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Abstract

Dissimilar welding of AISI 304L austenitic stainless steel to AISI 409 ferritic stainless sted with GMAW process
usingtwo Ar-O2 and Ar-CO2 shielding gas mixtures was studied. ER316LSi and ER309LMo filler metals were chosen
by considering 5 and 15% delta ferrite according to the Schaeffler equations and diagram. Based on the observations,
both filler metals accompanied by Ar-2%0, shielding gas resulted in acceptable weldments. Yield strength and UTS of
tensile samples were 288 and 424 MPa, respectively. All tensile samples fractured in the ferritic base metal.
Microhardness test results demonstrated that the maximum hardness of 190-200 HV was obtained from ER316L S weld
metal. The minimum hardness of 145 HV was found in the HAZ of 409 side mainly due to the grain coarsening.
Microstructural examinations revealed needle-like precipitates formed perpendicular to each other in the HAZ of 409
stainless stedl. It seemed that the pre-existing TiC precipitates evolved into the needle shape precipitates as a result of
rapid heating and cooling rates during the welding process.

K eywords: GMAW, 304L Stainless Stedl, 409 Stainless Sted, ER316LSi, ER309LMo, Shielding Gas.

(Sop o Smaslie s il (05 gblpe cankad ]

DF1ssls o 3 s ol (St 5 O el eS| 4 nslie
RIS res V A CLUEIP O} {RREESINTEE T Y
S 63V 59 glaaal s cxle gl s il
5 aalyte glaad ) Olme 4 ¥FL 0555 sV 6 oS bl
N N TS e JUT "RV SLEUSIC P
pinboles Wl dlasl gl o8 g 51 eslizad (ool s
sl oy a5 ol ol 51 Sa (W5 (pen 4 el
ool GMAW sy 5 L Frd s Yo FL 0555 slasY s
=S s 0l sl Sl ol Jlall 4 O ¢l
Soash opl Gl kol Glaal 5 ()55 comlis Ll

.:}..'

GRS S, 5 5 ge -2

oS 5 5 a0l ol -1-2

O S5 glasV s i 51 alads iy el 10
SUT LS 4™ MM Culses LFed o s W FL zeld
Sl sy ol 0l o351 (Vdsd 5wl ol Ll
32555 Sl p el dedis lids oy b LA Y FLG
Jells Fea Y5 jllag; () JSK2) 3y T sla 356 5s
o o esls LS (V) ISC2 53 o 55 0l Ll (slaails

BE) Sl sl eals LIS (Y)Jg_& BE) ASQL.:; ‘U'l‘j" n)‘}&.@

dodie -1

5ok sls s 53 (6 SIS Gaa L 0505 slasY g
5 il 053855 glasY p  alanl a5 slales
a8 5l S s LasY b cnl 5l S 5y el sl
L oss sl ol ol o0 mlao 53 eslial Las¥g ()l
Gy Olgr 53 s il (5 sla ol e s OIS
2 e b S lal 5 0n Sege Sl (S ($5 5 G e
Sl el slacdles (S Ohla g ol Cais
2 aS 35 d e Sllesls <=L>.u'\ SL oglagyn s ol
e olst s et A5 (Sl O3y op S b axkad
Cmle 53 g edd S 5eS 55555 Oy dadd Cews Sl 5
Slakas ol 51 LSS LY g Vo el eSS s b as
333 Glaaaly o cotl Gl ol 5550 53 353 aalyler
S gl G0t 5 b 5y S Sla0dr 51 Y e
[¥ 1o 55 o oslinal Als (6 g Conslin 5L 5 lales o

L LUy oStz Sba3UT dex 51 0555 glasY s
ol 000 G 5l il 1ol slales s Sl
O opldr sl 2alS 553 laanl i ol 5o LasY
(=l edhe il e e |y 95355 05y RS amys
Lo il L 03855 Y58 5l ass glanal,r ol
DD S e O e O e Oledlly ol 8l Case (6O

v 53 Ol Gl 4 05355 sy s Sl eslizal (ol


http://iutjournals.iut.ac.ir/jwsti/article-1-108-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

