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Abstract

In this study, the effects of welding current intensity (9 and 10 kA) and holding time (5 and 40
cycles) on the energy absorption and fallure mode of a dissmilar joint between DP590 and
HSLA440 steels in the resistance spot welding process were investigated. For this purpose, four
parameter combinations were prepared, and a tensile-shear test was performed on each sample.
The results showed that increasing the current from 9 to 10 kA at a holding time of 5 cycles led to
an increase of about 1 kN in strength; however, at a hold time of 40 cycles, changing the current
resulted in a decrease of approximately 1.6 kN in strength. Therefore, the role of current is limited
and dependent on the saturation of the weld nugget diameter. In contrast, increasing the hold time
from 5 to 40 cycles had the most significant effect, increasing the energy absorption by about 217
J. Fallure mode analysis aso revealed that samples with longer hold times predominantly
exhibited pull-out failure (PF), absorbing significantly more energy compared to interfacial failure
(IF). Overall, the results indicate that controlling cooling through increasing the holding time is
the most effective factor in enhancing absorbed energy and altering the failure mode in
DP590/HSLA440 joints.

Keywords. Resistance spot welding, Fracture mode, Energy absorption, Advanced high-strength stedls,
Automotive stedls.

*Corresponding Author: R. Ashiri, ashiri@iug.ac.ir.


mailto:ashiri@iust.ac.ir
https://jwsti.iut.ac.ir/article-1-521-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-21 ]

2676-6787 : Sy <01l | 2476-583X 1L

@ Opl IS 55k 5 p ol 4

jwsti.iut.ac.ir

1405 Hkust 5 ke dojled 233153 Jlw

u!{! 0’/@7 U /)C") r}“

sl SIS e s TS Sy 655 Cd p HKS sl L S

<

HSLA s DP s, sba¥ g glakai

St Al 95 (G o dpes 5 gbme B glew sl

0L Ol Cmio e ol (55 ke 5 5l g g oSSl

1404/11/01 1t 5 3, + 1404/09/20 1 lie =50 ;5

o K>

. %

Jlasl el S 5 650 i Ol » (UK 40 5 5) (50345 0l 5 (el skS 10 59) (o5 0L > o I iass ool oo
(IL A s laks meslis S Al b s ) glaat zeslie (oS gl b 55 HSLA440 5 DP590 5V 3 55 Oleesl
EA L RS 0ol b gad (S ol s sk 4t ol el 10 59 (6,085 0L 5 Sl 0 55 ()l5aK slailes
S 4SS sls ol @L:;.g,éjf¢L>,.;1y';wJ;b:m%&.ﬂb@;\e;mnpwcbw)ﬂw.m&m@>ﬂﬂwl
et S 40 (154 ey s Lol e i JL s kS 1 s il Gl IS B (6154 0l 53 el sls 10 4 9 51 0L >
(Jolie ool B 2aSs a8 LAl dtly 5 3sdoee DL A el a0 S it JL 5558 16 s alS e 0L~
sls OLad 50 Sl Sl o als (a5l J55 207 550 B 1y (65 5l ol 5 anils 1y o i IS 40 405 51 (615a80 Oley il 53l
G e G VL s sk (551 5 s (PF) (S80St 5l Bias 2oy (603450 Ole ls sladipoi oS
5l Il s Jale cp 5 e solsacS Olay 53l b 51 e e J 2S4S e e OLES s o goorme )3 .l (IF) (b

.l DPSOO/HSLA440 ¥Lasl s cns Sl s 5 sddiodr

csad s slasY g i slasV g (65 5l Gl anSls Sl (sl e slis (IS LIS SladS

AN @IUSLACT (s e Ul sy (S S Sy o s ki 55

VL ol Ly 3T om0 S 08 slasV s ) aslinad s -1
JB sbar Glosle 5 s3lussngs mboo 53 (HSLA) SUTS ) ss s 2 51 S0 (RSW)  (glabais poslio (5 (S35
i Las¥sd ol s JA-6] el il 151 s e s el ol WS b s il slai,
o ks S5 5 g (S cosllae 035 4 ol 5l ol Sl ase s Osmla gl S NL 350
S Olssan 52 DP slasV b ol e 53 s ol w iy Y S Gl il lan S 4 1 O

les, S 555 a1y (9oL a5 5 )8 5 e o3be [1—3]4_5&&4,3


mailto:ashiri@iust.ac.ir
https://jwsti.iut.ac.ir/article-1-521-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-21 ]

131 129-1384991«0 c1405 Qt—»{u; )L@ ‘10)\».3 ‘VAA}UAJLJ ‘olﬁl‘”&.&ﬁ- ‘5)3\;5 K) c‘,l.ﬁ Aij.:a' ‘Qb&qﬁ K) )3\#}& U’&‘}L-"" ﬂ‘

