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With regard to the industry demand for welding dissimilar metals, which are not possible to
be welded by conventional welding, friction welding process can be a proper approach. In this
study, friction welding of two stainless steels, martensitic 410 to austenitic 304, with variable
parameters of friction time (40, 50, and 40 s), friction force (90, 100, and 120 kN), and forging
force (130, 150, and 180 kN), under the constant rotating speed (850 RPM) and forge time
(60 s) was investigated. Microscopic characterization using optical and scanning electron
microscopes, and elemental analysis using energy dispersive X-ray spectroscopy were carried
out on the welds. Soundness of the weld joints was evaluated, using tensile and microhardness
tests. Fracture surfaces of the tensile specimens were examined as well. The structure of the
welded samples composed of acicular and rough martensite and elongated grains adjacent to
410 and 304 stainless steels, respectively. Tempering heat treatment locally caused converting
rough martensite to lath martensite. The results showed that the tensile strength of the samples
was in the range of 400-520 MPa, and the fractography revealed the occurrence of a brittle
fracture. Microhardness measurement revealed that the highest hardness value was obtained
in 410 stainless steel, at the heat-affected zone close to the interface. An appropriate friction
weld joint with a tensile strength of 751 MPa was obtained after heat treatment of the weld
location, and with the aid of selecting optimal parameters of 50 s friction time, 120 kN friction
force, and 180 kN forging force.

Keywords Friction Welding; Dissimilar Joint; Stainless Steel; Microstructure; Tensile strength

CITATION LINKS

[1] Corrosion behaviors of friction welded dissimilar aluminum alloys [2] A computationally
efficient thermal modelling approach of the linear friction welding process [3] Linear
friction welding process simulation of Ti-6Al-4V alloy: A heat transfer analysis of the
conditioning phase [4] Evaluation of parametric significance in friction welding process of
AA1100 and Zr705 alloy using finite element analysis [5] A comparison between friction stir
welding, linear friction welding and rotary friction welding [6] Evaluation of mechanical
and metallurgical properties of dissimilar materials by friction welding [7]| Optimization of
friction welding process parameters for joining carbon steel and stainless steel [8] Effect of
current on characteristic for 316 stainless steel welded joint including microstructure and
mechanical properties [9] Friction stir welding of austenitic stainless steel by PCBN tool and
its joint analyses [10] Dissimilar metal friction welding of austenitic-ferritic stainless steels
[11] Evaluation of the joint-interface properties of austenitic-stainless steels (AISI 304)
joined by friction welding [12] Joining of titanium to 304L stainless steel by friction welding
[13] Experimental investigation of Ti-6Al-4V titanium alloy and 304L stainless steel friction
welded with copper interlayer [ 14| Investigation of cross sectional geometry on temperature
and properties of welded area in the rotational friction welding process for Al-7075-T6 [15]
Microstructural characterisation of rotary friction welded AA6082 and Ti-6Al-4V dissimilar
joints [16] Effect of friction welding condition on joining phenomena and mechanical
properties of friction welded joint between 6063 aluminium alloy and AISI 304 stainless
steel [17] Inhomogeneous interface structure and mechanical properties of rotary friction
welded TC4 titanium alloy/316L stainless steel joints [ 18] Microstructural characterization
and mechanical properties of friction-welded IN718 and SS410 dissimilar joint [19] Effect
of quenching and tempering on microstructure and mechanical properties of 410 and 410
Ni martensitic stainless steels [20] Effect of rotational speed on the interface properties of
friction-welded AISI 304L to 4340 steel [21] An investigation into joining of austenitic-
stainless steels (AISI 304) with friction welding

Copyright© 2019, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform,
and build upon the material) under the Attribution-NonCommercial terms.


https://www.sciencedirect.com/science/article/pii/S1044580318317613
https://www.sciencedirect.com/science/article/pii/S0924013617304120
https://www.sciencedirect.com/science/article/pii/S2351978918310400
https://www.sciencedirect.com/science/article/pii/S2214785317303358
https://link.springer.com/article/10.1007/s40436-016-0163-4
https://www.sciencedirect.com/science/article/pii/S1877705813017475
https://www.sciencedirect.com/science/article/pii/S1006706X12600491
https://www.sciencedirect.com/science/article/pii/S2212827115000128
https://www.sciencedirect.com/science/article/pii/S2211812814003812
https://www.sciencedirect.com/science/article/pii/S0924013604008209
https://www.sciencedirect.com/science/article/pii/S0261306906001828
https://www.sciencedirect.com/science/article/pii/S0924013609002416
https://www.sciencedirect.com/science/article/pii/S2214914714001044
http://journals.modares.ac.ir/article-15-3238-en.html
https://www.sciencedirect.com/science/article/pii/S0264127517306652
https://www.sciencedirect.com/science/article/pii/S1526612517300373
https://www.sciencedirect.com/science/article/pii/S1526612518304067
https://link.springer.com/article/10.1007/s13632-018-0447-0
http://bit.ly/2APmg9v
https://www.sciencedirect.com/science/article/pii/S0261306905001640
https://www.emeraldinsight.com/doi/abs/10.1108/01445150510590505?journalCode=aa

