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The Flow Stress of Unstable Austenitic Stainless Steel
Accompanied by Deformation-induced Martensite
Kazuo HOsHINO
Synopsis :

The flow stress (¢) of unstable austenitic stainless steels is studied by comparing stable austenitic and

martensitic stainless steels.

(1) The root of dislocation density (1/p ) obtained by X-ray analysis in stable y-phase increases
with strain (¢) and the expression of ¢ as a function of 1/p is parabolic.

1/p of 7 phase mixed with deformation-induced martensite (a') increases with the root of a' phase
volume fraction (V,11/2) in addition to the above relation.

(2) ¢ of unstable steels is intermediate of the values caluculated by “equal stress model” and
“equal strain model” and it becomes to take the values estimated by equal strain model with increase

of a'-phase.

In this case, the higher the strength of «' phase is and the larger the volume of a' phase is, the

higher is the ununiformity of strain between y and y' phase.

In the case that the strength of o' phase

is almost the same, the smaller the volume of 7' phase is, the smaller is the ununiformity of strain

between 7y and @' phase.

(3) o is affected not only by the volume but also by the strength of &' phase and inversely plastic
flow depresses a'-transformation to inhibit the enhancement of higher o values due to high strength of

a'-phase.
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Table 1. Chemical composition and grain size
of specimen tested.

C |[Si|Mn|[Ni] Cr N | Ti [ C+N |D(m)
S$1]0.011 ]0.15 ]0.20(11.95{18.24 [0.015{ — [0.025(35.0
$2)0.0231.03(8.29/9.91]18.46[0.016 | — [0.039]27.2
U1 /0.1060.57)0.99/7.58(17.200.016 | — [0.122]48.2
U2/0.127]0.53]1.13(7.37{17.38/0.012| — [0.139]25.8
U3]0.051)0.33[0.36(8.61]17.59[0.015 [ — [0.066]28.6
U4[0.035]0.33|0.37(8.69{17.42(0.026| — [0.060]28.6
US5[0.008]0.21{¢005{1065|15.88[0.0200.310.005%28.0
U6]0.071]0.54/1.92]791(17.030.016| — [0.087]28.2
U7]0.01810.79(1.96 }7.97[17.62[0.019] — [0.037]28 .2
M1]0.095|0.49/0.83(3.99/11.85]0.010] — [0.105] —
M2]0.055/0.45/0.82}4.83]12.59]0.013| — [0.068] —
M3]0.040/0.58/0.28/3.85(12.58)0.009/0.40[0020"] —
M410.012]0.28[0.24]4.22{11. 89[0.020] — {0.032] —

# acid sol

mm OEFHRIC L4 1030°C ¢ 2.5min DTS S BEM
L.
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fDd7.
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Fig. 1. True stress-true strain curve in tensile

test.
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HHEDOAFEAEL LY, Sl DRI KEW. S /
log do/de-log & R % 2% &, EROFTIHTIX St & I f ) |
Ul 303 3F U¥B E fixmd. Tibb, e=0.08 ¥ T o4 0z 03 05
12 e DINC o T do/de XA L, Th I e=0.01
FCREEOMT, £ O 200~250ke/mm? TH Fig. 3. Logarithmic deformation-transformation

b, % E/I00(E : ¥ v 7R) M T 5. ¢=0.1 LT
X S1 @ do/de 1% e DFEICONTHATHDORKL,
Ul o%ZhiL e=0.3 THAERL, LOREIT5.

Vat/Vi-e OBfR% Fig. 3 T logVar/V, &
log e IZIZITERTRRL Y BT LD bbb,

BPZFETRDI(1)AD 4, B OfExRHICRL
TWBH, BTFLLHEIR—ETHW.C BEosdy Ul
U2 Tk, £oH/EHNMEL, CEDEVWUS 3Xrosy
ALY KEC. Thbb, Vo/Vy O e KFEHRIMEIC X
> THE7 b, LupwicsoN & BERGER? 2EHEL T\ %
L 57 BAA—%E &\ 5 B Ao BRI oL,
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Fig. 4. Dependence of (C+1/2N)/2 on the 0.2
9, proof stress of martensite.
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Fig. 5. Dependence of true strain on particle
size and root mean square strain in y-phase.
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Fig. 6. Effect of true strain and root of a' vo-
lume fraction (V,11/2) on root of dislocation de-