Ci8 s 5 00,8 e 1) (G RS S el
wlin jsbar 55 e ST DP780 Con 51 S 5 a5 ke
Ll 534S uos S 5,058 [18] sl lslan 5 50 ,a
i 4S5 Las e 5 DPT80 o 3 s HSLA/DP780
S ol by w HAZ o 2 2850 eyl 5o
w5 Shar WS b oS ol 0L T his el
5 DP780 DPBO0 (slasY 5 (s (65185 5 0l sl 58l L
03l glag 5 L e e ol e Sl HSLA
53 HAZ ot 154U 53 oS DPBOO/DPT80 =L
DPBOO/HSLA VLail 3 &5 Il s c3ls 5, DP780 oy

5l LT HSLA &l 5l s s HAZ §) ol oS
SIS ol S 5 (5)3aS5 Ol S ol dallas s
2SS ol el 5l Lle Olge 4 Al Jler
55—+ DPSOO/HSLASA0 5Y 55 55 lakais _zoslis JLail
el B8 B g a5 S S 38 I e
slaolaes Gk 3l sosss ol J RS 5 58 500 b asllas
Lo 5 2S5 ol Gllag p ]y OF il gl
oy L (SO OL e b S (o ) S S
J,x8 Ol ol o el d 28 oy feolss Jlasl 5 1some
S aml s ol s s s SO B e
S i e Ll e e oSl e al
S 358 adly dio dlall 5 (5)1a85 Ol O dugr 02
sdalin Slllas S K Olge 4 Sldllas s o) L

:}"Zkf

G g, =2

S5 mapdst wd g N g8 9 5l Sl aalllas )
sl (HSLA440) 3UT oS WL ekl 5 (DP590)
35 S glasY gl sld eslizal Olaeal (6,805 4
(D)o 3 odd oy OLis LS 5 L 5 2o s 2 Csliess w
Sl Gl dd 4 g oS — Sy S5
FONDRY  Jus (5 20 55l 5 ol&aees 5 las¥ g pland oS 5
.5 o3lizel MASTER Smart

b 5w se s g S ol 5l alaze S 5 5 [T7]
[89]0s o wal 3 535wy sli) 5 assla gl gl
3V ool gl 3l Ols Sl 5 slazel LG Jlasl ez
S s Ses Gl pm el 4 ela Gbas S 3 0550 -
e J10G1T] el Sl s xeo slass yomma
53 Sl Pl S0 S Olme 4 i 55 ol
o ol hasn ol G a8 ol ag s Slislas
ol s Olanl (o3Y 55 slmoy S Il ol sl
Jlasl lJl= ool U[12] el pibokan! oode glas s>
ol 35S s et S 4 o Olasls 3l
3503 355 LOT (S 5 oot ol 3 pla sl |5
gl dlasl s 53 gadaze Slalllas 5, cal Sl 8513 ,14]
Slllas S Oloven bl ol ol a8 iy slasY

533 o odalie HSLA440/DP590 loesl Jluas! s
Slass ol o 0L > SI15] slan 5 ol
Gl gl L3S s 2 HSLADP Oleesl oLl
Aoy ps Bl s ag (VLA e s oS sl Ol

U,ZAUW-}A)))‘) bJ_A.ASL;_sB)u:_EJHSLA 3‘}}}3 ‘u,'JS

Sl L S S IS e 0T 58 e S
Aol s e Rl R 88y e (e O
[16] L=llsen 5 Ljle asi s (PF) 0d oS S
HAZ ;3 a8 as a by oo Gl a5 s S LD
S ol s )l B ol ClSE S sdiS s
O nJ.'S)[SJJ'LM: &})\WM&L‘Q osle ‘J.&LH_?)]'
= [UT] e 5 KI5 s 4l 53 B S o g
DPB00 3 DP780 (slasV s o Jlasl ;3 a5 s S sdaline
ST 5 ls (5 5V plSovinl 45 DP780 e 5l oS0
ASLQJ‘}LM‘JJA\QWWJSM\)JLBJU.L\LQQTA}n::dﬂ


https://jwsti.iut.ac.ir/article-1-521-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-21 ]

129-138425-4 c1405 QMU;)L@ ‘10)\.9..‘;': ‘ﬁ’}‘}“—“"“ cb‘ﬁ‘d)mfd)ju K) c‘,l.ﬁ 4?.1':'5 ‘bb&qﬁ K) )3\#}& U‘&‘}L-"" ﬂ‘ 132

