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Effects of Retained Austenite on Formabilities of High Strength
Sheet Steels -
Osamu MATSUMURA, Yasuharu SAKUMA, Yoshio ISHII and Zhao JINFU
Synopsis :

Effects of retained austenite on press-formabilities were investigated, using autempered 0.4C-Si-1.2Mn
sheet steels with high tensile strength more than 100 kgf/ mm?.

The résults showed plausible relationships between formabilities and initial fraction of retained austenite
(Vyo)- 'As Vy, increased, height of stretch forming increased linearly to the maximum at 0.2 V, , and
bendability as well as hole expandability of mechanically grinded hole were gradually improved to the
best at 0.15~0.2 Vy . On the other hand, hole expandability of punched hole decreased slightly in less
than 0.15~0.2 V,, with Vy  increasing. More than 0.2 or 0.15~0.2V, , all of these formabilities

decreased extraordinarily.

It was concluded that these effects of retained austenite on pressformabilities can be clearly understood
in terms of V,, and k:a rate constant relating rate of deformation-induced transformation with uniaxial
tensile strain, as a parameter showing stability of retained austenite in press-forming.

Key words : high strength cold rolled sheet steel; retained austenite; TRIP; deformation-induced
transformation ; stretch forming; minimum bending radius ; hole expanding ratio; formability ; austempering.
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Table 1 IZLZH G 2Ry M % #ME (3.5mm E) B
LUOBE (1.4mm JE) L7, Fig. 1 1R 8OE%
Tol:. SIEBIUF—2F v X—BRE (T,), I
M () EERBILITED, V, BXE 7, oW
MY LREMSEARLLMAMEE . CERE2EZ
TSI BELE RO EMEE L X0 kg% % 8
i, Lad Vy SMIICHT2LEMEELH0T
HrH. MR (T)), B () I2owTit, F
RABRICL LS &8 Bl, B2, B3 L bERMICT 25
A MR A0% BEE 25 L) IRAT.

i o — 85 |RIEYE, HEFEBL -5

IN— LR % Table 2 (2/R¥. 5aREAERH 12 L HAl
(B2 ERFICTFAT) JIS5 5 4 4 7, B18REE &
10mm/min & U, 84 O — 85 5R4 M0 . BKBE
(YP), 5I5R%E (TS), El, El, 8 L UBBRLERE
() & RDI. X BEIEICLY V, w3k, #FE
R - RFEMBEBRED L0754 & (V,),
NAF AR (Vg) B8RPV, +<VF 4418
(Vi) 2RD2. Vi, 1, EREE-EF M TR
70 Vygt+ Vigy & X BIEFECHA V,, LOEBXY
—IREEBELITVIHE L 7.

HATOMET I L hiL 0.4C-Si-1.2Mn OB L, +—
R F v 28— % 375~400°C TH7» 72 & 125 |BERRE & {d
O (TSX El,) TR ENDLHEE-LME/NT o 2 Ht
BROLEND. Lt T7V ABRBEROBE R EIC
Table 2 # 375°C # & UF 400°C TO* — X 5 ¥ 1¢— L
B (BEIOb D) 2FEH L. Thbix Vy, 470~
0.25 (0~25%), Va, #%0.10 LL'F, V, 250.30~0.50,

Table 1. Chemical composition (wt% ).
Vg %% 0.30~0.60 T TS L ~NLix 100~115 kgf/mm? &
Steel C Si Mn P S Sol. Al T.N i . . . R Co_ .
B I L 1B g e s L e (*th 1o et
0. 460 1. : . . : o . )
B | 035 1080 1200 S0:00% SO-0010 9042 O-00ee WHBCTHLREDOH SO (YED : TS> 115 kgf/mm?),
B XU 425°C BB (R2E)) 120w T, B LE
lnt%g;ilgécal
TTxy, e
Ff T Ac - . - :
100C/ s steel | T)(C) | t)(min) | T2 (C) {ta(min)
Austemper ing B1 770 375 1
TyXty 2
\AC B2 | 790 5 400 5
Salt bath 15 . .
B3 810 425 40 Fig. 1. Sample preparation.

