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Experimental analysis of spot welded parameters on tensile behavior of ferrite-
martensite dual phase steel with Taguchi statistical method
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, we show how Ferrite- martensite steel is produced by annealing operation, meanwhile
Received 15 February 2017 tensile behavior of resistance spot weld and the effects of the resistance spot welding parameter and
Accepted 17 May 2017 tensile failure modes in this type of steel will be examined. Design experiments were done by Taguchi

Available Online v June 2017 statistical method and because of the number of studied parameters and factors, we chose L8 array.

Parameters which could be controlled in resistance spot welding include welding time, the electrical

E:Z;’gg:;s ot weld current through the electrodes and the pressure which here is considered as factors affecting the
Weld nuggetp operation and tensile strength welded factor is examined as a test answer. In order to predict the optimal
Dual phase steel parameters of the resistance spot welding, signal to noise ratio is used in Taguchi statistical method.
Taguchi Generally, spot weld failure occurs in two modes: interfacial and pullout. The results show that by
increasing the diameter of the weld nugget, pullout failure and the pullout with tear sheets becomes
more likely to happen. Results of Taguchi statistical method also show that the impact of the electrical
current parameter of the spot welding machine compared to other properties was higher and it is less
effective with increasing current. As well as SEM images of weld fracture, surfaces have been taken and

the results indicate ductile fracture in pullout mode and cleavage in interfacial mode of fracture.
5 asa gyl Jlasl coz slos S jobo 4y Jlail g5 ol 5 0l 51 0)ls dodo -1
g8 oo oolaiul (g5l Lol Caio (o g 095wl i,y 5l Jol sleacgeme Jlail slp slahis caglia o, g
ol Gl s 9,095 035 GRS Sz Sl Gdleys Grizes 5 ol glio (Glasle Sladg (B Jilog dag,ees as ,o o3l

GriydSs g ploul gl a5 giles slao¥sd 0l (L b S 0l 05 Laglse Slalad cale o gogazme (e 4
) 536 slagyg 5l oslital 5 conl Jgons slod¥od & Cod (S5 Caglie ) i b W spdlioi 4 gl a5 obbacsere
Sl Jlasl sla g, ple & Cons (it solail 480 o glalais

! Dual phase steel

Please cite this article using: s lod o3l 113 ©)le 5l o ol @ glayf (gly
H. R. Ghanbari, M. Shariati, Experimental analysis of spot welded parameters on tensile behavior of ferrite-martensite dual phase steel with Taguchi statistical method, Modares
Mechanical Engineering, Vol. 17, No. 6, pp. 342-350, 2017 (in Persian)


http://mjmec.ir/
mailto:mshariati44@um.ac.ir
https://dorl.net/dor/20.1001.1.10275940.1396.17.6.37.7
https://mme.modares.ac.ir/article-15-7244-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-15 ]

[ DOR: 20.1001.1.10275940.1396.17.6.37.7 ]

SR .),nxa,ks).g.iibé)é.g_n;

Sty @)lﬁTu’b’)ﬁe&q}ﬂ)h—\;&g)ﬁ S)B9S dVgd VLAl (S HYUS) p sladoits waoglito (g S yielply H3l ()5 Julxs

