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Finite element and experimental investigation of spot welding of TRIP steel (FSSW
and RSW)

A. Ebrahimpoor, A. Mostafapur, N. Haghi
Abstract

Transformation induced plasticity (TRIP) steel is one of the advanced high strength steels (AHSS) group with multiphase
microstructure that are replacing conventional steels in the automotive industry because of their very good mechanical
properties. Fusion welding methods have challenged their application by destroying of microstructure. Therefore, in this
paper two type of spot joining, resistance spot welding (semi-fusion) and friction stir spot welding (solid state), investigated.
First, thermal history of metal during both of welding obtained using finite element analysis. Then, TRIP steel sheets joined
under same condition of finite element models. Based on the temperature data obtained from finite element analysis and the
data obtained from experimental tests such as microstructure (FE-SEM and XRD), microhardness, residual austenite value in
the welding zone and the lap shear strength of joints, a comparison was made between the two methods. The microstructure
of the weld region in both methods was mainly martensite, but in the FSSW method, some retained austenite also identified.
Also, the maximum hardness in RSW was 505 VHN and in FSSW was 478 VHN. It can be related to the lower peak
temperature and non-melting and non-solidification during the process, and the presence of some austenite in the
microstructure of the weld metal. The maximum temperatures for the FSSW and RSW were 940 and 1900 ° C, respectively.
The FSSW strength was 9.8 kN, which was higher than the RSW bond strength (7.8 kN). This is due to the presence of a
martensitic microstructure with an appropriate hardness and a certain amount of austenite in the final microstructure.

Keywords
TRIP steel, FSSW, RSW, Finite element analysis

19/ 399 9 ojlw iliag]y 9 (ole ayps

99 (liwwls - it g Cuuy (so)lasd - a1y g Cuy


http://journalisss.ir/
http://journalisss.ir/search.php?sid=1&slc_lang=fa&auth=%D8%A7%D8%A8%D8%B1%D8%A7%D9%87%DB%8C%D9%85+%D9%BE%D9%88%D8%B1
http://journalisss.ir/search.php?sid=1&slc_lang=fa&auth=%D8%A7%D8%A8%D8%B1%D8%A7%D9%87%DB%8C%D9%85+%D9%BE%D9%88%D8%B1
http://journalisss.ir/search.php?sid=1&slc_lang=fa&auth=%D9%85%D8%B5%D8%B7%D9%81%DB%8C+%D9%BE%D9%88%D8%B1
http://journalisss.ir/search.php?sid=1&slc_lang=fa&auth=%D8%AD%D9%82%DB%8C
https://dor.isc.ac/dor/20.1001.1.1735515.1399.1399.28.4.1
https://old.journalisss.ir/article-1-280-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-07 ]

[ DOR: 20.1001.1.1735515.1399.1399.28.4.1 ]

e (305 9 30200 (ladl v @ TRIP 3ga glakadd (5)WLiigo (w)p

0Pl San e sie sbml IS s e e ileldly
a6 3y @l 3 3k Vel 5y ke SIS
Pl Sap e Y ol bl s el ik
5 S Gl ol 1 ale gl SO
35,5 o 5y il R

TRIP sYg o528 5,5 Gl blussdme 51 S
23 Gole Slidd (OpS L Al o LN ol (580
TRIP 5N (sl cls S sy K o380 L dlal
SIS gl 0351 6l an oS (Slagih e b Ll okt ol
533,08 p i ol J s RSW) © e slis (glalais
Sl i B L] sl s Sge aie)
S el g 188) Jl s oaS (FSW) Csliz
Soge w s gbdle s g [0] Al gl Okl
oslanal sy o3V i,y dlasl gl (FSSW) (glakads
ooy 3 ossl A5 s o Al e 4 s B S 1S
] el

o> AHSS slasVp (glabai eslie o,
gl S el a8 B e e B Sliass
sV Jlasl b [V] jul,es 5 Hernandez «ligss
S gadlaie &S Lo s 4 opl 4 S, 4 DP 5 TRIP
5SS Lltlag, @lls C-Mn=Si S 5 L TRIP 5N s
slie @l 4 5 N HKes 5 Khan ail e 255k
ol [4] J5LKes 5 Nayak S5 i 3 .dl cows
TRIP (slasVss pd adka 5o 1y Jltlay, 5 e O
Loas by 5 oS ez RSW 2y a0l ()80 5
e a5 S A iyl
TRIP 5V 55 ()8 [V 1] WlKes 5 Cretteur (piores
S5 el L6 Wols 0L 5 035 axlllas [ RSW 255
Ak e el IS Ol e Y5 0 8 e 5 i
Jlasl SGle ol 5 jblagy [£] LLKes 5 Khan
SNy adex 5l AHSS las¥p 5l sl L3 |, RSW
OS5 ow dal, Lol sls 13 axdlas s, TRIP780
55 503 anllan 55 1y b adlaie e 5 plass

g5 s FSW Jlasl ) 6,508 « s bk
mhe ons 4 s Cao > Ol cldS L Ol glakeis
o 5 S rl Gl ol Wl RIB ol
Olasyoss B odkd Gl e b lelad Jlail OISl
Silpe opl 31 LSS 53 s S dedddle Es cpl Sl eslizal 4
Sl alizbl o KE e i, 5l eslizad b 108 &S 3

dodls -\

Lol ady clp ol o 22 | glaaas s
ol gl alamdle L5 S b U s s 5 VU plSonid
SV ol sV sh ol 4 S ) 50 55058 Cris 2
DAl L3 5l Sl st 03 Lls s 4 (AHSS) « oy
035 Vb (oot g S pze 1alS s @) o055 b6 O3
035 3L 5 (o5 Ol o (soal SRl Jds &) el
52 eslinal glp ol b S i fKe 4 55l i
sl eIl D] b o ol Dl (3lso s Cmio
GlasY s oY 5 V]Sl dsle aods b 4 Ol e |, AHSS
Sbsle b slasY s (TRIP) Ygﬁj sV (DP) ' bss
Sl () JSE M) F ool gl (CP) Moy
bl 1y iless st Cons 3 AHSS (slasV g 51 esliza
as o LS FSV &S 15 s