;Y_,.éjs 5‘4.142; ‘;“.Aju.d 5)&‘5}? ‘;)‘)Cj‘l’-l Jg.&
.DP590/HSL A440

Loy gl -3
2 (2 UK os s bl s e - (1) S
35 Oleanl labis zoslie s 228 alesl 5l Lol
10 5 9 ob,> wuas s> > DP590 « HSLA440 Y,
ol ol o3ls il IS 40 55 (6)15aK Ol 5 uelslS
S 35 p odalin (2) s 5 (-2 6 ilF2) s pollas
5 ol a e S (1SS Ol 53 Ol s Bl
02 8 sky el el 0 S s e s BB I L
10 « 9 5l 0Lz Ll (S B el 51K 0l
ol AE s Sl s s S Tl 4 e TS
Lay ol IS 40 o)1 Ol s S el s
olskS 10 0 9 51 0L RIS A s 5 ey e sSas
gl 3l s 5 lls 221 w5 243 3 5,5 Sl
S 53 85 Gl Olge 4 3K Dby i el
2L SFS e B S e Wl ) e B b

TloMing time 5 cycle - 9 KA
—— TTolding time 5 cycle - 10kA
25 A |—— TTolding time 40 eyele - 9 kA
Tloling time 40 eyele - 10 kA

204

(F—ighS) g
I
1

Goidie) ol ol

35 Olacanl (glabois zolie 6 o5 53 ol 0 o=l s
.DP590/HSLA440 Y 45

(555 4o 3) DP590 5 HALA440 Y 55 lecs oS 5 -1 Jsax

. Fe C Mn P S
DP590
Ao,s | 97/400 | 0/091 | 1/820 | 0/018 | 0/006
. Fe C Mn P Mo
HSLA440
Ao,s | 98/600 | 0/083 | 1/240 | 0/018 | 0/006

53 Oleal ojsar 2V sladdys cadyl alge ags 51
AWS DB.1 5 kil ulusl 2wy i s 100 % 30 sla)
il s K5 5 5l e LS w3l 3 68 3 el b
3 6 5me3 Ogtel 5 3000 eslie 51 oslizal b Ladd s pelan
S SN il sl (1) IS8 Gills Oleesls & 5o
Rl gkl eglie e tad ol S
e 33 3 KT g ol Sl esliad bty
olsil (016 = Olnl) OBl (s oS 8 cotle (5 20 ke B
OLas Oles ol 4l sle il > ) Al bl
ol (aibike 20 Uobee Koo Sa) K 65 ol
Sy 5 chashS A5 55 S g (S 28 (S
(23,5 sl AWS DB 551kl Gillas S T (5,805 5
23 e Ulge & I35 0oy 5 Ol bl 53 cpomen
5 IS 40 55 e Ol Jels oS s an S
S ol S5 ow oY pie eldks 10059 CLx
— S bl il e plil s SW5 s S
Universal 530 &0 S 2iS oSas L bt sad 5
5 olKas ol = 4aa sl Testing Machine
el iy e Jeel (S E 5Ll &S st
CSi mhaw sy ki bl ASTEM EB 5l
S Son 3l el b 55 S BT 51 ey W g
ebxil (TESCAN VEGAIXMU Ju) iuss 53,50
on dadigad Gasld 55 Clsw okt 4 (pamen (23S
skl Olge 4D s H &S Gl s (610560 4 5es Sler
(pmes Waea DP 5 HSLA SV w0 by e 55 4 s
4 Lledd el hled gy Olsie 4 Ok 5 (1565 Ol
DLy 5 el kS 9 0l s odd ()ISE o Gga b Ol gie

el 0l 303 il HDA09 S5 ) S 40 (5,156



https://jwsti.iut.ac.ir/article-1-521-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-21 ]

133 129-1384%5-& c1405 bh’m..\l:j )LQ cla)w ‘rb.\}b:d\.w gb‘ﬁ‘é)m"? 6)3‘.'\3 3 r".\.ﬁ Aif.:.s' ‘bb&“‘k 3 )jl:.u uijl:.w ﬁ‘

(k;ilzuB- - jj.:-’ )b}‘u j‘.’.) C;.:-L.“.A) ol UJ‘" LSJ]-" d‘ﬂ

RO DI

o] )

254

[
=]
1

]
|

(F—eigheS) g 20>
a
)

A
I

0 T T T T
HD39 HD510 HDA409 HD4010

- ()