($sinz (> 5 ATy S Tole FE-

02> 09555 9 UAIET Sy slol s (gae i85S pae
wls> a5y sl puizanpe whild Jlasl Blsls cous slexdl
b Gaalidl 5 slse sladinie ialS jshaieds o ol lize
ojaxal 35S0 JhE ooliwl g0 eV ile g el
o3y )5 @ puizmemye bl Jlail gl Ghlixe glagds,
(lid oladil (93 slag, Sy Jold &S g0
[l e g 03 (5 )5 prizes 5 (53585 5 S Kol
ohs GasLl 5l (slosinS 5 gy 05)8 (SS) (sleaVgs
3118y dmagi (S35 il )3 creglie gl yidoy o Lt
Gle sridSs @ glsice @aYsd ool slacShy Ko dlex
S 53 st cuslie 5 ol 5 U lales 13 3L Kejiz
Ygasmo 75,5 oLl YU (slos ,5 (i35 5 ialuST (paddiwg
935 63 o il sl Judsas sV ol (293 (,Sb9>
Gy B Ve judaollel Sufpgllie 5 Sile oly>
oheandy ) il Sufysllie whnsd ol (SEhel (s Sds2
ey g oligS whilee plail ploj oy slos Ghls vz
ROWH P SRWIRBR- XV

5 puizmen wlild Jladl aswsi johiedy (g3azie wliyixg
0P ol oads plesil Sl (5552 gy 4 puizensnd
GlSdgz oyl gilwang [MhSea 5 LL) UL
By s Sl eler g Jlislup, o bLI) (Sl
S92 iy g kil o355 3958 95 o Lo Jlal ek
wVlail Ghez ool 5 lslep, slacShy M oual
oozl el VP sl 555 sV uimen wilsks
b Jlasl 121 Sam g (00015 518 (uoyps 330 |y S kel
5 olisl 3sls Hl8 Gixd 30 ) WoFL (3855 Vg8 @
S pls Shel g Sagz> gl Bp Ughes
Jlasl gl 1y 2098 gy 5 Sl loj g8 Hlid Sl
5 6305 U & NS Gy PSS Vs 4 ) Vg
Jlasl 350 ps W3l Lilofuguwdls 5 jlogs™ 5)ls gz olSoxiul
9 G 4 pue oo @Y b VFL 53855 sYg 4 il
ghow dwsin 56 M Bl o jeeb aiislyy Guy
VoVO ouineg)l ST wlshs Skl Ghsz elss |, ghie
5 Sytie Juad B Sen 5 jliucio isls HIE Jul=d 330
SWI @ Ti-6A-4V 0l ST Guizmamps (s> Jlibluj,
S aelllae yy50 (las slasp)lS johieds |y FAY quiiogl]
2 Sl (hez bl 30 ML Sen 5 fgas 2ol
Gz ies (gpiscilasl 5 iiS el (Jlasl sy
038 Guagpy WoF il (35855 3Yg8 4y Fo5W auinegll 5L
ST Jlasl (SilSe (olss 5 58l sl 171y, Sen o o/
wlilee 5l amy g J8 |, 316L (13555 Vg3 4 TCA il
280 B8 San o Lol 0313 JI8 uyp 3o med il
Gl pol> g Jlislugyy 1 ) S el (5 sz slayielly
Hge Fle 03855 358 5 VIA JisSiol SLIT o sz L
L3333 51,8 w0

eVlail @by Glyioe wsdS wlidxd » 9 b
GSoun g @b 3 asllhe 350 (Hglite (uicnamys
Wed 4 sl P Vgs Jlail gegas s Al
suid (IS Shel (g Kdsr Ghyy @ Guiel o3
alsn galio 5 sk ol 51 eslitul (gl ol cared] sl
oS o351 Lol cgw JyS cunnd wlzhd s lakie g
4 dzgi b dlio ol 5> el Lo yy50 o LS 53 15 93 olss

WAY ag oF ojladd 14 o593

ohe> SHille olsm g JlBlussy ueyn
Gible 038G Wed puizpeaye Sl
WP ] (33855 3Yg8 4y Fe