DP 500,600 - 11.8%

HSLA 450, 8H 340,
400-327% DP800-9.5%
DP 1000 - 10%
Mild Steels - 2.6% TRIP 980 - 9.5%
HF 1500 11.1% TWIP 980 - 2.3%

MS 1200- 1.3% CP 1000 - 1470-9.3%

D] 3lesn s Cxno 53 AHSS (sasY b 5l eslinal =V JS&

onils s 4 TRIP glasY 5 AHSS (slasVs Ole o
b el 5 IS5 ol Sl o Sl S S
Slagy oo il basl ghils LoV cpl dijls, 52
5 oblegdl ol (o (o bl wSole o ail e s
e Sy e 4 Ve
B N T I P R N
Gl Jlesl ans 53 Cupiile 4 ool 5885
44TV Jls (s 5 Zackay bw g 5L sl (SO

conal 31 e il amil ol T [F] as w S K

290 9 ojlw (iling)) g palc Qi /Pe

99 (w5 - piifio g Cuuwy so)lodd - a1y g Cuy


https://dor.isc.ac/dor/20.1001.1.1735515.1399.1399.28.4.1
https://old.journalisss.ir/article-1-280-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-07 ]

[ DOR: 20.1001.1.1735515.1399.1399.28.4.1 ]

Jil gl o Al o s 4 5ol Slhes al> o 53 b
Ol e 3 68 Wil (A) ¥ Sl Ol LT Sllas Jul
om stles o3l > Zub  Cuitul ez S Olgs
3 e o £9° sl 555 0 J S Acg 5 Acy
53 Lasa Sy g 4 @503 OF 3 oS 350 plowil I3l sl
Of oS 35 00 il &5 ziw gWlbuiul s (gos o
i el 53 iy S e (IBT) " iy leses s
Comal ol Eel 5 oekd haS o a4 ogna
ol s el eslanal Y5 V1] 55 e aes (slos U oila3ls
1.68 Mn (1.5 Si 0.21 C olecd oS5 glls Guisw
s¥g o0l .0.009 S (wt. %) 5 0.01 Ni 0.016 Al 0.03 Cr
33 Gl Slles 55, 355 0 S 255 (8 ) Sl dn
SUTRIP 5V W5 gl s S ag o smass sl
SIA -l e 6l s 5 4 ol Sl az 3 Yo 5 VA glales
cilite glales 05,50 s 4 e AE eslinsd IBT
pr b Ol S asdllas sppe VP w4 by gl
3 G 3 A5 el MCUGB3 5 Termo-Cale sla 331
Oren V] Gl ol oals #0505 55k 4 OB 5
e I N R N
33dome LI L1505 51 D ET ol 03 S wlyl Oy
—Slm Solus s = gl TAYY 03,5 ABAQUS
SN S LS S FSSW s e oS SO
e sy 3 eslizal ol ads sl RSW (gl SIS
-fggjpﬁgpalﬁﬁt}ﬁuﬁgplm@f;@p
DAT s 8
Gz plml 5 ssdome Ol Lo (gl S axkad
Veemm x Yoo mm o x)/Y mm sl b Gy 90 Juld o a0
slal sl o Llas § 13 o oo Yo mm i 4 &S
Gl 5 o2 S 03 LGy slal L ol Sasks
awdis (1) JSE . Lud olbsl [14] IS0 14273 5l
by Ghe o3Il ioman 5 5 s Oladl e 55 1) WG,
sla e o3ll s gile 4 fleu'l Ob s e 0L
s L) Les sl ool s @l S35 bl 5 il
Jdhe gl Oladl e agus slaas (o0 slaesls 4
B R R R g B P C
el ol 53 B ossde 2S5 OF 5l 0ddas b s S
Slbl b s e o3l b SRl ks o3 b
L 8 aadad il e e e o) Dosds Sl 55 e
C3D8RT uS L a5 ol 5 ol > (oal3l a5 b slbaoladl

Pl7 290 g ojlw (iogh g Gale aypl

b sl Sl s I 5 N s b aalad s (gl
Ll 03 S Joate oa as |y 5505

slylS TRIP lasYss FSSW 5 FSW L aal, s
Mironov Slidss ol 31 S s sl 0l el (5 52 e
53 FSW i Calie bl Sl 1] i Kas
S5 estizal U Ll odsls 13 ey 5550 1) TRIP (glasN 5o
S Loy D cpl g sltlagy ) )l gla s
oyl 0di g5 M ool 5l Ske dibie s
Fo Okd pp ey gl (Sl s ltlag; e ediladl
o os Jla! (Kz:wl oS Gl a5 s 4 aS s e
s Tehrani-Moghadam s Jiass G s 55d 0 a-U
Loys L TRIP slasYss sl 5 |, FSP 5, [VY] L Kes
2 oklags 5 S ol 5 Lles IS VL IS
Sy 4i3s 5 e V00 U oor ol (69,0 slace
plonial 48 sls 0L adal s o gl lesls S5y
Sl Js il g BB il eds FSP gladyel 3
Al Ll e O e S il 0dus S 3 sdoms adged Jsb
ol OBk § cpiaman AL 015 FSP (glai sas 53 TRIP 3
Ol il ad s w22 B G 5o 5o e
N Sl Lol 5 sblagn, o b el 50 o sdoue
L6 5 V7] Llasls ,, FSSW 35, 4 ol fuate TRIP

