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Abstract

In this paper, using the Taguchi method, the parameters affecting the toughness of super duplex stainless steels in
friction stir welding were optimized. In order to achieve optimal conditions, maximum toughness, the quality
characteristic was used as the higher the better. Analysis of Taguchi results showed that in order to achieve optimal
conditions in super duplex stainless steel weldments must have a tool rotational speed of 500 rpm, a welding speed of
60 mm/ min, aninitia pressure of 70 MPaand atool tilt angle with the workpiece is equal to 3 degrees. Under optimal
conditions, the toughness obtained from the confirmation test was 61 J, which was very close to the predicted toughness
(58 J). Analysis of variance was also performed on the results of signal to noise (S/N) ratio. According to the results of
analysis of variance, the tool rotational speed parameter with an influence percentage of 64% was the most effective
parameter on toughness in friction stir welding of super duplex stainless steels. On the other hand, the parameters of
welding speed (with an influence percentage of 17 %), initia 2 pressure (with an influence percentage of 16%) and tool
tilt angle to the workpiece (with an influence percentage of 3%) were in the next ranks. Also, SEM micrographs from
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fracture surface of the samples in the impact test proved that the sample that had the least toughness in the impact test
had a cleavage morphology and as aresult, brittle fracture. This was while the morphology of the fracture surface of the
tested sample under optimal conditions (with the highest toughnessin this study = 61 J) had a large amount of fine and
deep dimples. The presence of these dimples in large quantities indicated ductile fracture and eventually reaching the

highest toughness.

K eywords: Friction stir welding, Stainless steel, Optimization.

FSW 55 15 e T VLl SGISe ol [8] 0lSen
Sl oly s 48 U063, S Lesl ol .l 63 S )y o
AU Sl 25 e B e ST s3]
ol e Sl R S 20,8 e L3
FSW 55, 4 milsalp e T sla3UT s SO
o (il g (ST s abes 4 il el (0 5
S8 g sla bl [10] 0LSCan 5 e [9] ol
oSl iy b sl | alezel = SISl
s Yousefieh :oman . Klos S (luang IF 5Y 6 55 csa
S P NS e bl [11] O
3633 05 S5 sV 555 2 ol 0L SaS 4 58
S SeaS 4 il Ladl .ol 65 S (g5lw 4 |
i Dl s (S5 Sl Sl xS

b s (53653 05 K5 glasY s
3 b s Sleas sy SOl 4 (2 SU B
sl el a8 Slasie 35 ¢l b bl Lo
Lo 5 ,S,LS (DOE) ilesl 1k sla s, iST.cl
AU olinlel b sy sblse 5Ll Ll Sl
i OLSl dlmas 5 5 ba i losl sliws [2alS & 015 e
Lo nte g nd il o b oS L S sla e
2l e Ol g Lol i s El e O
Slp e a8 5 Blite Sl g s ol 0 - sl
ki Sl p w Tl 5 Ol jen 03551 ey OISl 5 L poine
Jlie Sl 51 IS ) pdie Ll 3 el o)Ll el 5
[12 S11] a2l o) cnl amlae 51 155 e wBlge 51 oms 53
Sl sl il (lwang Guid op) Slaal 5l (SO
U ol (o SU oy, SaS 4 sl — Sk ol

AT ey s (658 sladss b3 lle S i

aedie -1

S mles 53 s sk 4 (G363 e 05 S5 gLV g
D5 eslial sy ol s gladul b 5 ends n O8
les o Sldjlle s 51 o pb LY (pl 6,8 s
s ] 5 o B3 s el 48 Ulan § Lo
slas¥s jolss ¢ sams 5l oS 5 Jltbag opl e
[2 51] 50 o Jools b 5 onal 05 K55