MSc licly STsle
oBails (gt slasislis 5 dlge utige caSails lse 5 (5y8llie 09
ol c0ld el S s oyl

PhD *(é02 ¢y

oBails (g slasislid 5 dlse utige caSails lse 5 (55y8llie 09,
ol 0l ez daed g e

[}

il srizubsz pas 5 puizpapt s Jlail gly caio 5l 4 42gi b
Grlie I8 ilgie Skl ) Sdsz 108 (Jsame glaghs) 3 e 4
0SS5 Wed puizpapt Sl ()Ssz Gind ol 3 bl audls
ot ey ol glajiahly b €10 Gajile 5S35 2Yg8 4y Vet it
Sl plo pte slayiehly 5 (48lTe) z358 oleoj 5 (4883 1 ,53A0+)
&85 G 9 (SassliSIVe g Vee A0) SKaol (g9 g (48liTe 5 00 (E0)
603 SosSug Sue wlallhe .l oad sy (OsaighSIA 510+ W)
5 Gl ads plndl g (3, (s paie JIUT uizad 5 Gitag) GisSUl 5
5 oM Gy GiBwgSae 3 GRAS Gloleil bugi lagisr (s
Jols lodigad Jliblo i8S 8 Guyn dge e cwSd gshe
g8 53 0atS glandils 5 81 S5 Vgd )3 S g g slacosile
Gl wliles S (Ahb b oS ssgy Jlail Syide Jas Yot 585
I s gl slaegiile 4 g slocqjile (s2dge wygod yel
- OFe odgame ;3 ladiged ddS elSouiwl a5 sy lis gl a5
&S 3y s aiw it gulit b oamlice 35 S g 393 JSwl Kot e
Juad 5 Sua5i 5 eyl Silie abhie )3 £1e (3555 38 53 b YL
il b JKabEeY0) gllae S olSoviul 950 Sl Syiie
5 IsHslSIVe SShol sy @plos Skl olej e slayiall
3 s bz @90 3 e Gl wililes plail g (gisliSIAY 2388 (5955
ol caws @ (5>

Siblussy 0P Wi izt Jlail SISkl (S5 Aasflyssls
S oSl

AV bl )l
VAN iy s
hjafari@sru.ac.ir : Jgiuwe siumss”

doddo -
oolely o5 039 > > iy S Sl (5 S5
ol L o dilge 33 o Sy 1 oab iyt SlSol slo)S
Syde Juad oadey el gadst Sl gl of ;3 «
2 prizan Magdse pllw Jlail S el 5 0aijlu sl
S 31 ol o JLail Ygasa sssbas] Koty JS8 et
L |y Ghez el Llgie & cul lsye2 5o, s L,
seasli g il (sly Usae by ool Bladidy 35 Glel osle
Loomsd sleoy alse glecuns wibe onzn (sl
3163l s Jiigdam 3,5 e 43 oslisil 3,50 Laplse slanygige
69U ol dowsi 4y igjshg) Ve oS witus lio dlex
51 eslaiwl 059 0! Blyyls 3929 YU (g3lai8l ddpo g cueyw Judods
Sals 53 slonyinS jobdy oad(s Sigz (udcnamyué dlge
oolwly g oals polais! 3¢5 @ |y Lold cawnl Glixe gilve
o glsiea ) sed (i Skl (hszx szse wlilS
w633 coll wglate wlild 5)Kage 53 cwlie 5 9l
Al 53 g Qe dades Sl pas Jubda plgie | Lesl ol

e SiilSe udige hpghs - (sale dolinle



FFY L sihle o a¥g8 puizempd (Sl Ghoe (SuilSe polgs g liblujyy uy

it talesT digad g (5 puSaundy 31 asy 05, Sidsz digad (¥ JSB

oy g gli -V

U yalls -1 ¥

diad 53 onli Ko ohendy endisll slagigz sall WS
Sl (5,Ss= (hsy slacShs 5l S S e Side
W0 e iyids 2598 Slogsui L O 9 Vo) digad dw (gl el
lmodsly el Am3e olis coll Skl gl b pisdslSIAs 5
el 3adgi 353 518 95 Maw 9 Sy IS s AL
w30 pltd ladigad pedizr oy el Jlasl Joe 53 S
GEleSy el s bagisr ladiges ol 53 Lujis o
O e o Zys8 e b S woldd ol b s
0355 358 55 (IS fiae Gizmad ol yidon 35 oadslayl
4 Cowd (JBwLBOYEY) S S elSewl Julsay ¥oF
o]y (JSwbEeAY) Fie (53855 3Ysd

