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Abstract

The structural and hardness developed in advanced high-strength steel DP590 have been investigated with the help of
optical microscopy and scanning eectron microscopy on resistance spot welded specimens. The hardness diagram of
theweld sectionswas prepared by microhardnesstest and the temperature peak and heat distribution were smulated by
menas of the Abaqus software. The results show that according to the temperature generated in each region of the weld
nugget, the HAZ and base metals have different microstructures, and these difference affects the hardness of the
regions. The presence of tempered martensite islands with a fraction of 44% in ferrite matrix in base metal, mainly
martensitic structure in the nugget, and martensitic structure along with scattered areas of ferrite in the HAZ was
observed. The results of the microhardness tests showed difference in hardness values of the regions, and also it was
observed that the hardness values increased in the HAZ and weld zone. The hardness values measured in the nugget,
base metal, and HAZ were around 400, 200, and 450 HV which were in accordance with the observed structures.

K eywor ds: Advanced high strength steel DP590, Spot resistancewelding, Microstructure, Microhardness, Simulation.

ol > 4338 s ilalllas s 81 At oyLil oS shiles
S B33 o IS ssb 4 s ol el el oy
3 sl laal S 53 30 SolSe 5 S
L S L e R S W S T B S PP
b il 3 5dee YL rl.izx.ﬂ\ b iy slasy g eslis
Sy s ol )y Slasiin Ladaly o Al g
YL rL{z:_..ﬂ\ b iy slasy g giluesly 3L i SO

[6] el 5355 slas S s
5o\ m BN S Cal OT 5 n sl gy o
$3L> Y ol ab iy 5V 58 o, Gl sl
oo elal jo b gladed eglie S By 0
o Bly e 5305l asle (il s Lo
o= DP590 YL er:..ﬂ\ ab b Y58 bl O e
ol atls (g5l 4d KWS gl dhd e slie (K5 g

NG

b3l plosil gy g o sa =2

sl ol ge=1-2

L DP590 YU plSomnul ad iy sV O 31 rassy cpl 53
L o5 oS POSCO 5,2 cxle el 16 culss
A eslinad (2) 5 (1) sladsaz s edsalyl ol oS 5
S8 T 5l eslinad L (1) sl s sz e eS|

RCR PR RCIT

dodie =1

3l St 53 W plSomtal 458 iy GlasV 5 a8
22l ¥ ol SO 5 (S sl e et S 0
eslie ladads S G ol eglie s b
5 SN Bl Sy o ledamy s iSen Jols
gz Gl amsti > 350 S b 3 0lpe (S5
3 s g oo o3l 5 SOl ol LTt 48
Sl 4238 5 ol Ol (655,20 S5 Aul
S3s = sl Gladad (S sla pmne S s g
AS ol el iy ol & ek () Slalas ol
Sl o 2 G Ol sz 4 Ol o Je )
Nsd 5 005 o5 Vg o gl dbl i (SO ol
[1] 5505 o,L2I DP590 az i (VL oo

SN2 s el iy el O (50 Slais
S3s = 23S S 5o 633—3}5);*‘ A2] sl glakais
Ol 3 5 [3] DPBY0 (g3Lsss N4 3 by > o iS
el 0 el [4] CP slasVss 5sx g5, » oK s
Sladul 5o Sl sla S 5 Gl iy B
o) am Ol o YU ST jolie L oY s () SCa
s i el 8 48 35 ad o)Ll 4SS
3 Nee o 8 5o Sl il bl s bl
[5] el Jipe V5 SIS

1 -weld Nugget



G788 Lo 5 (555 20 53) DPSOO SV b plandt oS 5 =105

Fe C Si Mn P

N e s

0.0726 0.321 1.87 0.024

0.005

0.038 DP590

[2] s st 3l DP590 (65055 5V 55 plad oS 5 =2 5

Steel type C Fe

Mn P S

DP590 0.08 97

56 S>> 34> 9 J<4LI.J }ij‘*": &.ﬁ‘ L) e eals QLS
Vg 3 Copisle = Ao M 5 o B ez Ao

!l o 08

Row Phac Percent Phase Name

[ s e
B

2opm |

Jols DPBO0 WU oSl ah iy 333 51 STy Sn g =1 IS5

Q{}A@jjéaﬂﬁdﬁ,{jjb

3o B s S sl (2) S s

)t’;l""}.i) NG P AP EY ‘Jlil.m DP590 QY}B )U}Lxﬁ)

