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XS FH3 mm S )3 658 2 1 7B04-O %5 & S AR JEAT 15 5 FE B2 45 4% (Friction stir welding, FSW), B 7t [l 4b 38 5%t
PR PRI S B 23RN D) S PR R S o 5 SRR, M6 13 9800 r/min. JEHH % 9200 mm/min. 124z T B A4hE B
912 mmiy, FIAFEIREEM . BOHTHME BB AR ek . R XORAEZ A T4, U AN . 23 AL
HLJE, A% R R SRR R A T R, T R DX R AT SR AN A A 2 SRS B Sk A AR T A B
MAOLE, HihiiRfEik199 MPa, SiBKABMBIRSREM Y, WiEMKRER12%. EFHICRET, HkMPhisaEh
310 MPa, M A KR 1991.4%, WG HKFN11.2%, REEMTREEZX, EAREERPITERZ,
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Effects of Solution Heat Treatment on Friction Stir Welding Joints of
7B04-O Aluminum Alloy

HAN Peipei’ YANG Chao®> WANG Jijie> DU Baorui' LIU Xiaohan'
XUE Peng® MA Zongyi® NI Dingrui’
(1. AVIC Shenyang Aircraft Corporation, Shenyang 110850;
2. College of Material Science and Engineering, Shenyang Aerospace University, Shenyang 110036;
3. Shenyang National Laboratory for Materials Science, Institute of Metal Research,
Chinese Academy of Sciences, Shenyang 110016)

Abstract The aero Al-coating 7B04-O aluminum alloy plates with the thickness of 3 mm are subjected to friction stir welding
(FSW), the effect of solution heat treatment on the microstructure and tensile property of the FSW joints are investigated. The results
show that, with the rotation rate of 800 r/min, the welding speed of 200 mm/min and the shoulder diameter of 12 mm, sound FSW
joints with no defect are obtained. Dynamic recrystallization take place in the nugget zones(NZs) with fine and equiaxed grains
generated. After the heat treatment, the abnormal growth of grain is found in both the upper and the bottom parts of the NZs, whereas
the fine equiaxed grains in the center part is retained. During the tensile test, the fraction position occurs in the base metal of the
welded joint. The ultimate tensile strength of the welded joint is 198 MPa, which is equal to that of the base metal. the breaking
elongation is about 13.2%. After the solution heat treatment, the tensile strength and breaking elongation of the FSW joint are about
310 MPa and 11.2% respectively, and the joint fails in the NZ during the tensile test, which shows incomplete ductile fracture.
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TB04 45 G 4 — Bl S AL ) ] #A kb B 5 AL
Al-Zn-Mg-Cu RESEE S48, BASE/N. WiaE
A, FEEHTHENTE A I F M, R
BEAE. 2R RN, SR HIE S, 8
GENERERAEE L Z. AW, Baa8Km
KO — EEE . AR, HERRSE
ML R, SRR, LK RECR, RA&LS%E
TEHVER, G Rl RO, BT R,
PRI, BRI TS SRR R A .
i $F BE ¥ 45 (Friction stir welding, FSW) & H 7 [H /&
FER T B R B B — P [ S A R R, R A
FH IR T 5L 55 A4 1] () JBE 8 AR A 2 G AL 1) 4 J
A IEAE B FE T BB sh /N B G iR sh 7 .
TR AR EY) . S5 EMEL, FSW BA G
27 TN N K o2 i Y Xy e SN €8 70 S 1 U S AR RN
s 10, R R . TR, R (KR
ARWFRIEEF AR, 88, BE5RE4, e 2
R T RS S A ARG B A R L

TERHLEE S, eSS MR 2 A A a8
ER R G e, HP B &R B KR, %F
R J5 AN T O R = U RIS &, AR
AR, FERMK., AL FSW e ER g
RPHEEER, RS R R AU MR S8 R
EMEEA TR, LM O REEES SR EVIEIF]
H, fEEMERIEER, BRAEEAR. mEaa ek
BHALAH BB R AEIR SRS TRE , B JORS 4%
W, XELER FSW 2k KR 5 I b s s
P R R O R . IR, EWNAMNE £ 2R
WEAL 7 IS HEXT FSW 2L 24 PR R I 52 ) o
ELANGOVAN £ B 7R [ fg 4 b B8 T 25 0f 4 3k
HHATIR G b, S5 RN T b 2 5 42k 0
JE ZFNESK 66%32 %] 77%. KRISHNAN!?
X 6061 £55 G AT T, 45 SRR BH [ Ab FE T 4 v
PR IORERE, R AR IR I HAT
B E AR 4 FSW B9t 32 25 R T [ -+ 80k
BTH FSW L R rEae! ", bR kA& IF
WA AUSBERNSESER FSW R NE NI, A
SCEEL 3 mm B A AR )E 1B KA TBO4 SR A 4
BT FSW OGHEEREG, X R B 47 [ AL 2 A
BUHTEJCIRES, WF ALK TR RT JE 1R Bk A 2 AN
J1ERE, XN T HIE M TR I B A EEE