Cll S il e izl Sasl s
i ) S O me sl S0l s S e el

Ol o &S = (slols a8 (IS g 5550 5L 5l S

SLlse oyt ptoge S| 35 e oslital ol st 5 Sl

sladlp L aslie 5o ol S ol (o800 e

Blomey s 5 plasel 4 015 oo Sl D (IS

[4 3] 5505 0 )L31 5 ol (slas (izman 5 j2aS

5 SO ol s oty ) e Dliies
- Sl 8 s e sSUT 6as 2 Sl
DS 5 iy It Ol 4 ol ol planil L
Sy Vg aliael = Sasl o Ko a1y Ly i [9]
aals 53 1y Las (e 1l WOl diles S a2 (53053 05
S e ) il ol 53 edd (5,8 o3l slas iy
o iie o 318N Clisnn wls alws 4 Lot ailats
o ot s P 53 3 e 5 028 (3ledde
s o3l S ol o b eess gl W8 b 05 S
OlLLSKan 5 PItchipoo. ales S eslanwl LMl adlate S s s
Vs b ) o ST s s B e & 55 [6]
Lo bl 3w g e 53 (3053 s 03 S5
OB axkad Ul sl dhe Sl olizbt SKasl 6180 5
sZhang s 5 [7] 0LSn 5 Babu . as) assl s


https://dorl.net/dor/20.1001.1.2476583.1400.7.1.10.1
http://jwsti.iut.ac.ir/article-1-374-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.2476583.1400.7.1.10.1]

121 119'12742“ c14OO Qt—va.u 3 )Le ‘15)1».5 cr-:ﬂ-ﬁ dLﬂ cd‘ﬁ‘ 6)&..3‘,’.- ‘5)}\3.3 I c‘,l.ﬁ A?.j':". cA.:ﬁ-.dﬁ dases

(555 o3 o) S35 05 3 Y5 pleas oS 5 =1

P N Mo Si Ni Cr

Mn C o=

P,

oY VY \vAs <Y £IY Yo

“IAY ey (UNS S$32760) wl, 5l

by o s 5 b la el =2 Jss

e Cadle Al
v Y \

Vo O Yo A rpm) i3l ix o s
q 5 v B (mm/min) ¢, = s
v Y0 ¥ C (%) 1S andsd L 1l 451
v o+ r D (MPa) oy s

e il 3 L 5 el (oS- 200 rpm il s
o 33 1 Blg 53 i e LA Lyl ) (S
O I 55 3150 a1 (53555 553 200 rpm 15l Lo
23 S pad a5 5 e Y IS il 4 Les
b s el ol cles s 4 boestl guilaie
(800 rpm il iz o o) YU il i s e
S ol s Ly et 1S Sel calul Lol
o Ll gailes les 800 rpm il st o s s o
saal Jole Wl ad bes 0o ol 10 VU 318 o510
o=l 03 b e ol by AL e ol 00 S el
Lo dal b ol S comal il b3t s 4 e o

A i S S a5
z b Olse 4 750 rpm 5500 250 -l v 4 ns o
w3 bl Sl il (e e bl gl ol
S 31t ol JUS sl e Sle S5 s S (sl
a3 (o ol 53 3L 0T Ll Bl U s s el
A ST b s Led 8L IS sl
(3) Jsitr 53 s o351 50 4 L (34) UL S 551
shices L9 (34) JU S 5l o 5le sl L as ol
oo ) STas Js el 2als 9 s 4 e bl
plowil a3t 34781 sl b oo g eslizal JolS 5 S
b el 3l e 05 K55 5V sls B s
coi L9 (34) JU S5l i ile am iz s s (2 ST
Jlal Jmae as § 515 aliel — SWhol ¢ K
Ao ;3D dgdoms s 4 (LS5 51 8 byl oles

A 6 Ao s T S8 4 Gados nl 3 e
S 32 5 3V 53 s Dlaad s FOW il 3 55 el
e Sl Al (2 S s e el sl asiia
ol A S (b Sl el e 5 AS el
ol e ilesl il iilin JUS 5l Sle Sl
Shoslial Ly ulss bl e ol JUS 5l o 5L
Al s bl g s Sl 4 S s

T11] b zobesl 5l esbinal b aag Jal 5

G gy g 30 ge =2

63833 5 3w 055805 Y 55 glads 5l ol i s
Jsd> 3 01 ol S 5 S 4d eslizad (UNS S32760)
] 0 a:)jT (1)

7 JosSB el o (A ST hss 00 Sl b
ALy sl s iy s mskee 5 J xS LG e il
S oladse 532 Jsax) Lus bl e ol el
L;_:EJJ Ud»«‘ )3 aJ_.j: ul_>=';_'\ C}k_w )\H Jﬁlﬁjﬁyb
LS sl i L;Lv}Ju..a_LJ.uLA S E L d)&-‘j’}’f
slace o Lsdd ()85 o slaassad s Jlis Olse
3 =Somly s VL) 800 rpm 5200 rpm 1l i
Lyl s s sdalie L5 el (Gds opl jo ol o