Table 2. Mechanical properties and stuctures of specimens.

Steel | YP(kgf/mm?) TS(kgf/mm?) El(%) El,(%) & Vy Xray ~ VaO.M. VBO.M.  VyO.M.  Ty(°C) t(min)
*B1-1 70.9 122.7 25.3 20.1 0.42 0.231 0.33 0.44 0.03 400 1
B1-2 66.4 109.8 30.6 24.3 0.82 0.213 — - — 400 2
Bi1-3 74.5 102.3 30.0 21.6 0.99 0.155 0.37 0.50 0.00 400 5
Bl-4 77.2 102.2 20.3 12.6 0.97 0.070 0.44 0.53 0.00 400 15
B1-5 86.4 102.3 15.5 9.2 0.92 0.007 — — — 400 40
B1-6 78.9 115.0 26.0 19.0 0.87 0.179 0.41 0.42 0.00 375 5
B1-7 83.7 107.6 23.8 15.0 0.96 0.128 0.32 0.52 0.00 375 15
«,B18 86.6 108.8 18.6 11.2 1.07 0.063 — — — 375 40
’B2-1 53.6 99.4 29.3 22.2 0.73 0.144 0.38 0.43 0.02 425 1
*B2-2 77.9 134.6 23.4 18.2 0.40 0.215 0.42 0.26 0.09 400 1
B2-3 71.7 114.8 30.7 23.8 0.74 0.232 0.40 0.38 0.00 400 2
B2-4 75.1 105.5 34.5 26.6 0.89 0.197 0.36 0.41 0.00 400 5
B2-5 79.1 103.9 27.7 19.4 0.92 0.141 0.38 0.47 0.00 400 15
B2-6 86.9 106.1 16.8 9.9 0.88 0.032 0.40 0.57 0.00 400 40
B2-7 85.4 109.4 29.0 22.5 1.00 0.165 0.41 0.44 0.00 375 15
B2-8 86.4 108.8 26.5 16.3 1.00 0.135 — — — 375 40
*2p3-1 51.9 108.0 28.1 22.3 0.51 0.251 0.47 0.27 <0.02 425 1
*2B3-2 64.7 99.6 28.3 21.8 0.87 0.158 0.47 0.34 0.00 425 15
B3-3 71.7 138.7 18.8 17.2 0.32 0.226 0.50 0.23 0.00 400 1
B3-4 69.3 110.7 35.5 29.0 0.73 0.234 0.47 0.32 0.00 400 5
B3-5 76.3 106.0 38.0 31.0 0.94 0.216 0.48 0.31 0.00 400 15
LB3-6 77.9 106.7 33.4 26.1 0.93 0.187 — — — 400 40
B3-7 79.7 124.3 28.7 22.0 0.76 0.220 — — - 375 5
B3-8 87.8 114.7 31.3 23.6 0.90 0.191 — — — 375 15

No marks : Austempered at 375°C and 400°C with TS of 100~115 kgf/mm?

: Austempered at 375°C and 400°C with TS>115 kgf/mm?
*2. Austempered at 425°C
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** . Steels austempered at 425°C
% : Commercially produced steels consisting of ferrite and bainite
with TS of about 100 kgf/mm?

Fig. 2. Relation between initial volume fraction of
retained austenite ( V,,) and formabilities : (a) H;
forming height, (b) R,.;,; minimum bending radius,
(¢) Ay; hole expanding ratio of mechanically
grinded hole, Ap; hole expanding ratio of punched
hole, using 0.4C-Si-1.2Mn steels intercritically
annealed and austempered at 375°C and 400°C with
TS of 100~115 kgf/mm?.
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MaTsumura 5 7% 13— 2 F ¥ 28— L 72 0.4C-1.5Si-
0.8Mn SO —#h5[3E O BT B El, 3 7-1& TSX EI,
(El, £7:13& TSXElL THHE) oML 7, i2&%
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—dV,/de= kV72 ....................................... (1)
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L s Y,
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bBH. —F, 31EHTHNIALZLIIC, Hiz—#@5ERY T
Bohsd ElL (El, THE) LITITEBICHIET 5.
L7zhSo T—#5R 0 © k 508 "8 (5h) K
KT COREMFMEEL LTERALTO RS ZF 1CR
bidh, UEOREHEICTALDIRDOL ) hERE
1o 7.