(ko) (ool
o

HD59 HD310 HD40Y HD4010
gl

250

200

I
=]
I

100

(Us3) @3l i

50

HD59 HD510 HD409 HD4010
aige
leg Oliﬂj;);‘;’.\’.ﬁ’\;.--‘ﬁjjj WJJ\;-@@‘Z Jg.&
bl — O s S =l (S 40 55 (6 )1saK Oy 5 el LS

eSS Gl e e (53 Ol

Syse Lo 3 Olg o 1) OL Slas s S Ol s cpl e
23 e bl SO Olpe 6 Ol oST sl S s
Ll O Rl amd 53 el Dyl A5 Ol
Al G ek amd 5o el Al 60,5 ol
el iy kaS3 b Bies oar ddin 31 shie 5,08
el 2ls Il plSoil 5 S 53 1 aiie ) &S
LS b I8 o Dol Ol Sl A s
Soo00 BT gy cpl Sl ol e g Sy Jlad tf 5l
Sladisad 3550 53 il Gl Sl L SIHL S
CAd bl b oaS ol sdalis LG HD510 , HD59
A i S5 I (2) Jstr Gillae S 0L~
S il bl Ol oy ol e il ol
Rl s ety gLl d & el ks 10 5 9 lacl
Ol U ol sld e g &S5 Jhd y Sl &
e s 1 5 0le3 I L Ll (S plSnl
b aSsk W ol L Slas HDA09 &5 5o 5 58

ey o shS 2413 & Il iy
Ol s olaaG oy Sl 31 31wl 5L (Rl s
sl S b 5o dls il e oy Lo s
JHNS 1 G Al il st Jalge lebs
et iz Lo xS0 5 wlsl Lol Al 5l a5 tizes
533,50 55 SIS Sl Sode (61585 Ol Sl L s
O doe S5 5 ol a8l il il ol 2am AS3 L plas
S oMo DAL 3w Lo (RN 0 S 8 e
o S SRl ss 0Ad kb, Cel Al
OF ks g3 o 3l sl olem 4 1) ol
(m2) IS s al o Slpl dlasl e 5 ol
sLajl Olpee vl ol osls OGS ladipes Sl Ol s
53l ol sl g5 b i BLI Lkl Jsb
SRl (S D eSS Bl s eld (s Esed
SLajl alS Corge eelshs 10 0 9 51 o )Ks 2 OL
S ol J 3 cplds e e 1462 4 1535 51 Uk


https://jwsti.iut.ac.ir/article-1-521-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-21 ]

129-13842“ c1405 QMU;)L@. ‘10)\»..‘2 “'A:}‘;AJL-: cO‘ﬁ“SJKJﬁ‘_;);u K) c"lﬁ Aij.:a' ‘Qb&qﬁ K) )3\#}& J"‘a;\.._..a ﬂ‘ 134

o) S Joab s S s el sk esls oLz (3)
S e Ga a3 p Fy b 4l s S5 Ll ((oda
b Shtzel 3 eddslonsl s G5 ¢ e eSS (S
Cod |y o S el jsha oS Gl Gom 00 S e
) b e Ss S (osli psbar e 13 G
2O S S al e Sady SO s Ol
23 Sdly S5 ok & aln 33 e IS O Ol
S IF oS g8y Jlal il I i el
A3 S el ool A S s S s 058 e
e (SAES 05 S8 4= Sl 3l Sle axb Ll

[19] (8 JLs) »5 o
¥
— VAR )
WZ
HAZ

BM

5 (IF) (St Jad conSCs g1l 805 7 b -3 IS
glalad aslie 6585 3 (PF) (SiS0s 5w

CaSd a bl G 4l s e 21580l e sdle
Glialin b oamd ool S o ol 1) SAiS0s
Lals olas Lol Lewd L85 [20] sLen 5 goslm
HAZ e o |y cnSs 3Ll abais cosd a-b 5VL osew
oS e bl Sl S e Sl sl UL
IS et Slrs B s e Bl 8 Al e s S

.Jﬁ\dw\PFQ)M@\}w\j\wjnm
Gl Sl 3 58 e 0 (453) I 53 a8 sbokes
Bl e Bl B 4 Ul ol SsenS ((SAESO e
L BM/HAZ ;.. ;5 Llg e S5 Ll PR clse s
Sl S e (G A zo b 5 s HAZ FZIHAZ .
WSy Ogelym SLbL s S e AiS i PRl
LSy Glbl s 0as 58 L &S oSl e
2 eSE K Ol wapde b PR el

ol L dsb sbssl s 55 Sl als ol Sole 4
S Sl edd 2l (S GRIB e s S
33 S 80 4 13K Oley Il bl sl
3> o 4 Jsb sLsil HD4010 5 HDA09 (slassel
sk Lol o, 1568 5 795 4 ,:J,L; 10 59 slaol >
5 dob sl beeged s b amlio s HDA09 &5e5 IS
2 L el ol cle sl S (5 o Ol

