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Evaluation of FSW weldability of Mg Alloys

Joong-Suk Noh

Department of Materials Processing Engineering, Graduate School,

Pukyong National University

Abstract

Friction stir weldability of hot rolled AZ31B-H24 Mg alloy sheet with
4mm thickness was evaluated with various welding parameters. Defect free
joints was obtained under the condition of 2000rpm-100mm/min. And friction
stir weldability of wrought Mg alloys(AZ31B-H24, AZ61A-F) and casting Mg
alloy(AZ91C-F) were compared using microstructural observation and
mechanical tests. The microstructure of stir zone(SZ) was coarse in
AZ31B-H24 alloy whereas it was very fine both in AZ61A-F and AZ91C-F
alloys. The hardness of SZ was remarkably increased by very fine
recrystallized grains both in AZ61A-F and AZ91C-F alloys. On the other
hand, the hardness of SZ was decreased in AZ31B-H24 due to the coarse
microstructure. In SZ, AZ91C-F alloy showed very high hardness values
because of dispersion hardening of MgiyAli2(B phase) and Al solid solution
hardening. Because of more MgpAlix(B phase) intermetallic compounds, Mg
alloy with high Al content showed poor mechanical properties.
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A 248 vpFwyl S-4WH (Friction Stir Welding)
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o s A&To wel 2z JAojA 2 2ol glon} 2000rpme] % $-7}
AAY A7) 2F Atk WA R olF £wvt =¥a § AL
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17

— 1000rpm,106mm/min
2000rpm,100mm/min

16

.

15
144
13 -
12 4
11
10 4

Grain size(um)

9
8
:
6—- ..4_..,/,—,. Rt

v T v T
BM HAZ SZ

Each region

Fig 4.1.6. Comparison of grain size of each region(um).

Table 4.1.1. Comparison of grain size of each region(um).

T BM HAZ SZ
1000rpm, 100mm/min 5.6 7.6 11.7
2000rpm, 100mm/min 5.6 7.7 12.5
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Fig. 41.6& 1000rpm, 100mm/min¥} 2000rpm, 100mm/min® 2 7
et R Ax BEE U Aotk F £330 EF VKT AR
EE Yellx gloy FEENG 532 Astd SZ7 EAdve Aol
t}. 529 |3 AxE 249 o 80%F=olth ol YoM AFHxol
ZAe A" 4R AR oD At Hol 7] WA X3 o]
g WA W SZolMe BE, AAA, 24H A 9AE AAH
ZzZo] ZUFH A7 wEolth. TMAZAAME HIE ZZAL Zojs| A
AdFo] doubA] ol B4 WY F ¥ 7hE 43td s dEhd
i A7 Wit AERAE AtiF o R A ves Aotk i HA
Ao 3A&EE7}F 2000rpmel F710] 1000rpmel ZAK TG TMAZS SZ
oA <zt ¥L Ax BIXE Holwm drh ol 2000rpm¥  wr}
1000rpme Wixch H|2 TMAZS} SZ 2% AAY 7]
ZulElE 71A1d WS vinsE o AAE B A9y A
HiE A9 23 ddgo] duldg ez 2000rpmo| A ] Bo] WAlEy] wiF
d Aoz AZdAct webA FSW HIF A=el vAe Axe 2H Y
ARt 7IAA dEe 9 gol gEdtds AL & 5 AUk

Fig. 4172 AZ31B-H249] FSW ¥4 A Yelye 7z 494
A AEFE59 EDS 4745 Yehd Zlojth. &9 AEEE0] 418
2 Je2 2482 Y-S 1 & FUF Atk ol FSW HE A 7E
Zstute) majel o)7] F aba EPEC VAske ez AzEd
AlMn MEBe JPy 2ZE Gooln daHgon TMAZSE SZAA
R Al Al-Mn A&E 3}
B9 EDS A& 18 Fo ol e
o] MEEEo] IRIHAEH ol FSW
A ZIAAQ] mro g Qldle] MEEo] R 2 88U REoE A
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Fig. 4182 SZ 4 4dojA E1E Al-Mn &5 TEM Apzlo|t}. &
A A3 AXYE Al-Mn HEEL2 A AR 1§ FEH o ¢
1~5me] A7) 7143 Utk Al-Mn AZELS ti7l MnAl, MnAl,
MnAle] 2422 3FES o|F1 Uor Hojzu v g
7FA 3L A

Fig. 41.9% MgSiS #%93 SEMAIA T EDSEA] ZA3olty. SEM A}
A A MgSi 43 3FES Astny oz 2% Al-Mn H&E0]
th. Al-Mn A&E3 g8 MgSi 543 382 7ol Bel A du<e
AL o 2 gt}

o] # 3 Mg:Siv Mgdta <] 1A 54 &7l 53 35 3 E

2 4y Ak B gl Sigkol 0.05% 2 uf -9 w)w] 3k o] H7}
wlo] dojX MgSi 47 $¢Eo] Wo] AAH A= FUAR AZ,
AMAE 9] vt ool Si 945 HI7HAZ 1A 1A E vy

F el B AEE Bol A2 Zlo g Audn.

