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SIS F R R AA2219-T87 #0& &tihf, &F
FRSFY 180 mm X 100 mm X 6 mm. AL 2 543t
TR 1R, BMIOPHRLEE & 445MPa, W5 il
KR 13%. WPEREEIEESRRAEIL R CFSW
ARA IR AT ¥4 FSW-TS-S08 LitkfT, 1T &
Bl 1, RS HN: #3808 800 t/min, (R4HFE
79 160 mm/min, #EFELBA AN 1.5 idE kAR Ny
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I EB EAE 3 mm, £ 5.8 mm. SANTOS %42 Hi4H
HEXHIRABUR, FERKBERA REERAEE
SRR EEBRIE ORI DA SCIE X ik o B
T LI 4B A 0.400 AT 600 A, ikt 45 N 30 Hz,
JikH 5 2 HE R 50% o J5 Ik A v A A T FH 2k )
BLUDEI S R AR, FTEEIOE S Keller 57
(1.0%HF+1.5%HC1+2.5%HNO5+95.0%H,0) %} 4> #

REEHEAT 1, SR A OLYMPUS LEXT 3100 #0t4t
R DB RS SR BMAZ, H FEI
Quanta200 ZF 4 HL B0 R AFARE T D1 HE AT 22 .
1% GB/T 2649—1989 (JEHHz Sk B I0 HURE
J5E) A GB/T 228—2002 (&)@ 4Rl = i fhat
FEJTED) I B EE 7 i R, a2 By
7N, CSS—1110 B+ 5 e ik B L ZEAT == iR b
SeBy, FHE Ay 2 mm/mine. ] DHV-1000 &4
O PCAE P 1A T AR FE A, TRI B 0.5 mm B,
AL 18 0.98 N, At (824 15 50

F£1 AA2219-T87 BBE& &KL F N+

Table 1 Chemical compositions and mechanical properties
of AA2219-T87 Al alloy (mass fraction, %)

Cu Mn Fe Zn Si Al

0.68 0.3 0.3 0.1 0.2 Bal.
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Fig.1 Current-carrying friction stir welding platform
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Fig.2 Schematic diagram of tensile specimens (Unit: mm)
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Fig. 3 Macroscopic morphologies of friction stir welding
joints with different pulse currents: (a) 0 A; (b) 400 A;
(c) 600 A

Jik i LI 400 A F 600 A 423k [ LR I X RN 3G
i) X TR AR B R AR K, RN IR, RGN,
7 A B T ) R L 04 5 B g A N 1 0 4 S U
IV, JRBERE PRI, Bl R SRR 45 i X S
FH L AR LB i DT AR ) X T AR AR

2.2 BlomeR RISk B 4R LR AV S2 N

ENELOERE PN ALk 2 Ty i v
TEAE Gt PE EE R IR e R rh, AN — 3B 7 SRR T
PEPEk 5 T2 M B P= E fiE, BF —ak
BT BAE B RHR 72 msh = A A E . SiRE
EF GRS IR ER, &8 N TG T RO
%, dRTIEK K. TERHE X BhsH 4 il fE
e RLRAN SR, R TREET PR, T A /N &
LT ST A R E VIR =AU R0 YA A o 1 o DS R
FESMUMARFEAE RN, iR RS EOR: T #4
SO X PR BB Sk B, AN 2B ET LRI 1
., RTESIASEL S, Aapiing, Hl
e PRI G . (B REMARLL, @k F e R L AR
FEERAATT HH IR K A TR