Ca-cj_w ):(rsj‘ﬁ‘gﬁ_‘“}ﬁc'&ﬂ):) Aj_wdjlg.\;l}}


https://dorl.net/dor/20.1001.1.2476583.1400.7.1.10.1
http://jwsti.iut.ac.ir/article-1-374-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.2476583.1400.7.1.10.1]

119'1274?&5*0 c1400 bl:a»d.u j )LGJ. clé)l&-\:‘ cr:é-k JL.U gb‘ﬁ‘ 6)&.:1"’: 6)}\.'\3 j r".\.ﬁ 4'.1}":". cAra.wﬁ daes 122

SN Gl oo 5 a5 Julesl s LY JUS sl s 5le =3 s

Al
S/N s e i s B e i
Fess @ i kil il i L
(MPa) ' CT T
(®) )5 (mm/min) (rpm)
Y, FEY £ Y. Y Y. Yo- )
YY,A-YA f4 - Yo £ Yo- A\
AAA TR [} Y. Y 9. Yo- Y
ARA TN oy Y- Yo Y- B~ ¥
YEA-VY A1) Y. Y Fe B~ [\
ARARER! oy B Y 9. R 7
TYAF 3 - ¥ Y. vo- v
Yy,avar A3 Y- Y 7 Yo- A
Y FEAF fr Y- e a- vo- q

N

63895 5 O3 5 ;Y).é)\:;'-\.ﬂ)-w-ljﬁ.i

10 pm

L Ol 5 (SIN) 5 a0 IS o 58 4 JS 5 5bows
Sl aibe a8 5,8 bl sy g0 (AS aasiie 4 ar g
FoS w5 (HB) e i e 2 (NB) g ol o5
> Sdas oyt an by s SN G 0 5855 (LB) e
S & By ragh cal 5l G 4Kl & 4 Lo
ol (53093 2 e 053855 SV g g G5 03 Ko
(1) Doles slie 2 (HB) 2 iy o 2 &S aasis 1

114 ,11] 15 Clas
s =-100g,( 13 1] W
el LT slas N g sdel sy il Sl plS 2 Y oS

o e Sralasl s sdel s way 5 (653 G ol o

i 3 St ade ST s 395 5 S a5 A

RIS C W (N ISP R W P
B 80 slaesliw L eskiw ahw sy Lad sad ad sl (s 3Lmosle]
at JS 5 Jlake OT L kgl e 5 23S plnil 2400
0/3 Lo 1 35 L L g Qlistl sy pows 2 (8l L
B e e S o L K= =~ FYRVE S0
gl aesbd e a5 15 feily 2 10M KOH J sl
T o e 5 o gy sdalle (ol s
S Son 3 s lasT 5l ol slad sad S
o S (s 4 e S (SEM) s, G5 S
o o an As ealiul o (65 ) SISE s
SV L glaasal L gl s bl 5l (S in
Sialasl[13] s eslic o ASTM E23 5 jlbecl sbus

W rl’u\ ALl bes 53 oyl w0

oy gl -3
g 558550 5 B @l ) Sy, -1-3
by 3 s G S Sy S s (1) IS
Setler g das e OLES 1 (303 g O3 55 358 4l
b s ol slasl ol 53655 g 05 S5 Y53
D b gy e 3 il K ) el e

Lla S


https://dorl.net/dor/20.1001.1.2476583.1400.7.1.10.1
http://jwsti.iut.ac.ir/article-1-374-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.2476583.1400.7.1.10.1]

123 119'127425«0 c1400 ql:..u.l: 3 )Le clb)t»-: cr-:ﬂ-ﬁ JL-I cd‘ﬁ‘ ‘5)&.3‘,:.- é)ju I c‘,l.ﬁ Aij':". cA.:é..uﬁ dases

e o 53 bl a gl p Jaye SIN s -4 U

el

D C B A e
gl jLLS S5 aada b lpl sl G Sl A S
YO YV TYIEY TYIFY 3
Y55 YYiFa Y THOY Y
TR YA YV TYAY v