S el G odd S5 B5 3 Glaassdee 5 Ll
53 Skl 4 oo glp e xS Slades plnil 4 L
sV dlasl s Gl 5l a5 Ll pa boalal,
Khan Guiss G 55 a5 S1.dile, o ki 4 g5, |, TRIP
a5 3 1, FSSW 5 RSW oVlasl Vo] e
aglin ool SO ol 5 kslag, 5l DP600
55 A 6l HAZ aidee o5 il Cod ame opl 4 5 5 g0l
HAZ ailaie o 55\e FSSW (6,15 4> 55 5 ol lie 3,
Ghls &S spi e JS25 TMAZ o6 oo S ladlaie
OpSU Lol ddly oo Zu b ol (i 5 R 0ke bl
syl ol s anlio b alaly 53 (505 Goiowd
slasios LTRIP sV o 4 5 o3V sladss
el 31 Ss nl by ol 4 S plxil FSSW 5 RSW
5 Solm Dy el sl sladnT s 6 s n sy
3L e TRIP Y oSG 5 ookl sy ol

Gs by, Y

3y 355 plonil 51 day Vsama TRIP 5V 55 (3l sl s

99 (liwwls - it g Cuuy (so)lasd - a1y g Cuy

(80 00153 9 )9y (Ao pol ygy plalpl e


http://journalisss.ir/search.php?sid=1&slc_lang=fa&auth=%D8%A7%D8%A8%D8%B1%D8%A7%D9%87%DB%8C%D9%85+%D9%BE%D9%88%D8%B1
http://journalisss.ir/search.php?sid=1&slc_lang=fa&auth=%D8%A7%D8%A8%D8%B1%D8%A7%D9%87%DB%8C%D9%85+%D9%BE%D9%88%D8%B1
http://journalisss.ir/search.php?sid=1&slc_lang=fa&auth=%D9%85%D8%B5%D8%B7%D9%81%DB%8C+%D9%BE%D9%88%D8%B1
http://journalisss.ir/search.php?sid=1&slc_lang=fa&auth=%D8%AD%D9%82%DB%8C
https://dor.isc.ac/dor/20.1001.1.1735515.1399.1399.28.4.1
https://old.journalisss.ir/article-1-280-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-07 ]

[ DOR: 20.1001.1.1735515.1399.1399.28.4.1 ]

e (305 9 30200 (ladl v @ TRIP 3ga glakadd (5)WLiigo (w)p

9 FE-SEM OK:«.N) )\ )L’&Lﬂ}:) O 6\f

s lilesdly ol do s (8 o3Il (Sl 5 S5 2SS
B A& eslawsl XRD l;“ U’“‘<’i‘ il LB_;"J Uj'}) )‘
eSSV o oS 5 S Ry s el (B S
ol anlllas (gl GS o3l @b Ne Ol e
sllbial Glls oS eud (K0 ladised s Il
S e RS Usesl Cou isg edd eslel 1SO 14273
&S shls 5 SANTAM g5 3l ekl 54 e i S
oslazal Jsb byl e ¢ So3lhil ol &S 34 e peizaS]

.>>J§‘54

o g mls Y
e s e OLE 1y eld (K sladies () S
il e it b glls RSW 5y, L odd foate
dme 05 oy ol s edd sl b S e il e
e 2 Lol a5 sy e Jol il VL Gy s el
55 plate A3l b Sog) BB e 5 5038 e Jlasl
w2l (£) JS2 03 ole and 5 025 gbacdl s lail o
Ol Julows 31 sdel ses 4y (slos liie .ol 0l aslie
sdal Cos s s b Jo3 BB il G ol 3 5o
Ol Lyl i 55 4 L3 sguss Oldl 5 o Olallas 5o

[\f, 3 \Y‘] Sl c.a\;'));. ol rbul

ol (6 )i (sladl pos Y IS

Ll Loldl ol 455 s 2550 0 18l 5 2
5 b oles &S FSSW (K 3 il e oS A
ol s (U= ksl s Sl il e S e S
ol s S eslinal IS5 k5 55 bt g5l ¢l (ALE)
o s3linal FSW T 3 (5l e sl oo LSS 3,
sl iy sl ol A8 Sldles Hs [VE 5 VY] ol
izl (Sl i Al b o 53 048 3
Shasl ol s ol Guis SV L alie glasY
et e Gl pn S [V ] sl sl 518 /84
Loy ke RSW o (8 o Lyl b .y 8 bl jluas
Cslae & Yo O Ol A KA Ol ol 1
S ramen s S Y LS (gh 8 5 s 00 S L
solie cpl s S eslitad edes 00 L3 L e glas S
INT s 8 bl b 5l Lyl il o ol Ol w
sl 5 s &S FSSW s ()i Ll d iomas
AYerrpm ist o S 3l Ls e Oole [V E 5 \V] Wy
eSS Sl SOl Y mm 358 Ges 5V S LIS Ol
Omt RS Gl e e ke Ve VA0 Sl Ll

35 eslizd Sls a3 5 e I b

e

LG, b e o S ankd slal 2oled =Y S

(©) L

RSW FSSW
1937
1778
1632
1486
1340
1194
1048
755
609
463
317

171
(Ci 25

il bl s i waie 3 5 Sl bt 5 35w Ol LT 1 Jol (sles i -1 JSG
RSW (s s RSW (C‘FSSW (g FSSW (4l