P FE DB AR SZ B iR E L, AR SN
FEAS R AT HH AR TE AT EEOUAN B /3 A 15 L, TR
A — RSk i b . FERMA S At
WA B 4 B A BB 400 A Bk
T4 R AR B Sk i X 5 FAHL RS T X 3o I X 17
TR LER L, TR RN T B il
XAFTEM /D & 0 HH(ALCu), TTESEFEER R X 45
MEZ 0, R RHL 0 FHEREISR . B 5 Fmhi
AN 600 A Jik it B B AR S i b
X 5 #HLEZ A Xk 3 X ) B 2l 20 Le ],
S 4 MHER AR, HE Sd)F i o K
4A) TR 0 AR K. HIBLIX RIS oL AT fE R
X, b o FAEXESZ R R R PR
WA RANE, TR P 423k 52 31K INAS [ (0 ik o
WEE, 600 A Bk IEN N, HMANE S, B
AR AL, B RIER KRN, FE, WA
HHESRE R B XN 2R 1 dfokn RS AR N,
RS R R, AEINECR, RS
ghink e, ZRRERERE, SRR,

TEAE Lt P BE RIS B R h, RS2 X (SAZ)
LT PR s SR 00, 52508 LR BE 45
EH, BN SR A . KE IR AT



FH3BE3H FW 4, % BIRBEEEEEIEN 2219 454 & B ) R L R 559

L2 iR ap A PRI R i . :

B4 400 A JikiF B BE AR F P SR Bt X5 LR R X I X 5 el 2 41

Fig. 4 Microstructures of transition between SZ and TMAZ 400 A pulsed current-carrying friction stir welding joint:
(a) SZ-TMAZ boundary region at AS; (b) Top; (c) Middle; (d) Bottom
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Fig. 5 Microstructures of transition between SZ and TMAZ 600 A pulsed current-carrying friction stir welding joint:

(a) SZ-TMAZ boundary region at AS; (b) Top; (c) Middle; (d) Bottom
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Fig. 6 Microstructures of SAZ with 400 A pulsed current-carrying friction stir welding joint: (a) Shoulder affected zone;

(b) Grain distribution
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Fig. 7 Microstructures of SAZ with 600 A pulsed current-carrying friction stir welding joint: (a) Shoulder affected zone;

(b) Grain distribution
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Fig. 8 Microhardness distribution profile of welding joint
with different pulse currents: (a) 400 A; (b) 600 A
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Table 2 Tensile properties of friction stir welding joints

with different pulse current carrying capacity

Effective current Tensile Elongation/ Fracture
value/A strength/MPa % location

0 279.2 435 AS

400 338.5 5.1 AS

600 359.73 5.1 AS
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Fig. 9 Fracture appearances of welding joint with different
pulse currents: (a) 0 A; (b) 400 A; (c) 600 A
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Fig. 10 SEM micrographs showing fracture surface characteristics of tensile specimens machined at different currents:
(a) 0 A; (b) 400 A; (c) Local enlargement, 400A; (d) 600 A; (e) Local enlargement, 600A
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Effect of electrically assisted friction stir welding on
microstructure and mechanical properties of 2219 aluminium alloy

BAI Ya-feng', JIANG Xiao-qing', CHEN Shu-jun', ZHANG Hong-wei’, HAN Yang', YUAN Tao'

(1. Beijing University of Technology, Advanced Manufacturing Technology of Automobile Structural Components
Engineering Research Center of Ministry of Education, Beijing 100124, China;
2. Beijing New Energy Automobile Co., LTD., Beijing 100176, China)

Abstract: The butt welding experiments of 6mm thick AA2219 aluminum alloy plates were carried out by friction
stir welding with different pulse currents. Mechanical properties, microstructure, fracture macroscopic morphology
and hardness distribution trend of the welded joints were studied. The effect of current on the performance of the
joint was revealed. The results show that the dynamic recrystallization region, the tensile strength and elongation of
the joint increase with increasing the current value and the heat input. The tensile samples fracture at the junction
of weld nugget zone and thermo-mechanically affected zone at the advancing side. Through the study of fracture
microstructure, it is found that the electrically assisted joints are better and the ductile fracture of the joints has
enhanced. The cross section hardness of the welded joint was studied. The hardness change trend has a “V” shape
distribution, and the hardness of weld nugget zone increases. The effect of pin on different areas of the weld is
distinct with different heat distribution, resulting in different distributions of precipitates in the weld, which affects
the hardness of the joints and improves the mechanical properties of the welded joint.
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