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Abstract

This research looks at how microstructure and mechanical properties change in resistance spot
welds of QP980 advanced high-strength steel. It specifically focuses on the effects of zinc coating
and how it influences weld nugget formation, mechanical properties, and fracture behavior. The
study involved microscopic examinations, mechanical tests, and finite element simulations to
determine the thermal history of different weld zones. A key finding was that rapid cooling during
the welding process led to the formation of, metastable phases, such as martensite, in both the
weld nugget and the heat-affected zone. A finite element model of the welding process was used
to simulate heat distribution and analyze the microstructure in various weld regions. This model
showed that reaching the peak temperature during four-pulse resistance spot welding is delayed.
This delay, along with proper hold times, helps prevent the formation of voids. The smulated
thermal history and the rapid heating/cooling conditions effectively predicted the evolution and
transformation of the microstructure in different weld areas. It was found that the presence of a
zinc coating, and the resulting reduction in electrical contact resistance, delayed the formation of
the weld nugget at lower welding currents. However, at higher currents, the primary source of
heat generation shifted from contact resistance to bulk resistance within the steel sheet. This led to
larger weld nuggets in coated samples compared to uncoated ones. While uncoated samples
showed higher weld nugget hardness (512 Vickers) and greater tensile-shear strength (with a
maximum load-bearing capacity of 28.1 kN in uncoated samples versus 24 kN in coated samples),
coated samples were able to achieve the critical weld nugget size for a change in fracture mode at
lower welding currents (9 kA compared to 9.5 kA).

K eywor ds. Resistance spot welding, QP980 stedl, Microstructure-mechanical properties relationship, Zinc coating
effect, Multi-pul se welding.
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Element C Mn Si Ni Cr Mo Cu \Y P S Fe
Uncoated 0.216 192 14 0.007 0.003 0.015 0.002 0.019 0.017 0.005 Bad
Coated 0.183 192 147 0.006 0.008 0.016 0.007 0.003 0.020 0.005 Bad

Yidd srength (MPa)

Ultimatetenslestrength (MPa)

Elongation (%)

714 1038 21
[ - EDS report
Element Weight%  Atomic %
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5 65 9-2-9-2-9-2-9 20 5t0115"
Machine Type Electrode
AC Pedesta 45° truncated cone with aface diameter of 8 mm
* 1Cycle=0.02s ** Jep=0.5kA
- — .
< Z
&, 4 Holding time
= DA e S kN 20 cycle
2 9 Squeezing time N\ T g
= C 65 cycle Cooling time

2 cvcle
“>»

A 4

- >

Welding time
9 cycle

Time (cvcle)

ek sed 555 p ok Jlesl K K SSLes-2 S

Qﬁ}'ﬂﬂ)u Cf 93 ﬁ‘ Sl ‘(7) K.\i SEM ﬁjLAﬁ 3
5 =i ol sld Cos il cole ol Lasiie

.J)‘J j:;g:,...i')J L;)L:}Lw a)'t; C_AJ"J,.AS)LA CE.E..A

100 mm

i
- ‘ -

25mm
—_—

S = S ek gad slat=3 S

™~ /7
teeee,
BM HAZ Pt
e A

i (mB) U 5 ity 0s slasus & (1 -6) JSs
32 bl daes by e QPIBO b iy sl
ol GLacS sl 5 Cupile oo b als 63V G5 g
S S psbas (T) IS 55 zmen ol sl 3L
fl sdalie LG SUT bl 51 (SEM) iusy s =Sl
oLy bl s Glizl 5l s 5Gds Sl pslal ol
Oy i sad bl SO L (7)) IS aas e
Sty ased Jrlag, Sl (7) IS 5 iy
RO VLU

(Q&P) duprisisl 5 i8Sl Slbes aul 3 (b s
3= 53 s plasl QP (oY 53 i)y W ¢l &S
S yiole 133,8 po S5 Y B ol Sty e Sy ke
el e 53 5 edd bl =SS sl Sl ey S el S5l
30 ol o8l S) 55 e ok stk
S 4S5 00 Cale 5 33k Sk 1 0T 5 S
[7] 538 o JoSCis Jamn (slas b 8 51


http://jwsti.iut.ac.ir/article-1-497-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-17 ]

81—1004:;5.4 ‘1404 bl:.,.:l: 3 JL@. JUL“..: crb:}tg de cb‘ﬁ‘ 6)&.53’: 6)}‘.'\5 3 r"l& Aif:.s' “5):.:.9 4.“ C”J 3 gé’“‘ﬁ‘. J.F 88

S cmal Lol skasOlis o guas 53 503 4ol
Gles 2, axbcwl o3 8 pe e cpl 5 0T gles
I, (CGHAZ) «ls iy ool > 5l il adlane b blie
) OF ssloms el 5 el o3 A3 oS das e OLES
(FGHAZ) sz, o)l 5l e adlaie Ll (K508
Soon ol 5 SseS Gl (s Koy o sl
o Ol Dol 5 e bl Sl i s 55

s (BM) wl 5l 5 (SCHAZ) il 5 (ICHAZ)

1490

Temprature (°C)

0 1 2 3 4 5
Time (s)

ASBOL b s sy rar wsed ples w88 -8 IS

Ol S ol sl e slie (505 Al b Jsb s e Sl is -
4l 2 ok (b Sl g Ll e S a5l e Sl
sl 03 e 2o e 24 giluass s s 4aSs o3l
ol ol (e s 6,01) _a315 slade 3l jzeS 30%5 50 oS
Jead s eled Cwslie 535 glaesls Glaas s 4 ol
(2 8) JSa ol asls &, 35 0mGs 5 GusmGos S ke
Ol s Ol SO b g sddia o gles Sls ped 5
A asslsl 53 5o daler de adbie a6 SN

5‘5..3& 4;':'-\)1.; LGQT IR

o sl cl ) -3-3
sl oals DL b pr (olrlwcd s slas (9) S5 s
slacsls Ly ol amlan Jobd iy ol ol
O 534S (F2) i adlave loul Lot ie g lslp,
ailae 13,5]3 (Kot Gl 5 el dazmie e 5 5338

slos o Of glas iy oS (HAZ) Ol J.SSU S

e Clecirnde

Hheed 1

l

Lol 3 5 gdome il (g 5lavand bt 4y ol 3wl e Gy e -5J§.L

(i3 03 QPIBO Y 5b = Lill jlstlu s IOM s las =6 S
Cute] IRA (395l 1M w3 F Ll il 5 QPIBO 5N 5o - s

