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Aging Characteristics and Formability of Dual Phase Steel Sheet
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Table 1.

Features of the two typical dual phase products of original type.

Type of Product

Type 1 Type 1

Chemistry and Standard Processing
after the Intercritical Annealing

Lower Mn, Ultra Rapid Cooling
Followed by Tempering and Skin-pass

Higher Mn, Rapid Cooling

Ducnhty as Compared to Conventnonal HSLA

Equivalent or Bettter

Superior

7 Beke-Hardenability
(Simulation at 170°C for 20min)

As High as 10kg/mm?

Very Low

HSLA R L THDTRIFTH B S5FETH B,
HITRAB T D BB B L 2 IER B . Te kB Y
100 USE I SERHAER % i U 7o 358 i in TR b R OVBe
WAEAmMEI &R, e Okt b TE B,

ZOFREONTE, HESRRAT 227 v v A8
WA OER L 7 1 VWG ANET O DO X
I 4 Vg ORERBERE, Tt ol XoTI
HAFENTRERL - &2, GM AR L 2 LEBILE T O
ZEbbY, RAADOBEOWE - /v — 7D LEIHE
BEIPAR IR TS, FhoZ 0FRE PO & Uil
DEJ B L2 TIThhTn50W, fels BAMERE % ¥
DR RAESEEMIR D BERNCIIoa T =Y
—EEhBLDTHS.

3, 4 T3 LR O 20T i LA AR o HIHE )
Telldt (B—ox 4 7% Type I ¥7-i3{E Mn REW
Bed & LA, %:@a4%&TweH§tu%Mn%
BmHBL IS ¥EHRELT, TOWEPEETLRFPT

DAL, BERGELZIOBA ORE, It i ik
Lmﬁ6EA@&%®ﬁ&lTﬁ%o%EL£®;5m
LT BE kb TR S,

3. EoEBLLRDM

A AR D BEAD M D THI T Dok X I IR IR
REBUTDOBEIEEIZEALLELKZETHY, BRE
NEFIA L TRABEB LR EHMOCEA L TR Z
ER I OTERTORYE{LE KB H T BEREM OB
CEAHHCL BT ENTEDZ L THS.

PER, BRSO L DOBEDOREFTE DOFRBER LT
B OEROWMEEEDO LA HME LTY 2 Vi (7
I F U VIR IEREMMETH B & L RO BRI
R PEFRRMBDPOFEALTILR TG, &0 TERF
TCEFRRMERE 2 2 + BERE OEHEEREOERLLD
—HEFEL L TELNCEREODLIBRTHHH, O
DML HREFEEDE S, B % 2T 5 KA T OERM
HEIRLETH D EWIEREY HOTi, LichiD
T, HAABSMROBBI Z oR SO A FTREIC L
HBTCKELBEEEXD.

& A TREFRMBEEE LTI T 5 HEILT LK
— N T\ oy, FHAETIE 170°C ¢ 20 min 4L
HA T OB CORRIGH O & SefF it & s
BENRE. T oBE, HE o LTE
SONEXE LUCFHET 2 Ak &, BEOELT LI

BT EEEOMEXE L CEHIET 5 HE D 5. BAIE
LT 2% DOFEEIEEE SN DFEEIE .
ELHLI, B OBEARHTIIEBEDIZEAEER
HELTWIRWESRD D ERERL, & UTHH
¥ ¥ OB ARG AT 2T &L, Table 1 T
Z DX 5 s FHli% LiciBam 2T o Hfghiin It
. LABE DR TR b S B A IS HEIREB O
Akl ouwC 170°C, 20 min OB % jE U CBEfTEi{L
% BT
AEETIX £ Type I OBFE ZORE, FHIY
Type IT OB O TREHZE B O FEREE BN, S bIC
—fE & LR AR O DIpHIrE R & BT DL
Thbhb.
3.1 (& Mn ZROPZERANLTEHSEBILLICES
B S & LEAEFEEY & Tl iz Type I
B, 5o iBrkiiR R R, BRI X B ER
AU ORERED by, BEAELE DB, v
SR ATXUMA TS5, T oz 4 7 OB OR)
NI HFRAR DI LT OBENIBEINY, £
BEFESIC XD THMIHRE IR T 5. TOoREK
SNBHHNCZ & T FTFHCHRNS BREE O Type 11
B DT & O HEE DT DI, AR HRECEH (K
BEAMN) LIcREBTCORBICOWTLERTE T 5,
3-1-1 BEd ELE LsWBET R LN 5502 H
Table 2(a) 1z 0.05C, 0.29Mn D7 4 3 /4 V%

