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Formable Sheet Steel Used for Automobile Inner and Quter Parts
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Kawasaki Steel has developed various kinds of cold-rolted, hot-rolled and galvannealed sheet steels for automobile inner
and outer parts to reduce car weight. In this paper, process principles and typical mechanical properties of BH (bake
hardenable) steel and an ultra high r-value steel are introduced. An application example of FEM analysis to press forming
is also shown: a simulation of rectangular deep drawing of an ultra high rvalue steel. The effect of 7value on deep drawa-
bility is quantitatively clarified. The newly developed steels combined with new utilization technology and new analysis

tool are expected to contribute to weight reduction and crash worthiness of car body.

1 # F

CO, # AUHIRFIOHL, HIREFERZOBLA» L, APEOR
HERBT 200 EEERCEA»BECHRERELZ- T
30, —F, S, HERREMALIHT I - - —-XDF
F026, REOBHERUUFCEELRE- LTV 50, Th
ILREOEM, HRSHOERNE Ik TH L AEEER 42BN
EHLZERLA-TVE. Ld-T, MIROBMEELIC L - TH
TR OM L EFRERLAMT Z 5 I LR E LT
5, .

THhInGh, vXAVYABLURNEL SEsOERVERO
BWRALHEZATHEN, VH4 oL E4EE L -BBETN.
RN, LIV I A VELE» 52 OEEAAEL T
5, IDEIEREERELT, HAILICL2EBEORRIIES T2
EED#ERE L T OERERORBALEE R T 52,

SEGHEBIIALT, £94 M ET 4 RERETH 20~30% %
HEHTEY, COBRERBHTEETH 3, 74 FFF 408
THEYERMIEOBA IR AE MR, AR, EEnbXTE
OfhizHETE 5, AR E S22 00, BB L USRSz S
FaILdTs, E4+OERENIERHECLI-TEIORE, &
BLVALARL TS, HEAE, FFP, 7208, &MY

*ER11E12H 2 BEBRR A

Nk EDOEROER, BRI ES HIRBRO—{ERFL
BERELBN RO BREEE, BRI TR MES
FTEERAEREWS, &/, ABRAEFORIERE, syl
ETREShIERAE LT, Eic@h-EEhSEnEk
ha, :

Table 1 {212, E& L THMEHIZBR S h - 2@ LEHRIR
EPWTHRELANLE () BERSHRRAEEEE X N O A
AR, AROEREZEFL IS FHE, Nb, Ti & X 0HEbs
TR CHIC K DD RHIL & IR EL 2 F - 28, 8L 7 x5
A FHIZTRAT /44 FERRIC OB EE-HAMEIr LB
dual phase 8, E6IIREA -AFF 4 r 2 FIBAL - BHEMER
TRIP @A &5, —F, BBV r L HUBHA B3 - 0I28
OCHEE 20ppm BT CIREL, X0 RELUERTXETH S
Nb, Tt ZEFFMy 52T, BEFECABEEL MR (IFH:
interstitial atom free ) LRSI TEA, X650, ZOHERE~
—ZCEBERRETRARWL -8 7, SHEMEOSREERKLER
ERTIDY,

g, IHET, TEEEAENTE LTHV ATV AERE S
NI, Ti - BEARE oo U 2 S O MBE SR T8 13
ZERELILNEY,

Table 2 {213 F & LTARBICRISR & W- B aMBE SR O
BUak (i) DRSS ERN L LU0 ARE T,
MRS & 2 RO B EE LA 18E, TORE
RELHMEON—EPEELRRTE LS, L ATBRERED 1 20

_7_.



8 REEIC i - QBN AR I T & 1 B T

Table 1 Line up of cold-rolled sheet steels

s JFS grade o Note
{MPa) (Kawasaki Steel original grade)
JsC270C
J5C270D B-added ultra-low C steel base
J5C270F Excellent press performance
JSC270F ¢e e Press per. ‘ .
270~ 1SC260G Excellent fatigue strength in spot welded joint
(KTUX5) Uitra-high rvalue
Sophisticated texture control with lubricated hot-rolling a-region r—3
JSC270H
JSC340W
340~ JSC340H Nb-added ultra-low C steel, Excellent press performance and BH
JSC340P
JSC370W
870~ JSC370P
JSC390W
390~ 1SC390P
J5C440W
440~ JSC440P
(CHLY440) Dual Phase (a + martensite), Low YR, Excellent press performance
JSC590R
590~ JSC590Y Dual Phase (a + martensite), Low YR, Excellent press performance
(TRIP) Containing retained y with high elongation
780~ JSC780Y
1 f::g: igg?fg{\)(\( Strengthening with martensite and/or bainite, high bendability
Table 2 Line up of hot-rolted sheet steels
TS5 JFS grade ) o Note
(MPFa) (Kawasaki Steel original grade)
270~ JSH270E Available for thin and wide sheet
(KFN3) Excellent press formability with ultra-low C steel
310~ JSH310W
370~ JSH370W -] High accuracy of gauge and shape .
400~ JSH400W - ] Available for thin and wide sheet New hot strip mill
JSH440W - ]
JSH440R
440~ JSH440B
(SAPH440BH) High bake hardenability
JSH490W
490~ JSH490R
JSH490B
JSH540W
JSH540R
540~ JSH540Y Available for thin and wide sheet with excellent elongation
JSH540B
JSH590W
JSH590R
590~ JSH590Y Available for thin and wide sheet with excellent elongation
{RHA550DX) ‘TRIP steel
{RHAS90FG) Ultra-fine microstructure (super HSLA)
JSH780W
JSH780R
780~ JSH780Y
(RHATR0FG) Ultra-fine microstructure {super HSLA)
(RHA780DH) Hybrid dual phase steel, excellent elongation and fatigue proofness
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Table 3 Line up of galvannealed sheet steels