Lol C,’Li)l: Cﬁ;ﬁ)b ™ m)'\."r C,.ijﬁ)b ‘FM LAJJLA‘;;L

(3 O3k QPIBO 5Y g = il jltlu sy 3V SEM L slas=T S
cunwl RA woyile (M oy (Rl i QPIBO Y4 - o

Lol CA’L’{)L Cﬁjﬁ)b ™ LA).U C,.ijﬁ)b ‘M LAJJLA‘;;L

bt =2-3
G poler IS gl s ales L als (i 8) IS
o) (3l Aol 3 ol s (glos o it SO S
s e yislad ccnl glahs e glie (o Ko s 5 gl
S LaGss S pte b s iy (slos S 545 e sdalie
azy 15 s, S le ax 55 QP80 1490 5Y 55 sd sles


http://jwsti.iut.ac.ir/article-1-497-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-17 ]

89 81'1004:&5.& c1404 b\:.....:l: 3 JL@. ‘1AJLQ.5 crb:}\g dL.e cb‘ﬁ‘ 6)&.53’: 6)3\.'\3 3 r".\.ﬁ Aifﬁ “5):..:.9 4.“ Cj) 3 ;é-“-é-.‘ J.G

slezeil 53 edle oLl 5 6l fb w8 glaols s
UL

axdllas S48 jL_.ﬂ Jsolxe u.:_)s ERE™ w\;u ‘;"j’” 6&&:‘3J)J>
Aa(°C) Az(°C) CE (%)
745 885 0.64

w);-MS:;ALm' f‘y}ébb)t?bw):ﬁ)uj‘g K-w'

Gt (ml 53 edBedls g Gk gad 53 0 i 2z pde
SROW LU Slgr S Sl osliad s & cl o SKan
2 S e s il ol glos 4 Oy gl SAS LS
=l o S 4 Ce Ly RSW L SO G
DLl s ay Jloatm) [2alS sl ol S S5l
5obe s 58 Ee s wnal ks s 4 58 glacl
S 55 Glojd a3 5 wspd Slle AL s Lals
5 s A Dy il b 3 S sl
JS3 5l 658 s sl hale Olseas Wl e S0
a8 ks SLE lae i

Olas b Sl SO IS o8 JT] 0LSGn 5 o Godos o
QPIBO Y3 (glabais zoslie (5K s (512 olisS (5516
SLa i e 55 Bl Sme i A Sl
Ol g el ol 15 S edalin wlie 0L 2 Lol )05
i 3 e SIS s Olej Jlasl & 03 S s
XS (5 o Sy S5 5 LS

u,i':ﬁ- )l:’.'L‘"'J.i) _4_3

1) e o o3l 0L (1 10) IS s &S hailes

e 3L b slas B FZ b oy (K8 W

S S VI K W SOV W P

L dalr - (o5 oV Ll 5 oo 5 sl
A o ol o (BM) alls 5 sl o8 o 2
Sl i O 5 48, 5 S ) (S
Ll p b 30328 5 ol oles easdoms s 4 tile
e 5 adlate a4y HAZ (glabs aglie (oS00 0
UCHAZ ; ICHAZ SCHAZ aikis 1345

S UCHAZ 5 el o3ls 0L (10) S 55 a5, 5b0kes
35 gn ol (2 555k (glaates o3ll) 4ils o310 0Ll S
SNl sl b5l 0> Sol w3l LS
aidae ool 53 als A 5 sdeee Hsks s a0 Lawls o310 s
s als glaa b5 4 |, UCHAZ 5 eus sl
(el 035 0oeis (FGHAZ) 3, 415 5 (CGHAZ)

drlome 5 dal gy ol SWT Dolee 0 S 5 Gl slales
J1122] sl o osls 55058 3 Jsd 53 5 Lleds

A (°C) =751 — 16.3C — 27.5Mn — 5.5Cu — 5.9Ni (1)
+ 34.9Si+ 12.7Cr + 3.4Mo

A.3(°C) = 881 — 206C — 15Mn — 26.5Cu @)
— 20.1Ni+ 53.1Si — 0.7Cr
+41.7V
CE—C+Mn+Cr+V+Si (3)
- 6 5 15

o3ls 3T jolie (gl gm0 duns Ol a el s ol gy cal 3
ssBean (ramen i S5 Ao > ) sod anlllas 5 e
FSi oV fled 5 pleed S 5 Ole daily e
Jye b 5b (CE) Jsles 8 (s i) e glass
3,8 s (W) 2y (Al s s3leiy
sl low an slatsw 53 [23] (3 <))
0 eddalbe slaesls ol 51015 oo (536 gla 35S 5
Sl sl 0l &) (3t a5 &S 5l apty LS

58 sslial il
o i O edalie (9) IS j5 oS hailen
i gad e pdaie gLl 53 lo i s [T] 0L
5 Lo S [24] 01 5 Ol 5 350 ol salie
LoV glatais ol (o515 53 0T 5 50 Jol e

uaj_bdaMQLﬁ&wa|)b.x>;w)ﬁ ‘)AHSS


http://jwsti.iut.ac.ir/article-1-497-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-17 ]

81-1004ma.0 1404 bt:.,.;t: 9 JL@' glaJmeo grha}tg Ju ;b'ﬁ‘ 6,&..’:.‘,;,- ‘5)3\.'\5 9 r‘,l.ﬁ 4.;,:.1' g‘_gﬁ.:.ﬁ 4 &K g 61.9 90

Lo a8 &ils ol ys ol Sl ke adlaie Jlitlos ;= SEM (2) LOM (1) U s (615 2 5 gl g 4aSs litle sy, = =10 S
(sl Dol 5l e bl K88 =1 = SEM =2 LOM =1 L s a3 8 &ils 555 Sl > 51 ke adlaie jllay ;- SEM-2LOM -1
ol 3 ke adlane S8 =1 = SEM L et 4§ =3 LOM Lol 4 S jlee ool = 5l e adlae Slitlusy, =20 51w B35 5 wls