1 kB ek 5k

e A A A58 2 1 7B04-0 554 43T FSW Rt
AR, WM 8 200 mm* 100 mm*3 mm, AR AL
Al(KE) T irREE., BERESN
FSW-5LM-020 B! %#% FSW FH1 . % FH AR i 43k,
BB WAMNIE, BN 12 mm, HEPEERN M4 4E
TEARLkt, 5K 2.85 mm. JRRTHT B iR AL
W, FFFH R RS e 25 B 3 TS AR B4 . FSW i
FEh, 334 800 r/min, J5423# AN 200 mm/min,
T RMiff 2.75°, ¥ IRB Rk E SON “ RS
K70 KRR BT [ VA AL FEIA B R, #
M T2 BE RS 470, £ 40 min,
RIGTE 10~40  [PI7KAF K, BITSRE L e SO “ ¥
KB BIRIGRMFRAN “IB KSR, KR
KA BEM P EAT [ A 38 5 13 B I REM R “ K
AEE 7,

3 H T REDT MV G AIRE , SR AT B S
NI & AT PRI, Psrem A Keller
W_F(2.5%HNOs, 1.5%HCI, 1%HF, 95%H,0)J&
JEAES AR AT PSS KR R E — B A 3 AR
25, 7 Leco-LM-247AT U 53 ik 5 R 36 1 3t
ATRERE MG, MREAT N 3 N, fRIER TN 15 s,
IR By By TP E, &
FUAIRE 1 mm. =R 5 7E SANS-CMT5205
TGRS HLHEAT , B AR AT BORST : 40 mmx6
mmx3 mm, FIEARASE LS 13107 s, Hrgk
BERTFEKIE 1 h WERIERE 5 B JCRE) 578
B BRI AR SR 3 AN INARE i, B
SEBEAE N B 2R 45 3R . 76 HITACHI S-3400N $
i B B S e T 1 TS

2 WEmai R 50t

2.1

H T REe A BEIR KA, B, Iz R kA
AR R, FSW R h IR i Bk b, &
HER T Sy P VAR R B IG, DRI R E AR & A T
HIRE T ZSHE R A, i T2k, S
4 800 r/min, JFHEHEEEN 200 mm/min, Fi)E BHA
4 12 mm BF3RAG TG R Rk . SRR TR
w1 FR, IREERIEW, SRS, NUAF
TR e I XAl BRE AR G
BREE, IRETEAREENR .
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Kl 2 9 7B04-O 55 4 FSW SR 258 Sl i 11
FEMEGWMUWAL . aTLLEH, FSW H3k PR PgA4
X 3 2H B (] 2a): $74% X (Nugget zone, NZ). #ANLES
1 [X (Thermo-mechanically affected zone, TMAZ). #
520 [X (Heat affected zone, HAZ)F1£}4f (Base metal,
BM). (R IXEE . AL LRGERR, BT
ERNFIRTEIR . 1B KA EEM SLRLI S 2R
PIRERR, WL i, B AR EE LN
100 pm, f1E 2¢ frox. 1€ FSW i@z an gk
e NAR G52 RO IR S8R RHR B AR R S 1) ) 5
PERE, @R R R NE . PR
S AT A R D AR RO N R, 3RS RIF )
e, N 2a0 2b WILUE AT B
B EW A NIREE . A% X AR RRE 0 A AR
FEREAWILRERT, RAERZKBHELE, K
HEENASTEGE &, TR S T

XPIE LR AT A A B, 7RV K BB N
[N, BORMDSR B L TIR KGRI RF 2V,
B AR E PR ST FE JORSE, A b
) FH B IR (1) 28 % AT 34T 2 M R i AR
o PRIUTREHE— DR JCRE T IR R 1)
TWOLAZR . ] 2b 2 FSW K 252 S I A THT 2 WL
B, AR L. By FEAMGER— S, R
2d TR, B R SRR T R K
K, TR EXIR A LK ERTUE 2, kiR
RN R, W 2e B, XA R B TR
TR 18] (40 min)J, PRI A A3 B0 R AR i K
Ko

HZE JE BT
JEZIX
FHLFZ I [X
P X o
1.5 mm

() SR IBH

1.5 mm

(b) FKEHREWIEH

100 um |

() IBKA M HMALR

(e) WAEHLI A KIKE
B2 FSW 7B04 $23k Rask i 72 W5 o 2H 41
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23 FSW

