1 EDS analysis result and possible phases of different

positions in Fig.2(at%o)

Position Al Mg Zn Possible phases

1 98.96 1.04 Al

2 15.81 27.39 56.8 MgZn,+Al solid solutions
3 5.25 48.37 46.38 MgZn

4 4.37 68.22 27.41 Mg7Zn;

5 215 97.12 0.73 Mg

6 6.91 29.89 63.02 MgZn,+Al solid solution
7 456 49.34 46.10 MgZn

8 2.92 68.42 28.66 MgzZn;

Fig.3

MgZn * Z.A, = [0110] Mg:Zn;  ZA. =

~ (011)
; 5 7
. i!'(_1101). )
L

P ’\27(1'011).

RS, EAERIERT, PEE R
B S T MBBUR RN, B MgZn, (L&), BEE
S Ak BiEAT, AR S A A R MgoZng A, IF AT H
MgZn 2 A, FAMER B REF, B TT
AP EYH R A B AR . SRR TR AT
FEREFEENI, B TR R AR R T2, S 7 hiH
BEREAMRCM P A S JTIAE L, R B R R SN TR
JERA X BUAG,  WIE 2 Mg, Zng AHAE il S 1 I R 25 R
Rt Mg7Zng A1 R A B — =

& ' 00)

[011] Mg <Z.A.=[1213]

3 #Ek A Ab TEM Bi351% K SAED fe#f
TEM bright field images (a-b) of welded joint lower interface and SAED patterns of area A (c), area B (d), and area C (e) in Fig.3b
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P T4 IR, R AN AE R — /K SP T, Rk
TIN5 S R A AT Ju ek, & 4 e
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RAEIRATO T AR B 3L A S, [N e f
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TEBHF, WA BRFEE I FSSW-B #:3k i i Kt dn
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R TR R BT 2 GRS, BCFISMEAE MBSk
BRI /), W3k 2 Fion, FSSW-B 23k (1)-F- 35 i
KPLHisT /15 7600 N, FSSB #2:k e Kfihi sl /1 h
4950 No $iHESIAEAERE 38 T Sk b hr sy e, XF
Pz B VERE 42 TH K 53.5%

MREE R, BERE X R ET R B Y, BREEARM
B, A Al-Mg R & A AT, 2 Ry
AR, ZAE EEZ R AEWRE, AT R X
PR T AR B X R R AR R, P A R T 42 T T
B, i, BEkSRAE TR .. BT B AT,
FERNE B A B AR A I, BEREET B Je e AR, 7E i
PR R, PRAEGE, MY T RS B AR A AT
TRALE . N, EEEANMREEI RS, FSSW-B #f

1 a
|
AZ31 @ L 2Al4
i
1
Gasket | | 2A14 b
AZ31 | [ casket

4 Fr BT 5 57 R IR W B R
Fig.4 Schematic diagram of test specimens for tensile shear test

and fatigue test: (a) tip view and (b) side view
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Fig.5 Tensile shear force-displacement curves of welded joints

F2 BRI R

Table 2 Tensile shear force of welded joints

Vr:ilttrjllc?c? Specimen M:;(;;T:uf?nt::r;’s\:le Average value/N
1 7720
FSSW-B 2 7450 7600
3 7630
1 4830
FSSW 2 5100 4950
3 4920

AT FSSB, Fifi R RLIEENE A, AT H R TG
M4 A1 Mg-Zn ZUEDD. F4b, BEREEHE T i
A RO R I, S0 9 DX 0 A4 RE AR BB 1 IR B
TEAZAL B P~ RIS &, W T S e B
DAL, e IR A AR A R T 38 8 42 Sk 0 Pt v BY 14 R
2.4 ERBYIERIERE

Bz Sk 55 1 BEAR I (1 B 77 K AR HE GBIT 3075—
2008 {4 J@ 4 Rh— 98 57 IR 38 — T i) 5 ) 59 b e
SE o I 55 TR I K B A i BUAR A Sk B R P BY 7
80%- 60%-. 40%-. 20%, LA 20% At Rt AT, TR
I IR, KNTR T SR ORE iR KR BY ) 70% ) R
JIKF BEANNIIKCTIREL 3 MK, B EAR e
SRR UL (10° 00 B 15k R A R s 1ERES o