Slgi ohiedy Skl (glupalsd 298 o5 Jlecl jI Saa
Nont Jya> sy cwl g ys eslo 93 398 gl SB wyly>
culio SBhel (g95 4 ke (s Jlail Sytde Juad JolS
4 Sy b Sy S S 9 oglhe slos 4 B el
Goxs oSl el (55908 B9z 03game 4y dlge JELI (gl
Olalid] czge adze SShel (595 (il 4 yine & 7 )98
23 by Sty JSb s 5 Obsr 4 63959 Lo g
D9 (o Sylio Jab

(a) (b) (c)

(b o) ised (a 1) Sdsz el 5l Gy 3T Y38 sladigal (¥ S
0 digad (€ ¥ digel

Slasdss sl FJSE 3 55 wsSusSee sl
Uioled @ Iy yals guimd 5o ealatwl 390 FIe g YoF 5K
035 aYgd lislug, 4 dase lis a -F Ko . SlawsliS
J51s 5 ol slogligs b caii] elosis gladls Joli WoF
=¥ S cwl Y98 g9 (pal dadiio 3l &S cuwl ladils 51 uas
51 JSicte oS s (ialed |y FYe (53555 3Ygd jlislugs, s b

ol o 3ile gvdsy
Vg Jlail Sy Jad polai diged glgie & JSb
sob ples .30 lidd W digad )3 Iy cadsslsl FYe g WoF U).'Lfd)
3929 Syidio Juad 3> gloanlie B Cus zud 39050 0333 &S
o 318 g3 oo oadalsl HLid il s gl gladils Ly)la

Modares Mechanical Engineering

Juail g piaplal g om0 (pimgl pdRRIN 9 e LS
Al g VP Gl 3855 3958 @ e iojile 55555 sYgs
b wldee J8U 5 (Shol (oS> lize gl yiolls

PSS Wb Jlail SHe elsd g sllesyy 9y el
RO W) 4...'>l>)4 Y.¢ Sl TU)"&) _53)93 4 . (:u).u)‘.a

vlalssT plasil (g, -V
sS4 ledle (bl el gl edlaiul g0 lse
0FSK) slasVgd ez 5l stekelVe dsb g e Lt D
» Wl leasd Sy o5 gy VP il g Bl 30k
G oadle gy 4 ladigad g Iyl ol o 03,51 Jgaz
g oSt Ky 5l oslital b Jlail wililac g xiad Glo
Y dssz 5 zosie )lSbsz glayiehly b dwgy Sl
b wldes cad oo Bz ladiged puw ad el
9 Fooolosgum (slos 5o wlggliShe lss b uldll (g, s yped
slaShy aallhe gly adS L3 adlile wae ly
(Whsz 1 d9ac il ghile ahw bl wilail (g kil
4 oSy 5 esliew LIS b cadpatie gobuw g odls iy
HNO3 Jslxo U G 3 oslol eyl 3S5llie (b,
L ocolg » s 8 gzl WCC H04¥-CC HCLA.CC
Cwdib uizes 5 dugy 9yl 5 (698 Loy e
23 polie Gha &j98 (st sshiiedy (eSOl g5 651 LBl

28y 518 b5yl e Jel> sz Job

69 oS Glalgl colail SHlse Lelyd e ©le
b glhe cosdslul eVlail jl osdayd idS ladiged
(295w )50 i Ol aiman 9 ¥ g ) sla S
B s Ol sshiedy ad elal @S5LSHO L L 5550
sl Gide 6551l g b aw gl (2aS Galyl (laabl
ol 535 bl Juol> slacl hugie 5 eloxil b g J5las

Fle g WoF 05305 slooVed (leand Sy () Jgdz

yaic

= - 03335 Y58
pradin 380 gadye  psS  JSS oS
JEN MY WYE MDY ASR Y oF
Y AS - WIA YD oNF e

Yol Grimd planil ) oslitul 3y90 5y Koz glaytally (¥ Jouz
. Sl

o8 o ew o (‘iﬁi U dmisled
(oisksS) () (esls) (sl | 7P
W = a = A \
W 5 A f- AO- v
0. 5o Yoo So AD- "
0 = oo €. AD- £
VA 5. Y- 5. AO- o
VA s W . AD- 5
(a) 220 mm

(b) 100 mm 60 mm

220 mm
WA UAAJLA)' digal g o.\.i‘)(_;)wy diged Silews (A (IS.u:”
Volume 19, Issue 2, February 2019