B 3a fim b By R =4 4R S A R i
I H AL B, VKSR S BCE — BN R 28 3 SR
ROE BHATREEE MR . [ 3b MR Sk (h ) B A
FE 53 A, W LG AR B L B A KR AR . B 3c
N K AS S E — B (R 28 AR B 250 1 S i i
FESy A, SR KGR (L 70 HV)LL, 3k
K B AEFH (140~ 160 HV) o b 35BS H0 A 5 i 25
WAIARIRK, wiE X IRTE AR AZ 0 4. S mm /2
i BT R A A S, SRR B AL T AR X . FSW
IR, SRR XORAE R BV T 5B A 4
S 5 32 LA 6T o L 20 1 5 A 55 R KOBIT H A AR R/
BTN G e R BRI, RIS 1Z A S
2 LERERE RIR ST o 5 S0 [ v 5 2 B X 1%
DX 3R P8 )4 s VE AN B R, i LA X 4k e T 2 IR
KA, JE SRR S R AR R

1.5 mm

(2) AR SR AR 2 Rl 32 R 0f 7 i B

140
1201
z
100~
i
4
80+
60—
40 | | | | | | | | | |
-0 -8 -6 -4 -2 0 2 4 6 8 10
BEARAZ PO BT /mm
(b) IR k&L WA 4 A
180 N
—a— JEER
—e— 15
170 —a T
>
T 160
g
=
150+
140
1 | | | | | | | L L L |

-12-10 -8-6 4 -2 0 2 4 6 8 10 12
BEAEAZ OB /mm
(b) WAL B E S
B3 FSW 23k 1) AR fE 43 AT

24 FSW

PGS RUIR 1 o, WG R, R
KRR R, PR EILE] 199 MPa, HiBK
SR PR AN, WS HRIE R 12%, frfd
BRI AR 2R O M B AL B (] de)o FEHTIE
JORET, BEMAT FSW LB ERIA Pt Tt, X
FERERTRIE TR S &P AT T o F,
BRI AFEER) o BEAE, #1581
B O RS P A RS [ A A A i A A ey
A5, PR P A R O LRSI A 310
MPa, JEFHEK BRI 91.4%. ATLIFE H,
VEKHTJE FSW k3 A RIRERK) 90% LA 1.

1 FSW
e VRERSRER e ke R R
MPa MPa
BKEEH 957 194.7 18.5 —
Rk 104.3 198.7 12.0 1.0
VKSR 1363 338.7 18.0 —
kSR 1547 309.7 1.2 0.91

Bl 4 NBERRT FSW B2k K AT JE A A BT J5 7%
MR, rTLLE R, B KIS W A D VF4E 2,
R T — @ I, BB W OB 483500
%, SRR, FSW B2k ik 2405 0 5 B4
AL, A DVFAES, (MR ERE, RS
SKITT-BEAF A, T R K S B SR i B W T A% X3
X RE S TR TR R &2 SRR A L
. IRk, IR IX RE T . E TR
B4 s LIS Sk o) 550 BE PRS2 AN S B, DR SR W 7E BEAA
AL G, HELEBARMEREIRTE, ARA% X B A 349
&, AL DL, KT IEAZ X .

Kl 5 R BER S5 AR RARRE S B TR . H
IR AT LAE H, 1B KB OF — € 4630,
HEM ERRATF (B Sa); VK AERR I 7 220
FEBONEEE, HWRMmMSZ 7 mE 45° f(E
5b). mifE (&l Sc. 5d), B AKEBEM MW A K EP)
B, RN KSR O E R D,
HAHE, R — e, W 0oy
45° WL TH LEAH

(2) IBKERH
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(o) Fi&EEk

(d) kA
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1 mm

(a) KB

1 mm

(b) HEKEEM

100 um

(c) SRR i fr

100 pm
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1 mm

() FREEL

100 pm

(g) &L

100 pm

(h) VKA Bk EI T
B 5 7B04 Bl 5 FSW 2k hu it 13938 IR

PSR BLARE S I AR 2B K, il
BRI R A RTS, W Se. Sg Fian; WRTATA, &
KEFERWT TR, WER EATAE H,
I T E RSO 56), EREEEIER, K
FRLLBCT R, RO R HOR S id sho R, 5
HERSEM L B2 ERFIERR.

3 4

RIHEAFZE T 3 mm ERHE EGEE
(] 7B04-O & e RA AT FSW BFAL, WE5E T [

AEFEXT FSW 23k OU 20 23R S M RE I 2,
FELRW T,

(1) 4% 8 800 r/min. J5 33 BN 200
mm/min. 1§ BN 12 mm, 1] 75 3] /E 48 R HEM
TR FSW IRk . FSW IREHEL T4
PEREAR K, PLHiamfEiAE] 199 MPa, 5iB KA&REAF
Pris@EAR Y, WG KA R 12%, HdarE
A B R A T () BEAT IX

Q) TEFEJCIRA T, FSW kA3 LB
SEFEA 310 MPa, ik B ¥ KA BEM Bt dr 5 FE 1)
91.4%, WraMKEN 11.2%, W ZREEZX,
Wi BT A E AL, R RV AR, L
BOPEE, EATEARTIERRL.

(3) 2470 /40 min (MBI, MR
BRSBTS, Al X s R 2R
VoE N ETY kA A
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