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Table 1

C Mn Si
0.11 1.6 0.182
Nb Ti A4
0.003 7 0.002 0.003 5

iR 3% F DP600 $ESFMIRULZ R 5 (RESTE, %)
Chemical compositions of DP600 alvanized steel

Cr
0.34
Mo
0.098

Ni
0.027
Fe
bt

x2 WA AZ SAEUFEND (RENH, %)

Table 2 Chemical compositions of AZ31 magnesium ally

Al
3.18

Zn
1.02

Mn
0.34

Fe
0.002

Cu
0.002 1

Ni
0.000 85

Mg
R
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Fig. 2 Macromorphology of joint cross section
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Fig. 3 Microcosmic morphology of joint cross section
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Fig. 4 Macro diagram of joint longitudinal section
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Fig. 5 Microcosmic diagram of joint cross section
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Fig. 9 XRD pattern of tensile fracture joint

3T T 1 A VR DX R DX A7 43 4 L R
TOMIE S A&l 10 B, al U Y 7 52 ok
FERE” D SEVEIRT L. T T RE B B Y g 2 IR AR AT
TERERZE S  AE P B S P F i A% Y
PR T A B I 1 53 0, T LA
b JR VR DX BRCIR AE AR e P A T DX Il £
X T RSl 1 X5 B A9 5 T 3 J N2k

(a) AT (b) JE AR

E 10 BrOMMEHR
Fig. 10 Fracture microcosmic morphology

SNk DI R, I R, 7 AR /ML BCR
TESEFEDC A BE S G P B BT BHAT T A m 9™
J& IR DX I/ T i) /N LB D D, 2R
ARG, DRI FRCIRAEAE D 2>

5 4% i

(1) XF DP600/AZ31 Jorb LA 1 B 3 i A 43k
Sy IPEATRE Y] D) B JZ D, R B (8] (R A 32 22
RAEAEDEFREE F DX, 1 WL B8 () 2 2801
S, TR IR A RO, Y R A SR A
A VEH DXEE R T I P AS BH S, TR 307 0, B A
I T 4@ Ab &9 DL B SR A8t IR AR T 43k 1
PERIFIE.

(2) XF DP600/AZ31 JoREFLAE 1 BE 488y S AR 2
P AT R, R AR B e Sk DA 2 Bt i L
4 W72 CRIERE” , by S I 2.

S0k -

(11 WA, W AR, okl 5. Mg &4 0Bl & e S HTHT
. &JBAR, 2001, 37(7): 672 -685.

Zeng Ronglii, Ke Wei, Xu Yongbo. Recent development and ap-
plication of magnesium alloys [ J ]. Acta Metallurgica Sinica.
2001, 37(7) : 672 - 685.

(2] SWEL Sl ImIM]. doat: ez Tk ARk, 2007.

(3] FAvss, & W, OB, 5 -5 Fh )| IO AL e

BRBETZMUIR )] $UnT T2, 2012, (17): 153 -
155.
Wang Xijing, Zhao Gang, Zhang Zhongke, et al. Process re-
search on friction stir spot welding without keyhole between mag-
nesium and steel dissimilar alloys[ J]. Hot Working Technology,
2012, 41 (17): 153 -155.

(4] Fasf, & W, X B8, 5% —MREE -G AL
JEE SRR i B B, CN102319952A P 2012 -
01 -18.

[5] BEARE, 8T, REM, & BRI R 0 g
mEOT[T]. BHESAR, 2010, 32(2) : 67 70,

Yan Dongyang, Shi Qingyu, Wu Aiping, et al. Measurement an-
danalysis of friction stir welding[ J]. Transactions of the China
Welding Institution, 2010, 32(2) : 67 -70.

[6] LiY, Murrl E, Clure J C M. Solid-state flow visualization in the
fricition-stir welding of 2024 Al to 6061 Al. Scripta Materialia,
1999, 40(9) : 1041 - 1046.

(7] ZE4kib, SIEWK, EHFEM. SR a SRk BRI 3
FIRBRFELD]. FORLIRE, 2014(6) : 1 -4,

Li Jizhong, Ma Zhengbin, Dong Chunlin. Material flowing behav-
iors of friction stir welsing by dissimilar aluminum alloys [ J ].

Journal of Materials Engineering, 2014(6): 1 —-4.

[ T 70 7T ]



70 I S %37 %
A1203!§E%E%*jﬂq_ , E%ﬂﬁﬂ&% T %E%é—z\ E]/\J g&&f . terials Transaction A 2004, 35 2951 —2961.
Eﬁﬁ%ﬁﬁé’@ﬁ% [5] EFA, Wuimm, L@k, & PR Em TH AN & Ti Pk

(2) RE/AL O, 535 A bbb i 1] 158 K WS AZ3L B G M), A (e R, 2009, 19
23
(3):418 -423.