R L
sl o3y Ol Wdgel plwlr ol (72) K s
S 5 b et LI i gad Jsb oLojl Ol e o
5 isaS Oley L3 i (i Wsad L3 )l Wl
g alshS 10 49 5 = L Rl S
23 ol s e Je 1462 4 1535 1 Jsb slsyl als
Slasad ps Clas) edd e 51 Ol S el -
Sl ol ke ol wsl 1 (el -
ol B o se g el L Jsb ksl Ol e 53 Sl
ol b dcl sls S gl edd ol (65
HD4010 5 HD409 (slas 5o 55 « LK 40w (6,154 Ole
795 & ks 10 59 Glaol = 53 5 & Jsb sl
s b anslie 53 HDA09 &5 JS 5k Lol e, 1568
e L sdls (S S5 odr Ul 5 sk skl ey

S bl 5l ol @l -2 Jss

& S3A o sl il o
st | ) | ek | sne) | 7
PE 191/83 15/35 22170 HD59
PE 211/88 14/62 23/73 HD510
IF 123/06 7/95 2413 IHD409
PFE 217/87 15/68 22179 HD4010

3> 5l Mgk gl eslie o Sasr S
S o Sam SIS O 5 SEe b S5k

IS s e Bl S 5l g5 ) S L 8k



https://jwsti.iut.ac.ir/article-1-521-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-21 ]

135 129-1384%5-& c1405 Qb«eu; )LQ cla)w ‘rb.\}b:d\.u ‘Q|ﬁ|6)m">.- 6)3\.'\3 3 c".\.ﬁ 41‘.}'-:3 ‘f)bKoA 3 )jl:.u u‘i‘Jl:‘.“‘ j:.A|

comad o &S, HSLA 5Y 35 o (10 — duas o OLES I
ot 4y Cmd (653,55 eSS L3, DP Y8 3 4
AIL SIS L g dse ol 5 e e OLLS 55 STHSLA
Aoy 3l U es 5 Al sl il ol e (1S Dlis
4 e a5 Cenl DP aY g 5o oy 5isle 4 5o 5 S 5L

9 kA, 40 cycl 10 kA, 40 cycl

'HSLA440

_ HSLA440
59 Lol o 3 2ES el e bk ged cnSla sl -4 IS
S 40 55 51545 slaokes 5 10

(ereed) o505 ool slas HSLA 5V e ¢ ilia
Cd S S g5l S el 0T Sl & s s LS
5p5 S S g5l 3l S 5 el S B i 0L
23 E S S s e 0L i (S jsbas il en g 5 5
53 Yzt S5 5T 5 il 55 65 5 Bt 228 5l

MQJMJL@“ﬂ‘ﬂ)JW‘jﬁbbchPW

S ol 3y Caslie op eS &S 35d e ST (glasU
sl e e bl 5 [21520] 5l St S
S U155 oo HDAOS &5 55 S (6550 wdr 055 oS
53 s Bgad a BN wised gl S S S
SH Ll odd ol o p 5 opl il (S Rl Jab
b 2 S A4S b i AL Gl SE B 50l e
Bped cnl (M3 pper 4ol el 2 S e oS 0
@l dsb sbasl (Js5 12306) i s350 Blas sl
5 HD510 HD59 & el 4 ;& oy p b Lol o) cnSls
SAES Uy s S &gal 4w a5 «S HDA010
Olos 5 Ok il b aS 54 e sdaline ol aslil Gl
Wl Bl Rl el i (651 Ol e (61655

ol ol s 5 P AeSs 0L Rl s
O 3 s 55 5 Sl (83555 Ol (Jolad 4G B il o
534S A e OLES | (glalinl Ysame Jolas )33 5 15,
23l ol a8 e i PR G IF 5l cnSs Sl of
5> St b 55 S HSLA440/DPS90 (lanl Jlas!
10 5 IS5 (1565 0les 3 el ks 9 51 SVL slaol
S bl ol s (S 40 (51545 Olej el shs
e PR IR 5 o8 S a3 5 355 00 55 ae
5 Pl DP 5Y 5 4 Co s HSLA Y35 &5 LT 1Lk e
P HAZIFZ 5,0 55 iy 00 5518 s (6 S s
S i el (4 JS2) cl fazs HSLA Ca
kel PR e So 4 1S (550 oder Jsa IF
St ol Al LPR S s e an S ks
st 3 S s S8 s Sl Syl & el ol pen
(25 52 45 S 50ken 355 o 50 S 5 L8 5 NL
PF e ) 5 0L ial33l b el o o3ls OLES
Uil gladasSe LB 5 b a4 g5 ode 5 ol e
Al

A g Sy Sen plas (D 5 = ) s
S ol B S g Slaa p0d LSS s 51 s,
b S Ll S TS B S Ol


https://jwsti.iut.ac.ir/article-1-521-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-21 ]