(O.j:‘j)_a).; )Lﬁ) aJ..f:}.;.aJ C_A:_)J)LA °J5|jf: ﬁ‘)’- okasOlis

1.24 0.018 0.005

SR el g, -2-2
L DPS90 YU oISl 5y S5 35 (65 pr ks
oslie (e Aol beyg e e 16 culbis
A bl (3) e b S bl L ldad
3 Gop PSS dews 4 ey, Gl 2
P

LAA.;)A; S 2 |.l:u| )jjé;n u.i.hg;ﬁjf rbu‘ a.Lf:d)mﬁ

Sz So 2 s
Cilo b &gai s 5 A el (8 5 IS 1 SaS @
sylblal 3b 12000 i eslow U Sieslis 31 e U
L Lo T O il o Jhms Lo 55 Lt 505 ASTM E3-17
G doss 4 b gl Jsloe by S5 05,55 073 o5l
Slages Lk plewd S~ ASTM E407-2015 bkl
Gk 58 e Bes G bl e
dobs b5 badises 53, » AWS D8-OM 2012 5 ,lukeu
35 e ey ialesl 3 S plomil o s 0/5 550~
L 5l 5ol s SV ey S 50 5 S rie b sl
G S 3 S Slely 3 pmer 5 e S
Gl 53 sddslml slales sy O 1 osdle A ol
Abagus i3l o5 SaS 4 e 3l U ciloee

A gl

Lo g i -3

Sl sl g 2 -1-3

whiiy N oal B by, pala (1) s s
o Sy Sn as skl s 4 DPBO VL plSona



57-654mi0 13990kl 5 5lg Lojladd (puid Jlw D1 (5,188 32 (5551 5 p ke 4,25 (O, Kan 5 (g o 60

(o 50) o p aas s ls 30 55 (iss 0,0 3B) ld s ool 0kiST,y plia edns OLES Sleslasy

Silwans SaS 4 sdel s 4 DP590 SYgb eslie
l{ gﬁéjj LS‘]‘ j,:; DP590 byiﬁ CCT )‘b}w bj..::& odalin
b o odalin (B) ISE 53 ede 16 culss

;‘Y).e 6‘%5“6}&2? MW}‘#}J?&JJ#-SL}Q
DP590 WU ool atb iy

S S el QR ol S () S5 L Gollas
e jltla s b el pdor mlal Gl il e Al
EF A w S oadke s Jllag sd e SO
pled ol 4 e OSN[RRSR P R PO
Sl U G adlae j3 555 e W5 Oy 4 Ll
& el e os Sl Y Gl 25 s«
Sl 5 i Copd el ea 4 ) Dl Su il ose
oo 4 il sltle a5 Sy Al s ol
adbio pl 5 OAE 90 bl ald LSKE5 Gy B 0S Ao

r)y}fl&&ﬂa&ﬂ&'qﬁju‘jrqusbjbb

Sl il e (o5 5U) Cop anes gladlsye
0P 3wl g (53Ls YU ol ab iy lasY 5
5 Lledd oSl Ol mole glae iy oS ol o b
bl e Rl el wal i o5k e
RS E N P PR SYN - SN gt NP
SN &S 358 Ol Shse 4 AL s slasl Ao s
Dis 5 Jed b6 sy K5 VL r&a;.w\ Sl e de
sl e S w4 o3l lasN e b e, b
7] 5005 Ko o S Sl 5 ls 63100 (855058, 50

slaed geglis 6505 53 ol sba| VL letlosy
Solst G kS eSS ST Ll
©axg L 18] Al o sddnll i 5 Shee 5 SSK
ke 6)&3? O a.Lf::L?e.i‘ ij\J} G)j; 9 slasl
Spd o JoSKa5 il gla Ll Lol

dilae 5 1 e (g 4aSs sl cosd aikes (3) IS s
G e aeSs sl sl sl LA Ol > U Caw
el atenly (63055 Ol Ol I (A6 3005 S0l >
O 03 ekislml Dol 4 558 Ges Ol opaes
Sl apd o S LS 5 0L b Sl e
g 0% ORI e S 5 (G000 ol 4 e 4eSH
19] 313 Ko Glabais e lie (5 o 5

(o 4eSs Juld g il bl gles (4) K s

ngmjzw}):qt?)_ﬁj@)‘)_}fﬁfuwm



61 57-654mi0 13990kl 5 Hlg oo i Sl Ol ol () g (55513 5 psbe 5 Oy K 5 (g3 o

s @05 aslie (6 5o bl el L =30 s

Squeeze | yyeld time | Hold time Weld | Gy otes oy
time (cycles) (cycles) current force Nl
(cycles) (kN)
DP590
20 15 20 4.2 S (thickness)
1.6 mm