M B2 LIZIFF LS OME MY, 375°C X 5 min ®
F—RAF N EER LAY T4 TP — 2
VEft L7tk Fig. 3 FIRT 7V AR %17 72,
R FIEE GRO-5I5R0) BXU7 5 V8 (515
D-HE#E) L DHRAILL 223808 (20 mm X 20 mm) 1220
TXHITEY V), 2Kko, TV AFHBORY T4
TFEELOMEES e, =(2/3-Te2) V2 %3k
7z, #R% Fig. 3IIRT. ThXY ¢, AV,
MIFRERE Z#HREBICEBVThL—MEEY (L5
) LFFECHETETTB L, 2E)A(1)T e
%o, TEIMANTIZEFEL kOfETERENDI L
oA, —HMIFEEROTEANREFEICO VT,
400°C X Smin LB L 7288 % F Vv — 8515 Y (2 X DA~

blank size
340%x400x 1.4
0.20
N
20%X20 for Xray
.\%? measurement
® 4
> & b
4610,
0.10 ®
.\.~
uniaxial
tensile test
0
0 0.10 0.20
feq
Fig. 3. Relation between volume fraction of

retained austenite (V,) and equivalent strain
(&) compared with biaxial stress forming and
uniaxial tensile streching. Austempered 0.36 C-
1.5Si-1.2 Mn steel held at 375°C for 5min with
TS : 95.1 kgf/mm? and E/, : 31.5%.
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74ER% Fig 4 2R 7. ThEXDMIFELEL EA
& D B4% 13 Longitudinal, Diagonal, Transverse = 77 A
TIHEALERIEL, LK THONLSE EDED
EBIMECTELEEL LTI, UELS, TV AK
FEomLFREEIT T2 7, OLERFMERE L L
T, —#BIRY (L HM) THOKD EEFALTH L
CITERE X 2 LK L 72,
4-2 HEHBO V,, LV &k

Table 2 X D55, A—AT N —MBORLBH L
SHOMHME B IR TN A O—B5REA T H T
2 kEFROLEDY, BMHAFME EL V,, TRRLLOD
Fig. 5 TH 5.

375°C, 400°C TH— A F » /78— L /-4 (Table 2
THENB LU kED) i, Vy, %% 0.15~0.20 D& EIZEk

O Longitudinal
/\ Diagonal
<> Transverse

0.20

! 1 1
0.10

€

0.20

Fig. 4. Relation between volume fraction of re-
tained austenite (V,) and uniaxial tensile strain
(€). Austempered 0.36C-1.5Si-1.2Mn steel held
at 400°C for 5min with TS : 85.0 kgf/mm? and E/, :
33.6%.

D/MEE AT BRCF RO FEIER (LT HIRER & 5
TIRFTNTEHEETR V) FEDNE B ITT—FHIC
E% A, TS115kegf/mm? 2 BZ 5 4 6] (* EN) EF-—
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IhSidA— 2T oS — AR EE & T L RIS HH
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B. 425°C LEED 261 (**) ik, F— V,, T k37
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MBI & X B A HREBICE T A 2 LRI S NG,
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BEOELERBMLTEDL LD LEDLILT,

Fig. 5 O (V,,, k) TET 2 SWHHIHET HH
BHbHViz 7L ABAEEOE % 2 05U LEMEMR
AL, ZOMER V,, BEU k &L OBRTIRET
X%. Blzid Table 2 X W3R/ TSXEL % Vo, k
LOBMRTRLADM Fig. 6 Thh. 7, HEHVIEL,
PORERIIE TSX EL BKEVEWV) EMOMRA?
VHER S 7.

4-3 UL V,, HLU k EORR

Fig. 2 KBV TKHH L REICTH V, B HEL,
Lrbiil V,, BRI TRLSL Z EErRTEh
1A EOBHETRHTH 72, TRAHR V, OATE
kPR ERTHAILICKNFHPTES.