Table 2. Tensile properties for consecutive steps
as applied to 0.05C-0.26Mn cold-rolled Al-killed
steel.

(a) quenching—-skin-pass——aging#*
(b) gquenching——tempering——rskin- pass—raging*
* simulation for paint-baking

.. YP YP TS El
Conditions of samples (kg/mm?) (% ) (kg/mm?) (%)
( As—qucnchcd from 46.9 [} 65.3 18.3
(a) ¢ Aj'ter skln-pass by 196 52.5 0 67.2 16.3
}L After aging at 170°C 50.7 8.6 52.8 28.0
for 20min
/  As-quenched from 46.9 0 65.8 18.3
| 750°C
. Afier tempering at 36.4 5.8 41.7 39.3
(b)} 250°C for |l min
% After skin-pass by 31.9 0 43.3 39.1
1 9
After aging at 41.5 6.0 4.0 35.1

§ 170°C for 20min

(0.8mm, JIS No. 5)
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750°C s kKPR BEA N LICREE, chk 1% REE
ELICRE, RUREEESR 170°C T 20min RezhiL
BLIEEOTERBRT -2 2 RLELLDOTHS.
A% E E ORBCIBRREHBOERINWIE LK
Rk & R3. FBEEET % EMTELT 52, ZoOR
feiz 170°C, 20 min DM % i3 & FfTEkIbriE = 5.
¥l OBEERBRRSHEUBBEIRS., T ORI T
2, AEFEEXBEINVCEER SRR E LS
EDG O TnB. ((b) o 250°C BEd L LOBHE
CHLoEAE RAHZ N TES.) Cofkfkix Fig. 1
CRT IO =TF vy 1+ OBEd & LIRES iRk &
7 =514 MR TORICHPIHICES 7 = 51 F DEkIL
DEELLERTHS. Tl BRABUOHBIL CH»
WA - ASEAROCNAORMYEE LcEREEL DR
5.

=T v 4 PR EE LTV 0 Mo 85 e
BDTHAHW, ki 7 =54 FDEk{bix Mn E2VEWZ
L X A CEBEOHEACIN L THAEENEH
LW EEE L TRILDITHEORE w0,
S ARF SN ET T H D TH S,

3:1-2 BEd & LMKV Type I BlEOsZh2EE)
Table 2 » (b) KRT X 51, 250°C BEOEE (&
EEEAT A ORE LY B\ EER) CHERRIOBRE D
ELxMBL TR X b FERoFMEkbai#T 5
ENRTER, LI, ZOMEIGHE - W~ T v A%
REXESC L RUCERCEOTRY @ L CERMAELE
FHETESZ LDOZOOETHERLREERILT

WA FRROERREEED £ LR LIOIRER T ORER i
600 | T | T x
© Martensite
® FfFerrite
500

400

300

200—

Vickers hardness (load 5g)

100 —

| 1 | { i
0 100 200 300 400 SO0

Tempering temperature (°C)

Heat cycle : Intercritical annealing at 750°C for | min
followed by water-quenching and subsequent tempering
for 1 min.
0.7 mm thick 0. 060 0.36 Mn-0.07 P Al-killed steel.

Fig. 1. Dependence of hardness on tempering

temperature.