ODB: hheat.odb  Abaqus/Standard 3DEXPERIENCE R2017x  Thu Nov 01 10:51:48 Pacific Daylight Time 2018
X J

Step: Step-1
Increment 43: Step Time = 1.000
Primary Yar: NT11

NT11
+1.873e+03
+1.741e+03
+1.610e+03
+1.478e+03
+1.346e+03
+1.215e+03
+1,083e+03
+9,513e+02
+8.197e+02
+6.880e+02
+5,563e+02
+4.247e+02
+2.930e+02

ODB: hheat.odb  Abaqus/Standard 3DEXPERIENCE R2017x  Thu Nov 01 10:51:48 Pacific Daylight Time 2018
z <—1

Step: Step-1
Increment  43: Step Time = 1.000
Primary Var: NT11

Abaqus;\)é\fj&SngLﬂw&S@jﬁJ;suébtﬁjsnﬁéjbwus-4ﬁ

36 S ol Lyl bl Jals ol 6 o ailes
o adlate . s ld LS5 OF 3 oS, O jg0 4 oo b
D S N L IR P v S SRl [
FoSns See SaS @ (7)) UKo L3 ol sl s 350
DL ol il o a5 g 4083 iy s,
g 4aS3 Caad &S A s O sl el 0l 0315
TS R g e P O G [ CG e B P R S
Aoss 5 Zapiole Jold i ol 50 o adkee sl
Fl S S e g e 5 el Sy b S sl

wev\.:vj.\a;k;iﬁ)u‘jk;{'f

Pl o ol ke sladl 8 cud S5 4
et Syl 6 o a3 o 55l sladils Sl
S & Sy 4 53 ,5S) LS Sl g 4aSs 4L s
b Sl 4 0358 3 e 53 e 5 demie W 2y
gt slasltle 4 L5 Skle b adlsl 53 s

[10] 558 s oplesh o s b b o 39 ke il
N gaslie Jrar dhie mhe Sl (6) Ui s
Gl o5 Jlag; s DPSO0 VU plSoual iy
S T e

ail e s pedy IS8 3 &S jsbolen s sh e cdalie



57-654:;&..4 c13ggo\:m.su K) JLG‘. claJLa..i c‘...:.:a Ju cb‘ﬁ‘ 6,&.:.‘,;- 6)3".‘3 K) f_,l.ﬁ 4.;}:.1' ‘bbKoA K) 6.&.’.5 a.u] 62

CCT

aono

om
=
=}

-~
=
=1

)

=]
=
=1

n
=
=}

Temperature (C
e
=
o

w
=
=1

(=]
=
=}

-
=
=}

W Ferriter1 %)

B Pearlita(1 %)

M Eainite(1%;)

W sustenite(t %)
# Martensite start
W Martensite 50%
W Martensite 90%

=]

"0
Time (3)

(=1
-
=

lopo 10000 100000

Austenitisation temperature (C): 860.0

Grain size : 9.0 ASTM

Mat s 3l 4 1530 0 5SS 4, DP590 5Y 46 CCT Jasei=b K

do,3 4 Jb Lo 5 ol 7l DPSO0 sl (K g 4 gad g 5Ky SCo Sl =6, JSCs
b oS slie ol e 4 pEle Bias bl fols ol S0 o et sl (I
b bdes Sl ol 5 adbs jlle (o s

N aglie hgx ahaie gl 51 slosls b 8) )& s

S ol ol b gles Kool sl esls Ol (g5

D g p S adlas

Slaails ailaie oyl s 2ails cidys oyl 5l ik G I
2 E i) 555 e edalin ool > 6 o adlaie S
((6) Js=

US55 D wilie) ol 56 o e 5, sladils To
((6)

0> sl 53 0l g bes widy awy 4 Laails pl s,

2 el i bl nl b S s B
dilaie LI ) 53 e e S5 Dl 6 Lo il

1345 o Gl Cnd 3 Sl > L o
aikis -pl .(UCHAZ) 1;;)\};- 3 il S B amlml

95 4 355 oS 55 e edalin AC3 (VL gles 5 Slas-

2 - Coarse grain HAZ

1 -Upercritical HAZ



e B N e F TS
(inl 03,53 p e Uljn s 5 Lol oSS 0
las¥sd 53 sl JS Wlge e by el
5 Sl Cogile 5 uh Jold Vsens adkeie ol DPS90
s A3l i adlate ol s L S b s ST an s
53 C i) il Rl )3 1035 5 e e

