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Production of 35~40 kgf/mm?® Cold Rolled High Strength Steels
with Excellent Press Formability by Continuous Annealing

Junsuke TARASAKI, Toshio IRIE, Takehiko Haca,

Fumiya YANAGISHIMA, and Koichi KOMAMURA

Synopsis:

Dual phase (DP) steels with low vyield to tensile strength ratio of 459, and extra deep drawing high
strength (EDDH) steels with high 7 value above 2.0 have been successfully produced in a multipurpose
continuous annealing line with cooling rate of 40°C/s by gas jet.

Dent resistance of trunk lid panel made from 1.2Mn-0.5Cr DP steel sheets of 0.70 mm thickness is

higher than that made from Al killed mild steels of 0.90 mm thickness.

In order to obtain tensile

strength between 40 to 46 kgf/mm?, it is effective to control C content within 0.025~0.040%, and to
adjust annealing temperature precisely just above 740°C.
Excellent deep drawabilities are attained by reducing C content down to 0.004% or less in 0.03Nb-

0.06P-0.05A1 EDDH steels.

In actual production, the extremely low carbon content is attained by

the combination of decarburizing with bottom blown vessel (down to 0.0159C) and subsequently with
reformed RH degasser in about 15 min (less than 0.0039;).

The EDDH steels have lower yield strength than 20 kgf/mm? and higher elongation than 429,.

In the multipurpose continuos annealing line, the strip tensions in soaking section and rapid cooling
section in the furnace are regulated in dependently to avoid heat buckling at 830°C and fluttering

caused by gas jet, respectively.
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2. WETHRLIAELOBH

A 51T B 40 kgl/mme? §% DP §8#iix, Table 1 1@
mT X5, C-Mn-Cr OS5 ZHALCWS. &
D@L, ORRIET (YS) PUEL, THRERE G
T3, @nfiaik& <, MIEEE BEEELAE
Ve, @FEFMEE(LBENRREL, T v bR WA,
EoR#rE L, BEEORE Y BIMI R AZELT
WA, FRRE, BEIEOEBRACEENSIRE LT,

FEfn 46 4£ 10 A 31 BE8ff (Received Oct. 31, 1981)
* IS gk (BR) TESRELFT (Chiba Works, Kawasaki Steel Corp., | Kawasaki-cho Chiba 260)
*2 I RLEk (BR) KW FT (Research Laboratories, Kawasaki Steel Corp.)
* )| siek (k) IR B 82 Fr (Hanshin Works, Kawasaki Steel Corp.)
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Table 1. Typical chemical compositions and
mechanical properties.
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i 700°C 7

Cold rolling
1
Temper rolling [Sulae roughness
control

%%

Continuous Temp : 760 C
annealing Coding rate ;
40°Cs
Fig. 1.

(wt%)
G Si Mn P Al Cr Nb
DP steel 0.032 0.03 1.20 0.010 0.030 0.49 —_
EDDH
steel 0.003 0.02 0.20 0.065 0.075 — 0.025
(thickness 0.7mm)
YS TS El YEI B H*
(kgf/  (kgf/ Ng~15% — (k8l/
mm?) mm?) (%) (%) r mm?
DP steel 19.6 42.7 39.0 0 0.280 1.20 5.0
EDDH
steel 20.4 36.1 43.3 0 0.260 2.15 1.2
# Increment of flow stress by 170°C 20min.
baking after 29 prestrain.
4LOKgf/mm DP steel 3SKgtmm EDDH steel
Steel making .
S
by LD converter| teel making
or QBOP 0.032%C by QE0P 0003%C
r 1.2% Mn I 0.065% P
05% Cr 0.025% Nb
RH degassing RH degassing
1 {
Continuous Continuous
casting casting

| Cold rolling |

Continuous
annealing

1
Temper rolling

700C

75%

Yemp,: 830 C
Cooling rate ;