/ — g o N = A S e 2E M- 2k
E/J 160% , Z:IEJ t W'J E/J *fﬁ:th‘E = *j *AI’ E/J EEE HE He Wang Kaidong, Chang Lili, Wang Yinong, et al. Preparation of
/%3 “r‘iﬂ:j( Mg-AZ31 based composits with Ti particles by friction stir process-

(3 ) é’éﬁﬁj’ﬂfﬁéj’gﬂﬂ Ifﬁ“ E@fi%*ﬁ*ﬁgﬁgﬁ%u ing[ J]. The Chinese Journal of Nonferrous Metals, 2009, 19(3) .
THY 94% , W5 A SRk BB 19 80% LA L. 418 ~423.
S : . (6] &h#sc, Zescli, BETLHE, &5, BEHEREBON TG 5 5 6
B4l 52 5 b RE B BT 7 50 B S BEAE A 163% , BT )5 il , N -
. ; ABTI-Al REEAZ[T]. BEEF, 2010, 31(8) : 61 —64.
{($j\j*j /‘J 69.7%. Qian Jinwen, Li Jinglong, Xiong Jiangtao, et al. Preparation of
p y ya g TR L
(4) T:EIK%I&T , E%%*—\L EF‘ gli] *%iﬁ/ﬂz AI3Ti-Al composite surface layer friction stir processing in situ re-
#@ﬁ% E]/\] [:Ijﬁﬂ}ﬂ'?lﬁ‘i{éﬂrjj 'i‘”@ﬁ'é E/\J %%%ﬁ ﬂﬁ]mj{. action system[ J|. Transactions of the China Welding Institution,
2010, 31(8): 61 —64.
%%iﬁk : [7] GL You, NJ Ho, PW Kao. In-situ formation of Al, O;nanoparticles
during friction stir processing of Al-SiO, composite[ J]. Materials
Characterization, 2013, 80. 1 -8.
B B i, JE G L i b P 2 R R
(U] BUbsk, X6 i, JAMGRE. 2219 JARBEFE R SRS A fiE [8] Hossein Izadi, AdrianPGerlich. Distribution and stability of carbon
7 e 13-
Srr[J]. MESEA, 2007, 28(9) : 13 - 16. nanotubes during multi-pass friction stir processing of Carbon nano-
He DiQiu, Deng Hang, Zhou Pengzhan. Analysis and performance . .
tube/aluminum composites [ J]. Carbon, 2012 (50 ). 4744 -
of friction stir welding organization 2219 plate[ J]. Transactions of 4749
the China Welding Institution, 2007, 28(9) : 13 - 16. [9] Wil X127, M. 2219-0 54 4 B rsm ] 7).
(2] EFH, Ms0m, sRE I, 4. 2219-T87 & S B EERE fps
’ TR, 2006, 27(1) ; 65 -68.
S LU F1 b F e 4 77 -
KB EHERRL) ). AR, 2010, 31(10) - 77 -80. Chen Yingchun, Liu Huijie, Feng Jicai. Friction stir welding of
Wang Chunyan, Qu Wenging, Yao Junshan, et al. Head of micro- 2219-0 aluminium alloy[ J]. Transactions of the China Welding In-
structure and mechanical properties of friction stir welded 2219-T87 stitution, 2006, 27(1) : 65 — 68
aluminum alloy[ J]. Transactions of the China Welding Institution
2010, 31(10): 77 - 80. A
/s . ey Voes - 2e e EE v dory
[3] Liu HJ, FuH, Maeda M. Tensile properties and fracture locations 'ﬂf% BIIT: HACTR, 55,1989 AR A WL WF 2, 325 it
N e R A .
of friction-stir welded joints of 6061-T6 aluminum alloy[ J]. Jour- PEEIN TR 2D BESE. KR . Emai: 657151057@ aq-
nal of Material, Sciennce Latters, 2003, 22(15) : 1061 - 1063. com
[4] Ohishi K, McNelley T R. Microstructural modification of as-cast ﬁlﬂﬂz% 23k 5 BRI, 9 AE . Emai: hardfac-

Ni-Al bronze by friction stir processing[ J]. Metallurgical and Ma-

ing@ 126. com

[ E#% 60 TT]

[8] Beygi R, Kazeminehad M, Kokabi A H. Microstructural evolu-
tion and fracture behavior of friction-stir-welded Al-Cu laminated
composites [ J ]. The Minerals, Metals & Materials Society and
ASM International , 2013, (45) . 361 —370.

(91 Ak, FIEH, HER, 55 2219 14 SHCRk A R R

Gt = HESRRE A BB T]. SR A, 2014, 35(8)
57 -60.

Du Yanfeng, Bai Jingbin, Tian Zhijie, et al. Investigation on
three-dimensional real coupling numerical simulation of tempera-
ture field of friction stir welding of 2219 aluminum alloy [ J].
Transactions of the China Welding Institution, 2014, 35(8):
57 -60.

[10] skutak, sk BE, BRadE, 55 BEPEEREA R R A BT
BELJ]. REAHE, 2005, 26(9) : 13 - 18.
Zhang Hongwu, Zhang Zhao, Chen Jintao, et al. Finite element

analysis of friction stir welding process[ J]. Transactions of the

China Welding Institution, 2005, 26(9) : 13 - 18.

TEBE A £ a5, 59,1956 48 th 4k, #082, B4 2 50 2 S0,
EB NI MO B B R AR O B A )
THIIESE TAE, &L 120 A%, Email; wangxj@ lut. cn

BIRAEE : vt b, %, BLHFIAE. Email; xuyouwei_lut@ 163.

com