@3B o355l IFM o 555k IM o 3 IF SEM Lol a8 =3 LOM Lo 4 § ool ol > 51 il adlaie Jlitlo sy =2 (ol 5 Sl

odile BL o] RA (il 1A (Jdims o35l TM

odal i CH}M (10)&&—& )).C,\_w‘ wd}.ﬁ J;G 4.::-[4 4 Lg;\?‘,.e 6)) ‘5“).’ 4.:4[5 DL uijls 2000 bj.\?-) 6)&5‘59-

S 3 e Sl Gls (Glasmino glacy 55k 45 555 e ol 0 Ll sl 6,8 IS ([25] e e 2 s


http://jwsti.iut.ac.ir/article-1-497-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-17 ]

91 81-10042“ c1404 gl:.u,l: K) )Le ‘10)\»..‘3 crAA}li JL-: cQ‘ﬁ‘ 6)&.5‘,:.- ‘5)3\;5 K) c‘,l.ﬁ Aij.:a' ‘dﬁ":" A.H C}) 9 M J&

b oYU glaes s w4 Loy (K5 (L o 2T 0LL
SelS s3le 5 deuy o (51,8 5l 4,3 1200 51 51 3) o]
s e ile s S U 3 s 3 55 0 st
IS il el 5 51 o sle (ol 8 0AS 3 e
DL C,‘.:J_wT ol oal3 QL.:._' 3 d).\;— DL Y )}kdl.q.ﬁ )}.\::dﬂ
«>,>1490 L Ac3 3,8 sSlwasys 885 550> slales
Ly s ol aS el b (s sS) o S sl
labes 3. omal sdd 033 oess IMAPIO® [27] 15500 5
ol L s s S e alS Wl L elily ACS 4 sy
Al e Bl a4l sde 5 oks gladils s Ladls A dles
S s S 4 FZ 51 Ly OLsLS s 4 ol ol
613 o310 0Lal S bl 5 O LstacSs glasy )
:l_'>uw\ e Lls a)‘.b\ Q\ﬂ;u“ A.)'l‘ :)"::tf odalia Cfpj “
S S 3gh e by 5 ) s LI LHAZ 8 5
sy LS oole v S 83 (9) IS s s
u’"‘}"ﬁ'J MUCHAZ co.\.&:cuj:u“ u:.«_ll.ﬂj.wj u:.a_llﬁ; J}-\f
AL FZ sy ps 58 0 s CGHAZ 5 FGHAZ
S slaals sbul Col (s J b s sddia 2 gles
Cd Sl Glacy 35k 4 e &S 355 o ot
oLz (2 51 -10) s j3 a8 psbolen (Lpi o Jods

NG PSS WK

ozl LdS 5l e FGHAZ 5 CGHAZ LS5 o5 Sleim11 IS

ol &
355 3 2L o Vsans lamio ool g3 0l
slabes Jds il Wiy pl FZ 550 51 5595 das se OLLS

ulp by ol >~ JLE.:_}\&;.@;.-)WKA s el ol
W}auq“McMﬁ&}éd‘}\f‘f@ﬂ
CJQ)JS&CSFQ)\FJLM\%QM})::@\
FZ amb sl [1] ssi e s sl ool LSS
s adshosls pland oS 5ol Lol lole 3 30 co
s S K dsb o 4l s Sl iy
DAt 5 5 Bl il sl (4) ety .ol 03 S
sl sl o ol LSS 6l 5L sy 5e (CCR) ol

[1711.26] =

log CCR =742 — 3.13C — 0.71Mn — 0.37Ni — 0.34Cr (4)
—-0.45

Syl A Gl 04 3 Gl ¢ 4 COR L)
=SS Ll w5 osls oLl Cel IS A
S5 5 (8) daly ol ks UT ol 55 Ao
e yole K (12 CCR (1) Jsr s s 1) sl
S sl 4l o o dS 06 iz ol g s 3sge SV o
G S Gl &5 S e WB b lae ol
= oS 2000) lateis zeslie (o K0 o Al b 45 ol
gl s S s ol e dle ol ([25] w5t
OSols (i dal g sl OF 4 wolsl 53 48 sl o
g baS w8 e 1S 505012 1) et ) e
il SLlS e bl SO il e oyl
S les S il i oyl s oS uboles d o
ol SWT ol Soalusgo 5 5 HAZ Lo 5 iy o5 slales
o3gdoe bl o Lol adlaie 5 4w 4w HAZ g0
3oy OV o S e e T e
Sl OVl e HAZ 55 (656 e 555 S
Ssho 3 i w HAZ (o laadlan 5 S5 o

(DS Kl B e 2 Jeal 4 sl o oS
Aol Jsb g3 el opl &S Lles ain IUCHAZ «-L (1)

):‘(S)Jg_éé_.bju;)}&AC?;)\ ‘J.Sk;a 44}.‘>U“RSVV


http://jwsti.iut.ac.ir/article-1-497-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-17 ]

Ao ol 5 g slss (sla e dlaslisn VL I -

[28] o355l Slmios ST o & by je mlan (5353 -
SICHAZ o exs)Sis 50 B 2 2r10) s
Ass_e L5 1, SCHAZ

OL 08 D

L " —

---------

Sl K25 5 636 sladlomal 5 glamlin Soles Ki-12 1S5
SNgb paslie labed oo o 5 g il glaasl s
sy e SUT 4 o8 (S Ll 3) (S3luans s plesl L QPOBO
(36 L1 sa) SUT (Soalys a5 5 (RSW 5l [ 51 50