($sinz (> 5 laely ST le FRY

ol Syt Juad )3 g0yl loS (S Sl (g9
S & > 90 Jlall ohw cuolio Ja8 el 5 1bie
30 &S oad oamlde ppized B30 &y ok Saedy JS
Lol (le 3929 4 Signy g Y (o5 SBhel gap ol
dad s eyl wad Gl eely SBhol o Gl
S GHlonl Jlisle 5 3sde sasmmt 4Y Bl> 5 Sy
o cunl 03 G cmizman 210 o sl |y (g3lgs Jlad!
Jlail Sydo Juad (slos «zi98 Jlos! g9 loy pialidl b
2095 ox Jlesl yiaS gloj o5 o 55 cnlioe Galiél Ghe
11839 e a3l by aulel amd )5 el Glole)S Crge
wygedy pdS Gigw sleeaible (e wlles I s
b -0 JS& js oS ead bl glay eddyuad glaea;u;le
Judsas Vor 5805 398 Slislugy,y cdualio 5 el Ladiw
ol bl o0l (298 B (6518 5553 1l dn (6ol
0355 2Ygd Jlislagsy b g piplhsil coll s (J>
Jad 5l alols s wglato Sty Sy oliae 155 VoF
U992 59l dmli Lok sadlie Calieo Al dw (g Syide
2 oo ls |y jladie g ptday SBhel @il & il G
Seliny dazmo jolid Judsdy g am350 &5 93k Saidly JS
Vb gl aSY auml )3 adie JaSitd 5 sl sladils 5
JSE @ Gz b wlilse g iz ssba ) sladils cewl
salxe &V sl sde oS ABLUSS sl slaylss
Glodil I cwl Sty IS8 s 5180 gen 4l
g wlilge g ¥ g ) olgh (sladils 51 ey g sadosnidsS
950 JaSd g5 Jloe!

SEd8 LW diges gz sl j| SEM ngad @ -5 S
odd gloeniiile jeds aese plid el Gl wliles
33) il 0abodndS (sladils olyaddy (FIe 53555 sYg8 43)
w3y Jlail Sytie Juad a3 53 oS (FoF 53855 aYgd
o Gl wlles eladl g el ssalie LB eba
2 4 losds Ja5 gy slacaiile 4 (ijsw slacaiile
&2 & JSb pglal Gululy uizes el jakie b -5 JSG
Sojld 3525 pac 390 (el osalive (S b (3 G 5 £
o (SBhel (5852 b s gles b 638 o
38 93 (alrend Sy 9 cusle uizxed 5 193 Sl 4
ol 45 4 dde £3890 (il Sazme 53l GioleiT 350
Sedzed 0dad Syldo (bad )3 (e

Syidio Juad y1 dgee Calides yolic wdalé @i A g ¥V sy JSé
05)S3 digad sl el b wlies jlasy g J8 cadyia )
YV JSé 5 &S jeb plen e glid £ g O b S
dihio )3 3B G 5B g w)lS Agloun wcwl jakdne
Ji8 53 polie wdale (oS line 4 Lid 5 3l 3929 cadaRin
aVgd IS8 cdale el 63y puet Syde Juad | s g
el yol ol 4l o 35 ezsd BB sobay FIe 3T
W58 1 el cdile sde Y58 55 pbistue Gl
Olse 9 adly Grals F1e 3555 Y58 ceow 4 WoF 55
elpnss cwol adly (Ealdl Bl 53555 Vg w53 95
Pl 035555 3958 caomw 4y 5 0393 lgis Ly jud oS cdale
ol ol 53 o) 3585 sy Wlgie &S el ol yiaS
Gl el Jolge ol degeme e HBI 4 sl U8
039 F1e 355 Y58 el 51 Jilie dibie )5 (s paiiue
chle pad s (A JSD) el Gihe wldee 1y el

WAY agr oF ojladd 19 o598

Jlail g cwl s Jsaul eadbosnisS g (Sigiw wigods (5, Kdg>
lo3yS 8y (sl o) i g s sl jii)le LS

¥ adgl 355 sleaVsd jlislugy 5l (6593 (eoSwssSun pobad (F JS&
F\- (b ¥eF (a1

i 3 E /8 'I i
Fasm s J Jladl Sy Jad 5l 658 (eSwgsSae pslad (B S
wldes 3l a2y (b BYeN) Sl wldee 51 S8 (a YV} Sy wldee
w5 Sl

dsb 5o &5 wdliys (lgie Jlislujyy 4 azgi b cuwl 53 LB
AY sles 51 35YL S ashs sles (S Slol (5, Sg> .\.\_‘T)s
3Yg8 JLinlwiy ol g cunl osuwy Olesgs 440°C 394> oS
WM o> ol CBlaie g bl cotiul 4 Pl 055
YL &5 5 dih G @ oS dea5 b Jels jlisle
(@ -0 JSi) w30 JSib patd coiitile 4 Tsame cadaym
s ejle 4 b i 2588 o b el 1S3 4 @Y 200

e SuilSe udige ddghs - (sale dolinle



FEY L tsihle o5 a¥g8 puizemp SiShel Ghs

-unl - K Cr

W
- Fe
70—
— 50—
o) &
< 51
B, % 304 <= 410
': E
3 40 =
Q
Z 2
20| e 1
0 o N1
" e L :
- T T T ‘ ; r : T