((6) =
o) 55 ASCHAZ) lm cos oyl 1 ke 43
il ol 53 S ol AC bt 5 Loy STas adlats

Gl ol o 0 o b 5 o35k Sl golbas bl

: 3 T T
Spot Magn - Det WD F——————f 110,im

] O G e

Spot'Magn Det WD Jﬁf’g fm
A TA000X ~ “Et0 G A

LS s als cldgs adee 3 agd e s G| als
Sop sl o W 05,55 0 oy o oosd adkae
JSss Jazml 5 51 8 ) oS85 Lol es ]
e Y oy sk

1@)}» Copisbe sgrs s Ohds e Vb Ce e e o
S ke el o opd adkie lacy il 4 o
o akie gew 3l omiy g by pl sl Sl o)) >
sl

o) 55 (ICHAZ) 2 ol o ol Sl il am -2

jg“_;.w‘AC3jACl Oy 03 9d>ee 0 LA)I“SU;- 03 gd>s

Lf":"'-’)&"-}}:ﬁ‘ %;)i..,,jj.(.:» LA)JDFBQOA.LZ ngK..::? M}N)U}L.»'?Jg..:n
AL e e ilate 4 by e (55 (e ol S0 e it w0 b e (05 ()

3 -Subcritical HAZ

1 - Lath martensite

2 - Intercritical HAZ



57-654mi0 13990kl 5 Hlg oo i Il D)l (5 g (55513 5 psbe 5 Oy K 5 (g3 o 64

0.073 wt.%C

'y T(C)y P/

1600 - Liquid

Temperature gradient

g 1400~
| B 12004
E. FZ

2 CGHAZ 10004
1 FGHAZ

0

A ICHAZ 800

:;”

a+FeC

; BM 400+
200
Fe % C

Lol BLisl 5 S ol ol s pad 15 Sled -8 S
36 53 sl SV e waie o

v

S ol g S adlie 4 Cund VL e 4l
Ll o s kile L 55 e 5 4l 03100 EalS a5l Lol se
R R R S T - L5 I "> EIS
AU Cad ddbie 4 Sl g adlae 3 e 054 %S
BSges olal Bex aaSs j3 p S GMde 4 OlS e oyl >
55 S0l 515l @l S Ol 4 Sl e
Ol b o ble 3 S 356 Jleasl slesdl e
ol > e GBS Jalse S NlS el 2iy
Cou 4l s Copiile glakly S o0l sl b
A oS e 4l (o pl ol wd S5, Dl S0
Sl Cupole bdes bl Jiar b asb 3 i
able (9) USs 5o ol sdl i bl Csl S

el ol o3l QLS e Hlsgad 5 il

S ens -4
JoLs DPS90 YU plSiowtal a1y 5Y 8 asly 5 sty s =
el B e 53 el Cuiile doys 44 s
U o adkie 35 ced il i 6 ke,
3 hdS| ol e 4 b Bies Jltle o)l >~

dal s e alS Cely ol pl S sl s o S s

((6) U2 ;3B aikes) A

(P e 25 =273
obe Gbls s 4 DPS90 YL r&}r.'(.w\ ab hy slasy g
ICETITR POPVRCIIT S N TSGR v R PN
Soslie S Vsl S s il S
bas s i 03 S S 151 il Cod s oo lebadl
sp el b e s Wiy g b ela s o
Co adlae 5 5 oddcsn [11] 55 sl 5L
ozl 3,50 3B S5 5l ke sdes 3k 4 Sl 6
RGOV IS U GO A PR K WISV CIN WP VIR SV
e ole cdns o Sl 1 sV 55 (g pdo e &S gla3UT
YL er:.w\ slas¥ g oew ax g LB 181 4 e
sl esls Ol (9) UKo j5 s e Jlased cXpd e
Wl b cwnd 4 4 L S das o OLES o ged ol
Sspemd Sy 4053 5 ol Sl e 4t ‘1¢f' ailais
P L T L U RCWRTIg
o3Il g adlae ul SOl 4 ) 4 Ll e aS 3515 s
Sobllan 545 L e S5 4y o S S Slail
S Sose 4 Sl Splite Gble w058 0 sdalis &S
Sb o Gble iy e (G weSs Konpoadke s
Cos adlane 5 4l b o Koo ladlie Lol i 4eSs
Jj.,b-jQMJ;_éjjmpjdb;,aqﬁajl::ﬁ)c;jfﬁl}
ol 5,505 210 50wl b e sl e 3,505 200
S o 5,505 460 S50 0 he WS> e o
ﬁ:duWQwubﬁm:u:xﬂwﬁ%Jg:
S oadkn s e ol Gl s miy CosSile s
Sl Joli 8 el a8 Gble pla 51 Js ol s aly
Dde an gl 0 Co adle s AL er et
ks i syl bl sl sy b g5l