BIXEER SO A IRT. ChICTEEES M LR S (6
V& HEE LSO’ EENLERT, ROKRFRICRT
X 51y 10kg/mm?* DFEMFEHILER O TW5. &
AHH (BERMAOEE L BA) »ish OFEEC
PEERTVWBR S b b —FREOFERMES T
Rtk O D EIE D 7o & &M FED D H T B9,
FroBEM S 2000C ¥ CTOHBETO FMFEEC LS
L, —EEICER E LT, ¥ TRAREMUNIERED bhi
WONERIE NI ER T 2 BESH D, R TRAR AT
LD OLNDLEMIZA L Z AR IR T3,
3.2 § Mn 20OMEZSLTEEEEE LILES
228 F E ORBEEAR LTS Type II BEHE L
IR T R T Z LS O RBRC I OTHEID L
NTHBIID. = MITTREOBIL= 1Y y 7 AL =
F A ORERO T OFEFCER LT B C
OEZEYZTTEERCELLLCDTHD EBMEEINT
3 H DM Ms LT O ER i~ OB W1 1 X
DOTEHEREHOVP BT AEERRLZ OMROZ XKL T
?%@&%i&hfbé.ik‘%miéﬁgmﬁmﬁ
RT57 v H—hROBBLHRI T B,
:@ﬂ4f®@ﬁ®ﬁ%$@%%ﬁ%kﬁ«tﬂkb
Tt Krupirzer LOBFEZH B2, Zhit V #&1r
1.4Mn, 0.49Si §f% RS A O #Efchesti 5 1 THBE
LB ElEYH R Licd DT, Table 3ic5—s 0
—xF A L. hi X b & EET—ERRKE L8
AFU 100°C = 4h L LA DWTRIZOWT R
BRI ZE e T, RBRAMUTSEE L Tuniew, L
P o T Z ORI ER CIERYHTHD L2 TENS
5. FpghiRfES 177°C KU 260°C L LicBAR DWW T
B5E, ¥ TBRAMBOCERD DR THRIETO LA D
HORH X BBER2H D, R THRRAMO S BT
HERFEN BB T LDy D, BEFEMAABICK ST S &
Zx bhb&tThs 177°C-200min it DWT R S &,
%ﬁMﬁ®L%@%&6h5ﬁ%@@mL8QMMPG
HORKELEEET LI
Om/o(hk%U12Mn%%WALTﬁt§Aﬁ

Table 3. Increase in flow stress after aging with-
out prestrain for selected times and temperature. -
Type II Product : after P. R. KRUPITZER et al.18)

Aging treatment Increase in flow YPEl
stress .
Temperature Time (kg/mm?) (%)
Room temperature 1 month 0 0
Room temperature 1 year 0 o -
100°C ~ 4n 0 0
177°C 83.0s 0.1 0
165.0s 0.5 0
20.0min 1.8 0.2
260°C 1.5s 0 0
3.0s 0 0
6.0s 1.0 0
15.0s 4.7 0.5

— 35 —



1162 g & i

iy 68 4 (1982) 9=

BT OWTO KIELOBREOHAK S 200°0C LITFToD
(R CI S bt ERhTk Y, Zof
OB E ¥ o AEGHOBMELERR—BE I
D EBbhs,

Krupirzer B3 FERFINL A OWT L BE
LT\w5. ¥T5IRER Y 54 B OB HE T DT
Rak, —HCEWRLENH 1% OBaT FLins ik
CishEmAH b, 177°C-20min OREGHCHT 5 H1L
Btk X% 6kg/mm? ¢, ZhEMIELES ML
RERIG Do 10kg/mm? % L@, ¥ 2% O
BEEX L7582 Th 4 kg/mm? BE DRR)EE
{ED B R T 5.

kB Licx 5, Type II oSt Type I @
B 20T Hle U CBEfTERILBESMEN . F7ohED & LEZET
TNTEWIRIETH b 7e D 3.1 1 OBA O X 5 relsfhik
{EEREEDFEHETH 5.

thboit 3-1 OB LT Mo fahiEnc & &
BIEEEEN B ENEE LICHERTH 5.

