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Deformation-Induced Martensitic Transformation in Type 304 Stainless
Steel during Cold Upsetting

Kazunari SHINAGAWA, Hiroyuki NISHIKAWA, Takashi [SHIKAWA and Yuzo Hosol

Synopsis :

Temperature dependence of deformation-induced martensitic transformation in type 304 stainless steel is
investigated by homogeneous compressive test which is carried out over large strain in the temperature
range from 20 to 100°C. The results obtained for the volume fraction of martensite wvs. plastic strain
relationship at each temperature are formularized as a simple expression in order to develop a numerical
simulation of martensitic transformation progress during cold upsetting. Distribution of martensite in
specimens upset on hydraulic press or mechanical press is investigated by a coupled usage of magnetic
measurement and X-ray diffraction. While the distribution profile of martensite volume fraction is rather
clear in the specimens upset on hydraulic press because of inhomogeneous deformation, that found in speci-
mens upset on mechanical press is somewhat vague due to temperature rise. Amount of deformation-
induced martensitic transformation during cold upsetting is calculated by a simulation on the basis of strain
and temperature distribution obtained by a coupled analysis of Finite Element Method (FEM) and Finite
Difference Method (FDM). As for upsetting on hydraulic press the calculated result is smaller than the
experimental result under the general complex deformation condition, however the distribution pattern looks
common to both.

Key words : deformation-induced martensitic transformation; cold upsetting; stainless steel; numerical
analysis.
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Table 1. Chemical composition of material used (wt%v).

C Si Mn P S Ni Cr Cu Mo N
0.045 0.35 1.06 0.029 0.007 9.23 18.13 0.21 0.17 0.0381
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Fig. 1.

Specimens for magnetic measurement.
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Fig. 2. Calibration line for saturation magnetiza-
tion vs. martensite content by X-ray diffraction.
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Fig. 3. Martensite content vs. compressive true
plastic strain at each temperature.
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Fig. 4. Measured distributions of martensite (%)
in the specimen upset on (a) hydraulic press and

(b) mechanical press (Reduction in height e=
48%).
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Fig. 5. Mesh for FEM and FDM.
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Fig. 6. Temperature dependence of
rameter in the expression (10) or (11).
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Fig. 8. Calculated distributions of martensite (%)
in the specimen upset on (a) hydraulic press and
(b) mechanical press (Reduction in height e=
48%).

— 160 —



SUS304 27 v L A G EIAAMIIC B B INLFRERE 467

L Rl ST P S AR

ST, ERELEHEMEL BT A, REOS
shHmopLs (Fig. 4 BX O Fig. 8o TmH) &, ¥
A 2EMLTWZ7ay 7 (Fig. 1 8) OfIz
MY 28 (Fig. 4 BLU Fig. 8 D&M 2Bi5
EEFMOTVF 2 H 4 PESH LY P, Fig 9
(a), (WHIZENFNRT. HETLRACBVWTIET LT
YHA PEDOALVEE, TRbLEEADO/NS VEET
FERRME L ETRMEIIZIE LTV 525, EADOKEW
FIMTIRERMBENII ) B 0% D%\,
COR—HOFERITEFIRE T - 3 HIREOZEREIC
B0 EFE 2 5N A, Hecker 51929 (3 —slh5 |5EHER
&G RABRIC BV CTEE R Y O ATV T v A
FEFEL A EFRVWELTWS, AERIZBWT

(a) @ Experimental
O Calculation
80 ]
® °
o
L ]

g 80 Hydrauric press °
T 40
€ ®
[+
(4]
)]

Radius (mm)
(b) @® Experimental
O Calculation
80
[ ]
& eor
Hydrauric Oﬁo
w ] N,
: /
]
o
@ 20}
® [
@ Mechanical press
%o 2 4 ) :
Radius (mm)

Fig. 9. Comparison between experimental and
calculated distributions at {a) center and (b) top
of the specimen.