4£0°%Cts
0.2%~ 04%

Manufacturing processes for dual phase

steels and extra deep drawing high strength steels.
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—%, 35kgf/mm? # EDDH 7z, QBOP-RH
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Fig. 2. Schematic diagram of furnace structure and heat cycles for the multipurpose
continuous annealing line.
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3. ReEQSR (DP #{iR)

3-1 BI|EEMKE (TS) OBE®

C-Mn-Cr % 40 kgf/mm? £ DP @i OFRRIG L,
BN & MRECE L, ERtsioTIL, TS ofF
BErE®mThpof. TO LS v 2 - ), F - Ty a—
~0 DP @ROBAGNITOVTIRRS. & Dif S
Xk, BE 0.75mm OEEEFEER LT, 7 v
PR R s EWT 40kgl/mm? g DP o #
AREHE I A, FHeH7>T 0.70mm o 40 kgf/
mm? £ DP ik e, JEX 0.80~0.90 mm DEKIHHD
M7 v b LM 2T o7, T v r EFEER %
MIFEOSTF VAL, 7L ABDOARARRERD
INTESRLZ, HYBLT2.5% ThHok. +0H, B
Bl 21TV, =—9— 30R OWE L LEF #{FH
L, JKAEAN FELE LIAD S Wly WE L. FEy
TFig. 38 wir$2, EZX 0.70mm © 40 kgf/mm? #
DP ¢BHR it v b #i, 0.90mm DM DO Fh L b
EhTwbz Eavbhns., o A, C-Mn-Cr %
DP R DEE AR BT 5 nfiipiF <, ok
REDIK &\ DT, BT L ORERIREE L E < oot
MBETHSHS. Lo LimEE 7 v ADBME CLE b Bl
RRTHARZANRRE L. BERBAED -,7 700 oD
S VAR EYREL, BYRIEARERMHELED
BEIF %% Lsc. Table 2 Wt ofERE%ERTH, YS
19~23 kgf/mm? B\ Hodds B3 TS 23 46 kgf/
mm? Pl Eies &R D BIERRD A F A0S RHT 5 M
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Fig. 3. Relationship between dent-resistance force
and thickness of trunk lid outer panel®).

Table 2. Relationship between the tensile strength
of sheets and percent of rejection due to lack of
panel stiffness.

TS
(kgf/ 40 41 43 44 45 46 47
mm?)

YS
(sf/ 19~20 21~23 19~23 20~22 22~23 22~23 22~23
mm?)

*P.R(%) 0 0 0 3 4 33 100

* P.R : percent of rejection

Fy T VAT LA F A RPER LB o h By TR
R, TS DIl E A Licl& -2 A BRO
B KEL ZORRAZ VO MBER L K& L ook
T EHEEIND. DX 5k, EFRLRBI-DTIL,
YS #{EL{ FHER B L3bBAADIE, TS % 40
kgf/mm? Ll BT, TG EL 2D b0&%
+3 kgf/mm? LI EEBTHLERH5BZ Labno
y

3-2 HERRFOHME

40 kgf/mm? {f DP Rk 2 ZEhc k5 TS o481k
YRET DI, ThE o R S LT 89
D7 — 2% AV, EEWBHE X5 BRI 2T
v, (DROEREB. chbDF—2D&4DIES
&%, C:0.030~0.044%, Mn ; 1.17~1.44%, Si;
0.04~0.09%, CT ; 683~732°C, Hesfi{R % ; 740~78!
°C, WHIEE 5 20~50°C/s THDic.

TS (kgf/mm?) =a+158.3%[C(%)]
+13.2%*[Mn (%) 1+ 33.0%*[Si(%) ]
—0.246**¢[CT (°C) 14 0. 111**[AT (°C) ]

e (1)
el CT; #E& EHy b fREE (Coiling Temp.)
AT ; BEdiiRE (Annealing Temp.)
B UKE LY TEE
7 (1) XNOMHEBRE (R) X 83.2% THholk. ZD
8 C,Si, Mn 5% TSk XiIFTH8oRL kX
WItHEX, CERFRTHLZ Liibhnb.