Vgh labaii Cuglie g (o225 L8, 1) Gler A ol
s oloy il Lol ol ool ls s, oy ASI1075 o5,
Soxs GBI L g wboe il Jlal (288 Cuaglie )5 09> by
5 sl [7] e 2al8 S Caglie s Sis ol 5 25,250
2653 (5 S ISE 5 anl oles @igs p 09Ul S 3l s Sen
%95 & 625 bl 5L y0m labais cuoglio )5 ez il ,o Shex
Gilward Joo bl aslio baisly J13 ) 0590 1) Sga0e 152
g s e (Joud BB o b wilgh co 0ads &Il Jow ¢ o208 b b gyl
L ssls yLad 5 o, g (v 8] aiS o 1) hem aeS's slal
slabais saglie )5 Ser 0 ol Jlosl loj 5 Ol cad Gl
3578 595 eizpe enlioo GRIG Gisz 4eSs o3l e ol
5 Silg 9] sl Slaas b Lisr aeSs ojlsl 5 g Jlesl b s
CaheS g Ghez 4eSS KL 1) 098Il S5 wiin JSB 51 il e
S8 g o3l 99 SIS cmain K& sy (L g 208 (o) 0]
) Gy cooles pis i1 gyie 5 iy [10] ol 38 5T Ligm acSs
P o¥ss IS U glaaised )0 bl cuslie la gz (Siws )13, 5
Bys 0 Sy A3, olgen wols olas b T [11] wols 13 R Dy90
SRz o gl 05 oSS Jlas 5SIU Gy 5 950 E9yS SIS
0> 5l i b bagsys 4 L1 a8 wisls (Lad ooy - onnS eVlail Ko
OleSU w8 Joosi ) (Sis (650wl 0B a4l g 955 Jlos!
5 Sily [12] 05t so 0aiS 855 lr 5l Ligr 4SS 5 Wigd o dienS
S3Bgs Vb slasys culns G plpl 5 oole (35 Guizmenls I (e
Jolo CanSh ladge 9 W3S (o p slalal Cuaglie 9> JLail o,
L DPBO0 sYgb glalads cuagliia g JLail jo 1) (ofp (o225 (5955 5|
aclsl b sl M5 5 assre coSls 4] wols |13 w5 3,50 DP780
i g 03,8 Iy By puizeal sladiged (o Jpslie L6 0 S5
st (DP780) yipglie 53 53 aled conSil culed ;o 9 Seidly JSCO
o3 ge )1 0ad 29l ooy Laid (DPBO0) jcsonsd 516 5o 5 bl oo
o oxd obul gl g mizmen g She> aSs Sl 51 s 5 (2 5k
DP500 (s3lag0 o¥ss (sla s,y (Kws ,lud, p 1) oo ools [ig> a>l
A8 b VLl Vb (59,05 b )38,y axid 5 ez o] oS ou)
L NSL o (Ked joe 5 Wigdoo (S itie Jad CnSh s S8
iios o alie gl [13] cul atly U wiin JS5 @ ol s9pm
Cewddy (2,1) Loy, Oygo 4y ool plal S oS la¥ed poas Ko
114] ol ool
Der = 4t @
Der =5Vt @
Sl Slkee bawg 5lgs SYed 5y Sl s Allie cnl o
=56 bl gy g iy -paas olilel (e ol
Suoglie > olws (L8 5 (b pley layally Sl g eud (Hlib
98I S5 il ogdigo w188V 93 Ll (S Cuaglie  (slabas
S Jlail diges Sy (8dS Canglie Cansl 0 (o p b Jlail plSoctal
ool gz w4 STB2-3 a¥gb 5l a8 ] aslice diges b ol (g3lig0 oY g8

G (995 -2

7 Necking
 Annealing

YfY

B e plilegogs 4z 0590 Lag 093 dsy CSlu 10 WS (o6 e
oo YL s @ gilegy0er caio jo gl eolatwl el azd )5
Oty Sl Gl coge (559 slas¥sd (35l L el
111 05 oo

5 1975 Jlo 0 l3lST)e 5 obn LIS L (5550 sloo¥gd p (auios
a5 wiols )Las 19579508 5 ol [2] el oty 51211976 Jlo jo o,
03gate 10 0dbdps 3,50 sl piite Gy Slao¥sd wiwgy ]
WS oo s Nzl o B g, b lesYst (Sl (e oo
Coyd pidlasl 5B o cojsile coe S jgas Jdo 4 a5
e YL Sl LT o (slaa¥sh 4y G (sibn (s pdyllas]
Lol SLIT o5 9Ys8 Gl s ()l Slies o5 ols (i 58 0l
SR 4 e carile —oad slelislen, oy el YL
Sonl lp and; ded o (8AS Pl Jo i Gen s pdy Sl
Slbee 5l ol (2 -2 oyl ) (55l - 2 ksl
el S plete Vb plSovial SUIT 057 L (08 o5 lasVsd » Jglae
131 sles bo¥ss g55 cnl 21, 5350

Aol (g5lwg 085 Carimo y0 (g5L8g0 lao¥gd Llye 5l eolazul
wlp il gycnl 5l Cwlas¥s e Gl Gt omin
S5 4y |y grmy Sl 55L850 slao¥sd T glabi cuslin ) Sisx
Coglie (9> (iS Cwglin y oadplol sla gyl 0ols plais]
Jad canSls iams oo plid |y cunSls g9 90 (5590 slooYed o (sladais
oS i Jead conSls 090 o ABAC e caSs 5T S i
Sga 53 9 3y o0 Dyge Ghez 4SS e Sl S5 aclil g b 5l cwSs
G aeSS ol (ud eun S (g b SnSh (ase eSS
IS8 et o 4 are SuSS 350 05 (0 Dy B9 S
Pz GeSS 350 ool Lol rem (VU (655 i Coll g Sadly
5955 4 sletiel CoblB s alS Coge S i Jhad conSd ol
o slabis slaiex aSinl sl cplply ©eb o Bolas Luld o
o ool i anld la e gl 395 B )z g
Olebl (e CuSCS 30 4 litws a8 gl o lal (lassS
ol kil Cuoglie g So plSoctal )3 Jele o St 98 Jol>
W3l JSzsS Gere 9>l g aeSs b ST el g asSs
48yl ojlwl (Al b g wed e g (Sitie Jad wSh Ygens
o 3 0jy0l [4] g8 0 Jilate (ame S0 Coons dy eSS g
9 99dsn drmlns (1) alaly (wluly (92 405 iy b (3loeress!
31 s3Bed slas¥gd o (arme 90 S8 Jgax | i Glebl sl n
ez b A e 5 syhe (6] st sslinul 5 (2) aba,
S B8, 2 1) Ghez b SuS Glej 9 99580 (695 ) SRe oo
i [B] o8 cwyp ASI 201 5K55 oV (slabais Casglio by
Jail (o228 Conglia 5,5 5092 oz 5 oloj Gl b ols i ag]
ol 2 gl Sl gose il 5l Jol> @l Guizmed il oo il
stagy 5o 15l ojls o i b e b (Sop hr 4sSs
529583 (59508 (S e 0loj eher Dl Sl e 5 (5500 00