Py Son =03
Db Lo eals b slakiped e 50 (13) U2
b Ol s s i SV 53 a sl 1y el s 8
ol dls i Sses FZ a5 55 o edaline cdas e 0L
Aas g0 DL Iy sy Dok @ged 4 Cd (S 5205 Sem
Gy adllas K ek 5058 slaasl b Slalie oyl
S Ok s s iy V5 sles,s RSW
o 4 Ll e el e [30] syls cilas TRIPS0O
Colha o ls b askd s LS i et 5w
5okt Sl Gl o SH S 3L iy Sl
SlS Lld b bla 6y bl ols 2alS 1) e
Eors wbsl Sl e s e el by (63555
S S0 0 HAZ Ciliee glaas 5l g 51 g 5 0
w4 s 4 A5 Comy W3 S slailen ey o S5
RSW )= IS Jsb oo adlae ol el a2 sles
03 5don ol 53 o yole il B ol ACL I zeS
SCHAZ 3l j4e Uy, o 5l 5, cpl 5lisp ol

a.bw.,\g: kJ'»'«‘ kf"d)f 3)}# M}A_' )3 LA\ Aas .C) Q.L:: cj.' a.bw.,\g:

O s Sl oy el b S o s iledd SO
10) JSCs s o8 sboles (ol S ok 3
L e i Wl a3l 4 el el 0L (2 51
3CGHAZ s jlrlwpyy JSis il (11) s
s o ol Soled & 50 w0 |, FGHAZ

B 52 =-10) IK&:(ICHAZ) le ol = 5 s b
Glasb S5 5l S des e ol |y ICHAZ jlsl s,
b 2 bl il els IS0 cupinle 5 oo b
a1 ACS 5 ACL o ensds 3 gl @SS
sooe 5 (W18) ISs ples L8lS 53 &S shiles S
s 3l 5o 3l 35 o oalie (0 8) IS5 s by e
Sl 5wl e Sl S oad awmad ACL i~
(e b JdS el 5 o a4 (BM) 4l
Cople 4 Gl Al e 3w O 3w b Sl
52 3B sllagy Sl 4 e S 0 e LS
Sl eS ICHAZ 5 5l Co e 350 4l oyl
oS YU i s w bl (o 8) IK2) el UCHAZ
b5 eyl 4 s sl conad bl SUT(CE) dsla
g 53 s Surile 4 Sl dlwal (pl sl sl
Ld ol b 25 cal (e 550 Jomly sdus SO
Copisle U = S BMewn o FZ 5l o5 ~
salin ((1) @ 10) UKo 5 & shiles bl o0 ialS
53 Sl oz S a8 5 LA RSl S sk s
[22] el oz 2 (slas J2alS s 4 56 534U

s Ko ll (SCHAZ) b ol > 5l jlie 4l
el ACL Jl e slos 5 4l ol S sles (9) 5 (8)
25 e ol p 5B S8 5 8y sl ksl
Wl ol bdas i 55 4l al 53 sldliad mn ans
Ll o 6 el Vo SIS 63100 w0 b opl 3 ainiin (glos
kS Casl 1y al B skl s s e o0 Sy sl
o sl SILLE (Saln e 5 Bl s 050 o 55l S 2
DAk o3l a3l ol 6l J

(S Pl G Bl Sl U wil el el BCT oSs -


http://jwsti.iut.ac.ir/article-1-497-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-17 ]

93 81-10042“ c1404 gl:.u,l: K) )Le ‘10)\»..‘3 crAA}li JL-: cQ‘ﬁ‘ 6)&.5‘,:.- ‘5)3\;5 K) c‘,l.ﬁ Aij.:a' ‘dﬁ":" A.H C}) 9 M J&

o e G Sde el nl e e 4 Ll e )
el g 4aSs S e S 4 ICHAZ 05,5 oS >
Sy 3 g 3 A3 2 SSE s b LS il
R O <l N S g UCHAZ >t «
w6S3 S b b e (b5l o S8 OIS e &S g5k
S s bl (e Sle 03 (e o sr
e sl FZ 5o s o piole e e e OLE

.QJ‘JJ.UCHAZ)JJ}}.-}AC,%F)LALIL;)‘Q

ol As, 5 <8 Ji-6-3

i pod ablis golrlw cds sl (14) s
oSy Ot 5 s iy SV g 5 9n Sl eddesls s
s e OLES calsee (o a5 oL 2 (sl 1, QPI8O
a2 el S 55 0L 2 Ledd (K sladi gl ol
O @gad 53 5 558 pad odalin Hls 1 gy & gad 53 (S N5
Al ailais S 4 e Ll el 5 gl S Al
S ged 3 dlail pe ol (53 0540) 350 )l >
33 ol ol odalie 55 el s LS 6 0L > s ls id s
Joes 03 (S S ham aeSs (Gl Ok el 2 S M
D e Sl bag s pled

Jds am il g gladises 53 S aeSs WSS 5s 2L
Soo i AL SOl culdas 5 mes (S sl elis
GLaols = als 1,5 WG,y wled axb 3 S el (ZN)
5 o3l a5 LBl e SVL 5 el S 6,5 25
skaslis &S ol b iy sladisal 33 e 4SSy 5 e
Wl g aeSs [ 053 ks

Lpdon o5 palda ssb 4 b s S5 Ol Sl
Oy sloaasi sl Sl iy A3 (pl Jls i s sladised 5o
oS5 Ay il 3 s adina0ltl ol cpl ol i
S G glie glalads o slie (6505 5ol B g
Jlail 5 ol dd g ool Jole Wadds uled e 3
s e Jlasl gy dle b iy o Sl Ll o

S o s il 2

sl 0310 o

056 Gb (3505 Gl S Llis (s 0L~ SRl L
Sl i Ol 5 LS sl ol &8 Wb e 5l U5
[28] S o eal 3 2y 35 5ke sl

Loodd (ol sladises 53 o8 25,0 sl (opl by
Jol= SCHAZ ;5 Sase s el 558 5 iy slall ~
S s [PBALIY  sls sps LS i s
LS b cou SUT Slese 5 5 ool amia b das
ol Saw REW SOlGsn 5 a2 Jsb s lid
ST ol sy Lol pen La gl J& 2uls3) sl
3y

S LSS el Ses Ologen slaetdy !
Al Jbags 5 ol Gyl oS e romes S
Rl T] s e falS 1 ot p 5ty 4 Sl BM
VU o505 gleS Jal i 5ol (S O o 5 sy Il
a4 4 O3 S lailen ICHAZ & 555 b ops 420
Ly e Jebsp oyl 5o b ol sltle Lo

