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Some Aspects of Friction Stir Welding and Its Appication Technologies

Woong-Seong Chang, Ki-Yong Choi, Sook-Hwan Kim and Young-Gak Kweon

1. M =2
42 5o AFRAREG UAAL] BT 27
sollol weh AR, 937, BEAY, Wt

Z F471719 BAFE A% 71e o] &
g1 9or o] E Y& Al Mg 5 A2¥E FA
4%01 we &2 sy vk o E o=
% ERFolME g E9lo] Frtsta <l
olg g #F 717] 9 p2E 2y 83 33
o oja) o] Foix=dl AlZEY &3E 7IEA, AA
A a3 #7343 ﬁ‘&ql*i WA ore B BAHE
A4t e}, o] & Al Fa9 %% HA EAE 8l
A ¢ e MRS 7124 S5 2AHTITEY
Friction Stir Welding(e]8} FSW) 7]&°] HZ &
of thakdt At Fofol| A FH S sHA A Lol HefE
gt AF7A FSW 7]1& 7o)l Al gl A gty
o] ot H2oE= Al §8el o]olA Ti, Mg, Cu &
F o] FSW 7% /NEe ti7de] Ha ey of 7]
o] Adtgd a7 9 2HAG 2% N7l &5 2
213l 43485 Ed 9A] Lol ¥ E Aol

o] 71&& 19913 H= TWIel sl 53|71 29€
olg} 90Tl FHHRE At H Lol AlRE YT A
A 7b #e& 77l N2 £ 3 d&3st
olgA 7l&z FEd . TWIS HE E8E o] 7|
zo| st Mdure Fod Aoz FAAH HE
Azpt 71719 FA, 22l 4F &71<0 tajA
£ TWIZ} 33 3zl FSW symposium” ¥ 73
& Bd ZA89"", 22 s TRy 5
s ge ?é#a"l SR E D glon oA
% 712 A7 AFSo] £483' 2 Fo wEHL
lew o] 7€ §4 bl dis) AdAL A
T A& FolXx e AFeltt. Fig.1& ¥ 2
oA laser&H¥ wFE&H Wi AT AT+

_A‘Lrijgrii\é—\é
X

o

KEBEEEEE $19% F693. 20014F 12A

el = A 1087 & Roko] A77} of
3 Z7bsta 9eg BozEt B3, Ad 2d
AFAT M= vl & A7 40%7F FSW 7]
o7 g% o] Kof rigide EVE 7}

q
-4

ool
o )y o i

EE A
5 2
g+ Aot
150 | - Friction welding

(Including FSW)

125 | A Laser welding 7\A

100

T

Number of published papers

\ : . . . : \ : . .
B0 82 &4 8 83 90 Y2 94 96 98 00
Published Year

Fig. 1 Recent research trends of laser and friction
welding in Japan
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Fig. 4 Effect of welding processes on longitudinal
distortion for 1m weld length plates (Mater-
ial Al 6061, Length 1m, Thickness 3mm)
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Table 1 Cost calculation example for 50,000m
annual weld production

Unit FSW MIG
Machine cost EUR/m | 0.84 0.53
Weld length m/yy 50000 50000
Weld speed m/min 1.50 0.54
Arc time h/m 0.0111 0.0309
Duty cycle - 0.24 0.34
License cost EUR/m | 0.86 0.00
Labor wages EUR/m | 1.16 2.27
Tool cost EUR/m | 0.05 0.00
Filler cost EUR/m | 0.00 0.26
Energy cost EUR/m | 0.00 0.01
Shielding cost EUR/m 0.00 0.19
Total cost EUR/m | 2.92 3.25

Cost per weld length

Total annual weld length

Fig. 5 Schematic presentation of FSW and GMAW
welding cost per length versus total annual
production
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Table 2 Process variables for FSW process
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alloys