5 0 IR AR D HKBEA R LRk DU TP B
EAAIE L, Mn 823853 ¢ - ol ER o CoFEEBL
PR T B ERFENDTNSES,. ZOFEECIZAHEE
BTHETL r HP~OBB R I SRS LT
Wb rtBinna, Table 31ImBHhns X 5l
DR DOBEIBD ThH TN THBENLHELT, W
BECOBRBRIENDNELEDTWELDLHEFE SR
A, K - HI 6 1.5~2.0Mn §f% 800°C 2 H224;
LA DOPEREEN 0~1x107¢ LD TPI T &
BEHEDTAEM2D, LichoT, T TRBNX 5T,
Rl (b % BT B oD I PHAEFEIET X 2o Tis
T ALTREZENMETHS, 1L, FHEEE
BHERESAEWEWS Z DX M FORBOERY K8
BT DTN BH,

3-1-1 OBPA & IIFBHE, o0k 5 LML
DBERTELZZERFLTUL D& A 7OHH Mn %
HBH2 G2 8ES & LIRS 2P & L1920 58
BEELT\ 5, Fic BICR<7 X 5 EE CHAERw
N DB XL B 7 =51 + OELEEF SERT
HHCIEBLTWB EBbhs. Thbi3vwThiiEi
PEft OEEDBAL B CTEBTH 5. Tt UTaiA
ERICEMACOrBHLEE TSI LRIDEELLR
%. fois, Davies |3 Krueitzer 525 7o & [EEE
fefid IR GAKRBEAR LIES T OWTHAEL TV
B0, OB LEMBRILIED R TRLT, ¥
fe—RIC R (L OB KL KrupiTzER LOBEF L DK
ThHH., CHRKBEANC I VEBRCHBE LiichLE
zbhs.

3-3 BRBUEREOMTFEA

Feghh BT 3 BRIETIO EROZN DL

R, ROTHRREBECHBENRDERCAD L5 R

Type 1, IT ORI LIcHRE TH 5102020,

EE Bk Type I okt s Lic BE» b, #
G AR DB LS OFF R TR L 5BR MU
MFZHRE LT £ B2 TWABM, Fig. 2 136 0HE
DOPRDERT — 5 O—FTH BN, H_HOWE (BEA
HEMEGE=AT V41 PRI DELDCEER,
LOEETHD T EICHETR) NEWERE, ¥ eAiEns
KE T EBERABUENFT AR rKE. T2 T
WETNEZ L, FoARA—5 1 F OFA AR
RaWd & MHDEE MT &5 TETHS, hix
Type I ofIFOREREIRY AT HEC L LS
WEND [=r7 v9 4 FEBE XD TAER L 7w BiE
B2 5 B IC D OFFFE D20 1RRER AR AT ST
BHAETDDONBLEETIRILWI EERLTWS, 2Ok
51, WHEZHIEETHZ L ThBENEHOBED
TRY)FEEDOKE LTOERY D, TOWX LEMD
B OBECIEUTHRE 5 LEEY EE B EEENHER
ThhiE, 7o 2 EAVERE SR T THRBRREABTD
W — IR b b0 L Bbh 3.
3-¢4 EEEM

THEAHOFLEW X % B SO MBI R IR AL O [E)
BEOBEICHEIN, TOBENKE D LRI E
AT bnEBins. Table 3 R INI-MHENLF
DERNTH5.

K& I BeAH LA TR B B BE OB R AR T 1 X — i
T e AR SO R S 5999, LycpioT, Zo
BRIV EAL CTEMLOEE OBREYHL, BEHMEDE
R X DBRAMPOIMGIFRARE EFOBEECH B L%
Zbhd. ZOXS5 R EERT S DB GEdho
BEBECEDOHZ - LEE L. Typel 0Bl RoE4A,
BEAELRE: MR FoFEE C Btk FEL, 10 kg/mm?
DL A AT 5 7o 11249 30 ppm OEHF AN HE
THBZ EPRINT B, Type Il BB DOEEIT
EE CELERD T LMD = R LEEAME

Quemhing’J
temperatu
—0O- 850°C
—O- 800°C
4 750°C
-®- 600°C
(Pearlite)