21 19-28umiae 1397 okl 5 Ll cle)La.& ‘CJLG":. Jlo Ol pl (6,8 0 6)3h53c315 Aif.':.s"bblﬂa.bjwl,& )

(559 2053 409 5 304L 03 K5 LY b albond oS 5 -1 Jg

(1) ol %P %S %Ni %Si %Mn %Cr %C | USNNo. | «b
Mo (+/Y0) /50 e AIYY /0 VoY \N7as /Y | S30403 YfL
Ti (+/\VA) /AYAN <efreay VAR VO VAR AV JOYAS $40900 ¥4

(At G55 5,8 55 4 5 a5 b (Sllos ol
Dl Il e LY 3, il 2 b ol
s dolas o5 8 5 IS5 aaloe 5l ey s B S B > (V07)
SERBI6LS su s 5 3 L 5o i o slg 5
5Lt Ol AWS AB.9 5 il ol 1Ll , ER309LMo
el ok et oS 5 3 ol et oS 5 (sl
By el R R RUEU N SRR EE Sy LN IRV

sl 0 asedie (F)Jsdr 5 50 3, /T 3 8 b

Cry, =Cr+Mo+1.55 +0.5Nb ()
Ni,, =Ni+0.5Mn+30C ()
Delta ferrite = 3(Creq- 0.93Nigq- 6.7) x)
© V
28 /j
§ i WM309 e&////)/"
STADS
: mnEmLEE. EaEs
i A L) V.G
8 16 AN Ac-l‘l\\\ \-\ b f’@"r//
Tt -
} o TN T et
S 7SI |
I Wl BV 2 02 O 2 D
\ A (M T | |
3 T pALEEE Y = Ferrite
olEs P ANED |

0 4 8 12 16 20 24
Chromium  Equivalent = %Cr + %Mo + 1.5 X %Si + 05 x %Nb

SN gl S Sl s S 5y i pl SLs -3 S
[1] ER309LMO JERBIELS! (sla s e

‘_;)K.i_,:.- _2_2
IS S5 5 L s GMAW Uil b s (5
c S bl b S 53 Ar-%YCOy 5 Ar-%YOy Lisloe
_)'.’.l—"" .k.el_'xn)lj) e.\_..SJ.lJ_LaﬂJU v...u)f)‘,.\d..ﬂ M[?]

o s (5 o (Slad gas ol ol jan w0 (oIS 5 > Calis

itV g LBl sy 5l (58 2 swns Sen p 3o =1 JSS

'3 ' < av ;. \
* 1Y 7 ‘, e - " 4»-‘ -
R el o Ly, 4 50 M

.(Jﬂe.&&fﬁc&»b%‘g&éi 6\.&&315333(’@)) 304 L

409 s paY b sl las )5l )8 (g sKws Sen p ol =2 S5
(Ca...d‘ TiN duy"u) AMJDL:J LQDK:J’)

jvJﬁi))ﬁh{b)jr\;nglﬁﬁAMﬁﬁngGﬁ:}\
v{l_aa.\,..sﬁ ul’;}‘;‘ RV [O] &Lﬁ; s ¥ e .b.fb)

Sl kdl Ly oo 3700 U0 (sl slazeil 51 g oS 54


http://iutjournals.iut.ac.ir/jwsti/article-1-108-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

19-28 i 1397 b\:—«g\;’;ﬂ.@ clo)l.«.-: cc)l-q-‘i- Jl cb‘ﬁ‘ 6,&.:.‘,;.- ‘5)3\;53c‘,l$ Aij.fd‘bb\fwﬁ}w\?ﬁ G‘SJ‘ 22