4. FSW HEF 2EEEet XX

FSW &A1Y LxolHo tisA = theka At
o] Wy y R 1 =R 7tdslA gvh 1
fre AEA 2 247% o3

o
vhgzo] 717 wjFolrt, wepA, HPF <
Zro]l ®e #Holtl Backlund® tool 37

Journal of KWS, Vol. 19, No. 6, December, 2001



Friction Stir Welding2l 533 A &7)%

11

< & %4 4mme 6063 AlZF-TeAe HFA

b m Eojd AHo|M 500CE xHslE
o] V1&5 1 }lﬁ}“’. FAlS A AR Huew
°F 450CEM Al9 &4 660 coll vE g3 ola}

IfF5S ¥o7le 2=k Aol WA ot
1A Aol olstd FSW A& Al#He ofjol
to OIO} D;(Hoﬂ u],;‘é]—aloﬂg_ 010.71011\1 3]
Se T3 A E FAS=Y o A
I O T HarEdeEE AEE A
Ha 350~400C7t Hlol 9] Axe &
Belck TWI2 @Az loixm Al
o 700/ A7t Juexas Al 4% 550
g2 etz st Al Haneks 500T
2to Azt ot
, 6NOL gl s FSWet GMAWS
Z3ote] vud g MEW FUg
A FSW7F GMAWol H]&] ity o] <l
o] 7% &3l B GMAWS HlaH
FSW7t 23 At 4= 2AY 1 o] e g ddf
Aty BnEgt’ FSwWie ex& CEE
GMAW 72 -%-¢ vl28 272 Fig. 8o vepict”
FSWe| 17825+ 480CE GMAW &3 %<
L2(660%C) o B8 uf$-

TWIG A & A go]&5e] ¢hd npag 228 Alg
FE 71eeR M oo FRe Holegl
M wdd BAS W S & 2ud stir
zone(D)o°] J—ZH 3t AHeld) o] e =4 Ay
FYola Al a8 HEFNME 53 onion ring,
el Lﬂf??ig Y& 2497 B}, Stir zoned %
AR e A8 Aage THEH ot UHT‘

o o0

[} faxd

lo?rﬁio

o o

orﬂ,_)‘_.omlﬂm),:io
o -

B
m%

£ 03 oo = 2 o o fr PR Oo ff B of o
=9
oy .

oA

v}

Zx

rulo

mR oo op

_4

o Hl R & o oo ot

ﬂ_%oﬁ.(‘ﬂ

_‘E.

B 4 o

400 | S

300 =~

200 F rg Measuring point

100 |

4 i I} L 1 L L L 1 1 L 1 i i L
0 O 10 15 20 25 30 35 40

Fig. 8 Comparison of heat input between GMAW
and FSW under the same welding speed

KEEHREEEE F19% H6%%, 20014 121

Fig. 9 Representation of microstructural regions
in friction stir welds for (a) Al 6061 and
{b) C-Mn steel
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Table 3 Tensile properties of FSW joint for Al alloys

. Yield Tensile L, Fracture
Materials Travel speed Strength, MPalStrength, MPa Elongation, % location
2014-T6 - 247 378 6.5 HAZ
5083-0 - 142 299 23 PM
5083 9.2 144 - 16.2 WM
5083 13.2 141 - 13.6 WM
5083 6.6 156 - 20.3 WM
5083 9.2 154 - 18.8 WM
5083 4.6 143 - 19.8 WM
5083-H112 15.0 156 315 18.0 HAZ/PM
6082 75.0 136 - 8.4 HAZ/PM
6082 26.4 132 - 11.3 WM
6082 37.4 144 - 10.7 HAZ
6082 53.0 141 - 10.7 HAZ
6082 75.0 - 254 - HAZ
6082-TH - - 260 - _
6082-T4 aged - 285 310 9.9 -
6082-T6 150 145 220 7 -
6082-T6 aged | 150 230 280 9 -
6005-T4 - 94 175 22 -
6005-T4 Plasma welding 107 194 20 -
6005-T4 GMAW 104 179 18 -
6NO1 25.0 199 133 12 HAZ/PM
7075-T7351 - 208 : 384 5.5 HAZ/PM
7108-T79 90 205 [ 317 11 -
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Fig. 10 Comparison of fatigue endurance test
results
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Fig. 11 Comparison of Charpy impact test results
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