2gd 9 ojlw (iingfy g ole s /bb

99 (w5 - piifio g Cuuwy so)lodd - a1y g Cuy


https://dor.isc.ac/dor/20.1001.1.1735515.1399.1399.28.4.1
https://old.journalisss.ir/article-1-280-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-07 ]

[ DOR: 20.1001.1.1735515.1399.1399.28.4.1 ]

OF 05 3 o 5 il SalS 4l B Las 23l ol e

Ak ol et Gl Lo Sl e (o b

AEL;A}RSW)JNZ uﬁrﬁlﬁ.ﬂgqlijlﬁ)t?bﬂ)—-\p

FSSW 5 SZ

5 Cew o bl cuile SLs s FSSWs

Lib e sdalie BB oS L e 4 5 etilely Sl
e sa 5 SNl 5 Jab 03l 55 4 by O Cle oS
el ol Al Cu b (Selos i 5l 5 GLOL
HE or o S Se Sl ekl s 4 sl s
sl gl SZoamb b, (V) Ko ail e sdalis

b/ 3Ug g ojlw (iagfy g Golc aypds

Sl ) e 5 (NZ) 28U amb 53 0l g5 e bes slns U

FSSW 3 55 plaze aly jb a4 Cowd RSW s 1, (HAZ)
el 2 Vs B b 5l S e 4 ax s L
Sl 3 e (SZ) bl b a5 S 5 by (slaslas
Ol |y (HAZ) &l > 51 jlwe 5 (TMAZ) S5 o 5
NZ o3l &S 25 5 o sdalie 38 plaze al 5¥50 & o
(0) JSa A3l s FSSW s 155 ¢ same 5| 35,5 RSW s
L dlatl 5 55 Ghor adlee 550 55 bLE ples 4z )6
oo b el Laie S 4 Sles LS b aslie U
() Kl a3 VATY) ol w515 g3 gles 51 RSW

Al e a3t spd 3 FSSW s iy (sles Ll

===RSW —FSSW

e s s srmm——

&

(=]
e m———
s
’

-
-
Seal

0 5 10 15 20
Ole} (s)

FSSW 5 RSW > [osr S 5055 Bl (blE ey 4zt b -0 Jss

59 93 » 3 Jlasl aL FE-SEM bl , (V) ISS6

Sl SR s s e DL il DY kb LS s )
S ssd e sdalie anay B Olse a5 e Sl S5 L
3 e Pl s Y WY bl b sl 4
s llesdl ol Lol sdalin LB il e odiladl il
5 Ol ks ke b elis S gbadls ooyse
Ghls cumal OGN cuuile s e sdalie i)
Db of Jolel plbs el &8 cul ) b
gl 625 5 Blo Geb 3l sl S Cu b pasiis
ol (sl e slgiy iy el iy Ol 3B s ol
plnil 5 L3 45 ool (I SEM L slas o CIRCI PRSI
SSas 45 3,8 I3 YN "C LB Y sles v sV SEM
gl amt 3 5 ospd ozl Tosgl sl ol
adlas ol 3 ol agms LYY 5 VY] 05 8 55 cossle
5 b b 0T laails 5 e sole ol O
b 2y SEM paal o pllid BB ol Sope v
el ol LS o ke @ bdes sy 30 4 o Jlasl

99 (liwwls - it g Cuuy (so)lasd - a1y g Cuy

(80 00153 9 )9y (Ao pol ygy plalpl e


http://journalisss.ir/search.php?sid=1&slc_lang=fa&auth=%D8%A7%D8%A8%D8%B1%D8%A7%D9%87%DB%8C%D9%85+%D9%BE%D9%88%D8%B1
http://journalisss.ir/search.php?sid=1&slc_lang=fa&auth=%D8%A7%D8%A8%D8%B1%D8%A7%D9%87%DB%8C%D9%85+%D9%BE%D9%88%D8%B1
http://journalisss.ir/search.php?sid=1&slc_lang=fa&auth=%D9%85%D8%B5%D8%B7%D9%81%DB%8C+%D9%BE%D9%88%D8%B1
http://journalisss.ir/search.php?sid=1&slc_lang=fa&auth=%D8%AD%D9%82%DB%8C
https://dor.isc.ac/dor/20.1001.1.1735515.1399.1399.28.4.1
https://old.journalisss.ir/article-1-280-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-07 ]

[ DOR: 20.1001.1.1735515.1399.1399.28.4.1 ]

e (305 9 30200 (ladl v @ TRIP 3ga glakadd (5)WLiigo (w)p

—FS8SW ===RSW

500 ~o=s_pmcmcny

0 2 4

6 8 10
(mm) o3 35 0 51 alold

L}yﬁﬁéb_g&ﬁ&]&wﬁ@;ﬁa—Ap

OLE 1y iy 35 o @l HAZ axb Sltlag, (1) I3
5 Al e Cup Ky dde el S pl s e e
Gk s (St L) Soysle sdias 0L 6,8 bl
5 Sl 22 RSW s cusisle 5B Jlade ol 3 5¢l0 &S
YL by HAZ 4 sy ol 5o a5 ol ol OF e
525 Gaoe Yo ol aomal 4l B L) A8 o 4o
Copiole a4 eds LSas comal I i 0d 5w P
ol s Al 35 () SE 3 amd ol Ssde S
FSSW 31 VU RSW o5, 55 HAZ aml e oS ub o
S malpl Ll DA s L) Ce Slaos S
e RIPl ey s el DR B sl
53 s FSSW 25, HAZ a>U 53 (M) IS 6 a5 L 3 g8 e
e A S S Sl ek 070 ssi sl
Glos Sl S 5wl G e ) e &S 5 e o
el Agy 5l S los iL s Aoy 3l xS asb
oS Dlie 4 35 el skt Zusiole Odel sz w
P S V- RGNV e,\a_ajfj dpuloe 4l ol 53 3550
BM Sl Coyoole il dge Byo Slspel 53 odd sdaliv
oyl Cor il el cl (S bl (WL o HTHAZ o
Gl Esl ot ws el ol S 238wl B s e
oA ey B0 S Sl 5o YA 53 S e e
ol atls w5 ladls o3l s HAZ 4l 55 sdeme
skl gsis 2 B Ges 5o dlie ol OB o
5,50 |y TRIP 5¥35 FSSW alie =l 55 sdams 5l
S el syl 35 V8 5 W] lesls 13 g
ol e Sl Gl 5 g w48 58 e bkl o500
238 el
Ly dlasl ab 55 stiledl comad 5L Sl (00) IS