(535 Aon) oS 5 pland S 5 =Y Joi

%Cu | %Mo | %P %S | %Ni | %Si | %Mn

%Cr | %C | USN No. oS 5

LY R O 2% o NRVES o Y N IR

Yo | +/*Y | 31683 | ER316LSi

= Y/A /oY /Y \f PO

Yo YY1 830983 ER309LMo

wj;- Q‘)DJA.L.S]: u‘/,l.a 4{\{ u‘/,l.a J;mJ@@;\M H/S—Y‘ JJJ;-

;Aﬂ il .Creq . .Nleq . Crcq ) ) C]"w Nicq Cr¢q Nicq S
a Shem B S U] eSSl eS| 409 | 409 | 304L | 304L 7
O/NE Y F ¥/ YY/4A VYAX L VA LA | Ve | ER3IGLSE
\O/YY YENV YA YAVA VY/r | VA | YAS | VA | ER309LMo

Eow 39 @\.’.’3 -3

Ll 58 -1-3

J)JAF-%YCOUAF%YOYV.:SJSL LA[};A)K)\ oslazul L'
S5 3 Sl Ol (g reS el ey 255 1L
A Jol-AT-%0Y Oy Laslows 515

> —
" d WELD 3 —(
tmm _ 409
T I Ty S S
777575747372\7101/234557
‘ 15mm ‘

Cﬂ‘b“f\ﬁd‘@@ﬁ)é&@&gwﬁw-sp

u&)}m_wl_' PYS S d)&_&}} Mﬁ.}—“éj<?)£}§—‘;’
4SOl s e 0L, ufﬁ Lile sla3SLER316LS
Shesteal bl sdaline LB () 5 <J\—?)‘_§LAJ§.§ 33
asl il er s LB s o LSLA-%YO, 5K
OF aug s colde Jlasl Sl 806 e Lablows 518 s
S o (Sl I L sl sl (’).Y Ob o Jall Cor e
dl_E.:_'\ 9 u,«:}_a J;—‘:'“:‘,-' d)\.ldnli Q}.:_...S\ ))..‘a)- ‘U'l‘j" cj‘)k@
L'Ar-/YOY Lslos )K L' ol (_5)&-‘;’}" Oolalad uqnjg.wj;lﬁ
Aol pdas e ol | ER309LMoOER316LS <5L°u:’)’~';":""
S8 ot Ulg e sl sl - b w5 Ly (Sl

sh 3 o 05 3V 3l e el 053855 5V 8

V )Ls-a:-' Jg.‘,:: a dLﬂj\ Cj.b K:A-ﬁﬂ‘ ol J.G)L\:.J <f)d)J}- DL
sl 0l el OLES (\‘)JK.& 0 4, b Ji.&

X /E\ _
3 r 304—\ E Sm(m
L |

1.2mm ﬁ‘ |4_ T1 cucas

odd 5,0 0 s & ged Il C}b-4‘}$

Sl sla o) nm3-2

Sl LA g3l 03lal pgerse s b 1S Il (sladi gl
HCI Y €C Jols) Lor yddS Jgloms 51 ladi gl 055
o Sl ealamal(p el Y CC 5 S 2o Al ) CC
Loy Cse ol 318 Pl slaas sad il g
EDS 4 jeome (SEM) sy S0 sy S ol
A S 13 axllas Co ZEISS o5

S slaygasi -4-2
by s Wds iy 3BL s eslel gl4 S ASTM-ESM
e Ol ol 3 Lace S 1 s s 1Sl 5 e e
L5 oo 3l e s 4 lp 2 T mm/min
i oslial 436 e L Jlesl Olej e 5 p S 00 Jlasl L
Se Jolt 03wl B L B S e 5l 5 e e BB
e S0l o 55158 slasl o g ) I s (5 tekee


http://iutjournals.iut.ac.ir/jwsti/article-1-108-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

23 19-284951»4 1397 DMUJJL@. cla)l.a.& crjlq.;;- Ju ‘b|ﬁ| 6)&53:.- 6)3h33r315 Aif.:.s"bblﬁo.bjwl.:ﬁ uf":f

sbasil ghnl a0 53 Ws oy b f a5l sl LS55
Galezsdl S 5 s el dslml e Casle 2 ke U
4S) 5SS 5 jaud dbe g ole S A= il sl
Ve am b s (s e golemsl wals (181 o5
o b B S ol el Sl a0
a3 5SS 5 b ol o ge salemsil &5 6 Olse
ool dalp 2alS s lile SU lde L LT s 5 el 5B
et 5 bl anls (Ol i 55 558 ke JalS L