129-138425-& c1405 dl:-«.ju_pjl.e cla)\.o..ﬁ “..A:}b:dl.u ‘b|ﬁ|6)m">.-6)jl}3 K) c"lﬁ 4-1;-53 ‘bbm K) )jl:.u u‘i‘Jl:‘.‘“ #‘ 136

ol 5hS 10 e 4 0L > s US40 4 5 5l (551K
et SIS el e Ghle s o 151 s @
(1585 Oley LBl Lol el Il i il s
ol el el s Il ks L sy, 81 as ley e
el s Gl ced b b Co sl
S| 5 ST olie g iman LS o sl B
sl el g 3 358 (mle 5 el S s 0T M
S5 bl Ossle bl Gl S XS e ssdee |
335

Sogo a4 bl Ul 55 0 Seb Jule o pl LS S
S &S S glaaly S0 4 Sl (CH 5SS 5 g en
Spop e bl 3 Cel (S auks s, ol
s e 35 QR el 258 Do gl s
Sl i eSS gladley 53 (Ulsges 5 oole)
el Jlasl AU s Co pihle ez S Al

bl Ol S K s S 5 sl (7) IS
o= S S 40 4 5 5l gl SOl il
S SRl s e Dol 0 e AU s b
N Caws 53 &S (S a4 vl sl eyl ol
Ll 395 o odalin ousle 5B 51 (g uslie 55 HSLA440
VL oS 5l S DPSO0 SY5 Loawglis 3 OF uslis
ool G sk ool meS el sls )
bt ) Gn A8 a4l ol &S Sl STas (glabeds
Coil dilaie b Bsgde > Les IS5k 5 ol Acs
ot 5 sk el 5 (51,5 sl 4,5 1100 51 5) el
PR i) Al ol 3

5 e OAE 3 o s O 51 s oS OBl
Sy S o s Samul Gl Cuiile SU sl
U csl ol Col HSLA440 5V 55 S 53 eSS sl
53 &S 555 S DPSO0 sV L avslie js 4l oy CK:;:M\
HSLAZ40 5N 3 &l > iU s am b 5l Sl O ds
03 Jsb sbssl a8 s e edaline (ol ply ol sl Sl

Ol o il s En 5 i 4 S a0 SOlas ol
OIF 5l e S i ol Ll ls 10 & (o Ko 4
N3 (HAZ) oyl > iboos el s cnss 5 o PF
bbb 4 gad CnS elas (9) U sl & HSLA
sdalin 45 5 sbolen s o 0LiS |y Ll ks 10 0L > L
NG I W J&“ zes 4l 5 3l i cla.ﬂ 5 o0
o 3 03 5T (- (9) s plae) (1) 4l s S5

Al 228 (2) 4l s
S a3 e 51 VL ST s (1) 4t
St ey e Sl K emnplis S o
Ll o (2) a4l lis 5o ol Sandly (S50
el o3ls 5 O g3 s eSE 5 B S 5 e Sl i
Dy getia SlplS Dlmis Loaxb ) nl bl
e oS e S a8 [22] ues 5 osls
B S By S SO plae iy S
S — SOl S s rmen i S2 S
— e Fs el cen © HAZ 5 S5 Ll CK;.«:

g e d S Cgdal CnSs Ko i baw g L iy

Datal

L&MWWCEMJ‘J@)J ‘;:jjig.“ &}&)J@ﬁ)u-[‘;p
el kS 10 -0 5 Ll lls 8 -l (ladl > s

5 s oA S Sy () 5 (6) SSs
SY5h 93 p Ol 0 o AU s S AU Sl o)
B S e el oS 33 sdalie il eld 4l
2388 Sl (BLAL el s S B 3 gdome D pea 5 oyl
G aml o VL 038 s e sl 5 55

Sloy Uil s oS spde edalie Llad LS


https://jwsti.iut.ac.ir/article-1-521-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-21 ]

137 129—1384991«4 1405 DMU} )LG‘. cle)l.a.& ‘rbajbadl.w ‘blﬁld,mﬁ- LSJJL.‘; K) r‘,l.ﬁ 4'.‘.)*:". ‘bbKaA K) )}b’u uﬁ'}l:.a ﬂ»|

ﬁijlasl()jg 03 gd>eo LSJK..S)Q- ‘-’Li_)" SR W Jﬁ‘f"
2,55 ol ads L o e 5 BB s

0 3 OL x4 o (G TS (e SR (5515485 Ol
Db il S SR g O IS Sl
i Jb okl 5wl

R T b e S BT EYCINR PR Gt
JUB SRl e e ol ps bl sy LI (SAiS D
WSS S5 e Ol a8

10 59 0Lz 5 s UK B (K Oley s cnSlam
(JSer 40 (1565 0les s 5 (St O g 3l pelhsS
Sk 10 5 (S pte Jab g5 5 el s 9 0L > o
g SAES Oy 5