TS FS grade
Substrate (MPa) ! (Iilwasaki Steel original grade) Note
JAC270C
JAC270D :
JAC270E B-added ultra-low C steel base
270~ JACZ70F Excellent press performance
JAC260G Excellent fatigue strength in spot welded joint
JAC270H
(RAKTUX5) Ultra high-r value galvanized sheet steel with KTUX5
JAC340W
340~ JAC340H Nb-added ultrafow C steel, Excellent press performance and BH
Cold-rolled JAC340P rvalue > 2.0
JAC350W
390~ JAC390P
JAC440W
440~ JAC440P
(RACHLY440) Dual Phase (a + martensite), Low YR, Excellent press performance
JACSH90R HSLA with low C steel, excellent weldability
390~ (RACHLYS590) Dual Phase (a + martensite), Low YR, Excellent press performance
780~ (RAAPFCT780)
JAH270C
270~ JAHZ270D
JAH270E
Hot-rolled 2;3-—- ;ﬁj;gg : ;
AH440W - High accuracy of gauge and shape s
440~ :IIAH440Y ! Available for thin and wide sheet | New hot strp mill
490~ JAH490Y
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Table 4 Relation between formability and mechanical properties

Formability Deep Strech- Strech Shape
Mechanica drawing  ability flanging fitting
properties
Yield stress YS ©
Tensile stress TS Fa)
Elengation El (@] @)
nvalue O O O )]
rvalue @) PaN O Py

(Effective~ @ O & — [neffective)
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Continuous Annealing
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Fig. 1 Processing principle of bake-hardening and extra-deep drawing sheet steel

PERML L, MEEEPRORRETIZ NbC & LTER C +155
EHTEL, TORDGMEEICSI 2 EFBSIZEL, ¢,
INARETRS TIXEE C DAV THBRET S 45, TOMBIa
SIEWREIIMATEZ & T—50 NbC # 98 - BEZx ¢,
INEFRETRATIILTES C 2 EERMICHIRT 382
# 0 H BH SRIROBLE AR XM, T OBERERNE & aR
BIZ Fig. 1 (Zm¥e, Cofiitd iz, BEgtrisfimt
5 Z & T TS340MPa ORI HE{LERE D BEEHSIELER
HhaBARE L A,

2.4 BEH

EREEGOMLTTIZE, FOLEDEOE I H6 2Ey MR
BMUEMHEIATVS, TOF, #¥FROBREOLL LS, —4¥
FE PADOEKEETAILIEFE L A, ThEYRTSE
BERATFO—DOBRERTHD P, S, C, Si, Mn % ¥+ SEmyg
LEREHEN —EDEABA S L+ 7 v ABNFAE -+ 2 & 2540
G TV B, FHIHILELZ &7, BEANEORF L Y OE
THETH S SOBERIBETH M, oTEREORILTET
LHL0T, THhoOHBIIRENRIROEE BV TREETS
5. BE@E®EL, FfEts LUEEfgRtonFhizbnTE R
LEELEEINOBIEAETHS CROFBIL D PHEE T
»H5B,

7, KNEBEOMIZ B TIREEM DB R EE RS
SEHhTVER, TheOARy MEEREFEOBEEHMIzO0n
THELZHERE Fig. 29 1557, 242 Thoof@dohszs
B & FIRME L Table 5 10754, ¥ FEOBHEEIL Ti-Nb-B #
ARMOBERERF L - L LBITE D, EREMEFSU LD
B2 TRT. Thid, BRER TR v o DZRER LS
HAZ 2P F v b T o4 b0 2 MMELED, 2O
FIETIREECNSENSELET 3L EFL0h 50y
L, TiNb-B 4 HNEBERZER TR LT 41 baEFaT1 e
M, FABETL L LHEELHKEIE AW L C, Bh
AERRNEAROWALOLEI GRS, X, TiNd HER