[a] C3l sl fals golexl S 54 ol

.h:l_':u)ljl_s a.\.i':‘s)m‘,:.- Olakad @JS..QJSLA Aead -7 JS.}
ER309LM0(c) JERBI6LS (<) : 2 gz e 5 AT-%20;

Ol b o adlae by, -3-3
S HAZ el sasd asl it (Cidid) JS08 5 S0t
o K Gy b 3l el S llaglald T FL g
Sl B LSS skias 0l il

azbis gladils; ey a.k,«h‘,:.-ﬁ b sl Ladils 5 jesldzal 5o

salita | slasloia s, SLTGS o3V an Yo YL 5Y,8
WJQJ:.;:’ g}j)‘j"- CQDJ .b\jjk;e )L:é) L)'L‘ J:j) ..U‘abjs

L ol 58 (Sl bl s o ol 053855 5Y 8

S e L) ] 0555 V5 S 4 o8 il
AL (g OpSS3 aV s b aslie 3 ebline & jline
3]

s i ke

ERBIBLSI b pr o b ook )\ s labed 505 -6 2

AT % 20, () Libus gla;E
Ar-%2CO, (w)

! wr 1

S B, ) =273
355 a8l (Creg/Nigg) Jslse |54 Jslas QJS Con
g;"jg""ljjg':‘ ﬁj....m“ <A)J§":” K:a-n-“‘ \/q JJJ&- Br U’L"}("S"'“
s ER309LMO slasiis 5 5l ol fsor adlaw ()5
atie S ol 3 SOl Laas e OLES |, ER316LS
o b Jul ST 33 A Sl slemil glg sl cod
FoSis L slesesl 23,8 4 Ol o el s el dSCl
il bl s OLL s s ead 3T Ws cu B

e ol gl e 5o ol (S ale g ole


http://iutjournals.iut.ac.ir/jwsti/article-1-108-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

19‘284?&&.0 A1397 bl:—»-'iu;)t.e ‘1BJL«5 T)L@-‘:’ de gb‘ﬁ‘ 6)&..:"’.- 6)}&5}("19 Qﬁgb‘)&a.hv’wt?ﬁ u’*&:/‘ 24

6)&.1}2-@:-)3 o.lATCMA.l{ﬂJuA}oKIMJ SR oumﬁjﬂam—\; J}J;—

“ | Ard | el s )lf = “u"".)‘" Shomtae | gl | Y

R e e P el B @) W | AR
(mm) (mm) (m/min) (Litmin) (m/min)r:..;

DCEP /Y VY YA Ar-/YOx \0 Y/A 4. \# ER309L.Mo \

DCEP \/Y VY YA Ar-7.YCOy \0 Y/A AA \$ ER309L.Mo v

DCEP \/Y VY A Ar-/YOx \0 Y/A Voo V8 ER316LSi v

DCEP /Y VY VA Ar-1YCO, \0 Y/A Yoo \# ER316LSi ¥

08 N 3l s i KB s, s (- ISK9) el baasls iy 5l 6,8 3 o Ol > U Cos
jO)ﬁjD&J&wTOPKJJ)Yﬁ[{MLL)bk;{J} JSU_>4_3|)‘)'|J_<6J_?4_34_MQ&|WL.}W
RCOUH Y-S S SO NTN

AT ) ".':C:

3 w)f&-,h ! .

Voo i

IR T

g -‘.'1’:“ ‘:3._ X

™ Q Mg

‘6.