! Ferrite-Martensite

2 High strength low alloy (HSLA)
* Resistance spot weld

* Interfacial fracture

* Pullout fracture

¢ Weld nugget

7 oploid VY 0093 AVAF gy s ()30 Sl (i


https://dorl.net/dor/20.1001.1.10275940.1396.17.6.37.7
https://mme.modares.ac.ir/article-15-7244-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-15 ]

[ DOR: 20.1001.1.10275940.1396.17.6.37.7 ]

SR 3900 9 (5 )5 LSy dues Sty @)lﬁTu’b’)ﬁe&q}ﬂ)h—\;&g)ﬁ S)B9S dVgd VLAl (S YUS) p sladoits waoglito (g S yielply H3l ()5 Julxs

oolitul &yl sleml 5 jLes 51 Jlasl 6,85 sl (Greglie 68 oo
Syt Juad jo o] oled g 5 Glakad Canglin JJo a0 &)ly> 090 o0
99 HRlaSs sl patie [Lid Woe Sezaa G oLy sees hliey
b oo (S Sl Ceaglie oy onl 4 g Jleel bl 15 dalad
&8 ol 0 Sl dds 4 Jlail sl oY (slos 09 o0 J5S 55 S e
At b 5t slos 5l 5omb s9d oo sl jLid 5l 6,5 s
L S s 9 odmy oY slod & S pu 4 Bls S 0 oS > 5
9 & sl g9l E Geglie (6, Jhgr 0,8 plad 4l G 5l jaS o
0392 oo Jlons o5 la)5 (sl wl B cnl s yo el (gl
39550 )5 & (g olie 4 (53lwossl )3

JriS 9wl o8l 4 seglie )09 e op)8
bt bl Sz Sl (K G5 Oley g JLad Ol sla e
Ozme g Sl 3590 SIIE 3 )Se S sl SU Gl a4 el (B9
GGt lp oY b el s Glasmed 0> 4 Lol pasile,
obsS loy e sl ) ankad (9,0 5lasad by Heee Bsb 5l (Seglie
Bl e Cws 4 (3) ka5
H = RI’T @3)

w5 3l b e Ceaglie p jlsd Leglie 5, gz 0
S syl 5hols plnl 5 0ml sles jo 1) B Shex ol 45 990 e
bl Canslin waly o8 s s 51y ol ey o e 5 ol
s s (B sl e JB g i gu og i) uled o g 438, YL
1161 55 g0 5 3 505 (slodomo bzl oo 0L

JPC 35KVA Jaw WIM ol8iws by Geios cnl 5 6,5 s>
Lis poisS ) —pe)S —ime izl (oleog iS5l g cenl 485 050
4 (699,58l by oas ool s> digad Casl 00 oolil o o 6 4 5 kb
2 S Cuaglie 09U S8 5l alie oz el B k3

ool oo izl 4 iolej]

T o g LSl iy oy 2 —4-2
oLt sy San Ly S5 3, atblie g digad (s5loslel Jo0
e e 5103 SEl (T o (Siedlim iged 0,5 T ile
00,5 dho g (Sieoliw 5 50,5l 5l L bdiges .ol g98ug Ko
ol tsloy, g eoig! Md Jodoe Ly 9 2% JLub slo ol Lawgs
D go aseine b3l 51 S e dils o3Il 5 as s MIP 1581 35 51 eolazl
reL_?u" S ija_..; odnliv LS‘):‘ CanS C?‘!a'“’ )| SEM LS)“)):' Pgal
o 9 Ol BTS04l 15 ey e 3 08
5 U9 4SS St Cpend jehaie 4y Cenl oad pledl gl Slides
odls Shgx odguzme sliwly j0 5,505 (oiw gw Ol )AL& a4l