Sl b ¢l o g bl 2 L A2B2C3D3 oyl s
S (2) JSs s alazl - S ol o 8
S (SIS g L s 5 (A o L Sla sl 355
anl ol 81 60 mmimin g 8z > s 5 500 rpm
‘_gl_ﬁj.:ﬁ\)li)| c}}cb_w)J céja:;f“sL\} 8\))3@‘
e, 3900 rpm 1 ) i el
el alS v gze SN cos 60 mmimin i ¢ s 5
S S o Jas e Pl a4 IS a8 Lo

W23L sl als

B JA = adgl i

A B C 1]

dawza SN s

T Vg T T

T gin SN oy iyl 3 e (gla bl 36 -2 s
U lvsie SIN Cd S andad Ll a sl 2ell 5550 50
al ialS a3 205 Sl ansly 5e weS S O
asls el Sl pss e 53 (Kosir Bl a5l
ol ansly (il el s a5 215 i 15
D iy a5 4Bl (Bl e gte SIN s w53 3

C_,..w‘ cJ.:.w) J)}L

Els el ol b Sl s (S jix 5l golee Ol w
(3) Jsar L3 bl a4 b o SIN slie 5 (Ko
O T S R N P B UG PR RSP
Sl Sl 558 dsloes UL el s ol SN s
o e 3 SIN st S ) L
03,51 (8)Jsir 5 g 2 0 e pl &S Ll o s

sl 0
sl gl e IIN Glacs vl 5l
S bl s gl e clﬂﬂ il C)lﬂ“ BERSTEIE
s ol L OF o 53 SIN o 1 555 6Ll
o3 g e sdaliie () Jsir 55 oS 5 shiles 50
el Sde D po B sy bl Sl ane e O
o S L gl el esls UL e
Rl el Jav sze SIN s o 2 (115 2 e 13
G wg plam Ol 4500 1PM L 1l i e
S ey Sl men S S Rl
Sz a2 e 53 B gt SIN o Shas (K5
Olye 4 60 mmUmin ol o K8 5 o o a3 el
L o=l assls el sose 53l el ol s ag clﬂw
ool s 4 3 a3 Jaw s SIN e oy 2y IS anlad
DS el L ll el bl 6l ang mlow 10l
@ls 3 o cadsl SLis el 3)5e 53 Wlg o a3 3
10 MPa aJsl [Lis ams 53 g Jamsgo IN o o
S sk Olea Al Bime bl ul Gl e sl Olge &
55 asD3 5 C3 B2 A2 5,5 e etalis (4) s s
DCB A lamhl sl die o 38,5 eias 0L

RE VLI


https://dorl.net/dor/20.1001.1.2476583.1400.7.1.10.1
http://jwsti.iut.ac.ir/article-1-374-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.2476583.1400.7.1.10.1]

119'1274"5& c1400 ‘.)l:—md.u 3 )LGJ. clBJL«—z cr:é-k dLﬂ c:)‘ﬁ‘ 6)&-:"’: 6)3‘}5 3 c".\.ﬁ 4..1.}'.:.1. cA.:é.wﬁ oes 124

cilises gla alib ol (A) Ws =5 Jsa

ALk
il 5 b ol sty ks T S e
S aalad &;K*;F B
« /54 VALY \VAn' (A) s jzal 4l
v ¥ \ L5

5)

OieS S SLS asdad L il sls Ll als 13 ol
(23S 8 el polex 48 53 4D o (A=0/29) >
ke o SISEM st o5 an (45 3) sl S
$113) 9 ol slatlasl lp 4, Slak pod S
i 6113) B ojlas 5 (A3 F Ko i llis o S
rosw (B) s st e 0L 1, (B0 F (S i it
Sl 3,5 G S5 odins UL &S 5S¢ 58 51 (35805
oS 9 eslacd Ghlesl 5o (L5 e 40550 calie
3 S 5 (4) IS s ol sdal s 4 (S jie Sl
b oS0IL sl Joos Lol s e sdS ¢ 5 51 (S35 585
S oS 5 S CaSCs o G50 cnl 2 o s
SISEM i 53 Lo fmus 355 Sl 35 5 05 eSS
Dl bl s as e cnSs claie gl
Shlasl i sa i e el ol > S 035 VL
el 96l