LS oy a5

600 1 1 1
—a— 8 kA Uncoated
—a— 8 kA Coated
~
o 500 4 B
=
e
[}
[%]
(0]
5
£ 400 -
e
Q
Qo
=
300 -
T T T
-10000 -5000 0 5000 10000

Distance (um)
guﬂ.&ﬁ Q}J;‘ja.,\.::ab‘bui..irﬁ Lg\.am)».: ‘;:"""’}jg-:"’ J:ﬁjﬁ'lngnL
ﬂT%Sé{fﬁ‘d\iFLj a.,\..irn‘.)uia}g-

;U):QSFQASJ..LMA&L:J(G))(Z)QlO)Ji.J:):

CANJ.J)LA Wo-jms RN W A_{.&-}S B D Ji\aéjs


http://jwsti.iut.ac.ir/article-1-497-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-17 ]

81-1004:;5.& ‘1404 f)h‘...a.u 3 )L@. cla)\.«—:‘ crb:}\g dL.e cf)‘ﬁ‘ 6)&..53’: 6)3\.'\3 3 r".\.ﬁ Aifﬁ “5):..:.9 4.“ Cj) 3 ;é-“-é-.‘ J.G 94

Caaled Uneoualed

o gad s gls o)l (g S ll plal @ i g s 5 ol i s el esls B (slad sad sl s el cuig pilas-14 S

Slaassad 53 oo anaSs (2,0 SLSL Bl el
SLAOLs o Oy S oy 35000 0313 OLAS I3 2
S Sy Slaki el 3 g 4eSs A el G
Iy sy ol i Ly S S cglie 5 uS o
3 S I 3 S e ) e aeSs LS sl Sl e

s e 53 (led (S S nslie (g 3 L
P eSS 03 2l e el ) 5 ke e
TS 6.5 (slall iz s Lol s o Jlstty (sl sas
Sl B 535500 e 3 oS A Gy YL

S ol g e ater Sl A E s G, S


http://jwsti.iut.ac.ir/article-1-497-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-17 ]

95 81-100425«0 c1404 ql:..a.l: K) )Le ‘10)\.9..‘;': crAA}li JL-: ‘O‘Jﬂ‘ 6)&.’3‘,:.- ‘5)3\;5 K) c‘,l.ﬁ Aij.;'a' “5ﬁ..‘:".9 A.H C}) 9 M J&

.Jj)b‘_;j'ﬁ-l_? Q)&:}\)\:&iﬁj&iﬁ O L o0 il

Uncoated Coated

é;j;.}é‘dﬁ.ﬂ Q;AJU.A LSJ&":’FU‘:"Q)‘F J:jjf LthQKA'lSJg.&

5 o S (6,8 s a5 QPIBO il gy Ol 5 ol i s 6oV b

.J;)lﬁjj;u;ﬂ,\.:)w&ﬁ

30000

25000

20000

15000

Force (N)

10000

5000 —— Uncoated
= Coated

0.0 05 1.0 15 2.0 25

Displacement (mm)
Db O 5 I i g ek el plomlam 0 16 IS

j:.Ale.:SS wj;- QL«};.-J\JA.LZ a.}‘.} wj;-

JSE 55 5o g O e Sl S5 w1 e
G 3l s 655wl s 0T Ul edas 0L (16)
Sl Sl Jole St G35 ol kBl
Lol s bedias oL |yl o055 YLl

el (Sals (L Ll 5 e s e
sl sl o SOl s Shas 53 sddodalin glao sl&
o igd U Pl Ol e 1 i O 5 Ll
ol (13) st s as e s o sl s o3 & i
(FZ) s aidais 03 Scim sls Gl ol 0l 0313
Jolie 53 OF plSowal D3 VL 4 iy Oy i pa

S oSS slag

ol e 2 ST sl (g O ek e

sl Sl A 5 s Olean WA 55
DL Sled & w0 |y Lap 5l sl (15) IS
SLaas pod 3 48 550 oo edalilan (S il 3 das
aS3 da s S Sl Caslie S b s 4 ls i
23S Gl 3 S e S e 3 Lo ke S
RIS Do S 4eS3 A (M Dok slad ses

38 o Doy Sh SRIBIL

CnK s g g = oS Cns= -3

soolie slair (A3l lis paps Sbslal s
Slp LS e JE Gy IS0 Byl s o glabi
slas 8 5s VLl ol el 5 3 Shas o 51 Oluabl
S S ool 3 Lol SIS 5 Sl ey ¢ 2315
Wl (§og 8 Kin Bl L3 sl IS 4

S S S5 BaaS e de S d - LIS IISL
St labd saslie Sla s 5o mmly Sl o0l
Pl eon e 4 e sl Bl S S e
S awdn 3 Lol laed peglie sla g (SOKG
sl ol 0lis () UK s 0sesl cpl gl sultlind & gas
ol gl = 55 Jlaged Oga3l (pl plnil 51y
Sl s Ses s Gl 5L 25 oS adsl DD
S g o2l 2

S (Pmax) et o b gudS sla szl
o) Sl Ol L ekd ode 5 5 (LMaX) el
5 el Js s bl Gle s a8 gl Al e
bl 5 ewe 38 esliad Lol 1 Ll Keax
23 ekl (s il Ol sl s sladisel Gl
(16) JCs L5 (el 5hS 8 0L 2) by (53505 ol ~
Loamlie 5o [idy Osdy @sed owe Sl odd 5l
s o DL e 2,k s gy 4 sed

Lso g ool (4) Jsir 55 ead 5158 slael il

el S s el zin ITh il O dse w


http://jwsti.iut.ac.ir/article-1-497-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-17 ]

81-1004:;5.& ‘1404 f)l}'..u.u 3 )L@. ‘14,&..2 crbéjtg dLn cf)‘ﬁ‘ 6)&3:3’: 6)3\}3 3 c".\.ﬁ 41‘.}'-:3 “5):.:.9 4.Sl C"J 3 @.«e Jﬁ 96