NGBS Vol 32 No, 1 2000

ML RIFAFHELR T4, Ti HFINRIEAG B85, -
UL, Ti RT3 HAZ SEOMEIBE CHKELTED | B
MMETFLTWEZ BT LR R DY,

T, ARy P EBRUAOERZRIIBVTE C BORENL
ENI LA NTED, XL LUSREOBEAN L 3E{LEE
THAEhTHS,

HhEEOBRILOFHEL LT, RESIEE - REOMIEL S
LieZ 7y 0 e BRILABII AL AREAB I A S F—53—-F 75
YIREGERAERODH LW, IITHEFEL L TERSER
phE{, FRAOBREESNEI L - FRBIIE SRS LEA
hT0d, REBRCEOTHBABOBEREEOEER NS h
THY, RHOTERE, BEGHEON—HOR EVFEETH 3,
£, T-F-F72roHMOFVARKIIETIE, BEBSL
IREEDIOEG LTS 2BHIC FEM 2 HWERT A2 Ll
%Tﬁb,:ht$Diﬁﬁ&%bﬁ@ﬁﬁﬂ%@é:&ﬁﬁ%a
£d,

BERM Zh T3, BRLUAOBENLESES S L IIEEy
EOMBEME AL, EROWEREHIBKRE A, X 508K
DERELIBNT E DL ELZ RS,

25 HoxEH

RIEDEROER TEER L F B A BA1E, Bl
WO R O REORA LA EELREE LS, BB L LR
WZ2 2N BRIV THMAROE LIREETH S, KN
R BERERY N~ 2L L Cu, PAEML AT EMNARE
EFREARRE IR TED, 5ICFORENEINEREh s8R T
BEMEFEE LS SRS EEE LS, FERICHAEIE
LT, BREHD - EIIRICHEOT, 2 LREELY - & @
ORFRESEELHE S & o v,

LR A RS T A OBEMEMTERY - * TIE T, 8iRG
M TIERBIIGIZIAD, FORIZESEET IS £ 2L
WHTH S, Thabb, 500°C HigOBERI—EHE#ET5 -
ERPARTHE, TOFETIZENT, S0 2EEE0mEs



BRI BN - BB B AR T BT & 0 2 TR 11

Table 5 Chemical compositions and mechanical properties of steels used

Steel C Ti Nb B YS (MPa) TS (MPa) El (%) av. rvalae
ULC (Ti-Nb-B) 0.002 0.03 0.603 0.0004 157 314 48 2.0
ULC (Ti-Nb) 0.003 .03 0.008 — 137 254 ol 19
ULC (Ti) 0.002 0.06 — - 127 284 52 2.1
Low-C 0.040 — — — 176 304 46 1.7
Tensile shear LB, ZDE5 - ARhERERD - EWEORSHEEL S
@ 5000 ks,

g
|

Maximum load (N)
i
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Number of cycles
Cross tension
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200 p—
E L
:
3
=
hY
100 — .
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(D Mo mmm———
a0 =-= O Extralow C steel _
(Ti-Nb)
— O ! Extralow C steel — A
(Ti-Nb-B)
60 -----0 ! Low C steel
i gl i toaad ] b £ b
10* 10 10° 10’

Number of cycles

Fig. 2 Fatigue strength of spot-welded joints: (a) Tensile shear,
{b) Cross tension
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Table 6 Example of mechanical properties of formable sheet steels

YS (MPa) TS (MPa) EL (MPa) rvalue BH (MPa)
270 MPa B-added ULC 147 284 53 21 —
BH 167 294 48 20 40
Ultra-high rvalue 167 294 52 28 —
340 MPa B-added ULC 230 371 42 2.0 -—
BH 235 371 42 2.0 40
380 MPa B-added ULC 257 403 39 1.6 —
Dual phase 200 420 39 1.0 60
440 MPa B-added ULC 310 445 37 1.5 —
Dual phase 267 442 k7 ~1.0 60
BH (bake-hardening): 2% pre-strain 170°C x 20 min aging
Conventional New 0.30 g
process process ‘E‘
Rough ® L
rolling Rough ﬁ 025
Finish rolling £ E
rolling Austenite region gy 0207
w2
B - - 5=
Sﬁ::g Ferrite region g i: o1s F
Annealing 22
- 8 Qg b
5
! 1 ] =
0.05 1.0 2.0 3.0
Fvalue
Fig. 5 Effect of rvalue on the reduction of sheet thickness at
punch shoulder part
ando_m Rolling
onentaion

texture {111} recrystallization texture

Fig. 3 Comparison of mechanism of {111} texture development
in lubricated ferrite rolling process with conventional one

Wall breakage

a breakage

RD: Rolling direction
TD: Transverse direction

Press forming condition
Blank side length: 100 mm
Punch side length: 70 mm
Forming height: 30 mm
YS5:173 MPa
TS: 311 MPa
¢ 0.78 mm
BHF: 19.6 kN

Solver: LS-Dyna

Fig. 4 FEM analysis condition
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Fig. 6 Effect of Ar on equivalent strain on wall part
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