(ANOVA) il ,ls 5361 -2-3
Al gt A L el s e 0L LS SN s
AAUT Ll S o o 48 gm0 1) il 36 5 50
S o Ol (oS Sopen 5 LD A pl Ol 3L
33 oS e 6l ol a5, S ANOVA s s

Dl asls el 3l g o 53 ( (Soji STas S3l5 0
(N B W R 5 PRGNV B WY RO VPRSP O
ol aS ook 4l sl b 4 ol Sslis
5> 5 (50 MPa) 22la v o (30 MPa) 1 oo 51 sl L3
s b e SN s (TOMPR) 3 o ¢
53 b e SIN ol a8 &S5k 4l asly 15
S B s e IN G i 5] Sl
Aol 3 o a3 (S ir Sl s ol ske]

ol s 4 70 MPal x4l Lis
bt 3 sl (2) S 55 6 les s
L o L Ll Sl i e
ol s DL LS andad bl sl 5 oS5
Sl Dl s bl nl 5y e = sl 38 Ol
333550 05 S55 NS Lo Slalad 5o Koy
0 bl (i S 5t e sdalia bl
e Ol o 1 (ol 5l 3] o e 5l
B0 e Sl R e L S 23S
Gl il SWa ol (6 8 g Al b s Ko ix

SPNTSIEPEIPRICTIE S REER Pt
Bl 5 Sl ey Ml (B) s Lo (A) Ws el st
Febly SO (sl il sk 53 SN slacs (Sl
a0l il S5 el Gl We an e ol
03l Ll il 4 od o) 50 bl O35 e
Oy &S gy dul b Fse lamally 50 Ws &315
Ly (AZLIBT) Ws o 5555 (B) s w0 a5 LS s
it e s W el i s el
S5 Vs e Sl (S bl stese 1
Al L S el (5l 5 O

rj_w 4.:5)))0/69 f‘f LSLIJJL’A.:.!‘)‘ )uéjrjb 4.:5))30/72


https://dorl.net/dor/20.1001.1.2476583.1400.7.1.10.1
http://jwsti.iut.ac.ir/article-1-374-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.2476583.1400.7.1.10.1]

125 119'127425-.0 c1400 Q\:—«J.U 3 )Le c].e)l»-z cr.:ﬂ.h ‘JL.-: cQ‘ﬁ‘ 6)&.33’: 6);\25 I c"lﬁ Aij.:a' cA.:é..uﬁ dases

oLl }gui_@u -6 Jsa=

45, U e Sl g okl DOF Al
s
) #¥ 44 /AN YO/f¥f Y
M A
Y Y Y¥/AAY \Y/EEY Y Sl s
Lol sl
¥ Y A7ARAI AVARR Y
DS dakad
\ Vs YY/AQ VAT ¥ PRI
o
Voo /
VEY/AM A @"”’“

g sk 5l A S [(SIN)Predicted]  sai o
s (2) dsles polal S e eslizad FSW (gla 2l J
[16 S11] ws

(51 Ny = (S/N), + X (BTI), -(8/8),) @)

S 5SS (SIN) SN el |S :SSls (SN <8
FSW aul b 55 Jse sl alsl ;\.L,Jpj%cb,ﬂJ;S/N
S e g ey IN o s Sl e Ll
ol s (1) Woles Sl eslizad Lol o i

Sralasl s (e 5ol d L e Sesix (7) doir
e i 35 e edaline &S ) shailes e e LI | A0
a5 b b el s 4 gl sl 55 610
ol BB I skt e S (2) 5 (1) Vsl
Aol plasl se Kajir 4 o3 s B LS S
Ll s 55 aS b bl s sdel s 40 (Ko iz oo
53 edal oz 4y (Ko e o VL ol o plonil aigy
NGSOH v gy

03 4 & ged S ahadie o I SEM s (D) S
568 s lailen das o LS |y aig Tl 3 53 5 Al Jhbes
Lol e e Sl 5o (55058550 250000 0> SO
ol el 5L ke 4 Gees 5 5 (Dimples) sl Lass
s e a5 Sl o S eins 0L (54585
(613 11y (Ko jix) wmgr Ll b 55 (Ko e 0 5V