K:»-N‘ J;YL: 4.:2-[.: ui‘ L uﬁm-_w uf.‘j’L‘J ‘K:a«-ﬂ‘ ol

1 -Soft Zone



65 57-654mis 13990kl 5 Hlg Lojladd i Sl Ol (5,180 g (55005 5 poke 4 i O1)\San 5 (55 o

o &

[ TN
e

Hardness (HV,100g)

Distance (mm)

B.M HAZ £ HAZ BM |

ol g sad 4 byrpp e s Aol Bl 505 =9 IS

2016.

[4] H.Long, Y. Hu, X. Jin, J Shao, and H. Zhu, "Effect
of holding time on microstructure and mechanical
properties of resistance spot welds between low
carbon stedd and advanced high strength sted,”
Computational Materials Science, val. 117, pp. 556-
563, 2016.

[5] J P.Kong, T. K. Han, K. G. Chin, B. G. Park, and
C. Y. Kang, "Effect of boron content and welding
current on the mechanical properties of eectrical
resistance spot welds in complex-phase steels”
Materials & Design (1980-2015), vol. 54, pp. 598-
609, 2014.

[6] M. Pouranvari, S. P. H. Marashi," Critical review of
automotive steels spot welding: process, structure
and properties’, Science and Technology of
Welding and Joining VOL 18 NO 5, 2013

[71 Y. J Chao, J Ward, and R. G. Sands, "Charpy
impact energy, fracture toughness and ductile-brittle
trangtion temperature of dual-phase 590 Sted,"
Materials & design, vol. 28, pp. 551-557,
2007.

[8] B. K. Zuidema, "Bridging the design—
manufacturing-materials data gap: materia
properties for optimum design and manufacturing
performance in light vehicle sted-intensive body
structures,” JOM, vol. 64, pp. 1039-1047, 2012.

[9] D. K. Matlock, J. G. Speer, E. De Moor, and P. J.
Gibbs, "Recent developments in advanced high
strength sheet steels for automotive applications: an
overview," Jestech, val. 15, pp. 1-12, 2012.

[10] D.W. Zhao, Y.X. Wanga, L. Zhang, P. Zhang,"
Effects of eectrode force on microstructure and
mechanical behavior of the resistance spot welded
DP600 joint", Materials and Design 50, 72-77, 2013

[11] S.Dancette, D.Fabrégue, V.Massardier, J.Melin,
T.Dupuy, M.Bouzekri "Experimental and modeling
investigation of the failure resistance of Advanced
High Strength Steels spot welds', Engineering
Fracture Mechanics 78 , 2259-2272, 2011

dowial a5 558 0 edaline (giluand b e s -
WSy 5 Syl b e bl Hy cuile il
(ol ACl Lt (VU Gble pl g Ly Slas &S 5
3,8 e Dy s Sl Gl 5 s 5 sl e Bl
adlie 5wl G o b gble & by sl o ar g LS
gl ol Slas oS 558 e osdalie Ol > S0 Co
S ERE P It G- S IGI BN OV NP IRGNE G PR TS e e
A e a8 Cel el

JItEgE U'j§9400 Sode 53 e aeSs aibie 3 s -
03 Sl Ll Cos adlae 5 5,505 200 ss0- s 4l
Sldalie L GL; ol S a8l 505 450 s

@L:.a

[1] X.Yuan, Ci Li, J.Chen, X. Li ., X. Liang., X. Pan, "
Resistance spot welding of disssmilar DP600 and
DC54D dteels' Journal of Materiadls Processing
Technology 239 31-41, 2017

[2] B. Wang, L. Hua, X. Wang, and J. Li, "Effects of
multi-pul se tempering on resistance spot welding of
DP590 stedl," The International Journa of
Advanced Manufacturing Technology, vol. 86, pp.
2927-2935, 2016.

[3] B. Wang, L. Hua, X. Wang, Y. Song, and Y. Liu,
"Effects of electrode tip morphology on resistance
spot welding quality of DP590 dual-phase sted,"
The International  Journa  of  Advanced
Manufacturing Technology, vol. 83, pp. 1917-1926,