1385 Ol 5 el IS 10 0L 2 s ety ISh g & gaim
2413 3L dnny 5 Ju3 21787 G550 s b S 40

35 Ky B gad (P g 5kS

@l;.o
1-R. Ashiri, M. Shamanian, H. R. Salimijazi, Y. Park,
and M. R. Samani, "Weding challenges facing
advanced automotive steels in resistance spot welding
process. A review," JWSTI, val. 6, no. 2, p. 13, 2020.
[Onling]l. Available: http://jwsti.iut.ac.ir/article-1-325-
fa.html.
2-M. Wohner, N. Mitzschke, and S. Jittner, "Resistance
spot  welding with variable €ectrode force—
development and benefit of a force profile to extend the
weldability of 22MnB5+AS150," Welding in the World,
vol. 65, no. 1, pp. 105117, 2021/01/01 2021, doi:
10.1007/40194-020-01001-2.
3-M. S. Khan, S. D. Bholg, D. L. Chen, G. Boudreau, E.
Biro, and J. V. Deventer, "Resistance Spot Welding
Characteristics and Mechanicd  Properties  of
Galvannealed HSLA 350 Steel," Canadian Metallurgical
Quarterly, vol. 48, no. 3, pp. 303-310, 2009, doi:
http://10.1179/cmq.2009.48.3.303.
4-A. Ghandi, M. Shamanian, and M. R. Salmani,
"Investigation of structural changes in resistance spot
welding of advanced high strength steel DP590," JWSTI,
vol. 6, no. 1, p. 57, 2020. [Onling. Available
http://jwsti.iut.ac.ir/article-1-301-fa.html.
5-D. Zhao, N. Vdonin, L. Radionova, L. Glebov, and K.
Guseinov, "Resistance spot welding of high-strength
low-alloyed (HSLA) 420 sted and bake-hardening (BH)
220 stedl," The Internationd Journal of Advanced

L : ; z uBaas renceu)
33605 5 S 5 sy S Sy Ko sl — 6 IS
G285 Ol = 5 o s IS B (,15aK0k; =l el sl 10 0L

S 40

10 0l 53 ol 305 o il iy b =7 S0
HSLA440 5Y 35 Caas 35 ol 5bS
V5 e 53 YK 80 (51565 Ol o IS B (651388 ey - Al
S 40 6150 Ol m s IS B (6,545 Ol 3 - DP590

& S w4
Olaaal (IS g s CaaSs S 5 (655 cd Ol
o cpl Sl el @l:_} .54 DPO50/HSLA440 sY 45 s


http://jwsti.iut.ac.ir/article-1-325
http://10.1179/cmq.2009.48.3.303
http://jwsti.iut.ac.ir/article-1-301-fa.html
https://jwsti.iut.ac.ir/article-1-521-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-21 ]

129-13842“ c1405 QMU;)L@. ‘10)\»..‘2 “'A:}“QAJL-: cO‘ﬁ“.;)mk‘s);u K) c_,l.ﬁ Aij.:a' ‘Qb&qﬁ K) )3‘#9\ J"&;\:..a ﬂ‘ 138

nano/ultrafine-grained IF steel sheets” Materias
Chemistry and Physics, vol. 281, p. 125909, 02/01 2022,
doi: 10.1016/j.matchemphys.2022.125909.

15-M. Khan, s. D. Bhole, D. Chen, E. Biro, G.
Boudreau, and J. Deventer, "Welding behaviour,
microstructure and mechanical properties of dissmilar
resistance spot welds between galvannealed HSLA350
and DP600 stedls," Science and Technology of Welding
& Joining, vol. 14, pp. 616-625, 2009, doi:
http://10.1179/136217109X 12464549883295.

16-M. Marya and X. Q. Gayden, "Development of
requirements for resistance spot welding Dual-Phase
(DP600) steels part 1 - The causes of interfacia
fracture," Welding journal, vol. 84, pp. 172-s, 2005.
17-H. Zhang, A. We, X. Qiu, and J. Chen,
"Microstructure and mechanical properties of resistance
spot welded dissimilar thickness DP780/DP600 dual-
phase stedl joints," Materials & Design (1980-2015), val.
54, pp. 443-449, 2014, doi:
https://doi.org/10.1016/j. matdes.2013.08.027.

18-V. Baltazar-Hernandez, M. Kuntz, M. Khan, and Z.
Yushan, "Influence of microstructure and weld size on
the mechanical behaviour of dissmilar AHSS resistance
spot welds,” Science and Technology of Welding &
Joining, wvol. 13, pp. 769-776, 2008, doi:
http://10.1179/136217108X 325470.