oty HUTLS S el el s s o
Sl s edid oLt Vslas 5 Ol e Jo e el
03,31 (B)Jsr s sty LT s s plnil [12 511
Sl o e S 055 e edalie &S ) hailea Ll sl
Aol s bl o fse Ol w0 B4% L 36 as s
5 S5 sV o wlalsd S i o FSW
AU Ao 2 L e Sl (55U e
s bl kil e FSW dyl b 55 Jige el oenss 17%
Ao L LS aalas U Jll asly 5 16% 56 s s b oyl

bl s FSW agl 3 3 See gda slaas; Olge w0 3% 56

Jguj)w,@a};wcwcbjsw ey =4 S
5oyl

del bl -3-3

jr@\auW%c#Q&jQ%U&Uji

S/NWW.MMLEAaM@ﬁ&ﬁiEAQW


https://dorl.net/dor/20.1001.1.2476583.1400.7.1.10.1
http://jwsti.iut.ac.ir/article-1-374-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.2476583.1400.7.1.10.1]

119-127 sk 1400 Sl 5 5lgs Loyt cpiin Sl 0151 (5155 92 (6550 5 p ko 40 125 et gy s 126

(AszC3D3 Lo leﬁ.m J\J) o L;":J&J“ﬁ B .,\:iu wiLAJ\T BL) L}'<'°)j;: @Lﬁ; '7 J)J;-

A s g sl hles
YO/YFAD YOV £0 by e S/N
OA @) i

3o 4y 03 160 36 s b el SLis melil pss a,
O g 4y 53 3 S ass LS andad b il sl
s S

T R e S G o I
M Jols Do b G ekl ol s S
e e 500 rpm) Ll i s e
S axks LSl pl 4l 5 (70 MPa) aJsl Lzs (60 mmymin)
-(49.-)3 3)

Ol a0 Salesl 3 ek pas cnSs ke plavs ) -
S G398 Glls cdls 1) (Ko i o 2S4S glai el 3l
S s omss g8 Ol CeS enT 5 5 madS 68
Ghls o ls 1y i ol s S i o YU oS g 4 se
L $3s0m cnl o Bl Hls 4 G 5 s e feess
S AV i s s e clSs iy

S i ol e (61 )

S g g

LS Ol oK (g gme 5 (g3be Glaglo 3l b s

.C)‘)‘)&‘))Jsjﬂ

@\;.a
1- Yang, C., Jeyaprakash, N., Hsu, Y., “Applicability of
non-destructive  laser  ultrasound and non-linear
ultrasonic technique for evaluation of thermally aged
CF8 duplex stainless sted”, International Journal of
Pressure Vessels and Piping, Vol. 193, p. 104451, 2021.

39 C ‘u”"'l)J‘ "C c)).j:l.b.@ "C ch:.ﬁl:.q.& "C ‘L;Jﬁ]ul JA‘ _2
G bl 5wl Gl (Saye sl e o) g
g C_,.l.o w55 CUNS S32750  (¢3Lss g 3Y 5 T
28-21 0P P d ﬁ)LQ—\j-’ ¢ Jls ‘Ob'i‘ LS)&":’)’.' L;JJL'J:

1396

Al Ko o o o cshas el sp (e -3

RSO P VL ICIPUR S-S S| R
AU S S SIS et Ul s Gp B u sl
S Al s el (b G e 5 S
ol (383 5 g 033 S5 g3V s bzl - SISkl
SN S 4 Ol e ag Jal b s oS b @

C»JLL e

(Zs
. Yo
» '# 2%

BN 5 e *’r
’.

Jﬁu&iujﬁ@f@aﬁwcwcbj\sm e =D S

S sons -4
Lo bl G5l dup S (S i) Sl Gas ol 2
ol Cgr alizl - S sl K e
Oy Koy Vs he o olalad s Ko i sSlu~
o o Jold bl e A eslanad (6563 g
DS amkad b il asly 5 adsl SLis (S s
L el sldas 4 a5 Ll Ol Calsks cb.w Aw D
Jold aS L LSS 55l ot ile ok 43S i s s
Felws & Godoss a3 5 s s bl s lesl &
s byl oS sls Ol Wbty GIUT 5 = St =l -
03 ebb p e Olse 4 B4 36 as s Uil s
3bss s 05 K55 N e Slakd s FSW il b


https://dorl.net/dor/20.1001.1.2476583.1400.7.1.10.1
http://jwsti.iut.ac.ir/article-1-374-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.2476583.1400.7.1.10.1]