AR i FH T bR B R A R S 57 R RS S-N i
TG, FERA RN RIS A S A TIAIE . 9%
AR BGIEREIE R, SN 20 Hz, BiJjkh 0.1,
FAZI0IRAINRAE R 384, 955 B8 45 R a4k 3 A

R 3 FSSW-B EIREFIREER
Table 3  Fatigue test results of FSSW-B joint

Test number Maximum load/N  Cycle number Median value

1 16 580

2 6080 14 321 16 580
3 25630

4 27634

5 5320 36 748 27634
6 26 993

7 42 620

8 4560 73582 42 620
9 39 267

10 10°

1 3040 10° 10°
12 94 581

13 10°

14 1520 10° 10°
15 10°
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B2k 9% 57 e R Ay 3443.3 N
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IR 3 BI9E 57 50 B UL R s vk A, wr
DLt f5H A=5.37309, B=-0.37118, % (4) H:
IgS =5.37309—-0.37118IgN @P)

7000
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—— Fitting curve

6000 |
5500
5000
4500 -
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3500+
3000} . . E
0 3 6 9
Cycle Number, N/><10* cycle

d, SIN

Maximum Loa

Kl 6 FSSW-B 43k % o Bl 5 1 S-N i 2k
Fig.6 Fitting S-N curve by power function for FSSW-B joint

FSSW-B 3 S XUt %t 19S-IgN #h £k 4n & 7 fr s« MR3E
X (7) A1 N=10°, A Hide/h —aRiEA5 24885 FSSW-B
B3R 9% 55 % PR 3289.9 N

gr LRTR, 8 R R B G R N R
75 B B 45186 FSSW-B 422 3k 195 57 1 FR 43 71 )9 3443.3
H13289.9 N. HH % ok B 40k & A B/ 3k 2 My
AR S mS CERUE LR, Hik
HAg —emar (s B, A%, KR 2 fhorik
75 3 1) °F 25 B R B 1BE FSSW-B 432 3k 1 9% 75 12 [
El 3366.6 N.

X} FSSB #3k (9% 57 1%k FH 5 FSSW-B #23k — 1%
S8, B RUE R LY, %A 20 Hz,
JiFJEE N 0.1, 9% 35 alae i K a8 i BUR He R Sk K bt
FIET 1) 80%. 70%. 60%-. 40%. 20%. 7EJ% 75 kit
FE, WHEASR A KPE R 3 MRARE, 2450k B
(R0 55 06 IR R HL 10° Yk s 5 e e Sk & A R s 1k ik
5. PIRG4S Rk 4 FoR.

3.90
= 3.85¢ = Testdata
< — Fitting curve
£ 3.80r
k=l
= 375}
& 370}
£ 3.65f
>
g 3.601
£ 355}
3.50+

4 1 1 1 1 1
3 E_21.0 42 44 46 48 50

Cycle Number, Ig(N/cycle)

Kl 7 FSSW-B $23kdi /I 3Rk iH 5L XU 2 1gS-1gN il £&
Fig.7 Fitting double logarithm IgS-IgN curve by least square
method for FSSW-B joint

F 4 FSSBELEFHBLER
Table 4 Fatigue test results of FSSB joint

Test number ~ Maximum load/N  Cycle number Median value

1 17 644
2 3960 10 752 12 397
3 12 397

4 45908

5 3465 51 030 47 222
6 47 222

7 81 620

8 2970 10° 89023
9 89 023

10 10°

1 1980 10° 10°
12 10°

13 10°

14 990 10° 10°
15 10°
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SR FHFE TR B 7 20 90 57 AR B0 50 1A T R ek B
LA S-N £k Wik 8 frvs - A &% r = 0.919 57,
REERIE AN

S =14 244541 TIN 013+ # (D

RAE (8) AN = 10°, W LLiT55H FSSB 4%k
(995 57 2 FR 4y 3030.7 No
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WK 9 iz

RAEAR (9 FIN = 10°, W/ LLiH5H4SH FSSB #
SLEOPE 7 IR A 3012.2 N F 3 bR B0 40L& A i /s —3feds
THERLAS B AR 57 MR REAH DG R £ m A C TE U b Eb A
i, U2 AUl G 77 SSAMEAE Y FSSB 423k (19 57 1)
FE, Ef 3021.5N.