Loy WYl sYE s sledl Sl Ao ys Aas e Ol

Sy w0 ooy gl OF 45 &S das e olis |, FSSW
G sy Lledd esls 0L B Ly Lpd e el Lk
ol 0l 315 55 33 oS FSSW Jlasl bt 4l s
Dl il e BYs 51 S eyl ke LYS [YE 5 V1]
Srobe ssam 3wl 58 55 s pe Gl b5l & OAS
S 3yls sy Jleml ol Bk 5l [Y0] 43l 0 5 Zn sl
Loty b Mo 5 Sl s b
DY el ool 35 5 a3 03 5 e I g 3 s (gla ol
ol 2 oS Cl esls 1S [YE] Mazzaferro «pioes
EE NG CE IV UL S W P N 0] B P E PV 0 SV SV
syd ol sl M gl o s Glojlul w
sl I Sl 4 e S Sl 00E S S
aJl [TV] cadl sdd S340 °C/s il sV ol 55 o 5d
ssb 4 S padie CS 5L Y s clb g L
D L VA LS W TR RTCI P W R I P
sk a el (o 55 ads) ol gladils o3Il 4 04

‘);».bls LSJ'.’."\ﬂd:""““ cJ.a.:nLv JS&}S laasls a)\.«b‘ ‘).«\5 o e LY

FSSW 35 53 SZ b (55 o s8ns Son Sl =V K5

(sl o S b okins QLS F G )

Ji,iﬁéfudlwdb'wj&jyl}@w
..L\.SJA .L:ll.? b 6)&?4.“).;) GL’\‘J):—"CM‘ o a)‘) ()Li_’ (/\)

Sl FSSW s 5000 VHN s RSW s e 'p iy
Al _e VA VHN

2Wgd g ojlw ¢ lingfy g (ale il /M

49 iyl - plifio g Cuuy (sojladd - pTy g Cuuly


https://dor.isc.ac/dor/20.1001.1.1735515.1399.1399.28.4.1
https://old.journalisss.ir/article-1-280-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-07 ]

[ DOR: 20.1001.1.1735515.1399.1399.28.4.1 ]

as, L8 4 e Lal s s [V ] el anadly (L5
@l Lk e 50 638 ld W3l s &S Gai pl o
33 sl bl 4 ar s Ll e 8 ol s Ol
SV 2l (g5l G me 2aS L3 5 FSSW i,
ol 5l S Sl sy cnl el S1 o (s
SlS Ol 3l S 53 4S) AL (glabed  zeslie 5
Sladad o gl W s 1y By ol Ol$e o 3k (Col o

als @’f Solwgs s

2,000 - - 10
1,800 - .
x 1600 7. = [s o
: ] — = 2
£ 1,400 ] — — | 7 a 3
a . — = —
3 1,200 - — = 6 3 zi
b3S ] — = | ¥
~1,000 - — = 5 % ;
] — — F fay
é 800 — —| 4 g
] — — 3
600 ; = = ; 3 g
400 - — — 2
b1l = !
0 - = =1 Lo
RSW FSSW

53 o blasdl o] iy e i glos aslie -V 0 IS

SASas -t
TRIP 5Y5 ltlon, 53 jaie ontege siladl ool
s e ol Ol sy 4 sl & ASL
e sphe OF 53 O Sl gl JSE 5 VU plSoun
e e 53 oyl 4 slilegdl gl s el ol Lol
SISl g 5 Sl b Slinbke ol (S IS
ol 2l e 5 osde ke Shy ol 055 o
L Golsps s Coie jo s 4 5 il mlio s LoV
S FSSW (glakais Jlasl Jag, 93 G ol 55 .S o 5 9dome
5 ip sl s Sl XS 3 s 3550 RSW
=k o s S eslatal 3gdees Oll Lo 51 S5l 4t
s S sliael S Sldlas =L O 5 skl s 4
Al ot (6ol Cille oS

03 RSW 5 5 x5 48 1 FSSW 5 aly les
g5 skl 5 Csd A S Jol s VA s

boy/ 2gd g ojlw (iiaghy g Golc aypds

,\~o‘v \ “t;" )
__:“\, ;'g .,- - ;jw

l‘\- \‘."c ’i‘)
) e L
- «:’H‘.
-

D3y 93 S HAZ 42U (655 sy S sl -4 1SS

(Ll o S/ o350k 5B 0,0 s 9 b 56 il ~s)

s iledl el i al Lol XRD iy, 30k 5l 4 55
AL e io (s RSW 3 5 doys \ossd> 55 FSSW s
den y Sl iy RSW 50Ul 5w G é\} 3
el 0 b oyl 4 sl
L slabs oVl by ool pomen (V1) IS5
;JUJL:.AJ)J&J'M,LZ;%L;))J.’lrl.iz:.wl..)..a;@ohij
oy s3,m 55 oS [YA] Wil e s S VIOl AWS
52 ol el st oS 6 Sles .l 0> S 03,31
(535 SSVIA) RSW 51 (i s shS 4/A) FSSW i,
VLl plSotal ahian &S G e b ol Lo
S aslie i 3l gldat alizgl Sasl 3 g

