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Controlled Cooling Technical of High Tensile
Valve Spring Wire Rod

K. W, Kim* and O, K, Jang and K, H, lim and |, K, Seo
Wire Rod Technical Team, POSCO*

Abstract

As the martensite structure cause fracture failure during drawing from 5.5 mm rod to 3.05 mm dia. wire without
additional heat treatment, the optium cooling condition to inhibit the occurence of martensite was investigated.

In order to get SAE9254+V quality, the effects of alloying element , vanadium on the mechanical properties were
investigated.

Based upon CCT and TTT curves and the results from cooling test in mill, optimun cooling was found in the
condition of the laying head temp of 780 °C and of the conveyor speed at 0.15m/sec with the whole cover closed.
The wire rods produced under the condition showed the best mechanical properties of 120kg/mr in TS and 50% in
RA, having an excellent drawability.

In vanadium added steels, tensile strength was improved without degrading elongation and charpy impact
value. That means the strengthening by vanadium is mainly due to the grain refinement by the fine precipitates
during tempering process.

Key words ; wire rod, vanadum, fracture, martensite, CCT curves, grain refinement ,
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HHE S st A ALE R T} wj Bl S48 B2 B ol AEste LA T U nEY
7 27 HE LEA FFOR GAlelA AL U nAE dgE AXYPTle] R 2
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254 R APAFHol a7HY, B4 HPAYA) S48 LFA(Si)H SAEI2547Fo] W
g Algsx g,

d71% Z& My 22y g AAe S4H02 AEA £58 Ao MARAY 2 PP
Ha AWM (Drawing) 7HFE AXeul, MAHA A4 dAFE M) Yzto) oA Aty FF
a9 dgoz Az o] YHHA AM7E olgld Aexa F9d Lo AFHo] A
9 9ol Heg Jd73A 2% dA e (patenting)E AA o sl Aotk & A% Iz
T4 UAARA F7Hu]8 S48 £ AAA e x5 "

webA, AAd7tEAl £F dXE BAE AR 5 glow dux Aok 9 Azt SwoA
ot st o]g YN AAAEF FelolA Aol FE g w4 HBako] E(Fine Pearlite)
23 g 133l 3o Yasiy olg A3 SAE92547FF L T A(20,5%), L2 (Si, M, C
rE ¥kl demg FHslgol duts] A7) wie A WAEFE ez B 75 Ao
¥oF 290 (Stelmor) ¥z o)9lol Y& w7} b3 = EDC(Easy Drawing Conveyor)Y,
SCS(Slow Cooling System)¥, DLP(Direct Lead Patenting)®¥ %9 AlolztAdu|g o] gt Au}
Ao g Lol E(Austinite) AU Mg ez WYL AAA7 2 Qo}
E3 A7t dag Ao,

2 oA TR SAEI2547Fol AT A JgsE 2oz AT vpIE(W)E
Artete] vlUEA MEEo ¢ 229 aPeHdS o|FYoy Az oA Wa(Billet) S
ALFEdta] 2949, SULAVE AA BRAE 208 34FF AAYAS AA S A
oM 7t o] FUHEHIL L2HUolE AAY] WMol BX A F=E #usty CCT
(Continous Cooling Transformation)FX 49 Nose®7} Diagonal W&o 8 GAA A Ho| 9 AH
HolEd| A Hto|E+Helo|EZ 9 BiegjAIgto] Fo|EA Hol AAEE= AldMdd B wolu
olE+vlE2dIAto|E o] HAE AA3}719159 laying head = T E W3 31 Yelo)E M B Al 7R Z A
ZUE ot ARG v L A2 YA E Bt AMNHol FEg AAS 2|26t AgAn
& A9 ezt g,