A 4 Oy Sl g bl bspd e o5 S wSs
e Jpa= b (Sals ol (i 4aSs ojlul gl
ol 3wl (8 S md b s g5 b S Ole S~
S abkE ol s e cans 30T Glass S bau s
s e ol 1 PR G IF 5l s Gl s i Lses
95 Lhpr Bl 53 S b i ) (B) s il
Sl el AS 9 0Lz 5 iy Osk S50 ln el 5hS
i 0L 4 5L ] el s 4 Iy RS e
Sl 4 Ol oo ) iy Oy ges Sl OS5
aSs by St sladised (Dolee lalL 2 53 &S 5l o
i Sl 3N Glam lB a Sags s Bl 685 e
SRS GOk 52 ek ol B eGSO e
Db ol Sl S

o AL beol > Sl eslinal bosdd ()00 sladi sed
Olde 23l el bl (S e | PR Sl il 5 s
Dhre i das 55 0Ll b g (e 5o Sl (S
DC= lussys mlo 5o cnSd o ki Glp psm o
Gy cubins s e ek i DC of 55 & WAt
o) [34] ANSI/AWS/SAE L.y ons sleniy (o
AHSS sV ¢l 81 DC iy S 3 &S
b b pabse 5 S Jes Cpd Loses
il ol 3 [1112835] s

o 3lulksl L el slgin DC sailblios J e b
i PF a3 sdoes 55 15 Sl e axkad o310 [36] IS 15
5 Sl a3l e 5 VL e s LB b 4 bl S
Slasbre cpl 5o Dlael Olb ol o es Olde 2L L
I e il 5 S5, Ol 1 AL el CAe
sl S B badse b pl ool ladge b ol 53 oSl
5305 ol Gl L5 XS e B s ) ks
B LIRS VR WA R v S H A P S SNICH
IF & 2w 8 FZ 5o 2 Sy (85 on il

9ol o3ls u’“""ﬁ Lgl.hdu}.u Lg‘j’ Lmax B Pmax 6@#‘)‘{‘4J)J}

J.:.Ale:SS w);- Oliﬂ);‘:-'\":’ o3ls w);- u’“""ﬁ Qj,\;

Prax (kN) L max (mm)
28/1 2/09 EATHNTRY
24/0 2/16 BEppe

(IF) S pie fas cSo -0 (PF) Sas oo -l

TS ki plsomtal & 5o slalposl plol 31 e e
S gla I sk e s Lol Sl 53 4 CT
oS e (IF) e i o 5 (PF) St
Slr ool g glaosasl Sl eSE
35 g b Jol (Shs a4 Ose L b
[8.1133]

kb b g kb Jald else opl fekis gla, Sl
Sy p Ges 5 Gos Cubhs (hgmes aibe ol
sl 35 S

GNIS,L Ll i -

Al s ol (pbed S5 Bl ol
S

2 edd edalie mly CnSs Sl s s (17) <
b Ghr oS Tl ey sl sl sl
s e Ol

2 P ks Jle e Olse 4 s 4eSs ol
s s si e bt ROW Jlal K Sl 5 Slos
SLS n Fe Bl by mbLoal by JY
Dyde IS P b s S 0L Aol (93555
I

S ASKE 4 e i gl S s s 4 0L Rl



http://jwsti.iut.ac.ir/article-1-497-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-17 ]

97 81-100W c1404 q\:‘.a,\: K} JL@. ‘15)\»..‘2 “'.Aéjli JL» ‘Obi‘ 6)&..‘2_59'- ‘5)3\;5 K} f-’l" Aij.:a' “5}:—"&5 A.” CJ) K] M J&

U}wa?‘_gudkifbwﬁﬁQ}J;}a.,\mab‘buﬂ..ﬁﬁ‘_SLAM)M&‘);W;J\;-'SJ}b

s Sy ladises

8 705 7 6/5 6 5/5 5 Gl Ol
(kA)
- - - - - - - g_.JL:\A u”ﬂi
IF IF IF IF IF IF IF S e
11/5 11 10/5 10 o5 9 8/5 SIS O r
(kA)
Z * * > * - - e ity
PF PF PF PF PF PF IF S e
i Da sladi se
8 75 7 6/5 6 5/5 5 SIS Ok
(kA)
- - - - - - - g_.JL:\A u”ﬂi
IF IF IF IF IF IF IF oS
11/5 11 10/5 10 o5 9 8/5 SIS O x
(kA)
Z * * > - - - b ity
PF PF PF PF PF IF IF S

(18) IS s 5250 SEM sl a)ls 50555 Jslotee
G3505 Dl b s O ladi s CuSS shaie o
Lles,S a2 1) (Ste foad Celd S ) bwsie 5 oS
ety ol gladisad 4 by e (19) IS 5 das e 0L
o gl Gl S e GG 4 s Ll
Jli a5 dih JalS K caSe S )l ibls
S5 S Bl Sl o5 4 5 Sl sl 0 dAS (gl Lass

ol 03,8 4 2 |y 3158 s S IS
ol o loiS gla lass &S sl wxils 0l [39] o5l
R Y S P N SR SN S T TR
el v i by Jamd BB (558 it p RS
S S BB e ey L) i aeSs
g sy S s b e (Gl xS
OF o3 o ol 315dS S5 s, 5l sl ) SOl 3luds
RS S S SeSa (Sajir bug o ants
GG S 3 e frans g oS 355 o0 edalie 35

Jﬁ.‘iﬂéjrﬁjl&a@): néﬁjl:.:v)‘) e Slad gal

bl 0o GRS Rl Jdse Llg e OAd S sane (]
Bl o Sl 5l S5 Gomb pSo
OLe 25l oo w5l WSS L s s b S

[1037] 552 b Kaal Ko k5 s
Sl 3 Caaglie p aS L (6 e 2 S Sl o
I S GOA a Skl Gl S s e by S5
Dpe & o ol ol e "caslid Sl gk sl
b s s e i JSE a5 Ol sl
ool Sty S8 S 2l 3 Seslie (5 o ol
oS b G 5 FZ o e sis o a1t [38]
(LSS culs o) das e & PF Of 53 &S e
bl Coly VL o sl e S8 85 (6 (PFL)

32 A FZ(PF) J s 55 oot

L ps 5, K s -8-3
G Gt bl edd mike iy fles o« QP SY3
3 Poeme ¥ 4 el (S le fab Lo s ClS


http://jwsti.iut.ac.ir/article-1-497-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-17 ]

81-1004:;5.& ‘1404 b\:.....:l: 3 )L@. cla)L«:‘ crb:}\g dL.e cb‘ﬁ‘ 6)&.53’: 6)3\.'\3 3 r".\.ﬁ Aifﬁ “5):..:.9 4.“ Cj) 3 ;é-“-é-.‘ Jﬁ 98

Sk s 5w el ol bt (glsel ol
2 Eope 53 S Cand IS S5 A 0l Sl S
3 "| ) PL ~.| . ‘ . .