slbly 4 s SVl Gl (Sl wlys o

99 liwyGs - plifio g Cuuy (s0)lad - a5y g Cuuty Jlu

(80 00153 9 )9y (Ao pol ygy plalpl e


http://journalisss.ir/search.php?sid=1&slc_lang=fa&auth=%D8%A7%D8%A8%D8%B1%D8%A7%D9%87%DB%8C%D9%85+%D9%BE%D9%88%D8%B1
http://journalisss.ir/search.php?sid=1&slc_lang=fa&auth=%D8%A7%D8%A8%D8%B1%D8%A7%D9%87%DB%8C%D9%85+%D9%BE%D9%88%D8%B1
http://journalisss.ir/search.php?sid=1&slc_lang=fa&auth=%D9%85%D8%B5%D8%B7%D9%81%DB%8C+%D9%BE%D9%88%D8%B1
http://journalisss.ir/search.php?sid=1&slc_lang=fa&auth=%D8%AD%D9%82%DB%8C
https://dor.isc.ac/dor/20.1001.1.1735515.1399.1399.28.4.1
https://old.journalisss.ir/article-1-280-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-07 ]

[ DOR: 20.1001.1.1735515.1399.1399.28.4.1 ]

e (305 9 30200 (ladl v @ TRIP 3ga glakadd (5)WLiigo (w)p

[11] Mironov, S,, Sato, Y.S., Yoneyama, S., Kokawa, H., Fujii H.T.
and Hirano, S. (2018), “Microstructure and tensile
behavior of friction-stir welded TRIP steel”, Vol. 717, pp.
26-33.

[12] Tehrani-Moghadam, H., Jafarian, H.R. Salehi, M.T. and
Eivani, A.R. (20158), “Evolution of microstructure and
mechanical properties of Fe-24Ni-0.3 C TRIP steel during

friction stir processing”, Vol. 718, pp. 335-344.

[13] Mostafapour, A., Ebrahimpour, A. and Saeid, T. (2017),
“Numerical and experimental study on the effects of
welding environment and input heat on properties of
FSSWed TRIP steel”, The International Journal of
Advanced Manufacturing Technology, Vol. 90, pp. 1131-

1143.

[14] Mostafapour, A., Ebrahimpour, A. and Saeid, T. (2017),
“Finite element investigation on the effect of FSSW
parameters on the size of welding subdivided zones in
TRIP steels”, The International Journal of Advanced

Manufacturing Technology, Vol. 88, pp. 277-289.

[15] Khan, M.I,, Kuntz, M. L., Su, P., Gerlich, A.P., North, T. and
Zhou, Y. (2007), “Resistance and friction stir spot
welding of DP600: a comparative study”, Science and
Technology of Welding and Joining, Vol. 12, pp. 175-182.

[16] Lomholt, T.N., Adachi, Y., Peterson, ]., Steel, R., Pantleon,
K. and Somers, M. (2011), “Microstructure
characterization of friction stir spot welded TRIP steel”,

Advanced Materials Research, Vol. 409: pp. 275-280.

[17] Mostafapour, A., Ebrahimpour, A. and Saeid, T. (2015),
“Investigation of two stage heat treatment on
microstructure and mechanical properties of TRIP steel”,
Journal of structure and steel, Vol. 18, pp. 63-74.

[18] Awang, M. and V.H. Mucino, (2010), “Energy generation
during friction stir spot welding (FSSW) of Al 6061-T6
plates”, Materials and Manufacturing Processes, Vol. 25,

pp. 167-174.

[19] ISO 14273, 2002, Specimen dimensions and procedure
for shear testing resistance spot, seam and embossed
projection welds.

[20] Manvatkar, V., De, A, Svensson, L.-E. and DebRoy, T.
(2015), “Cooling rates and peak temperatures during
friction stir welding of a high-carbon steel”, Scripta
Materialia, Vol. 94, pp. 36-39.

[21] Eshraghi, M., Tschopp, M.A., Zaeem, M.A. and Felicelli, S.D.
(2014), “Effect of resistance spot welding parameters on
weld pool properties in a DP600 dual-phase steel: a
parametric study using thermomechanically-coupled
finite element analysis”, Materials & Design, Vol. 56: p.
387-397.

[22] Jacques, P., Delannay, F., Cornet, X, Harlet, Ph. and
Ladriere, J. (1998), “Enhancement of the mechanical
properties of a low-carbon, low-silicon steel by
formation of a multiphased microstructure containing
retained austenite”, Metallurgical and Materials

Transactions A, Vol. 29, pp. 2383-2393.

[23] Timokhina, I, Hodgson, P. and Pereloma, E. (2004),
“Effect of microstructure on the stability of retained
austenite in transformation-induced-plasticity steels”,
Metallurgical and Materials Transactions A, Vol. 35, pp.

2331-2341.

[24] Mazzaferro, C., Rosendo, T., Tier, M., Mazzaferro, J.A.E.,
Santos, J.F. and Strohaecker, T.R. (2015), “Microstructural
and mechanical observations of galvanized TRIP steel
after friction stir spot welding”, Materials and

Manufacturing Processes, Vol. 30, pp. 1090-1103.