L

St AZAIEY Mg @sdA 7P EAAEHIL A= A
MgrAlL(BY) 557 e 2 A3dAe AY A I
ot 1 olfrv AR F47 ES NG HFY Al Fo] T
3 BA &) WiEela, =4 Sivt H7tHHA Ale] Mgd wE-S-3)
o &7 SFES Ayl Hol Sizt WA Mgk Agtsto
MgSiE dAdst7] o s Aztdt

Table 412 &0 A3 FSW H3H-2] AAAE 3 4
Al Aol ®AA & F HAgH-o QB =EE =A)
A% T A4
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Spectrum 2

[ [ 1t

Spectrum 2

Spe-druﬁ 3

3 LY

Spectrum 3

~H

Fig 4.1.10. SEM micrograph and EDS analysis of Mg,Si precipitates.
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' ~ = Spot analysis result

Mgi7Alr2 ([3 bphase)

hika
Aura, - e
z
- Znks
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00

Fig 4.2.4. Microstructure of butt joint. (AZ91C-F,500rpm-50mm/min)
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2 EAHE A5 EA45 Uk o] AELS EDS B4 A7 MgirAln(B
el Ao & vebdth HAZS BolX e ®2ale] =27 vlssh} TMAZSI
= T2 B &5 AU SZYD

8l 2] o] ulj - v A &) o}
2) 83N 7I1AH 54 v

FSW H3td Al &9 AR Z5E ZH3s9 Fig. 4250 YelH A
t}. SZol M o] A= x7t AZ9IC-F7} 7V4 =31 AZ61A-F, AZ31B-H24 4= 9.
g YolFth AZ31B-H24E BA 4% Br} @ S7Z AT E Ho|3 Q)
=d ole d7 ¢FAoE A v M3} © =7} FSW91 g - 7AAH g
of oJsjA SZe| xAo| A, 2AHE LS AAUAM 2hsEA 7] o
wolth. AZ61A-FE= HAHoZ M3 ZAx HE¥EZ Holm glom

AZIICFS] SZ= wA) ZAERT M9 B PEE ®olw Q). o) e
kgl ols) ¥4 1mdzmy;aagsﬁqmw%@w%aa

o2 Azbech

Ao Aol d&F& vx e o) g3 Bato] ztzte] 3ol ol ez
EA s Aol s A dob R gkTh AZ31B-H240 M = BF 47t 81§ E0] 39
S 2] & WhA AZ61A-FoL AZIIC-FAAl M & B4 S/ ES 08 5 AN
t}. Fig. 4.2.60] AZ61A-FS} AZIIC-Fol #AHE BAS Jeudch
AZ6IA-Fol| A &= vl -9 v Al gF R =241 vhH, AZIIC-Fol| A= o) -9 =) 3+ &
e UER 2 0T AZ9IC-Foll A o) BA4F& 1 717} ol - 7 A SEM ¥k
ot} Fst v oM = Fw3] o] 7ttt

Fig.4.2.79] AZ91C-Fo] A3R @i o A Alg kS 2413 EPMA 272 7
SEX oA UrEM%O*E}. gol Aol B2 atA F2E o] glo] Al &
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|(A) AZ61A-F® .+ |/(B) AZ9ICF

LA

Mk (C) EDS analysis

ﬁ-MgnAlu
hika Mg : 56.32%
Al : 41.72%

AubMla

ZnKa

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00

Fig 4.2.6. B-Mg7AlLz phase in (A) AZ61A-F and (B) AZ91C-F
and (C) its EDS analysis.
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Fig 4.2.7. EPMA profiles in cross section of AZ91C-F.
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ol Hol SZP Gl 1F FESHE A VAT 3 ZAjd] Bl SZQ]

T AIFFol o2 27 ATHE 22 89 ¥ 57t e olE AR B F
B3HEo] &85 o-Mgol &5 A7) W Foletn HztHt S
MgirAl(Bd) o] B 5ol drtv & S-S v A= A& F1s7] A3l
A MgrAla(BH) 7 a-Mg$ 300g9] 350 2 574 47 o-Mge 2 55Hv~
65Hv, MgiyAl2(B73)& 2 65Hv~ 75SHvE et o BAo] adE o of 10Hv
Y% EL AT S JER AT tebA o8 g BAaro] SZo) A& ] A|8HA) 1
FEEH U7 WE ¥ 42 E UEHiE Aty A4En.
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A& e AT AZ31B -H249} AZ61A-F= oA gdo] Hew
AZ9IC-F& BRIl M she] 5] Sith. ajol A shehe AZIICFE A9 @ F
e A3 71414 548 Table 4.2.19) Uet At

Fq\‘- oﬁ
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