KZCiad YS XU YEl ik Xi¥3+HEL2TFHL
74 E LT, Mn; 1.20~1.30%, Cr; 0.47~0.53
%, Si; 0.04~0.09% »# 4673 % B0 C &%
0.015~0.065% DFiH CZ % T3 %, 770°Cx40s i
B, 40°C/s ORHEE O LM CHEEM LS EOMH
BEEY #AE L. HE% Fig. 4 wiTs, CaEn
0.025% LAIFTit YEL MELL, YS 3 LRTA. &
NIBAEGAER I ROkl EEL LS. —
7, TS % 46 kgf/mm2 LI Fred 5 7:-0Hkit, CEo L
% 0.040% LITERBTHLERES.
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Fig. 4. Influence of carbon content on mechanical
properties of C-Mn-Cr dual phase steel sheets
(thickness 0.70 mm).
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Fig. 5. Effect of annealing temperature on TS and
YS (0.032%,C-1.209,Mn-0.49%Cr, thickness 0.70

mm).

LR r EEIEINL, BEED LT VYA
FMABER LN T A LD EEL bR, 40 kgf/mm? £
DP iR W& 5854, CEFE110.03% Ll kwind
23, 7ot TS HEL ik TF 50T, FHEE
RS HEBAB LR ATEANT, TELHETEL, 0
BRI SIHNRME ThD. T DORD BRI 1 T
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Fig. 6. Changes in strip temperature by the dynamic control of furnace temperature and line speed.
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FXhb. 200
34 HHER

Pl e, ok IURMEBEOHEK X H
B Ui 40 kgf/mm? % DP SR OMH BT, ¥+o TFE
Bl¥5 &, TS(kgf/mm?) =42.7+1.03, YS (kgf/mm?)
=19.6+1.12, EI(%)=38.5+1.20 L@ =%5 L5
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1. BER®YABENER (EDDH Hig)

4-1 EERZRBTUNEE

Fig. 7 1, P ; 0.060~0.070%, Nb ; 0.020 ~
0.030, Al;0.060~0.080%, Mn;0.15~0.20% %
£% 35 C 60ppm LIFo, R{EHEE-Nb-P Hing%
HEEBEs S 4 ¢ 830°Cx40s Dk, 40°C/s TH
HLLBEDOCERRE & HED BRERT. CaFx
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Fig. 7. Effect of carbon content on mechanical

properties of extra deep drawing high strength

steel sheets (thickness 0.70 mm).
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Fig. 8. Decarburization in molten steel by con-
bination process of converter and RH degassing,

i, Cinid 350 ppm FREH, FBERCWK & TIFE SR
ﬁf@éﬁ,ﬁ%%ﬁﬁ(QMW)fg,w%mnif
BHCHRMAARETH D, F 7, RH iy 2 EE OB
BFOBRYKRELTHZ LR XY, BHEEHDDAEV RH
rAkifcduElL, QBOP toflASbeicihE
Fefileo RH JBim x B C, REREZERO BRI arge
Ligofc. Fig. 8 1c (a) LDIEFE 4+ 3¢isit RH, (b)
QBOP+ B¢ a RH, (c) QBOP+dE RH o 34
o TR CHBERZMZEE LBS OB KR & Cit
DRAFE%XRT. RH By AR TRCEH R 30 ppm 0%
@& T HriE, QBOP+ 3 RH 53582, LD 845+ 8
&Rl RH FR iR B4 1/3 T X,
ZD X5 QBOP ofl L BEE & E) k& e fodih
RH i A BOEA SR LD, REREZRIERE
B DR E L THEMTES.