5 ikt ;b 55l (555 (95w S 9o =9 YK
5409 23 o5 () 11 & 5ed w5 )l

304L zzxnlsN g (o) 3 690 () 51 w50 ()

PR ERIE s

g\ ool Y& W/m. , 5 5 - =
Sl ol IMK il ¥04 5Y58 Sl > ol Ly b gkl F04 5 05 Ky Ve s (Jl opl b

Coen c&.ﬂ.::J: &ﬁ‘ a [\'] Sl \?W/mK .)"‘.)" YefL )Y"." el °J“T S5 se Lls C_',_.j:)b Q)|J_>- J:SU <ot agle ja.);

NEY A N SR BETY JUNRII LJCIN PR IR I RN

1- Liquation


http://iutjournals.iut.ac.ir/jwsti/article-1-108-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

25 19—284:&-4 1397 bl:—.-:u;,\.e cle)l.a.& cc)l.g.':- Ju ‘b|ﬁ| 6)“3’.' d)ﬁu-}f,’l’ 4'.‘.)*:".‘0‘)&“'”3@‘"1’ uf‘:f'

SEM MAG. 200 kx  WD: 18.86 mm

[ S T N O N N N VEGANWTESCAN
SEM HV: 15.00 kv Det: SE Detector 20 pm ¢
Date{midt): 0142515 Vac: HiVac RAZ| n
cpsleV i cpsieV
| [
30 E B B
6=
20 Cr J T
] T N
c = Si W Cr 4+ (2]
1.0 I i
-5 27
00 T ¥ T | T T T T T l' - % 0 T v ¥ T v ¥ ¥ I T T
0 2 KeV a 6 0 2 KeV 4 6

B sy graie ST () 5 A Cpmy s paie DT (O)

dal g asly iy 3 6 S ey o ke LU YFL SV
QJ‘J}EUMMJL’JJ@JJSQ| &)&)J&Mb
3k« ! §5 P3P g5 33 e kasilis Yo al sl
A s bl s a0k 5B 52 S 0 ol Oles

S U I T RTS- PO L LI PERUSSHSER NP
i LS Sl 50 & Gl e 2 s 4l
Sl Ay Gl 36 Osp ey W w el o5l LT
Sl SHL e gl 5 aSOLar Il ol sy al

Q)|J.>-J.§U¢>J%}Uszsqﬁzﬁj‘Ma)leng


http://iutjournals.iut.ac.ir/jwsti/article-1-108-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

19'284:=M 1397 QMUJ)LQ cla)\.«—i cc)Lq.?’- Ju cf)‘ﬁ‘ LS)K‘:‘J’.' 6)',ch"'\$ HfﬁcMJMJwtgﬁ Q;.a.'s'}a 26

iy Gl S ol Dlmio sl 53 o e o 5
D] s bl gy S S5 O a8 1S s
2T As) S 03 5 508) Loy nl i (S
Sloios slial 53 s gyl Ly oS DL Ll 5 a (o

RETSERS

e gla S5y -4-3

Slaassed $ln  odign (5,8 =45 lasna 1) S0
e poi (58 A8l 5 ket (25 Ans e L2 il
Sl ol s e YYY MPa YAA Ll B 4
sl pled o5 A asiln Wakped () p b o3y Fr4 SV
ol s OY ISE) Wledd xS ¥rq w56 adlas )
35 ool Wil 5 e 4y G e s Aoy g0 S0
sl ea sl 1,

wea 304

)

Weld

52 (i el

Weld

33 D e=l—
4 Lilimee

92
5

GRS sk g St o =12 S

Weld

Slaas 305 3l adel s (sla e (i Y) S
L ey e 05 |LERBOOLMO oS o L el (g, 1800 5
e M (58 e delindy Glb s @ a5
ol il e Fra wl 5 ol U Cou ik 4 by e
S Al il cpl s ekl UGy s 4 KIS e s
S s YOFL ol B s Ol 6 S adlaie s
il o ) e Olizen Lol 3l e ol 5B 51 S

VR WV ARG I S R B R o FT e

P i |y gy ol gl LT e () 0) IS
3 Gy sl i EDS a5l S0l sl 005
o= 25 S0 el THCN) ppolas s 2058 ¢ 5

335 o 3L T VL 5ol ol 4 HAZ s e sy
s adlate 53 (6 UK g Sl e S L e 3 (S0 &
D25 S Dppo d o udls sy T N ol - S0
aJ_.iJ:L:jngjj_aJLﬁSWUM_VAﬁ:)a&QLP_-
o) 3 Gl ged e WIUT aom (Y SKS) Ko
Nl e o313 DL (V) IS 53 (B pmr) o ey
o=l aS A amS Gl @ Ol8 s smge sole e n L