A S e 144DyE TR R ) o2
L sl ol ho i b b D lea b i 4SS
CeSs Sejin plp (6) ety gl 5 Sde Sle 15
Sl S5 b sl Sl ote S Gl g aaSs
Gl Wolsgas opl (20) K2 03 a8 o ks Ligr wikia

.C,....o‘ ol r.:...ojs )‘b&ﬁﬁj&ﬁﬁ QJJJ LSLG‘U).Q_’

oS @305 ol () s il bk sei K cnSem19 S

e 63555 Sl > (u)

w : sm
.
0 400
50 s
" ' m a0
o r'..\
m ko] ¥
ik ; 2 g
=)
9 $15M v?ﬁﬂﬂﬂ ¢ o Uncodted
‘-; O Uncoated Emuuu 0 Codted
100 0 Coated & L1 — Linear [Uncoated|
----- Linear {Uncosted
. o v Wrsded
5000 3
, i
0 0 *
4 45 5 55 6 65 7 0 10000 200 00
2
D D HFZ

S5 () sl sy 4 a5 b ant 550 Ol - 20 S
508 st S0 ek () (s (K ir Loy U S 5 3llS
e by S

O O 5 sy ladises 53 a4 350 e sdalis
et el 5l e Sl 5 s e b b dal
Dok 5 s by glawised 53 8 lp ey B IS
Lohat L) by Osds badised uomen (ol i g
Ol st 5l e Kajix b odaly s 1y io cod
5 35lS S S oS Sl ] Sl &S s s

S 45 el 3l ladsed (S e fab G s e

PR 4 Cod 5 e e el (3
Ladisos opl oS oo a4 ar s boaS 5)b s S5 as,
A e gl s s e ek 4 o
Ay o

P S aeSs S8 A el eS8 e Wl o
Fo Slr 3k 25 Gl s 456 2550 sl 550l
Slr Sl 2050 G 4 ad SRS A 3 p Sl Dol
33 [T Gosls 2K S5 35S S5 as) o 53lK6 055 &
b G e e G e Gl L s 4kl
o s e 52 350 4w B LS 0,8 Gl S e
el slgliy el 6ls

Py = %DZTFZ ()
Pr = 144DVt K, (6)

ol 0 el G S e 25 4 b e (B) el
o wSs iy ool Ty i 4aSs 3 Do,
03 el 35S S 50l 4 bgse (6) ey o
i K5 oy cales b o S ki D dal,
ol Cond & Sl gl Ol e 4SS Cl S
e oS s ailay pl 1S e el Lo (650
ot S 03l oy 3 e s ) B S plaS

AN

L @ gas 0 by e () i g 05 Lot s 6K 8- 18 IS

23 83555 Sl b aised & by (S) 5 oS @oans ool

ey Sol2smd 02 8 i 51 (D) Al 4 ey L

(o S e S eSS B e ol ol


http://jwsti.iut.ac.ir/article-1-497-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-17 ]

99 81-10042“ c1404 gl:.u,l: K) JL@. ‘10)\»..‘2 c".h:}li JL» cQ‘ﬁ‘ 6)&.5":'- ‘5)3\;5 K) c"lﬁ Aij.:a' “5ﬁ..."&.9 A.H C}) 9 M J&

Ay s S el R e a2
y):Q)\FJ.SJ}SWlG;AJMUZ};—MS:
eles S gl 51 1 teslie K s s
s S S aslie 4 Gos TG0 S e Juad

s ns Lo
sl Gl s e sl oL~

b IS s
(P Sy Ay s IS el e v

03 Ul e Ol s el K e lad sl

elr sl s SLSL A, (B weSs L
Sadised 3 (o2, g 3 po st 4 i3S a e
Lol 5 dolate gl il g 0o ol (LI 5

S S 1 Ok
ol S mie b S e b b sl ) cnSis
s Gillas & 35 0l 6la foass 5 515dS = sl
S e Dl iy W sad 3 Ce S ol e S
HadS S5 Ad, s sk ladises 5 5 e S

A an S L s

@\;.a
1-M. Pouranvari, S.P.H. Marashi, Critical review of
automotive steels spot welding: process, structure and
properties, Science and Technology of Welding and
Joining 18 (2013) 361-403.
https.//doi.org/10.1179/1362171813Y .0000000120.
2-B. Wang, Q.Q. Duan, G. Yao, J.C. Pang, X.W. Li, L.
Wang, Z.F. Zhang, Investigation on fatigue fracture
behaviors of spot welded Q& P980 sted, Int J Fatigue 66
(2014) 20-28.
https://doi.org/10.1016/j.ijfatigue.2014.03.004.
3-Z. Ding, Y. Bing, X.G. Qin, J.C. Duan, W.C. Huang,
Z. Mao, Q. Liang, Study on High-Cycle Shear Fatigue
Behavior of Two Kinds of Spot-Welded 980 Mpa Ultra-
High-Strength Steels, in: S. of A. Engineers (Ed.),
Proceedings of the 19th Asia Pacific Automotive
Engineering Conference & SAE-China Congress 2017:
Selected Papers, Springer Singapore, Singapore, 2019:
pp. 1035-1044. https.//doi.org/10.1007/978-981-10-
8506-2_69.
4-X.D. Liu, Y.B. Xu, RD.K. Misra, F. Peng, Y. Wang,
Y.B. Du, Mechanical properties in double pulse