4.2 EGRMER

EDDH #8213, #RIERZHO 7o HiEMmE»E LS
&<, HEebisio gk, HEPICe -+, 70 (L
) DR L\, {3 CAL Tz o R bhIE3 %
TeDEmEh, BEFEOMKEN L TFS &, FACES
HORDHEL 2D, BHEAOHF AL = » FIZ X DEIT
MBZ7F 9y ZY v IS ERIL, /ALCEMLT, b
TREDOERAE b3\, £ AWELEEM 514 T
1%, Fig. 9 ©iRT X5, H1LMEADRLE Hof
=, PR S54 Fre—AwxiE L, £15H8ROH
BRI, by LCHIcEs. T, E15H
WADBOr — A EEEHHORKEL <AL — - B
—nEL, TOr—AFEC LT, SEANEAI R
THersvave, BHINET S 7 v 2 vOBIR
RN L CHETAZ Lic ), SHEECHEIREN
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No. 1 TG : No. 1 tension controiler

HS : heating section
sS : soaking section
CS : cooling section

No. 2 TC : No. 2 tension controller

SS : speed setting roll
VVVF : variable voltage, variable frequency

Fig. 9. Schematic diagram of automatic strip tension controlling system.
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EDDH $iti%x s+ 5848, #FoMEKNiz 0.7
mm [E x 1250mm FDEE T, Fig. 10 RTXL5
1, (1)e— 1t~y 7 AFERTIED I, g, HEE
RS (T) 1%, 0.8kgf/mm? LI Fie$2%, (2)8F1
BHETOMRD 7 5 » 2 ) VRO, B1HBH
BWED (Ty) 1%, 0.8kgf/mm2 [l kw32, (3)FAH7
SA4 Far—nDAY y FEBHIETERD, T, T,
I (2)ROBFRAMHRET A LB ETHD.

T1 exp(—27r/,z) <T2<T1 exp(Qﬂp)
TR Ll E EOHETHS.

D EofER, GEiE¥sLM Fig. 10 OREHEO A

LiEWER Y R T=ARCABETABoP LR TS 2 b
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Fig. 10. Optimum conbination of strip tensions

in soaking and cooling section.
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Fig. 11. Mechanical properties of extra deep
drawing high strength steel sheets.
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4-3 MEREE
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Fig. 11 w4, #ko P HinEkAdsike T,
YS pMEL, EMARFCTES 2.0 ETHD, FE
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5. &

HAD =y PEER XD 40°C/s OEBESHNTE DS
E s BT 2 V€, 40 kgf/mm2 &% DP #Bi3s X
% 35 kgf/mm? #; EDDH iz 5 TEHCEEL, KO
HEREE.

1) EX 0.70mm o DP§@fgs 62725 v 7 -
Yo F - 225D T v e, 0.90 mm QD £
hX k&, 470 BITRIARE T2 X L IRDE
{635 X 5 ATy, TS 2% 46 kgf/mm? %8
25 EEVBIEATRET 5.

2) C-Mn-Cr % DP@#o TS z,C, Mn, Si &,
BIEE X D IRE $ I U EREMEEC EKFEL, B
P CE%Y 0.025~0.040% HET Az &, B IUBE

T
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PiRES 740°C BlLrdnrz iz,
mm? ZZHIHTE S .

3) fEEHRE Nb-Al-P % EDDH §#uz, C»% 40
ppm LITFD L 2T hcBKoBNRELRS. ER
EZEH (QBOP) -5 L4 H K Ck 0.015% ¥ TF
FHZENTE, ILREBMHTORE KB THRLE
DHFEHIT27 RH iy 2@ X v, BigarE 15
min LIPC 30 ppm ¥ CHiETE 5.

) FHTSA FLE~—Ar— L EEREDOVVVFE
HE X b, HEGE L AETHC T D8RR T2 L
THIEC & 2 EEHEHF % FvT, 830°C ofestiiEE ©
b, BHEETOE — b - 23, 7 ADRERTHODE
TE O EFPTo0Pr, 35kef/mm? {ff EDDH $H#t» 6
ETEA.

5) Bl Fikic X b, HEY fro TEKET5S
&, YS(kgf/mm?) =19.6+1.12, TS (kgf/mm?) =42.7
+1.03, EI(%) =538.5+1.20 O#EHt%%E35 DP 80
WAS, F7- YS(kgf/mm?) =20.441.30, TS (kgf/mm?)
=36.1+0.94, El(%)=43.3+1.2, 7=2.12+0.09 o

40~46 kgf/

EDDH @A THMCRE LTS TE 5.
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