Number of points
3 as Gher Syt Juab p 390c il yolic g 2o &g (A JS

odd (5, Kdg> wlalad j3 (siduw wlyusi -F-V
sl dol> ez Jlail Giusn, 65565180zl ) jlages
ba amye plis jeed G wlides jlagig 1) ¥ diges
Jlail Joxe a5 by (Jol> slalS b ;3 (53502 Gile
Qb lojls @ bgye b ol oz g cwly cew g s
olen ol oad o3ls Gialed Hlaged 53 a5 039y (43555 (sloaYgd
2l il wlides 51 S iy 40 baye SIS 5145 5k
3Vgé 53 Jlail Syt Juad 4 Susp 4l jo ccwl jakie
3j &5 Jadady ol ol o by YU bty b P\ IS
SINITCIPRTSI V- PEaS IRETIA S BICSN G ENVL IRV VORI
Rl dg)y & sadise odd puizes el Gl wlilee
ey IRSE pie Juda (Ghsz b Sl alols s i
G pled 5 suyse UL Hlade @ g eslusl §lasl adbdme
2 &S sm3e las SIS ol cogdeds cwl Glol 4l 318 395
wyglre 53 G g Yl 3929 eldee Hl8) f YF dihis
5 adly Lol Lo caad Sty IS 5085 by o>
4 g Al GLalS au,ai G (Sylde Jad I gadyes b
Lo 5 oy 3SasVFe 393> (imy FoF 3Ys8 Lol (isw
OBl 58 ohlSan 5 reedis/ buugi Jlidy ol sl ssile ol
wllas 51 a2y Giduogyy 4 bane SIS cdunlio )3 20wl oad
dad 4 Sap by i &5 sede glds el GO
23 Gl wliles 1=y F1e 505 2Ys8 53 Jladl Syuiee
isle S8 s 4 olgige Gacll &S cul adly Lials
339 3 wawd laY eoile 4 pdS g igw Gl
oy 4y 318 i Jalao @ Lo id e Jik93 2198
2 4zsl BB ki pas aS o3gr (5900 4SS ol SSY el
2SS B sl e 4y FOF 355 Vg8 dihie i

NOWH EEE SV IO CI SESSN SRR L omy L S Doy

Modares Mechanical Engineering

Sl yolgs g ki lagy

eldae 51 U8 0 caws Jlail Sptde Jas Susp elic
0S5 ol 9 Led sy (eze B8 3 g 00l &5 sued >
legiidile 55 5 Kb i g sl plail (el )l wldes

SEM HV: 20.00 k\V'
View fieid: 36.11 pm

SEM MAG: 6.00 kx

Interface

SEM HV: 20.00 kV WD: 10.52 mm
View feid: 36.11 pm Det: BSE
SEM MAG: 6.00 kx

Sl Gl wldes 5l asy g 8 Jladl Syiie Juad | SEM jigai (5 JSb
a5 Gyl eldec 5l asy (b el G5yl wlidec 51 L3 (a

80— WA

70 Fe

60—
) o
o= 50 1]
= <
< 304 5 410
B % =
z
= 20
-

20 , Cr = 4

—_ ——’/’!’
= I N1
L /!
. B C
— , = SRS : ————

Number of points
IS8 ez Syuine Juad  sgee ilie polic (g 20) gjsi (Y JS

Volume 19, Issue 2, February 2019



(a) Interface

304 e

B \ :"‘)\“ ¥ 7
5hass FYe 53855 g8 p s 5l Silie dikie j diged cwsd (A JS&
Silio ddhio jl digad sl (@ tewsd ghio Fohw g el Gl whilae

ghie zshu (b el il wlilac I amy F1e 053855 35 53 @l

S S denyis - F

0355 3958 4 P ityle 33555 3958 Jlasl dlie gyl 5
5 SBhol g,Kige wline oyl HI g YoF (:"""“"’T
SHle olgs g JLElui, o) S b wlles 30
Gl 3855 Vs 4 Fie Gsiile (53855 3Ygd L
)5 (3420 lgioe b ) @SS 9 @8)S )L oy 390 VoF
0P Vg8 4 YVoF (53855 3Yg8 Lgllae (Sl gz ()
ULo) EETCRRVETRVNAR (_,}')9.5 G (5‘&%')‘4)' eslaiwl b (FYe
Slaol 53y ASBOF 2,58 olo AlOVA SlShol
& 3950 Jol> g LS 288 (S99 sSSP
el b (s Jlail 4 plyis st b whiles elil b
Cuwd s b 38 oSl 51 5L g JSwlBedes 51 5L
2358 |