(%)

-

YPEI,

-

30 40
Second phase volume fraction (%)
Low C-low Mn capped stee! water-quenched and tempered
at 300°C for 1 min followed by skin-pass.
Fig. 2. Influence of volume-fraction and hardness

of second phase on yield point elongation after the
aging at 38°C for 30 days.
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. Solute C Yield Point
Experimental step (ppm) (Kg/mm?)
0 IIO 3[0 35 40 45 50
T T I
As skin-passed ] ]
After the baking
(170°C for 20min.) P ]
(a)
After the 2nd skin pass ;:] ]
After the 2nd baking h
(170°C for 20min.) !
As skin-passed 1 |
After aging
at 200°C for 1hr — )
(b)
After the 2nd skin pass [] 1
After the baking u|
. I
(170°C for 20min.) \ . ; t |

Cold rolled 0.06C -0.32 Al-killed steel annealed at 800°C for 1 min, water-quenched and subsequently

tempered at 250°C for 1 min.

Fig. 3. Change in solute C and yield point after each step of consecutive skinpass and subsequent aging.

WEERE & T 5,

FEE ST F ST 5 CORBEVEHRS 72D
i Type I oG —BRIMEREL, B IR %R
HBEMEL, &5ic 170°C-20 min OFEfFAE% i L TH
HEEEE L BRI R BITE L. Fig. 3 i3z of5R%m
Lz DT, (a) 1XE—BORGNEY MU LR L
{ 170°C-20min & Lica, (b) i Beft e &
D EEERRO 200°0C-1h L L-BATHD. HNRE
B WThoSa b H—RoBSUBTEICES L,
Iz & A FBEIE Uiy, &2 A0 () oBEIREER
BEALEEL F OB S RKE MR I D, Tabb, &AL
LOMAEBC I2TRRAF—27 -7 EFEF LR
& ot CETFMAKROFHEELE & B AUBT X >THY
CEI OTHB. ZHITE—B B DR AEIC X O THE
B OB SO HIE 2 ST A EET ¥ TR EE
L C EF», LEBOREREES £oROFEMAEC
HLTESEEHOTWBZELRTHOTHY, BRA
O DEFIC DT DIEE L= & ¥ — 2% 26~30 keal/
mol & Cofkkicsi+2EX &L, RhLé COMElE
BT A ECEEE S XSHIELTVL W, =%
(b) DBEIL B OPET AT X HFEEEIT I HT
NTHD., COFEREMOEENHLHBEL ETi3
E CEFILHILPHRMEILCH T A TEMER K S & 2R
LTuw 5.

4. EEHEMEEMEM

HEESMRI RS D TERTWA WS Z L
BLIFLITEbhn. %< ONEN EHAHGMC AN
L Oo0LFER DL RBEH BN HLRIEN T LI

Table 4. Formability as compared to the con-
ventional HSLA of same strength level.

Type II Product : made with reference to the experimental
results of J. H. BUCHER et al.25)

Formability Status as compared to HSLA
Deep drawability Equivalent
Stretchability Superior

StretchAﬂangenbi]ilty Worse

L dw

&= AT Table 4 BB A &, ZHUREE
a4 A BEE L CE R Type I 0BG
AT D BucHErR BOHEN kBETRENIRBE
ETHDHER O, BEOYHLEROMHT 5 v ok F—
B VUL ORERE HSLA L HBLICRERTHS. &
OEITIEHELNCHENR TS EEXHDITEY H LD
ZTHH, TRy OWTRELE, 75 v olcE
DT LALEPTILHDTHS.

oz A4 7OYRITEORHRER IS S h, XKET—
BEEGH O AT KB EFRT3 &R KA LR
M, b5 FADRHIEEY B T s B0tk
whha, FORRO—MME7 5 v v OB
Hotc LTS,

FoficRs X5, RV OMDOEEND
D, EEEMSMEIELUTHEEF TRV, ERRRC
BEABME S s boDF Pl L D00
O BRDRRBZATHESHIEEIERELTELZ
ERNETHAD.