Fig. 7(a) W HE V, BXU k L OBFRERT. ¥
Lw HLNV e (R OE 26, HiZ V,,
BT BICOBMUREL, V) #REI(HP2 kD
IN(RSE) %% Vy 50.20 TROLEWV I EHP5.

T2 st RO ED ORRT SO ORRIELL LT, BELT
2 Fig. 5 WRAHOBRS, RELESBLURAFTRLTBVA.
ROE (Vyg X) 2 OLEMICED > TH— AT 2 8=HHEATEY,
NS Si# (1.2~2.0%), B (375, 400°C) (2 & DAFIRFERN
THLS2V 7 b5 ThbbINL S RE&MEOE(I, FIKEE
OHEEAHbD TR BICHNB LT E LTOAEET Y.

T.(C)| B1 B2 B3

25 | 0 & O

400 o A O

. » 375 o A o T
g 100 A A xx _—
g - \\40\ \ S G ‘<£’* 0/ Fig. 5. Steels represented in terms of
{; 501 \\'\OIE_ \\\ ) 14*’5 ) // fraction of retained austenite (V) and a
3 — S Tme o g ® *"° A 5 / stability parameter of retained austenite
o B N .’15 o "1:;9 (k). Steels austempered at 375°C and
5"4 20k \\3?\'5_—-"5 ---- N 400°C (no marks and *) are all in area
T between two dotted lines, while any
! ! ! l ! L steels austempered at 425°C (**) are not.
0.10 0.20 0.30 Numbers attached to symbols show
Vo holding time of austempering.
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Z DG TS X El, (Fig. 6) & & &< —%L, §
WK AS TRIP iR 2 O EICHER L2RETS
A WA, Fig. 7(b), Fig. 7(c) 2 Rum & Ay
IZ2WTERER V, BEU kEOBRERT. oh
SO HOBELRL2Y, V, b k b3k
SVWHBRIFTHL., L2 LEEROEE»SHWT 2

® @ TSXEl. =4000 @ : = 2500
o = 3500 O = 2000
Q: =3000 @ : < 2000
i 100 &*/@ggoo
s = 3500
AN " / x 7
> 60 7. /
> - O /
3 i 673 O412000
_ O Ore’
Jo20 o O
L 1 ! L 1
0.10 0.20 0.30
Vro

Fig. 6. Effect of fraction of retained austenite
(Vy,) and the stability parameter (k) on TSX El,
(kgf/mm?+%). The marks (*, **) are the same
as in Table 2.

Q : H=410mm

® : H=39.0mm

@ : H=37.0mm

@ : H<37.0mm
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w -
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y o 20F
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v 50:
20+
! 1 1 i 1 1
0.10 0.20 0.30
V7o

EVThY kT HRGEIRS, V,, DRI
HINKELLEW, LTINS DEE I LT,
k& CEBIZGNEL DD Vy i HOBE LD R RL
LHIINT P AER70.15~0.20 FRENZ T L.
Fig 7(d) K Ap & V,  BEU k L OBFRERT. A
1, Rpw ® MR V), kOVTRLNSHHE
HTHoHA, TNLERBLTV, CKFETHEAY
NEOKE V. Ap ixt LT 7, DI S 5 I FF
THDHH, TRTOLRELT IV BA»RF % B
TEBLWVLD.

ZNHE I Fig 2 EBHT V, ORBMEASETLE
it Fig. 7 XD ESICEBRINDAH, 265 IC8F D
B (FRME) LE, DTTo V, KEHEOERED
Fig. 7 OWIREBROME, SRMOME, HESEH»S
HBETESL, ThEEAMISRLAELDH Fig. 8 TH
%. Fig. 8(a) i Fig. 70— (HB XU Ay) *HEF
L7:%®, Fig. 8(b) it Fig. 8(a) OHIRFHICIH - T
(Vy,, k) #FALS RO H, Ay 2t L, V,,
P LTEEZBELELDTHS. Fig. 8(b) i Fig.
8(a) DEBMOT) & H O %235 % MWL L THeb %
L% RTH, HAMIC Fig. 20 HBLU Ay ORTH

100

50

T T 1 T iTIrT

20

100

T 1T T 1Tl

20

(a) H:Forming height (b) R, : Minimum bending radius (c) Ap: Hole expanding ratio of mechanically grinded hole

(d) Ap: hole expanding ratio of punched hole

The marks (*, **) are the same as in Table 2.