19-V. Feizollahi et al., "Factors affecting weld quality in
resistance spot welding of advanced high strength
steels," Scientific Reports, vol. 15, no. 1, p. 30012, 2025,
doi: http://10.1038/s41598-025-14174-X.

20-M. Pouranvari and S. P. H. Marashi, "Failure mode
trangition in AHSS resistance spot welds. Part |I.
Controlling factors," Materials Science and Engineering:
A, vol. 528, no. 29, pp. 8337-8343, 2011.
https://doi.org/10.1016/j.msea. 2011.08.017.

21-M. Pouranvari, H. R. Asgari, S. M. Mosavizadch, P.
H. Marashi, and M. Goodarzi, "Effect of weld nugget
size on overload failure mode of resistance spot welds,"
Science and Technology of Welding and Joining, vol.
12, no. 3, pp. 217-225, 2007.
http://10.1179/174329307X164409.

22-M. Pouranvari, "Understanding the factors
contralling the interfacia failure strength of advanced
high-strength stedl resistance spot welds: hardness vs.
fracture toughness,” Science and Technology of Welding
and Joining, vol. 23, no. 6, pp. 520-526, 2018, doi:
http://10.1080/13621718.2017.1421303.

Manufacturing Technology, vol. 128, no. 3, pp. 1441-
1453, 2023/09/01 2023, doi: 10.1007/s00170-023-
12013-9.

6-P. Gilldla, J. Jaidi, K. Gangargju, and S. Pramanik,
"Experiments and Simulations Study on Resistance Spot
Welding of HSLA Stedl Sheets: Process Parameters and
Quality Analysis," Journa of Materials Engineering and
Performance, vol. 34, 04/29 2025, doi: 10.1007/s11665-
025-11270-x.

7-V. Singh, M. M. Pande, K. Bhanumurthy, V. Chavan,
and |. Samgdar, "Resistance Spot Welding (RSW) of
Dual-Phase (DP590) Stedl,” Journa of Materials
Engineering and Performance, 2025/10/22 2025, doi:
10.1007/s11665-025-12284-1.

8-1. A. Soomro, S. R. Pedapati, and M. Awang, "Double
Pulse Resistance Spot Welding of Dual Phase Sted:
Parametric Study on Microstructure, Failure Mode and
Low Dynamic Tensile Shear Properties,” Materials, val.
14, no. 4, p. 802doi: 10.3390/mal4040802.

9-S. Nayak, E. Biro, and Y. Zhou, Resistance Spot
Welding of Dual-phase Steels: Heat affected zone
softening and tensile properties. 2012.

10-A. Bahmani and R. Ashiri, "Investigating the effect
of zinc coating on microstructure and mechanical
properties in resistance spot welding of QP980 advanced
high-strength automotive stedl,” JWSTI, val. 11, no. 1, p.
81, 2025, doi: 10.47176/JWST1.2025.21.

11-G. Janardhan, K. Kishore, K. Dutta, and G.
Mukhopadhyay, "Tensile and fatigue behavior of
resistance spot-welded HSLA steel sheets: Effect of pre-
strain in association with dislocation dendty,” Materias
Science and Engineering: A, vol. 793, p. 139796,
2020/08/19/ 2020.

https://doi.org/10.1016/j.msea. 2020.139796.

12-A. S. Adkine and S. K. Biradar, "A review of the
effects of resistance spot welding on metallurgical and
mechanical characterigtics,” Welding International, vol.
39, no. 2, pp. 52-65 2025/02/01 2025, doi:
10.1080/09507116.2024.2419551.

13-F. Yaghoobi, R. Jamaati, and H. J. Aval, "Resistance
spot  welding of high-strength DP sted and
nano/ultrafine-grained IF steel sheets” Materias
Chemistry and Physics, vol. 281, p. 125909, 2022/04/01/
2022, https://doi.org/10.1016/j. matchemphys.2022.125909.
14-F. Yaghoobi, R. Jamaati, and H. Jamshidi Aval,
"Resistance spot welding of high-strength DP sted and



https://doi.org/10.1016/j.msea.2020.139796
https://doi.org/10.1016/j.matchemphys.2022.125909
http://10.1179/136217109X12464549883295
https://doi.org/10.1016/j.matdes.2013.08.027
http://10.1179/136217108X325470
http://10.1038/s41598-025-14174-x
https://doi.org/10.1016/j.msea.2011.08.017
http://10.1179/174329307X164409
http://10.1080/13621718.2017.1421303
https://jwsti.iut.ac.ir/article-1-521-en.html
http://www.tcpdf.org