B sl Jels s S S e e eyl
%SéﬁQDﬁ%w‘%yuijjjéjégikﬁu
Sl oS s cal iulssl 5,555 000 U RSW s e
5 FSSW i ol oV 5 ebledl coal Sl
g.)j.: 8\‘9 BE .L.th;d RSW BE) J."»A}J;....f LSJb CJ‘J:.:.J oAy
Ajl?‘ Jujb"u Jiﬁj) u,':ﬁ-)l}o)b.); ;qu‘}wu.l.\;
el 0315 1y s iledly o] 3doms el 3425 &
(L(.x:..ﬂ\ 5 e kS YA Ll FSSW Jlasl ¢l§.>r.:.wl
5 i plomal Al s 4 TS VA RSW

3575 5 pomb e b msisle Jltla gy o by s FSSW
OF Stlap, s ebiledl cumal (Aoys T s5u>) Sl

Al e

C"."‘ -0

[1] Keeler, S. and M. Kimchi, 2015, Advanced high-strength
steels application guidelines V5, published by: World
Auto Steel.

[2] Kuziak, R., Kawalla, R. and Waengler, S. (2008), “Advanced
high strength steels for automotive industry”, Archives of

civil and mechanical engineering, Vol. 8, pp. 103-117.

[3] Zackay, V.F., Parker, E.R. Fahr, D. and Bush, R. (1967), “The
enhancement of ductility in high-strength steels”,
Transactions of the ASM, Vol. 60, pp. 252-257.

[4] Khan, M.I, Kuntz, M.L, Biro, E. and Zhou, Y. (2008),
“Microstructure and mechanical properties of resistance
spot welded advanced high strength steels”, Materials

Transactions, Vol. 49, pp. 1629-1637.

[5] Thomas, W.M., (1991), “Friction stir butt welding”, U.S.
Patent NO. 5460, 317, USA.

[6] Science News, (2014), Lighter cars with new robotic
welding method, Source: University West.

[7] Baltazar Hernandez, V.H., Kuntz, M.L., Khan, M.I. and Zhou,
Y. (2008), “Influence of microstructure and weld size on
the mechanical behaviour of dissimilar AHSS resistance
spot welds”, Science and Technology of Welding and
Joining, Vol. 13, pp. 769-776.

[8] Khan, M.I,, Kuntz, M.L. and Zhou, Y. (2008), “Effects of weld
microstructure on static and impact performance of
resistance spot welded joints in advanced high strength
steels”, Science and Technology of Welding and Joining,

Vol. 13, pp. p. 294-304.

[9] Nayak, S.S., Baltazar Hernandez, V.H., Okita, Y. and Zhou, Y.
(2012), “Microstructure-hardness relationship in the
fusion zone of TRIP steel weld”, Materials Science and
Engineering: A, Vol. 551: pp. 73-81.

[10] Cretteur, L., Koruk, A.l. and Tosal-Martinez, L. (2002),
“Improvement of weldability of TRIP steels by use of in-
situ pre-and post-heat treatment”, Steel Research, Vol.
73, pp. 314-319.