Z DE L Table 4 B EI R b, HKD M,
EOHULEROH? 5 v ol 288K T O
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DEREBLELTHS.
4-1 RO

Table 4 WZ7R Uic i BARHIFEIER © = 4 L% BRI
LAHEROWTOLDTHS. AHEEESSNE LT
BRSOV T ORMERAE LT AE LK LIS D
DBHBHRY, OB a=srh ., FEITESHE
BAL Lich o8 AETH S,

IR DIRE D IR E D T B HF I NS & E AL
HORTG5BA, BIEMEL, Mn 308\ AR Y
BB LIHEC B r xS 35 2 L EET
HBD, FFE Table 4 wXFJn L7 BucHErR B DIEEAIT
b, FRLEORBROEASL? OHBERL 7 {Hi20.88
EThHs., Thit7 =54 F BHOBAHEBEEHD
TR LTCEFIR S 4 TR RS e T, KT
BB I B, BoHOBEFEL X 2T H sy S
icHRThH 5.

Fig. 4 @A HGME O » 5 <A 7 vy o
F AR DR B A T B T DI EE BT O L R
D—IMTH B, FEHELTCXRAEOEL VBT LI 1
FERESIER A Fv,, ThE —B.3, FEEM L BEY
800°C whn#h L & DIREN D KEAR LIS 0%
fo. ROFENIFED & LEE (RFRM : lmin), R
DVFIE=ATF v A+ 7 254 FOBEHRTHS.
ZORUIHEZADEL T2 B3 & r [HAMEL 7B 2 L &R
LTkbh, FHBEEHEIRIT—Z r B2 HRELT
WBEELDINETOED ) 252 DBAITITRRT
Lig\WZ &% F50kT5 (BAMEMKIIED & LEMFDHY
R ERER). RTEHInREORKE, Hes
B OE M EER OB e of, KRR, i
EEEBLTH r{ECEEY 52 5 EAEHEIRTE
D, BEHRIRKE VL EE, HEERRINE VIR E
ETT5. FhihboBERI~2 aisthHdmo
B HOBED DT = 5 4 BTG RD E
DGR L ZT DREREE LTHMTE B, s a
HeEz iy, EREOIEHSOLTOER, Elid+<b

T T L 1 I |
1.6 . -
1.5
')
1.5} L7/_.
- 19 ~*
(ae .
. 2.2
1.4 2‘7 P FeM |
c29
0
1.3 s L 1 1 )\ '

200 300 400 500 600 700
Tempering temperature (°C)

Figures above the marks : Hardness ratio of martensite

and ferrite.

0.05 C-0.06 Si-0.30 Mn Al-killed steel.
Fig: 4. Dependence of mean r-value on tempering
temperature after the water-quenching frem 800°C.

FAEUCHNEZTTBEHET - 514 F OB E LILRR
D LEHET B EBPLRS, HHILARLISEOD
T Ffohiic by,

EROMRL SHEHMMBIRO & it 3T 5D
RET7 254 P HOLEAHEEF I LV 24 7DL D
CLTEL ZENKYT, RICE_HOWREEY 7252
rEETEBC L S5HMT A LB THD LS S
EMEXD.

7 =74 rOEAEKYHET A D DO—DDHE
12 Fig. 4 OB OBICH &0 L R, —i
BT OREFERNT S 3L 0 THRER DKL b M D)7
REGEDTe y FRHET O ETHD. Z0BE, 88
Mo BB 5N A5 2 EAFE LWV, Ln
LR DERFESI CRTEOHEAABREY B X 5 35318
LEZ D E, ZHE» LOREEE R G LT Mn 0k
ELBEENRREDTLBDT®, Typell Fi13 Type
I & Type Il Oy OHAIE Mo D {ER
RIS BrnbR bERofliurginTsFEs
LT, -ty FHESIC X 2RI O BB % 24h [
LT rERIE A vE A PO RELERD D
EDZRIITHD T ERME LT\ 590,

Type 1 DJ5s CraAHIEEE 2 IEH iy D CHEER
BE LT ERDOHIE L ZT W EEDTI. X
LT Z OREF LS » FHERIC & B FIEABE % Fiv7e
Th, vy PAMY » 71T EHREE Y % EHT
BEVHFR LR OO 2B L 5 FROE
ZEhET BHEC ESEBNS HBTE B, BEHALI
0.04C, 0.21Mn $f%FEh & LC LRIk T Type I
DOBEHEMMO r % 1.6BEF CEDED LERL
7‘:38)39).