2, 0|2 HHH

2.1 227} oA Fg

EXY7ol F2 AHEHI U A Aol oA Hzlo] gt A gL 2E
2 A A o3 A8 & ddste Aol Mol 5 =Y, T ZF automotive
suspensiond AT P AFAY FRLE REF FoA AFsd sdEr ¥& BE Fo sz
AAHA gkvh. o] 9h@o] suspension TY AL P FA AL s M3 sojof @ B
EZ Y7} Sag Resistance?d] FAolth, 43 RS ZE 2TAPe 2o SAAHNA g7
Wyol A7) ygd, MPAge] & 2xHAFY Ndo] a7 g}, o]y o] g2 7=
g2 AH8-S™ SAE6150(Cr-VA) #3742t} Sag Resistance?} ¥ Si H7l7o] FEuy] A|za}
floun, 1% SAE9260(1.8~2.2% Si, SUP7)& w & A g}o] % AR AL HYoy, gug
gol W Fasyge] datet Bu7bFo] 285 E cost ol AP os wAsgich waa] W
FAGol 21 EAGEE F2A 1A b= HYUolA ozt A A7l 3 gewR|o) mabAEel Cr
& H7he Si-Cr7dl SAE9254(SUP12)7t 7Hsch. o] 2] gk SAE9254% 7]& 9] A 7te) u]at
of W23 bygAdgo] vlg S5 Aa2A de AlEEn Qe AR},

a2y dA AFEE I e SAE92549) SFAdE BFEtn, B2l g4S 98 nyAE
o FAMNM =3 A, FF Z2IE A8 vhIEVEY U429 Hbd o8 Bul
T 28y 2P0 AHAD A FAUMW S A/ 2uPE ALY sge]
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THojA: gt
2.2 4B 2xy7go] uAAl Az FF

AHE2E W dav|dd FatEe HE AXYe by Fue FAYE HE2KAM FAE
Foll dojup= B 2X Y| load loss EE relaxationo|th, =X 3o Qo)A 9 relaxationd
AR, UT 59 Azxxdol 2AHAJE A4 o9 d& FH hot prestressinge @ 3t
2AF F Ao, uep 8E8 AxHHRFAHANNY JAH, YA FHo JEsH $Y-L
ZEg5t(stress—temp. relaxation)o] M= F&FE P02 AT,

ZAEa My ATHAPZZ AMEEHT JE AAiz A FEFE OdS9 go] BHFE 5 U,
7}.patenting* 8] & AlAM &£ cold-drawn carbon steel.

v AIMFE Q/TAH 88l carbon and low-alloy steel.

E3] ¥29 A9 pre-hardende and tempered wired] €& <A AZTHoz Ad a9
e Bop F2 relaxationd YEW 7] wiEo] HAEse Feo] UG
AAE wireg 27HE 2ZTYPAH 02 coilingdts FAEE automatic coiling machineo]
F2 AMSEHY, MEHd FA4E YEad gt 2o
7}. coiling
Y. first low temperature stress relief
t}. end grinding
2}. second low-temperature stress relief
B}, cold prestress
A}. hot prestress
4719 BE FAHo] HF AF HAZ(fatigue)9t 3 (relaxation)EA0| JegE R A 5
dl 289 Fggd dE FAHA =& nHA FbEAe Boke Y8 Aot

2.3 ofE%3Qd 1

22 H2EA v Fo AA}E ©dFH Zo] HAZ E/E + Ut
AA, EEYA(EHE, EUZE, ¥9Ed 2 EHAE)
A, AFA=MESE HAE)
A, vz
B A E AXY AxA SAHEs BULAR IHEE At S vz o
ol WM FES A S},

2.3.1 Sag Resistance
E dolMe 2Zgd oA A24gan g4 F8% AAE HIEE sag resistance

53Uy 2 sag resistanced] L VX = AAE 2T HFHN A9 presettingd ¥ Y4
o] S Mgl

Coil spring 79 sag resistance®] &AL ¢ A coil springst B2 Aol £ Q57 w
£ol Bauschinger torsion testP(A¢tzF, S.T.Furr)E A|¢algi=dl oy thga o] M4
g F Aok, APHE B TA o)A o2 forward directiond ¥ 3FE AA, thA foward
diredtiong ¥-oldla] oju] UoJ torque-strain curveol 418 htsteresis loop area® sag
resistance® H7l5t= WP o g o] torsion testHE A Lo g S @ E §j
ek WEo wE Si-CrdolA 9 sag resistanced AH oz H71dle coil springd A =
58 AEHY FAE doE Gy
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H.Kawakami §& Si-Cr, Si-Cr-Mo, Si-Cr-Ve] 7% & o|83d}d Ao sag resistanceol
Wﬂ%”%%%Bmmeﬂthmt%t%ﬁgji%ﬂﬂﬁEWSh&ﬁﬂ A M gz
sag resistance(hysteresis loop area)& U™ FFAL Cr& FFo)Z s}t e}l sag
r%ﬁ&m@ﬂ%%?%“ﬁ&fﬁgiLﬁhﬁkHﬁ}&{rmﬂSh&N%ﬂHE°M+%4Q
Aol Yelwttia B ug v Qv