b, SHWEBKETOZ VT 44 MRS L EEREE
TR® 7z Fig. 3 DEEHBASTFHRENLLDENE
K ozl e EZLNS,

—h, BT L ATOBREICBTHEERMIZT LT
YHAPREBEBRBEOHTIE h-oTwAD. BT L 2
DHEDA—FDFER I LM, BELROEED
EROLEF IO BB EEZONS. ThbL, R(10)IC
BWToLTF 3 [ POEEERFEZIFOEETO VT
YA PRERELICID-FNICHT D, BEOEE
KR LZWERELZ. L L, REBROL S IHT
EEBHIIRENLERET AEAE, R M T RE
BTHNLIATEY, OLALERTMILENTVLIK
BEXODILT A FPEELR T ko TWhH I EHvE
Zbhb,

Doz &, £¥EY—%F, GELA*TIHEED
RNVT A b Ak RSB CEIRKAE TR 72
LRERXELACTTFELAGEE, EMMIC3I—%7T
5%, FEMICIPLRAELONAEREZ 2. &
DEIWZDOWTIESER, BRIZRITTTFEAR, BHKREE
REERE DB L FMICHET L CRITT 2L E LN H 5 T
H59.

6. & B8

SUS304 27 v L ASOEAA ML 24T, ML
REBICRIZTEASALBELAOEE YR, £
DIER, WE 7L 2 TERETIEAAMNMI 247 - 723854,
ZFORY—ERIX > THRRIZLZ DD VT 4 4
MR S EDB Do, —F, BT L A TIRIB
BELEAMRI D70, B LRELAIHBHEL LA,
v VT A NEESEG S, SMro &Il wa
Mbh ot

7, AREFREICLAEREEELRNDI I 2L —
TarHaFALT, eLF A OO FREE AT
C DR, BTREREEBRERErEMENICK R T L
HTELD, TEMICEEBRINDLZIRELO N

AFEE BT T HICH2D, A zREL TV ALE
728 H ARG SR B# T 5.

X 13

1) T. ANGEL: J. Iron Steel Inst., 177 (1954), p. 165

2 ) R. LAGNEBORG: Acta Metall., 12 (1964), p. 823

3) BEEEE, LEPHNE, AAREL HEHE— BXERE
45k, 32 (1968), p. 38

4 ) F. LECROISEY and A. PINEAU: Metall. Trans., 3 (1972),
p. 387

5) G. B. OLsoN and M. COHEN: Metall. Trans. A, 6 (1975),
p. 791

6) NmzER, Wi M, HERW, WEFER: kLM,

"

— 161 —



468 % & W # 76 4F (1990) &5 3 &

61 (1975), p. 2028

7) WE 2, BARUT, FHASE: BHELII, 17 (1976),
p. 899

8) KRIBELEK, /NI &, HEEZ: kLM, 63 (1977),
p. 812

9) JVEEREA, EIHBEA, SOK B, RBEFE, EHiGE:
$ELEH, 71 (1985), p. 1178

10) HATS5H: kL8, 56 (1970), p. 429

11) FggEE: ¥k L, 22 (1981), p. 139

12) # U7 4—: XMEFER (1982), p. 377 [7 7 *]

13) BT, A, BIEEM: L8, 67 (1981),
p. 2039

14) BEARHIHE, HkiE—, BRERL: LM, 73 (1987),
p. 151

15) K. Mori1, K. OSAKADA and M. Fukupa: Int. J. Mech. Sci.,
25 (1983), p. 775

16) IniE b, ARHIER], FEmRE BT, 28 (1987),
p- 791

17) URHCD: 27~ L ASEE (EANNEFRER) (1973),
p. 103 [ BT T¥HR+t]

18) MNI—Rk, MH=: gk, 73 (1987), p. 115

19) D. C. LubwiGsoN and J. A. BEGER: J. Iron Steel Inst.,
207 (1969), p. 63

20) S. S. HECKER, M. G. STouT, K. P. STAUDHAMMER and
J. L. SMiTH: Metall. Trans. A, 13 (1982), p. 619

21) S. S. HECKER, M. G. StouT, K. P. STAUDHAMMER and
J. L. SMITH: Metall. Trans. A, 13 (1982), p. 627

— 162 —