51 Al dihie )3 Gk 3l HLis Ly sleal 4y 4z g b (Y
ey 3l om g Bbsz JMS s BV 5SS Yeh oyl
GSd9z 5l seed Gl wldee plxil ol b
ey B 4 (5596 9 ©3Y (550l S hael

3 Jlail Syiie Juad a4 Soaj dihin ) S oYL (W
o wle Gl b glacosile Jsay F1e (555 2Yg8
Ao &y Ll 5l el sl

b lpagd oBadls I pladse ilsad g Sas
S o (513,48 (sgime slacules

6505 iyl gt )3 ol dlie I iy s ((BUST auapls
JUol (65503 4,85 4 0z b Gun e 5 o3y Oz @
whgizme (olad Wlio opl Brinny uized cwl osis
OBl gl jluel 5 wiilsge 393 Ghaghy Jol> |y dlie ele
AipS e o3 1 | odd

L ol o)l wzg gue @ lie ool cgdlie (Bylas
3185 ,50s Lolidl g Lngylojlo

)85 (sl odiungd) Ghely pSIGke roBaiugg pew
(09 oMiumgl) (5x4%> Guu> H(%Ye) SeS Kidgiuldosie
(%V+) oy 015,85/ Lol Sitimgal ol g,

ool St e gl 1 LS tingiy ol sl i

WAY agr oF ojladd 19 o598

($sinz > 5 liely ST le FFF

600
304 410

500
z
= 400
B W
£ 200
5 ~o—Heat treated

100

=&—Not heat treated
0

1 6 11 16 21 26 31
Distance (mm)

a3 Gl wlilas 5l amy s 8 ok (555140l gl () slagad

oS LtaleT-0-¥

S b pedde RS Glolgl el g gslediged I as
33 Sl Wyls 8 el 1 esgame SO ys Lo yds ndiged
Bl 0355 Vg8 wyly> 51 e dihie cuowd I ladigad pled
Dgad ] Latiin 45 455 led ¥ Hloged 4 dzg3 b ols &,
dgad sl ¥ Jsaz 53 oadzys bl ululy esdis) Sy
> paen 4 g 039 Rl Ll YL IS O oyledds
G @l el (g sl e bl byl jlo 4 s
S5 K lised sl (6)Wasz bl ol Tsaze cdiged
Of (595 363 (il whidee (6,92 0T, plail I Guy 9 1
MBSl wliolel 330 o digad ol 5 wd)S g0 digel
& e 0355 s a3 5l cuss laasly @b w8
o2l Wlee Bl casr g el B9z daxe 5l digad g w30
Fle 355 2Yg8 atdS el halS 4 lgis |y £9890
0355 Wgd S plSotal 1 yiaS @ el wliles 51 amy
3 Yb @ diged ol (mles el e s ol YF
3 oS el pladil g (3ledigad 1 sy wy JISwl Bl
§ esgioe SOy ladiged Lujdi 45 Wb e ladiges
RUNFICIAL S0

s g LoyS adsl Loy 398 (5905 Galidl 45 sl S5 45 039
i3 ohesds |y gz 4l Vb plSavinl iy Sy S
OEalS (30 lid ¥ ylagel ;3 5 digel dS digS (ylad uized
Wil 9 her Sytde Juad slos prals flay SBhel ol
Pl oad fhaz (S oSl (LalS ige yiaS (53455
G52 033 ) Sl 5 sl Zohw gl (diged jobdy A JSU
olid oS plaleil pladl Sl as |y plalesl 390 (sladigas 5
A0

o
]
=

Tensile strength (MPa)

D

3
Sample

(sS37 Cilisne Bl )3 ez (el plSixial (Y Jlagal

=
A

1 2

6

e SuilSe udige ddghs - (sale dolinle



FEO .. iajile 53555 a¥g8 puizpapd (SiShol sz Suile (olgs g slislujyy

welding. Materials & Design. 2007;28(7):2244-2250.

12- Dey HC, Ashfaq M, Bhaduri AK, Prasad Rao K. Joining
of titanium to 304L stainless steel by friction welding.
Journal of  Materials Processing  Technology.
2009;209(18-19):5862-5870.