Fig. 7. Effects of fraction of retained austenite (V) and the stability parameter (k) on

formabilities.
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Fig. 8. Schematic view showing (a) effects of V,,
and k on formabilities, reduced to (b) the plausible
relationships between formabilities and V, as in
Fig. 2. )

ELCHBLTYA, H Ay RS Rum, Ap 1272
WTHELEBRICRTIENTESL, Do X,
Fig. 2 TROOL N KWL L V), L OFEHM 2B
iz, V, O&%6F ELEETIHBETE S,

e BARP CHIRERONESLEE 7, CIREDE
LCHBLTWRI OO X)L E A+ —
AT vS— MBI, SHIZ kIHFEETS CIRE
DANORTOEELEHRTE 561218, 7V AR
P BXET 7, OREE V,, L CRETEY LD
HETHAH. LErLIDOKEE—KEF2< CRE
DEREEIZIBERE D L. CREEUNORTFORE
DIRAL AR HBIRICB VT, F3—KiEsdH Ly
b B BLZAE S R B LIS 5 R Rl FEE &
LTHATHA .

4-4 BB 7y EEUHMEOT L AR H

TRIP #% & V,, 25K22 k253 EROHR
2 RETHLOTHY, REBBRIZOHRERLAD
WCIEHTCEARETH D, RIEEIZTTh <HIIFRK
%, CIEIRHLTEEZ L CHIR S AT £ TH R
DEZFHN kP THIESEr HETS. ik
INSHDOEETH TRIP #1E 552 BEHVTw5E 2
EERTRIET S,

Y, EECHMWOERIC Y 2o T, RIEEF O
B E RBRIG A U A0 dTH & AL S O EE R 2 /MR
Ik 5 2 EHEEhD. ZOBROREN—213 7, D
REILORIE, 2D kEVIICHRCHSCTE

LHhEVIHILHD. KICHFS T HHE 21 Ma®20, ki
£ RO RE LoFER T OBRELREO
HO%525EE2605.

5 #& B

TR LA — A5 v ot— WL L 72 0.4C-Si-
L2Mn iz T 7V AR TIc B LiEd 7, ORE
ERNRIAERLT OB L A,

(1)7 v AR ER V,, OA TR LERTS
B BRIPEE V, B CEBMICE ET BV, 2F
0.20 # Bz % L HLT 5. MM B X UEIHI LT
iV, AT oA o N A V), 5 0.15~
0.20 8Bz %5 %L 5. TKERIWTHR V), 28
TEHmLICHILL V, #70.15~0.20 2 8BR 5 L 28U
HLT 5.

(2) B (1)D &I Vo (Sl d L < ERF &
PHEL, RfE (BRE) DLelTFeT v, 1o
THREMOERNTEL, T IROAEPAEEICLD
ENENELBEEW, V,, 23Tk <y, OMLIEK
THLERTRTRIE (k) bEET L EIZLOHEB
T&%. %B k3—8WIRVEOMIFREERLE
AEBROTAEEERTH .

Bb I, KEOFITEH I D ERELHEBT % i
72\ 72T B AR RS (AR ) 5 B AT 7R BT i K ER P =,
RRE AB5, FEREY > 7 —E GAREICHE
HrbEHOFTEERLET.

Appendix
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Fig. A. Variation of —dV,/de with k and V; at
e=0.25. Dotted lines show fraction of un-
transformed retained austenite (V) at ¢ =0.25.
Austempered 0.4C-1.55Si-0.8Mn steel held at
400°C for 1.5 min (O), 3min (A), 6min (v), 15
min (), 30 min ((J) and dual phase steel ()7
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