2gd g ojlw ¢lingfy g cale qypld /b¢

49 iyl - plifio g Cuuy (sojladd - pTy g Cuuly


https://www.sciencedirect.com/science/article/abs/pii/S0921509312006430#!
https://www.sciencedirect.com/science/article/abs/pii/S0921509312006430#!
https://www.sciencedirect.com/science/article/abs/pii/S0921509312006430#!
https://www.researchgate.net/scientific-contributions/69051856_YS_Sato?_sg%5B0%5D=Q4i8K4CuqCJwbENH_NGLuyNvEdIVz4jVbKC1aZguZnji730QzICavsUsLu3pCnIkD_B7EEM._MRrwPIb4RfJLrmW-vH2Qkg7NlShKr2zOVz3rbgg1mL24S7biy0K_s6Aoj7r8r1fn58n3v--HsRPwiys1El_fw&_sg%5B1%5D=P9W8rlvVpyXhTDbiR_sQ8ibcX1fVbNKCnQImFSmtTMTxSKjKOOJuY4VAISXN5UxKtiQFKgU.y2LvESH9QEdSDlxF_eyS73DcswbAD_LbcoV9iLnCV5yFDUaflXGK7j8H5pdQ6XIYRpn9yFftLb1SiZa-xcIgBw
https://www.researchgate.net/scientific-contributions/67806705_Satoru_Yoneyama?_sg%5B0%5D=Q4i8K4CuqCJwbENH_NGLuyNvEdIVz4jVbKC1aZguZnji730QzICavsUsLu3pCnIkD_B7EEM._MRrwPIb4RfJLrmW-vH2Qkg7NlShKr2zOVz3rbgg1mL24S7biy0K_s6Aoj7r8r1fn58n3v--HsRPwiys1El_fw&_sg%5B1%5D=P9W8rlvVpyXhTDbiR_sQ8ibcX1fVbNKCnQImFSmtTMTxSKjKOOJuY4VAISXN5UxKtiQFKgU.y2LvESH9QEdSDlxF_eyS73DcswbAD_LbcoV9iLnCV5yFDUaflXGK7j8H5pdQ6XIYRpn9yFftLb1SiZa-xcIgBw
https://www.researchgate.net/scientific-contributions/71917778_Hiroyuki_Kokawa
https://www.researchgate.net/scientific-contributions/79042763_HT_Fujii
https://www.researchgate.net/profile/Satoshi_Hirano3
https://www.sciencedirect.com/science/article/abs/pii/S092150931830176X#!
https://www.sciencedirect.com/science/article/abs/pii/S092150931830176X#!
https://www.sciencedirect.com/science/article/abs/pii/S092150931830176X#!
https://www.researchgate.net/scientific-contributions/77994729_ML_Kuntz?_sg%5B0%5D=5QzUU_rFQ9-1OnIjWqtzXyfx4iFEVV6YJtWpN3Ir4EtgIDSXvi1UTpERogoEDQWgNkcObvU.HPdWC7Vx4pZ67xFKYULkCvNac4N33-9pvTKZr2mODWa3-TmnftOHKtMV8eVM2Nd9Nc7d-dAkY31zb7CG4KjOPw&_sg%5B1%5D=d2yABSbWmChbmrkG7GtHTEOYNWQ5ot0leov49mxEjej2NzzMtq_PtrRp3uwl-vzuf4dONN0.Z4whdyuaCOW4KsYpzcAZ5lZEVt7hqP8rnGf85bplVH0wNsrgIcfyN4wlvn-cZsz7uruWC7o-lapYy7W72mHtWw
https://www.researchgate.net/profile/Adrian_Gerlich
https://www.researchgate.net/scientific-contributions/2122150133_Thomas_H_North
https://www.researchgate.net/profile/Yixiang_Zhou2
https://www.researchgate.net/profile/Yoshitaka_Adachi?_sg%5B0%5D=2c7WIew8ZWpSRyGOuKHmkGzG-gpyZCd2MNcMqd52LPmbtTqFSsDH6ceT5Gzf6sOiPrfTNpk.f0d-TqKNqMQw9zbPHKVfrHhvcok0t__KIqnDcUOp-QhQbPx_tqSzXXsGImKBe5_jgjH1mSSE1N0krcE8Nqc8GA&_sg%5B1%5D=dhUlubepfPsiRpOF--cdJGFLn55wgGMOC9F7taMJ0jhBHrLMcSX8knBUSDcy14xSar3Z1OU.6RtI66WS5ugSrAITzIv4Fz8g37Npf-Y_usnBN9WJbvIAlXUvfMZbqNlup5xtozV39nFe8THO9k8Qw--mNBx_FA
https://www.researchgate.net/scientific-contributions/2046531075_Jeremy_Peterson?_sg%5B0%5D=2c7WIew8ZWpSRyGOuKHmkGzG-gpyZCd2MNcMqd52LPmbtTqFSsDH6ceT5Gzf6sOiPrfTNpk.f0d-TqKNqMQw9zbPHKVfrHhvcok0t__KIqnDcUOp-QhQbPx_tqSzXXsGImKBe5_jgjH1mSSE1N0krcE8Nqc8GA&_sg%5B1%5D=dhUlubepfPsiRpOF--cdJGFLn55wgGMOC9F7taMJ0jhBHrLMcSX8knBUSDcy14xSar3Z1OU.6RtI66WS5ugSrAITzIv4Fz8g37Npf-Y_usnBN9WJbvIAlXUvfMZbqNlup5xtozV39nFe8THO9k8Qw--mNBx_FA
https://www.researchgate.net/scientific-contributions/2026400531_Russel_Steel
https://www.researchgate.net/profile/Karen_Pantleon
https://www.researchgate.net/profile/Marcel_Somers
https://www.sciencedirect.com/science/article/pii/S1359646214003637#!
https://www.sciencedirect.com/science/article/pii/S1359646214003637#!
https://www.sciencedirect.com/science/article/pii/S0261306913010753#!
https://www.sciencedirect.com/science/article/pii/S0261306913010753#!
https://www.sciencedirect.com/science/article/pii/S0261306913010753#!
https://link.springer.com/article/10.1007/s11661-998-0114-1#auth-2
https://link.springer.com/article/10.1007/s11661-998-0114-1#auth-3
https://link.springer.com/article/10.1007/s11661-998-0114-1#auth-4
https://link.springer.com/article/10.1007/s11661-998-0114-1#auth-5
https://www.researchgate.net/profile/Tonilson_Rosendo2
https://www.researchgate.net/profile/Tonilson_Rosendo2
https://www.researchgate.net/profile/Marco_Tier
https://www.researchgate.net/profile/Jose_Mazzaferro
https://www.researchgate.net/profile/Jorge_Dos_Santos3
https://www.researchgate.net/profile/Jorge_Dos_Santos3
https://www.researchgate.net/profile/Telmo_Strohaecker
https://dor.isc.ac/dor/20.1001.1.1735515.1399.1399.28.4.1
https://old.journalisss.ir/article-1-280-fa.html

[ Downloaded from old.journalisss.ir on 2026-02-07 ]

[ DOR: 20.1001.1.1735515.1399.1399.28.4.1 ]

[28] Sinha, AK., (2002), Physical Metallurgy Handbook,
McGraw-Hill.

[29] AWS, (2007), Specification for automotive weld quality -
resistance spot welding of steel, AWS D8.1M:2007.

[30] Mostafapour, A., Ebrahimpour, A. and Saeid, T. (2017),
“Finite element investigation on the effect of FSSW
parameters on the size of welding subdivided zones in
TRIP steels”, The International Journal of Advanced
Manufacturing Technology, Vol. 88, pp. 277-289.

b/ 390 g ojlw (iliaghy g palc ayps

[25] ASM Handbook Volume 03, (1992), Alloy phase
piagrams, ASM International, Materials Park, OH, USA.

[26] Cheng, L. and K. Wu, (2009), “New insights into
intragranular ferrite in a low-carbon low-alloy steel”,

Acta Materialia, Vol. 57, pp. 3754-3762.

[27] Gould, J.E., Khurana, S.P. and Li, T. (2006), “Predictions of
microstructures when welding automotive advanced
highstrength steels”, Welding Journal, Vol. 85, pp. 111S-
116S.

g s
1 Dual phase (DP)
2 Transformation induced plasticity (TRIP)
3 Complex phase (CP)
4 Martensitic (M)
5 Resistence spot welding (RSW)
6 Friction stir welding (FSW)
7 Intercritical annealing (IA)
8 Isothermal bainitic transformation (IBT)
9 Dynamic explicit coupled temperature displacement
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