0315 med 55 LMJ}A_?QMS..LCE»)'\SEM U] VOO
by s i SLgged 508 B o 4 Ol e 5 a2
Shmig el ) s G 558 e el &S U el

g i (S e b

S omss -4

4 (Bhos ml el el ke Gladon oS @ ax 5 L

Aol 25 o
Dbtlegn, & sl 0L gullan, o ) cl:q
Sk b lamin Sy p5le et JSCES 5 g S
G ol 3l e ailae jltle sy 5,505 512 e
515 v p80Le L cuyisle 3l el bSis Sl
A 0Ll S lls 5ol ladis ol0l &S5
s b (>l S 4 o 483 Glaj e S
e L L R I
o S Sl 0Ll S L cale 5 e bl
w Sl O ol ) ke e glag e e ke
3504256 5,05 345 e e sl S e
Loyl consl L pul ool > 5l Sle adlas
slalie OF 53 gy LB e J2alS Ll 58 w2
2SR Al Cos s S el s 2
NG R e g L W
23 S S e JalS Cpe Sy s S
Sladi s o @ s g o (IS sladi e
Ao e gy Ok
oedsr Ok sladigel Glp el fed (S Al
24 s pis ks Gy s Sasshs 1/28
Gyed Glp ey IS0 ol eamen 5 edp kS
Sy Ok kg s e e 209 sty
S5 is dsms a3 el o3y e ke 1612
SSA e s S RS el Al o e
RGO I 5 Lau;:ﬁ-


https://doi.org/10.1179/1362171813Y.0000000120
https://doi.org/10.1016/j.ijfatigue.2014.03.004
https://doi.org/10.1007/978-981-10
http://jwsti.iut.ac.ir/article-1-497-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-17 ]

Resistance Spot Welding Metallurgy of Thin Sheets of
Zinc-Coated Intergtitial-Free Stedl, Metallurgical and
Materials Transactions A 50 (2019) 2218-2234.
https.//doi.org/10.1007/s11661-019-05146-8.

12-JW. Kim, S.P. Murugan, J.-H. Yoo, R. Ashiri, Y.-D.
Park, Enhancing nugget size and weldable current range
of ultra-high-strength steel using multi-pulse resistance
spot welding, Science and Technology of Welding and
Joining 25 (2020) 235-242.
https.//doi.org/10.1080/13621718.2019.1680483.

13-M. Pouranvari, H.R. Asgari, S.M. Mosavizadch, P.H.
Marashi, M. Goodarzi, Effect of weld nugget size on
overload failure mode of resistance spot welds, Science
and Technology of Welding and Joining 12 (2007) 217—
225, https.//doi.org/10.1179/174329307X 164409.

14-E. Gedain, P. Rogeon, T. Pierre, C. Pouvreau, L.
Cretteur, Coating effects on contact conditions in
resistance spot weldability, J Mater Process Technol 253
(2018) 160-167.
https://doi.org/10.1016/j.jmatprotec.2017.11.009.
15-C.-W. Ji, I. Jo, H. Lee, 1.-D. Chai, Y. do Kim, Y.-D.
Park, Effects of surface coating on weld growth of
resistance spot-wel ded hot-stamped boron steels, Journal
of Mechanical Science and Technology 28 (2014) 4761
4769. https.//doi.org/10.1007/s12206-014-1043-0.
16-O.L. Ighodaro, E. Biro, Y.N. Zhou, Comparative
effects of Al-Si and galvannealed coatings on the
properties of resistance spot welded hot stamping steel
joints, J Mater Process Technol 236 (2016) 64-72.
https://doi.org/10.1016/j.jmatprotec.2016.03.021.
17-1S0 standard, 1SO 18278-2:2016; Resistance welding
Weldability Part 2: Evaluation procedures for
weldability in spot welding, n.d.

resistance spot welding of Q&P 980 sted, J Mater
Process Technol 263 (2019) 186-197.
https://doi.org/10.1016/j.jmatprotec.2018.08.018.

5-C. Fan, B. Ma, D. Chen, G. Deng, H. Wang, D. Ma,
Uniaxial compression properties of fusion zone
martensite in resistance spot-weld for QP980 sted,
Welding in the World 63 (2019) 161-166.
https.//doi.org/10.1007/s40194-018-0646-y.

6-C. Fan, H. Wang, D. Ma, Dynamic Compression
Properties of the Resistance Spot Welding of High
Strength Steels under Varying Temperature Conditions,
Advances in Materials Science and Engineering 2021
(2021) 1-9. https://doi.org/10.1155/2021/9953319.

7-N. Nadimi, R. Yadegari, M. Pouranvari, Resistance
Spot Welding of Quenching and Partitioning (Q&P)
Third-Generation Advanced High-Strength Sted:
Process-Microstructure-Performance, Metallurgical and
Materials Transactions A 54 (2023) 577-589.
https.//doi.org/10.1007/s11661-022-06903-y.

8-R. Ashiri, S.P.H. Marashi, Y.D. Park, Weld Processing
and Mechanical Responses of 1-GPa TRIP Sted
Resistance Spot Welds, Weld J 97 (2018) 157-169.
https.//doi.org/10.29391/2018.97.014.

9-K. Zhou, L. Cai, Online nugget diameter control
system for resistance spot welding, The International
Journal of Advanced Manufacturing Technology 68
(2013) 2571-2588. https://doi.org/10.1007/500170-013-
4886-0.

10-N.T. Williams, J.D. Parker, Review of resistance spot
welding of steel sheets Part 1 Modelling and control of
weld nugget formation, International Materials Reviews
49 (2004) 45-75.
https.//doi.org/10.1179/095066004225010523.

11-S. Salimi Beni, M. Atapour, M.R. Salmani, R. Ashiri,



https://doi.org/10.1016/j.jmatprotec.2018.08.018
https://doi.org/10.1007/s40194-018-0646-y
https://doi.org/10.1155/2021/9953319
https://doi.org/10.1007/s11661-022-06903-y
https://doi.org/10.29391/2018.97.014
https://doi.org/10.1007/s00170-013
https://doi.org/10.1179/095066004225010523
https://doi.org/10.1007/s11661-019-05146-8
https://doi.org/10.1080/13621718.2019.1680483
https://doi.org/10.1179/174329307X164409
https://doi.org/10.1016/j.jmatprotec.2017.11.009
https://doi.org/10.1007/s12206-014-1043-0
https://doi.org/10.1016/j.jmatprotec.2016.03.021
http://jwsti.iut.ac.ir/article-1-497-fa.html
http://www.tcpdf.org