Lol 42388 & g0 00l

¢ Mount

7 Etching

& Nital

° Lepera

10 Buehler

" Vickers hardness

7 oplodd VY 0093 AYVAZ gy s ()30 Sl (i

Giligo oV eé colw -1-2
6¥sd 3y Cuisle —Cup 5ilss SVed Wy Cuxr GBS (nl o
ol 113 slal &y conl Yadd -8 ksle 5, lyls a5 ST52-3
S 8 Sl e doil )l Slkes Cov e lee 0.9 culs
23 o L |y oYed £o5 ol saims JuSis polie 1 Joum .l

63l8gs 4l odgamme b ki 0550 aiged Sl Gl Sl (2g) 50
&lr g ogdige ools Syl onSmpl (53 jlaged o T il -
il sbes 3l digad o 058 g0 alls oS5 oo ] jo doe yloy Do
Sl Wigdge S gy S 11005 55 O Jsloma o Sl e
b laiged oledyo 5 05 o0 oo o3l 5 4y (g5led 4l 50 35250
Sde D9 o0 Slgi (fuyd A 50 il plz Ojse 4 g lSle
opl g Ll (alord coS S @ 3led eagaze 3 IS oo
1151 s ks (S

255U gy 4 o les] o 22
2 oilize olse 1 e 5 Gialel plail Caz i lagtgy o
Slp goasin sbull Wb wwl psie cpas lls a5 e
595 eyt 45 lagins syt 25 ol e oLt i o
756 05 aly> 4z 5 pole) b Gboy ol b o) 23 o] s,
Eord g (pwiite glagialos] Bpo &5 lanie 5 by el sy
555 gige slatalesl anl B (giludigy ln waz lajhs) anug 4
Fhb slr &S Sy o Sl G | (S by aadd
o ialesT >1b anT b 0gi o solarwl " JBsS 3| slaas))l 5l latoles]
Slapgie & Jelse ols olaisl wslie JUsS5)l slaalT Lol
10 LS5 ol Sltglel 8y el ligle] sl Ll cpaens 5 cclio
7B 05 S pToill (o5 Djpo &l 5 Wl shalejl Condge o
oaied oLt 5 4 JUSems S S g0 drog | T 4 S S
JBe 5 S HT (215 Jalse & o) 3550 (S datin Conle>
ly pordie ol 5 (2L by, 50 el oas )5S anTp Sy e J S
omleyl e 50 0ed ce eoliiul Dlaglejl jo dige Lalid 0,5] Cawoay
y JUS i ol s 3 525 S s 0¥l 5
Al G J5ST JB la el S a8 canl ol osims (s Vb 90
@ JEw o VL b anl 3 (b ol S BB sla il
ol uilyly Jolaz b oS e Sbml e 0)l50 98

Sox 9 S sr ooy Ol oad el 4w Sl gl ol o
Sl 4 arg b el oad ey Jla] 8iS Caoglio o]
S o Jlesl 59508 5 B Ghex plos Sl g gl ez po plr ad
65555 412 stan 59 5 oalizal b ol a0 oy o 59 3
e so 3l b ilej] >1,b ol L8

5603 Jsaz 5 oad 0351 2 Jpuz po byl sl sk nolis
bbbyl b 4 by e
labaii Cooglio o)l gz Wl -3-2

! Ferrite-Pearlite

2 Ferrite-Austenite
* Orthogonal array
“ Signal to noise

* Minitab

Y¥Y


https://dorl.net/dor/20.1001.1.10275940.1396.17.6.37.7
https://mme.modares.ac.ir/article-15-7244-fa.html

[ ST-G0-17202 UO 11'Je'Sa.repoLlalulLl WO} papeojumod ] [£°2€9/T'96ET 0652201 T'TO0T 02 :H0A |


https://dorl.net/dor/20.1001.1.10275940.1396.17.6.37.7
https://mme.modares.ac.ir/article-15-7244-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-15 ]

[ DOR: 20.1001.1.10275940.1396.17.6.37.7 ]

SR é,nza,@)gﬁbé)-\*n}

Sty ‘s)laTQ'bg)Ae.;q}H)la—.;u_n_)é S)B9S dVgd VLAl (S HYUS) p sladoits waoglito (g S yielply H3l ()5 Julxs

Table 1 chemical composition of ST52-3
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C Mn Si Cr

Cu P S Mo W

ST52-3 0.111 1 0.357 0.56

0.325 0.029 0.003 0.008 0.013
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Table 2 Value of spot weld machine parameters
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Fig. 8 Typical characteristic of the interfacial fracture after the tensile
shear test, (a) overview of the fractured surface, (b) magnified views of
regions B marked in (a), (c) magnified views of regions D marked in
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