.Ua.k..;dax_v“w;jrﬁl}.:ﬂ )| Léuj.\.u)

400 - e

300

Stress (MPa)

2004

1004 i

- - -ER309-2%C0O2
——ER316-2%C02
----- ER309-2%02
----- ER316-2%02

T
0.00 0.05 0.10 0.15 0.20
Strain

okl (g S g ek gad S5 S o A b -1 S

a5 L. asL TIC s e sy ARSI oS (ol 2l
o=l sy T Y sl s oS 5 il s v
B A Jeeme Sl 5 (S e 5l e s,
Il 4 bl e 3l ol il S i e
TiN 3l S8 ol solaal gl 4S) Lo sy ol
S S5 Dy 53 4SOl sl e g g (A
o K o Sy by ol 51 g ol
S s, s odd > o G S Gl S
555 g 0l Ostwald Ripening sy ol s 0 ool s
(S s Sl S VL s e Il LYY 50V ]

A s ol o, w |y il oSG wl ) gl B8 s


http://iutjournals.iut.ac.ir/jwsti/article-1-108-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

27 19-28amie 1397 OMU;;L@. clo)\.o.fi cc)l-q-‘:- Jl c;}‘ﬁ‘ ‘SJK..‘Z‘,:.- ‘sjjujc‘,l.ﬁ “i)"ﬁ‘&‘)mﬁf‘tﬁ" @‘51‘

& S womi Y

J=b sls i~ ERBI6LS 5 ER30ILMOsLa i sor o =)
SYOFL el 0 SO gl dlwasl gl 1y Jss
sl 3LS 3l eslaal (pl s oMl 5 S sl $04 1 8
AL s 508 AL Ar-YYCO L alis 53 Ar=7Y0y
el 0dd e ) S A

ERB0ILMO % s e 33 o (51 slocmdl ol sl =Y
i Sl a5 sy oSl &y 5 WLEERBI6LS
G 33 5 Sl (CregNigg) Jolee JSG & Jolre g5 ,8
53 ek ST Ws b LS5 b sbeasil (ol V/A 50 o
(S5 Al g ole Gl ) e Bl A OLL
el ok LS5 2y b ssbel (slag e s g

J=B ab 5 s e Sl U et el s il S, Y
i sk FrA al 3 s ls A, b ol U s edalie
Laails e by 5o Lds ey b LWSCis o5 Y ¥L LT S
Sl B e il gladils L) 5l 6 S sl e
ROWPRES A {1

fm 53 05 K32V Sl U o it s ¥
g5 3 TIN jpmann S5 O g3 G aS Ad sdalin gy
s S 25 TIC o8 S 5 L JSE 55 5m lac s, 503
g el SIS e s s lalily 5o 5 e e
S Gl dps Jool p 30 558 Slacsm g0 OLS
5ol S oy e sl 53 TIC 5 pe i
Al S e e

 Glae IS slak gl (28 el 5 s 15 -0
S e sa plad CS 5 55 F04 3V Sl ol
g P 4 8 ) S

Wb 5l 5 ol = U cow gblie Sl kel s e —F
S s aly B4 o Sl s e Sl edas 0L
DU ol L sl bl cpl 53 alls i, s 4 Llg e
YorL sl b s Ol 6 o dilate 55 s
el ¥0A Y ol > S o addae e 31 i

Sla s, () ISs sl s s 5B 55 5
e L et (S gl 3l edal C
ooy Yoo HV @ 0T 3 e S das e 0LE5 |ERB16LS
Sl 6 Cow bl (gl sdal G e 3de .S
(S VN [CHUOR VI ¥ WP W | R S v S P

2L +ER309LMO % 1> s

304 | 409 (<alf

—&8—ER309-2%02
==d=-ER309-2%C02

(HV) ;503 iy ;5o

304 (@)
o
i’; —e— ER316-2%02
";"l: - 4~ ER316-2%C02
)
=

-8 -6 -4 2 0 2 4 6 8
(mm) B4 59 50 3l alals

L S p m13 U
¥ 53 skigei (&) 52 51 sk gei ()