nsity (Vo) in y phase.
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Fig. 7. Effect of true strain on X-ray half width,
root mean square strain and particle size in M
phase and ' phase.
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CDEROKIT, do/de H—TEDOEMECHE B 3 /s
bbAF—CAIEETSH. ZOEB TCREMOSHIT
T —EEYRL, —WCIEBKE (SF) 2 e @
MR, PLEER r#HTIE o HOBEIER IR T
5EEZbRDY. COEMRBLEROKEETO o/
de DIBEITEEEAM OB TIL X3 &AL\ . Lubwies-
ON & BERGER (27, y HDTHE{LE LTCZ DD
BILRSAYEHRL T\ 5.
e=0.1 LD do/de 1 3ERMIC L OTKREL RID
A3, 81, 82 o log do/de i loge w2 CHATNTIK
YL TR D, BNEEYZME S R ELLFERV-H® 5 A
F—vllEiny, ZOFBEOPEMEIEE n TR E
B}T5. Tiobb, r BHO e=0.1 LEOMMEIHIIT
(B)RTHELZINS.,  or=Ken=gi(e/e;)n oo (5)
ZZC, Ky HOMERTT, o (ZRWHEELEIR
D5 & (REERCIL 6,=0.1 LF3) TOWEMIEHT
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0.5 %7 L5 5.
e=0.1 TOEN o; OEREAY Table 2 RLT

w5, S1, 82, Ul~7 @ o) IXEE CN) Bk IO
AR (dmm) KFEHELRD D, Us~U7 DRSERE
0.028 mm ZHEEC U THMBNELYH IET 2 & o 1
(6)ROEBRANTRINS.

0,=36+125(C+N) +1.5(d~/2-6.0) ---(6)

Table 2. Flow stress ¢; and ¢, designated by eq
(6) and (7) and M (6.5x 105m) designated by eq
®)-

Ut | U2 [ U3 | U4 | US
07 (ka/mn?)| 49.0 | 53.4| 44.9| 43.6 [ 37.3
0o (kg/mm?)| 23 27 | 24 | 23 19
M (ka/mm?)] 150 § 160 | 130 | 130 | 112

LB~k 5, 7 B0 e=0.1 DIREO I
CEEAME DA 1/2 Fe bR TR S, BpRR i LR
OFIHAE o3 1R (6)RTEHEXLBRD.

—7, IR B hiTREROME T /tb
b Ve RIKETHOT, BHROREY S L4l
B L L Hmbh T2 (T)RoBTHL bR S,

O =0Ca+ MY/ P evrrrmserssseresnieiiiienn (7)

I 2T, 00 (FERAZO HHR{TREBSERA DB A DR
RmxThy, BEECN) BCEAINDIERTHS-
miLY v IR, EREOKE IR LICIDOTEESHEH
THDH. Ve, r BHOBE(3)RT, o« e r H
DRETHHLTCO r HOBE ()R THELBRS.

il & DRI D oo, m H HFRAVICE X 3 O REE s
DT, v BHOBAEEHEL (5)RE(3)ABIV(T7)
RealLT(8)RET5.

oi(e/e))V2=0,+6.5x 105 me¥/4

(6)XhHBH ik Table 2 THZ LI5S o AL,
(8)X&H BRI L TRDI 000 M(=6.5x10°m) D{H
4 Table 2 [Z/RL T\ 5.
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DT ERL L. BEXM=*r+— (SFE) oX
NS, AT —CMOBNEEROHSEAY R L, ML
(tOEFCEEYRIET LR Iabh T3, HE
OFFHT SFE i {Ey s Hadfield #RiLalr & CHE
BEIE e, A7 — N OBERELOLTH S L OH
LA HD, Fi, XFHECIOTRDIeH, SFEH
20 erg/cm? B L Bhhn Cu Tk, SFEDEW&E
I LEVEERL TV,

AERAM D L 57 r AT v VAL SFE p2MEL,
WHEINTW Lo TR ST SERETLDEIh T3 L,
BB CEzZEXh5, Scuramm & REED [ 1T
L% b ht- (¥R E SFE X 0EBRKOYH W T,
Fig. 5 oftasfo SFE %itHT% &, S2=47erg/
cm2, Ul=10erg/cm?, Ub=14erg/cm?, U7=15erg/
cm? THH, KEAM O T o HOFRINDFHO
SFE 3IEE BV, LT, (4)Rik, HEX
REEOHRELEETNRT VS Z EIXTDIA, SFE
DENDH DI T REED B2 & b, SF oBEIx
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AL, BERILIIE « HrFEIhIHHTE
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CE, r KEEDORLLIMBURICOWT, (7)RE
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Wt (o) % Fig. 8 Wikl O THA—EBEFAT
DS (02) DFHEX ()R &, o TH LT
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Fig. 8. Relation between flow stress and true st-
rain. ¢ is the measuring flow stress, o, is the flow
stress calculated by “equal stress model” and ¢,

is the flow stress calculated by “equal strain mo-
del”.
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Fig. 9. Model estimating the flow stress for ma-
terials with deformation induced martensite.
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Fig. 10. Mean strain of ¢' and y phase calcu-
lated by eq. (10)~(13).
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Fig. 11. Dependence of true strain on the ratio
of a' phase to y phase in D-Z.
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