Figl~2= Si-Cr-V73 SUP79] ™8l austenitizing temp. 9} AGS(austenite grain size)3te
QN%Lﬁhﬂﬁﬂﬂ,MMmHmmgme}ﬁﬁﬂﬁ%SF&W%ﬂSWHK}WW@A%
€ HYg 45 Ao Si-Cr-vAY A9 Sigwge =5tz g 2AHUolEAA Y nx=
FFE ARHA ko vol Y wA o] aRAHYL o & ALEP

sag resistance(hysteresis loop area)ol U&= grain size®] Q82 Fig3dl Yeluiqdct. 3
d¥ol WM 84F hysteresis loop area7} AW o]= sag resistance’} $slctE 9uly} g
q.ﬂ@Sh&N%ﬂA%ﬂ”“ﬁ}ﬁ%VTMM%ﬂgmmgmm%Eﬁﬁhlﬂ%ﬂ&&i
a2 A ok,

olge FRA AN 58 TS Y gL} go] 8o w g},

7h.Si9 @#Fol 1.5%Y A 7HF 953 sag resistanceE H.olt),
W VH7}E sag resistanced M ARE 2=
oleid wiP o2 /Mdd Si-Cr-V7Z& SRH603} SAE9254+VH7}7HE & 4 o},

4] -
S N R
= 3% A g . Hardness Rc 49
gl o T o3 o2 4 —- ) Tarsion Angle 23*
n s ~
6 & 10 - - ) J € 300/
[ x 20 (6UP) g E. L6Si-07Cr-0.2V
. T /6 .
é I// m §
w 8 o D
Yoab & §
- t
10 e,_,,m/ @ 2501 5
1 ) ) . g { S 3
850 €00 950 000 030 2 1
Temp (%) xSma. + T Tsuer
) {AIS1 9260)
Figl Changes in AGS with austenitizing
L n ] L [3 -
temp' and alloying elements.? 200 10 ) 8 7
Austenite Grain Size
4
aho Figd Effect of the AGS(ASTM#) on the
a .
of hysteresis loop area.V
£ ~
U’_ a-
S S
ioF "
Fa
(1}

60 €00 50 000 1080
Termp. (°C) x S min,
Fig2 Changes in AGS with austenitizing
temp' and alloying elements.®
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2.3.2 ALz4 BA§ A 7€ 13

Wy Axag AAQl SAEI254E 0.5CE Rdhe metAaZtoldA Cr, Mng AHZMAA 49
do] $48 FFoltt, & A AdWste nAE WA AT MAT SAEI2540) CAHEF, V&
H7betd AGSE "Mt eS8 E BHoE ngEgE ojF=d AFsIdoy Asd g7
Hio] & AALAA Stelmor conveyor’de] Yzt oA ZH A Y zA (nartensite,
banite)o] RAE7|7F dof. ol Y Yo R Qe 237 AU AN FFFAl Ao
AstHol Fdole AN L2EAHUT F AHEAAT H2 Hovx SHAMY L EFHY
Aol AA 8FH A e AAol,

ol¢} Zo] A TFZ AAQ SAEI254+Ve] B, FAl Bk olje} HA AALME MA
WZHA Bz o] dAse A A E 2oy, Aojgtd R Aozt g A4
3t Al A AEAEYE AFE = Ae FAE At ok, F E NMillY AL gadEHEE
FAEY =W 2R3 A27tE, A2Ad, A2BHol gk AGS vIASte] wWE AUA 9
Agt L FARE LA B YzAg Aol ).

oy @A FAMe ez ol AlE 49 KA E BEa gz Aot o o
&, ddEx Piho g QAT ZA59 EA Y] i ddsE 5o 4oz
23t E moA e Aojdze] 9T AYzA L AT § = YHE 2, AAsty.