ST SN RPN [ PR ¢
.l ER316LSI I e 93 (P 3l JSVS ER309LMo
S M rl o e e S P NS e ik
s & 3 ERBOILMO w3 ik o il
s bl 5 e S el 058 b ks
L ol Jad ol Ss wl p ol SO 505 S Ll
Sl s ONF ERBIELS e Gl oel o
33 i S b 3OS S 5 10/YY ERBOILMO b s s

.5>,l5> ER309LMo O e


http://iutjournals.iut.ac.ir/jwsti/article-1-108-fa.html

[ Downloaded from iutjournals.iut.ac.ir on 2026-01-27 ]

19-28 4t 1397 O\I—»{U;ﬂ.@ clo)\.o.fi cc)l-q-‘:- Jl c;}‘ﬁ‘ 6)&..‘2_5;'- ‘5)3\:53c_,l$ “i)"ﬁ‘&‘)mﬁwt‘:‘ ;;“SJ‘ 28

5- Lippold, J.C. and Kotecki, D.J., “Welding Metallurgy
and Weldability of Stainless Steels”, John Wiley & Sons,
New Jersey, pp. 30, 2005.

6- Paani, P.K. and Murugan, N., “Selection of
Parameters of Pulsed Current Gas Metal Arc Welding”,
Journal of Materials Processing Technology, Vol, 172,
pp. 1-10, 2006.

7- Soonrakh, R.and Poopat, B., “Effect of Oxygen
Addition in Argon/Carbon Dioxide Gas Mixture on
Metal Transfer Behavior in Gas Metal Arc Welding”,
International Journal of Mechanical and Production
Engineering, Val, 4, pp. 50-54, 2016.

8- Tasdlloti, H., Kah, P. and Martikainen, J., “Effects of
Welding Wire and Torch Weaving on GMAW of
S355MC  and AISI  304L Dissmilar  Weds’,
International Journal of Advanced Manufacturing
Technology, Val. 71, pp. 197-205, 2014.

9- Kou, S, “Welding Metalurgy”, 2" edition, John
Wiley & Sons, New Jersey, 2003, p. 216, 279-281.

10- Davis, JR., “Metals Handbook: Desk Edition”
, 2" edition, ASM International, Ohio,1998.

12- Cahn, RW. and Hansen, P., “Physical Metallurgy”,
4™ edition, North-Holland, Amsterdam, pp. 1437, 1996.
13- Humphreys, F.J. and Hatherly, M, “Recrystallization
and Related Annedling Phenomena®, 2™ edition,
Elsevier, Amsterdam, pp. 363, 2004.

C»ﬁjﬁ JJ‘j_v .b\jjk;a oy A.)'l\ .| ER316LS JL}}W

Sl e Sl 3 s s i

@\;.a
1- Faivre, L., Santacreu, P. and Leseux, J.,, “Thermal
Fatigue Resistance of Welded Joints in Stainless Steel
High Temperature Exhaust Applications”, Tecnologiaem
Metalurgia, Materiais e Mineracao, Val. 8, pp. 24-30,
2011.
2- Takuda, H., Mori, K., Masachika, T., Yamazaki, E.
and Watanabe, Y., “Finite Element Analysis of the
Formability of an AugteniticStainless Steel Sheet
inWarm Deep Drawing”, Journal of Materials
Processing and Technology, Val. 143-144, pp. 242-248,
2003.
3- Cary, H.B., Modern Welding Technology, 2™
edition, American Welding Society, NJ, USA, 1981, p.
497.
4- Karc, F., Kacar, R. andGunduz, S.,“The Effect of
Process Parameter on the Properties of Spot Welded
Cold Deformed AISI304 Grade Austenitic Stainless
Steel”,Journal of Materials Processing and Technology,
Vol. 209, pp. 4011-4019, 2009.


http://iutjournals.iut.ac.ir/jwsti/article-1-108-fa.html
http://www.tcpdf.org