FoHOREBE FIET ST EORMAF L LTAREDS
CIHMEND B, THIXFHAEE LT, +5Ee
AT ORBRAIREEM L, BEHEEY s v r -2 LT
Z72FAr  R=F At - RAT VYA LR BESE
ke Licb 0T, LRERMOIGEY~—F1 FZL
ez el b, r{EOELERDBICHL D LITRD
LTwa,

4.2 FROHLHE

Table 4 IR L7 X 51, Type Il O AEGEH
BREIHLEFABDTERTWAZ LERECHS. =
MG L TR Y LABROBEB LA —BCHm LY
FTUWHREISHER ST 52 7, —Hhl, 20
DR THERIE BN E I FERY DB EDE L DAE
WL 2>THEINTE Y, MIELEROT KM
EDFMAHR LR T BN,

O UHEREARNCRZELO—FESMERCEYETR
LHEGH EHEST ODhBHETHD. COBEKRTHT
BLER IR —RAUPEELRETHBD, BRE
b Zhicfbh B2 BEAREE LTHEL D BEME

— 38 —



EHEOEAMRIL 2’2t - REH 1165

{, HAEABBOMENHEC IS BvWbhs, £ T
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01 1
Number of martensite particles per ferrite grain

0.05 C-0.32 Mn cold-rolled Al-killed steel : Microstructure
were varied by pre-treatments : final heat treatment was
an intercritical annearing at 800°C for 1min followed
by water-quenching and subsequent tempering at 300°C
for 1 min.

Fig. 5. Relation between number of martensite
particles per ferrite grain and yield ratio.
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Photo. 1 13 0.5Mn 38> L7 Type I S5 2.1
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A : Type 1 product, B : Type 1I product
Photo. 1. Feature of crack propagation in the vi-
cinity of hole edge in hole-expansion test.
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YOMERH LTS > ADIEAZRIEILTWA. LT
BEE D BT U X VR &5 DERAR X .
ABECIXT7 =51 F =7 vy A4 rBoOESEESR
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SVYCHNRBITRI EERD, 7254 _—=F g -
AT A P ROBEBAMED T vAD LR
TS EEL B EEFRELT VA, b7 254 b
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A : Type I product, B : Type II product
Photo. 2. Indentations on ferrite matrix and mar—
tensite for hardness measurement.
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Table 5. Influence of banded structure and inclusion shape control on bend tests and hole

expansion tests.

Hot rolled Type II Products: after Y. J. PARK et al., with some abbreviation.

* corrected to 3.0mm thickness

Producer Continuous

Inclusion shape control

Limiting hole

Type of steel martensite Zero-T bend test expansion
code bands ? Method Adequate? (%)*
A No REM Yes Passed 45.4
A No Zr Yes Passed 27.0
A Yes Zr No Failed 26.5
A No Zr No Failed 27.1
Heat-treated A Yes Zr Yes Failed 25.8
A Yes REM Yes Failed 24.3
A Yes Zr No Failed 28.0
B Yes R EM No Failed 13.5
] Yes None No Failed 7.1
D No REM Yes Passed 34.8
D No REM No Failed 30.3
E No REM Yes Passed 53.1
As-rolled G No REM Yes Passed 42.0
G No REM Yes Passed 28.9
F No 0.004% S No Failed 20.3
J No 0.006% S No Failed 10.5
2 Mn ROBEASEAGECK T LiE L BRams 3 &

BENBD, Ok EkbET 7 VO EDTE
%'Cb 550)51).
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