SAE9254 Z}E 9] VA7l wE CCTIA Fule wsls, VAZA HrlkekAl & B $d vy
Pealite B4 /MAZXE7 AT L @& BFo =2 ol5HE FAFS o W 285E= Azt
o] oA & AFS /AY & A

Si-CrA 2Z 7} vl H7MP4AYA V& A28 S ol vlAg AGSE 425 dder 494
2 7IAA AAY FHAAM 5T AFE 9L v g

ER VA7 wE AGSY) mIAMEE Adte ntle, ndAY AAE I& F JE Ao .
a8y Aoy 2 7HE FAge A A4 S7HE FYUAEUE AFY £ A A
G5 2L stelmor cooling systemo 2 &R &7 Yl E 7|29 SAE9254 FERc &
e Yztzde £do] 47 HUG. &9 A5 Fhupdlol A 0.30m/sec?] conveyor & X
A Ao f3gt 23 g GREP o VETIEe A$ CCTZA 9 Yelr) SAE92540] ws &
A2 e 2oz ojFgom YZAMAH laying head temp. & $F 1 pealiteWEl
o} noseZAoNA Huigt A Fhupoll A o] FHAHE g5t HA AARYME GA
pealiteR Bl & o]Fo] AH2xA& W= a3t

3. MXZH X8 gu

3.1 FAF AAFH gd=d
71 &2 SAE92547 o] wiE (V)Y M&38E FHez AU 0.2%F A8, o]

FE 0.15%0)3lol A9 wpYEA MEEEC] HA EXstd FFHNIEAY A A 83 2t
71 wW&olx, 0.25%0] 4ol vlvlgoe] M&dte T AFEA Ao 71dss MEFY YR
EA) a4HE 4ol FU8le vFEAAEY T2 FEE 5] W H2EHY AFE %
Aot AFBloome FHFTAL AA 160x160mmzt e billetE WEo] 7192 EE 1000CE F
E3to] 27t GAEHE AAYEZUSE WAS 1000Tolstoll A FE2A Z24A7]9 BelE
#4384},

EF 7189 A9 AMEYd Ao BEALE AAIGA ool T4 1000Co) 4 x| AL
A& AN AL ES AXAA L2Evoiis F43 2Udso) AfAAo] dojyA ",
a3 olf B APdME A gAdel BEALS AAG AMSAd 2ag YAgo g A
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Aol A 7 Fol FlEHu AHVOlE A Yol wlAgEe] FX Y FEE HH
I gFEA Hrle wral CCT(Continous Cooling Transformation)2rAAte] Nosed 7} Dlagonal'ﬂ"
Foz FAX o] EoA Heto] E+geto]ER O] HE Ao '7501 s e A B
2 g ol utol Evpp iAo o) uh & ) #8179 8H0] laying head £ £ & W5 3L Heko] B B A
bl Y ERAS el A vlAg W A2z A AT Bt ’l‘l*ﬂ*éol ke st A AlxzA
< Adstdo.

3.2 ALxy JA & HE J4TEST B3}

B oAlgo|Me] W7tz AL Tablel®t 7ho] 7)& 2] SAEI254uin] vhulE (V)™ 7ol o)8] 9 A€
ol EoA weto]lE+Heto] ER o] HWEAIZFS €137 §8) layinghead & £ 8 S5 11 HelolE
HE A 7R S48 2 h A A8kt

Tablel Rolling and cooling condition

Ea Furance Pre L/H Temp' C/V Speed Cover
= Temp' -Cooling () E.L {#1,2|#3,4]#5,67 C.L | #7
SAE9254 1000°¢C of f 780 0.25(0.25(0.27{0.30]0.35]0.40 |
Al
A-LINE ff 819-838
v 1000 0 0.15]0.15/0.15]/0.20[0.33]0.40| Close
B-LINE on(#19) 758-785

Yzb ik £ Ete) Line 4 MARingH Y ¥4 5 Figd 9 Table2d] JERRAT

800 -
—a— A-line center
750 j —e— A-line edge
1 —&— B-line center
700 + —A-— B-line edge
. E
1('_), 650 - ))ojo
Q ®
£ A b,
,E.’ 600
\
550 o :
—
500 -} . 3
450 T T T — T T T
#lcover #6cover #10cover #13cover last cover

Figd Wz #7d 254 23
% center : MACoilo] HAA 25 (FadEn s
edge : AACoilo] AAI FHJ(FA&HE =)