2.5 ELHEFEIO

T FSSW-B ek 57 a0, Bk REHILT 2 F
WIS, 40 i T R 2 W L R0 JEIR T 2 . & 10a Al
10b AT RIS, K 10c AJEDIRW L. S S s ey
FUR AR B E B R 2 R AL, TR SR
(T R A F B T RS R e R T iR N T BT

4200
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%)

- 3800
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S 3600t
-
£ 3400}
=]
g 3200}

% 3000t
2800

0 3 6 9
Cycle Number, N/><10* cycle

8  FSSB LT B4 1 S-N i 2%
Fig.8 Fitting S-N curve by power function for FSSB joint

3.62¢ = Testdata
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K9 FSSB #i ke — ik TSR U # 1gS-1gN - Hi 2%
Fig.9 Fitting double logarithm IgS-IgN curve by least square
method for FSSB joint
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Gt 57 RIS A R T LUK I, SR R E R
AR R SR T, JE AR R 3 B R AR AR J7 i
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9 57 5 FSSB 42 3k 1 iy R A%E 2 g T %1 9 I
2, WO EM IS E 11 FioR. fFERGE R, K3
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FERROE A B AeEr B R IR, A bR,
(A7 B VA PP RS s e X . B S
FSSW-B kA0, —Fig W\ AR EERIE, Wik
PRI S BRI G2 R— MR MR SL %I G
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Kl 10 FSSW-B K% 57 i 11 5 WLE 3
Fig.10 Fatigue interfacial peeling fracture morphologies of FSSW-B

joint at the upper (a) and the lower (b) intermediate layer;

eyebrow shaped fracture morphologies (c, d)
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Fig.11 Macro morphologies of FSSB joint fatigue interfacial

peeling fracture at the upper (a) and the lower (b)

intermediate layer
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Fig.12 Fatigue interfacial peeling fracture morphologies of FSSW-B joint at the upper (a-c) and the lower (d-f) intermediate layers;

eyebrow shaped fracture morphologies (g-i)
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Fig.13 Fatigue interfacial peeling fracture morphologies of FSSB joint at the upper (a-c) and the lower (d-f) intermediate layer
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Effect of Stirring Pin on Interfacial Microstructure and Mechanical Properties of
FSSW-B Joint

Liu Wenkuo®, Xie Jilin?, Chen Yuhua'?, Wang Hongwei', Zhang Timing®, Wang Shanlin*
(1. School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, China)
(2. State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001, China)
(3. School of Metallurgy and Materials Engineering, Chongging University of Science and Technology, Chongging 401331, China)

Abstract: The aluminum/magnesium dissimilar metal composite structure has great application value in the field of structural
lightweighting. In this paper, a novel friction stir spot welding-brazing (FSSW-B) technology was used for lap spot welding of
aluminum/magnesium dissimilar metals. At the same time, it was compared with friction stir spot brazing (FSSB) technology to study the
effect of the stirring pin in the welding tool on the microstructure and mechanical properties of the joint. The results show that the interface
layer of FSSW-B joint is divided into two parts: the upper interface is mainly composed of MgZn,, and the lower interface is mainly
composed of Mg;Zns; the FSSB joint interface layer is mainly composed of MgZn, phase. The fracture mode of the two kinds of joints is
mainly interface peeling fracture, and the eyebrow-shaped fracture mode appears due to the existence of the stirring pin. The existence of
the stirring pin improves the tensile shear resistance and fatigue performance of the joint. The maximum tensile shear force of the FSSW-B
joint is 7600 N, and the fatigue limit is 3366.6 N; the improving rate of stirring pin to tensile shear performance is 53.5%, and the
improving rate to fatigue performance is 11.4%; the existence of stirring pin in FSSW-B increases the dispersion of joint fatigue properties.
Key words: stirring pin; friction stir spot welding-brazing; interfacial microstructure; mechanical properties; fatigue limit
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