127 119'12742“ c14OO Q\:—.a.ls 3 )Le clb)w crw dLﬁ cd‘ﬁ‘ 6)&.&}?: ‘5)3\-'3 I c_’l.ﬁ A?.j':". cA:ﬂ-.dﬁ dases

Silwae” ol (ol A T ST -10
Gaa L alil Skl o SKa e wul b sla s
Gl s psle i Mt CluSa Sl 4 olies

1395 48-32 o o ojles 2 Jl Ol (IS

11- Yousefieh, M., Shamanian, M., Saatchi, A.,
“Optimization of the pulsed current gas tungsten arc
welding (PCGTAW) parameters for corrosion resistance
of super duplex stainless stee (UNS S32760) welds
using the Taguchi method”, Journal of Alloys and
Compounds, Val. 509, pp. 782-788, 2011.

12- Yousefieh, M., Tamizifar, M., Boutorabi, S.M.A. et
al., “Taguchi Optimization on the Initial Thickness and
Pre-aging of Nano-/Ultrafine-Grained Al-0.2 wt.%Sc
Alloy Produced by ARB”, Journal of Materials
Engineering and Performance, Vol. 25, pp. 4239-4248,
2016.

13- Annual Book of ASTM Standards, Designation E-
23-94b, p 137, 1995.

14- Beg, S., “Taguchi and Plackett-Burman Designs
in Pharmaceutical Product Development”, In: Beg S.
(eds) Design of Experiments for Pharmaceutical
Product Development. Springer, Singapore, 2021.

15- Palani, P.K., Chithambaram, K., Rajeswari, B.,
“Optimization of Particle Size of Teak Wood Saw
Powder Using Taguchi Method” In: Mohan S,
Shankar S., Rajeshkumar G. (eds) Materials, Design,
and Manufacturing for Sustainable Environment.
Lecture Notes in Mechanical Engineering, Springer,
Singapore, 2021.

16- Bhaskar Mutyalu, K.,Venkatrami Reddy, V.,Uma
Maheswara Reddy, S.,Lakshmi Prasad, K., “Effect of
machining parameters on cutting forces during turning of
EN 08, EN 36 & mild steel on high speed lathe by using
Taguchi  orthogonal array”, Materials Today:
Proceedings, In Press, Corrected Proof, Available online
12 July 2021.

N S s eld Ko S5 s
5 pde am Sl Sl i 2, LIF
‘63_53;)"’ U’" c2 n)l.a.:: c6 dl.v: cd‘ﬁ\ LSJ&":’}" L;)jl.'..é

1399

4- Mishra, R.S. and Ma, Z.Y ., “Friction stir welding and
processing”, Materials Science and Engineering
R, Vol. 50, pp. 1-78, 2005.

Gl 55 by giledus ol (ol 5 e ey 7D
dsa by 0y Ky Vg bl - Sl
G 05 S5 5 ot plisp e piie L BISY sla s,
b Jl Wlnl e osls 5 psle 4 Mallus

1399 76-65 o o2 .l

6- Pitchipoo, P., et al., “Friction stir welding parameter
optimization using novel multi objective dragonfly
algorithm”, International Journal of Lightweight
Materials and Manufacture, Val. 4, Issue 4, pp. 460-467,
2021.

7- Babu, S, Elangovan, K., Balasubramanian, V.,
Balasubramanian, M. “Optimizing friction stir welding
parameters to maximize tensile strength of AA2219
aluminum aloy joints”, Metals and
Materials International, Vol. 15, pp. 321-330, 2009.

8- Zhang, Z., Xiao, B.L., Ma, Z2.Y. “Effect of welding
parameters on microstructure and mechanical properties
of friction stir welded 2219AI1-T6 joints’, Journal of
Materials Science, Vol. 47, pp. 4075-4086, 2012.

9- Yousefieh, M., Tamizifar, M., Boutorabi, SM.A. et
al., “An investigation on the microstructure, texture and
mechanical properties of an optimized friction stir-
welded ultrafine-grained Al-0.2 wt% Sc alloy deformed
by accumulative roll bonding”, Journal of
Materials Science, Val. 53, pp. 4623-4634, 2018.


https://dorl.net/dor/20.1001.1.2476583.1400.7.1.10.1
http://jwsti.iut.ac.ir/article-1-374-fa.html
http://www.tcpdf.org