HRUHE (V) Fobel]l e WSS VAR Aol FrhEe] CCT F4lol 508 o] F 5o
Bzh4 57 21.0C0Isecduls A& x4 wAo] PpHojch. upeps, Y255 FA4Gsle] st
vl #Hol W& 59 A-Line center¥- (0. GO“C/sec 9] HLoE CCT FH4oA B &4 Ha
olE WHElZ T39S a4 9o edgef o AS 0.26~0.32C/secE Fhuboll A 380sec 3
51 ot Helo|EWHZL FRES o 7 °’U]r Bzt e wE el 7 & VHIE T =3

1& FigSell EAI8HTH.
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Table2 cooling rate in SAE9254+V

B Cover Cover cooling rate
T = d7es(c)|arerct)|  (T/se) H
Center 780 500 0.60
A-LINE —
: Edge 770 650 0.32 %Vlgm/?ed
:0.15m/s
B—LINE Center 735 530 0.54 _ C/v length
Edge 750 650 0.26 :57m
V added steel
800
700 (&/ ?
L . - -_.. ~‘~.. . " ~ i _ i ~
__ 600 S &N . COVERUH XM &%
© 500 AN - -
3 1 .4%Si—0.7%Cr 2¢
© 400
| . .
S ol |
£ 300 /
o - COVERLY X(HW2t &5 Ms
200 \
100 3(‘.,,/5 1C B
5C/s  2G/s| 0.8C/s
0 i A s a M e Al PR P P PR Y e
1 10 100 4 1000 10000
time (se€c) | covery SxIAI
Figds Continuous cooling transformation diagram for
SAE925440, 2%V steel
3.3 4 43

7] WZtZA 02 SAE9254+0.24V7 2] AT Al Coil9 edge, centery EF A&xF
(Woj ol E+vt2diAtolE) mlAlElon, HCoil T.SAH 114~122ke/w' 22 SAEI2547F o
v A 2 T.5Wa = AA REHAC. AA ringNHE 8585t AN T.5442 Figh
o] EASHACH. SAR925473 Wl ¥ A/F 929 wIEWNZAY] Y e2wvolg Azt w
& as-quenchedZd g B ¥ VH7l7ol lath martensite®] morphology”t @3l AN A&
FFY 4 Qo o]AL VAt wWE as-quenchedE 2 9] ¥3tE AGSS T AlStel 7120%k A
o= wugth, SAE92547 7 SAE9254+V7e] Aol ZAulA Bt Figrald wiad & .

4, EE

AAAESE 2 D277FN Q) SAEI254+0. 20V 71739 AR vhuEAl AEE0] 4% 2=
P nAE(0TA-220kgF)3E olFAen, ¢dA 294l £ Mn, Cr, Ve F7%F Z=7}
2 ols WAHE A2zAL HAE 8 stdizeA YABille) E ALFEI} 24D, F
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D‘\\\D,——’D—“—D———_D////
100
- —o—T.8S.
ke/ 80 < —o—E.L.
—A-—RA.
60 -
O\O o Q.
- A
wl ST e
[e]
20

20b-1 20b-2 206-3 20b-4 20b-5 2066 20b-7 20b-8
Fig6 Tensile strength and reduction of area of SAE9254+0.2%V steel

" SAE9254+0 . 2%V 7}

Fig7 Optical microstructures of oil-quenched martensite
austenitized at 850°C for 15min

AAAZIE AA ERAZ 248 D405 AMQA L AA 8] Aol A] 7R ao) 5
A L2HUolE ARG Y vHFgE EX AQ4Y JEE SRl OCT(Cont inous Cooling
Transformation) 5414} Nose® 7} Diagonal'}g 0.2 GAX A Hol oA jo|EdA wHaolE
tHelo] ER 9 REjA o] ZolEA HOoR AAHE AAA Eelgh woluo]|Etnl 2 dlAlolE
9]%%%ﬁﬂﬂﬂ%ﬂﬁIM@MM%E%%$EEQQE§W”WN%H%&ﬁ%ﬂqé@@
HlAIs R A2 YHAAE Eote] A Mo FE T HANE Azst=u AT}

4.1 ¥ A Y

2xY7 2 AGSHIASE A nRE AZVERE Y8 GAF BHA FYPHE
g3t S5 J1ARNYE FRZ a8} J1Fe BF £80] Hi AAGN YR
B oaSiol 3 HAEE ferrite¥® WA J1E ALZ PAF 259 NA7) &L 2 st
A A AF3EF A AFALY =3 & Rojg},
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