13- Kumar R, Balasubramanian M. Experimental
investigation of Ti-6Al-4V titanium alloy and 304L
stainless steel friction welded with copper interlayer.
Defence Technology. 2015;11(1):65-75.

14- Zohoor M, Seyed Amirkhani SM. Investigation of
cross sectional geometry on temperature and properties
of welded area in the rotational friction welding process
for Al-7075-T6. Modares Mechanical Engineering.
2016;16(8):13-20. [Persian]

15- Meisnar M, Baker S, Bennett JM, Bernad A, Mostafa A,
Resch S, et al. Microstructural characterisation of rotary
friction welded AA6082 and Ti-6Al-4V dissimilar joints.
Materials & Design. 2017;132:188-197.

16- Kimura M, Suzuki K, Kusaka M, Kaizu K. Effect of
friction welding condition on joining phenomena and
mechanical properties of friction welded joint between
6063 aluminium alloy and AISI 304 stainless steel.
Journal of Manufacturing Processes. 2017;26:178-187.
17- Li P, Dong H, Xia Y, Hao X, Wang S, Pan L, et al.
Inhomogeneous interface structure and mechanical
properties of rotary friction welded TC4 titanium
alloy/316L  stainless steel joints. Journal of
Manufacturing Processes. 2018;33:54-63.

18- Anitha P, Majumder MC, Saravanan V, Rajakumar S.
Microstructural  characterization and mechanical
properties of friction-welded IN718 and SS410
dissimilar joint. Metallography Microstructure and
Analysis. 2018;7(3):277-287.

19- Mirzaee M, Momeni A, Aieni N, Keshmiri H. Effect of
quenching and tempering on microstructure and
mechanical properties of 410 and 410 Ni martensitic
stainless steels. Journal of Materials Research.
2017;32(3):687-696.

20- Ozdemir N, Sarsilmaz F, Hascalik A. Effect of
rotational speed on the interface properties of friction-
welded AISI 304L to 4340 steel. Materials & Design.
2007;28(1):301-307.

21- Sahin M. An investigation into joining of austenitic-
stainless steels (AISI 304) with friction welding.
Assembly Automation. 2005;25(2):140-145.

Modares Mechanical Engineering

RO W

&l
1- Won §, Seo B, Park JM, Kim HK, Song KH, Min SH, et al.
Corrosion behaviors of friction welded dissimilar
aluminum alloys. Materials Characterization.
2018;144:652-660.
2- Bithr C, Colegrove PA, Mc Andrew AR. A
computationally efficient thermal modelling approach of
the linear friction welding process. Journal of Materials
Processing Technology. 2018;252:849-858.
3- Bertrand S, Shahriari D, Jahazi M, Champliaud H.
Linear friction welding process simulation of Ti-6Al-4V
alloy: A heat transfer analysis of the conditioning phase.
Procedia Manufacturing. 2018;15:1382-1390.
4- Chennakesava Reddy A. Evaluation of parametric
significance in friction welding process of AA1100 and
Zr705 alloy using finite element analysis. Materials
Today Proceedings. 2017;4(2 Pt A):2624-2631.
5- Vairis A, Papazafeiropoulos G, Tsainis AM. A
comparison between friction stir welding, linear friction
welding and rotary friction welding. Advances in
Manufacturing. 2016;4(4):296-304.
6- Shanjeevi C, Satish Kumar S, Sathiya P. Evaluation of
mechanical and metallurgical properties of dissimilar
materials by friction welding. Procedia Engineering.
2013;64:1514-1523.
7- Pavethan R, Lakshminarayanan PR, Balasubramanian
V. Optimization of friction welding process parameters
for joining carbon steel and stainless steel. Journal of
Iron and Steel Research International. 2012;19(1):66-71.
8- Moslemi N, Redzuan N, Ahmad N, Hor TN. Effect of
current on characteristic for 316 stainless steel welded
joint including microstructure and mechanical
properties. Procedia CIRP. 2015;26:560-564.
9- Meshram MP, Kodli BK, Dey SR. Friction stir welding
of austenitic stainless steel by PCBN tool and its joint
analyses. Procedia Materials Science. 2014;6:135-139.
10- Satyanarayana VV, Madhusudhan Reddy G,
Mohandas T. Dissimilar metal friction welding of
austenitic-ferritic stainless steels. Journal of Materials
Processing Technology. 2005;160(2):128-137.
11- Sahin M. Evaluation of the joint-interface properties
of austenitic-stainless steels (AISI 304) joined by friction

Volume 19, Issue 2, February 2019





