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Microstructures and Mechanical Properties of the Friction Stir Welded
Dissimilar Joint of AZ31B/A6061

Heung-Ju Kim, Chang-Keun Cheon, Sook-Hwan Kim and Woong-Seong Chang
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Table 1 Chemical compositions and mechanical
properties of A6061-T6 and AZ31B-H24

Chemical compositions{Weight)(%)

Al {Fe| Si | Cr {Mg| Cu |Mn]| Zn
a6061 | 98 |0.7] 0.7 [02]1.0]0.35 Of 0.25
AZ31B|[ 3.0 - |0.05] - {bal.|0.05(0.211.0
Mechanical properties
Yield Elongation( Shear
strength(MPa) %) strength(Mpa)
A6061 275 12 205
AZ31B 220 15 160
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Fig. 1 Appearance of FSWelded A6061/AZ31B
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Table 2 Friction stir welded conditions

Parameter Conditions
Tool rotating speed 450rpm
Travel speed 15mm/min
Tool angle 2~3°

surface)® A¢ W% 58 T89S Yehln 1SS
& & 9t} Table 2= £ A¥e] A320E et

Fig. 2& A6061#AZ31Be] 5% ¥ ©|F FSW A
ol o HF 99 viazE ARKloldt, Fig. 2(a)9] F
Z A6061/A60619] L FHA4% 1000rpm,
£% 200mm/minolA Age] gl HEHE Holy
SZggel AFAA B vhEEH AHEd o3
onion ring] FHE Eeolx it}

Fig. 2(b)E T3 AZ31B/AZ31BY HAFAM= &
9] gA&% 1000rpm, HFEE 100mm/minclA] 7}
Z 22 FFL Holw FSWHERAA Ado] gleS
o4 & gld zEla AZ31B/ A60619] olF HEH-<
A2 ARSIl Fig. 2(c)8 7% AlF Mgdaeol &4
Ho Qe AY FYH SZY YL onion ring] 3ol
T35k Holw AR vtA ] RS H,

nERE e A 5 A eduy J3F¥E F
Aol LA vpAGe] 3 HFFIL 7t} A ¢
g Z)AIFQ k] o AARE 2 a2 BA
AARe] wHHL(Stir Zone: SZ), &AW IFEA
ol AAFe] dofvte @ 2 7IAF 9gH (Thermo-
Mechanically Affected Zone:TMAZ), 28li GF
S e 93 (Heat Affected Zone:HAZ)
2 3A JE £ Utk 283, AEF FBde ™8
= B9 W3y Hpdael dAdke  Advancing

(a) AB061/A6061

{(b) AZ31B/AZ31B

(c) A6061/AZ31B

Fig. 2 Macrostructures of Friction Stir Welded
AB061,AZ31B and AZ31B A6061

291



1EF - ART - A58 - LY

side(AS)%} wH) W) Retreating side(RS)7 &

A g} Fig. 3& FSW A% & 2t 99 zxe
Bl ARlolct, mlAAe] JFS wx] o= Al 24
F(a), Mg EAIR(BM) (e), Advancing side?] 7]
2 QIR(TMAZ-1) (b),(c).(d)FLY Retreating
side?l 71A1A FAFL(TMAZ-T) (f),(h), =28z
WHHR(8Z) ()2 Wro] 22& B3 sgon], 97
R 7143 PR (TMAZ)E Advancing side(AS)9)
Z1AA SH(TMAZ-1)9S7 Retreating side(RS)
o 71AR HYFR(TMAZ-) Y 2zt M2 g2 A
S Holx U} Fig. 3(d)9] TMAZE $AsA] @e
FEAA 3472 Eo] ARHALS T 5+ Q)
o0, Fig. 3(g)9] Sz¥e 71AF Yol <& njAe
3ol BAHANSL & S Qo)

Fig. 4= FSW H3A42 B9 HAswe F§&
= %02 3j] $F(A6061, AZ31B)Y 2 ol
(A6061/AZ31B) 3o A3t 2HHL Ve 9=
ZA, 559 AL o1Fd njg) ARz Yo 9y

Fig. 3 Macro and microstructure feature of FSWeled
{A6061/AZ31B,450rpm, 15mm/min)

Friction stir welding Al 6061, AZ31B, Al 6061/ AZ31B

3500.vlul|-|lnl--.-I.-..'-

£ 3000 3
I -
b 3 -
Ay 2500 -
- 3 E
@ o -
2 oo E Al 6061 3
5 E c
% L ]
S 1500 || AZ31B -
g ; 3
5 1000 F 3
(&3
&= ,{».
%% BN AL 6061/AZ31B b
N ]

'l NPT IR TS PP
0 500

1000 1500 2000 2500

Travel speed, mm/min
Fig. 4 Weldability of FSWelded
and A6061/AZ31B

AB061, AZ31B

292

o BEEZ Holu} olA] HE o 2 JeAglA
AT 29¢ AFS 54 ¢ + AL ol ol
FSW 4ge A2 e 2472 2 8429 3ol
Ao Aol vma Yeptez Alren,

32 HeFel 74N N

Fig. 5% °|¥ FSWAHEY 9o d&ax
ehd Aot BAfolM TMAZ, SZ¥dos
< ALE Holn 3 AxE 200HvE Holm, S
d9°l BMEL £& AEXE Jehlz e °]~‘E
71AA mwtel os) AARo] viAsl B A} gy 2%
3t 35E%0] o) FgolN Ao} HEHse o
2707] Yol oA BY F& A¥EB YY=
& 300C~450T oA 55%Mg-45%A1 ZA) Al g
A5 284S wal HEgezn Agd X243
T 9o BEE FSAFIA P EXNG SHes
AL Al 890 Y. agm Advancing
side(AS)899 TMAZIAA Az Axs Jehlz ¢
= AL B9 Ao o8 WP mutez 98 Al
Fol F718t] 1 Bl HAn E=3 ASHY e
7147 @] RSYY Eok =] bjEe] AY Ywo
BEo8 QY Arrt A5 ACE AlgdHy o E
9 Atk o)gugo]l dx)sh= ASY o] RSFY
oo 52 2748 988 vedu 428 4
o

X
'r%

r-(m
mlm

AT

Al/Mg9 ©|% FSW HE® A 5z990] ojms &
X2 Y ER 47] 984 SEM-EPMAE AA)8}
th. Fig. 62 A3ol|r] BXo] TMAZ—H??P AlY}

Mgdagc] watde] muigo] gls R4S Yehyw,
SZE99L AIF Mgdaso] 94 @2}5101 MES 2
Fhol FPHAS I U TMAZ-TYGN =4

1801 A
Retreating side Advancing side

1604 Al 6061 AZ31B
S 140 -
g ./
2 1204
@
=
T 1004
3]
=}
» 80
o)
%
g 60 "
=

40 I J e

[ 1 ] i
204 BM TMAZ-% sz TMAZ-¥ BM
g ~—

T T T T
-6 —4 -2 0 2 4 6

Distance from weld cnenter (mm)

Fig. 5 Hardness profiles of FSWeled in cross
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Fig. 6 Concentration profiles of Mg and Al atoms
across A6061/AZ31B FSWelded
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Fig. 7 Tensile fracture surface of AZ31/A6061
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