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ABSTRACT The strain hardening behavior of 32Mn-7Cr-1Mo—0.3N austenitic steels was investi-
gated and characterized. The results show that Hollomon relationship is inapplicable. The value of n
increases with increasing true strain €. However, after the value of true strain is larger than 0.2, the
value of dn/de at 77 K is obviously higher than that at other temperatures, and the value of d%0/de?
at 77 K becomes positive, which results in the high strain hardening rate and elongation increasing at
77 K. The micro mechanisms are proposed to be the coordination of the forming rates of twins and the
interactions between twins and dislocations with strain hardening rates. Subsequently, the necking is
delayed and the ability of uniform deformation is obtained.
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KRB S ARANEREME T EALHE. BRIEURBERNASREE FEERRK
EARGHMN D RESFERYIAFER EXEER. R BEFHUTRKEBASW SRS, TE
MOBEERRREMNZR T ZEN U~ F A4 I AR R B AU T3 R SR AL 85U,
AR R RIRREE, A M A A XTI BE, AR A U5 {3 FL B (3 7E MR VR B B AR
BTFABMARGRENFHERDREMEE. R YETEET 30% LUEXAH 5 HIA KB
saffee U~ SR A B BB TEREA MM A X — i3, ATH&HE 77K TEEERIE. I
REPE 32Mn-7Cr-1Mo—0.3N BLECARRiE 4N 100,

BARE A HMHX — I AL AT TR T 2 R g 118 (B R e — e N AR TE
P A AT R, SR Xt B AR B8 Ak 30 B AR T AL TR BB A8 B R S A A H R,
FR#] T 3T H AT M ERABARM T . AR B EE 32Mn-7Cr-1Mo-0.3N B K&
A REALAT S R R AL

1 £ ® % &

KRB AR AN, BERERER, BT HERR. BEEMNLERS (FES
¥) A wc=0.098%, wmn=31.15%, wcr="7.34%, wmo=0.69%, wn=0.30%, ws;=0.39%, wp=0.0194%,
ws=0.003%.

WEEGELBETFE A REERN 12 mm RN, ¥ HE 1423 KRB 1 h KEEBE
773 K fRi8 45 min A4, RIFM TR ERA 5 mm 7 5 fEHLHRHE.

%Al Inston model 4500 J7 BEIRBEMLATIRIRALHRLE, hr b ADRHEARITE B AR K
2B —E AR A R HA Y 10 min, FERHE B EIMBEAR M TP, XEE
BRI 293, 218, 173 f1 77 K, RLAEIE N 10731, I KYKY-2800 274 i BE M X HERY
¥r0; F§ NEOPHOT-21 B &40 BB M E Z WA T 44 Wl OB VIBUE ST RS, &
HUBRIR T, b2 08 % U e A 5 7 JEOL-2010 EIREEASTE X By 544 .
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2.1 32Mn-7Cr-1Mo—0.3N B k$RHa0$H it

ME 1 TR, EERBEEMN 223 K TS| 77 K, HIRBEE MK ERE MRS, 77 K hrfdih
KK TEMNA RN 0.642 4, T 173 K A1 223 K Rl £R4 11 F 0.523 &b, 3£ H 77 K R E
N - NAMEKAEENEAT 0.2 JFHIA LHE (B 1b FBEL). XMARBEAE Fe-Mn-Al-X
My RFARR R I 1219 5 R AR EE B AN BT R & B Ba1s],

B 2 R, BEEIRE RN T M, SUHI5R B RGR B A2 8 i, 3% B R & e & oK B0F
17. 7 77 K HLHRE 0, 5% 1350 MPa, JEARIEFE 002 i5F] 883 MPa. IEMEIFRHEERER
TR IR AL, SEMRREREE T, 77 K BEE R HIX 65% AR, BT 77 K B
5 56.2%, WHEIREREEA TR, JIR AN TR BB /.
2.2 32Mn-7Cr-1Mo—0.3N B &80 M TELIiTHh

HE 3 TUAERMED, AN IEENERENEN S SENEW Ino f1 Ine ELARZLHE
XFR. 284 Hollomon ¥R (0 = ke™) BN HBRNBEAEH, AR N
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Fig.1 Tensile testing results of 32Mn-7Cr-1Mo—0.3N austenitic steels (a) tensile force vs. dis-
placement curve; (b) true stress vs. true strain curve
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Fig.3 Relationship between Ino and Ine for
32Mn-7Cr-1Mo—-0.3N austenitic steel

PORRIEEE, MR REERRNERTREZESE NABMER n NZERCEFSE
OERADE R, R RIS R R P E R R

T R ASRE A B R & R T IR I EE R B AT C A A0 24 2 A4l 12~20), Ludwigson 76 RLAIRBF
FER R B, AR A RIRAAREWURAR, . 8. RESSWAL T R AR CIHHHE

g = Klé‘nl

(B EAsr TR ERMERR), FF18HAEH SR B B R Y3 X, Hollomon 3 &R AL
TR

(1)
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Hd K1 # ni B9E X5 Hollomon AXFHAER. TIAEMRAE X, R MR ity Y 1 AR & &
5 S i 2R (6] FF 7E — 22

A = exp(ka + nae) = Kaexp(nee) (2)

briding &b i g
o=Ki1e"+ A=Kje™ + exp(Ks + nze) (3)

3 F Fe-Mn-Al-X RIVEEN, FTUMHA RKEAXMEHEN S - BAEML 1219, B
BB E RN Z [EALERR, ATBZmTRETE

o = KeNVexp(Me) (4)

FIEt, A AR RE TG EY S - AKX L. LRSS E— 285
FRAYE, ASCH R F - AR MAHIT TG (B 3), FBE TRATR

Inc = aexp(lne/b) + ¢ (5)
ERFEE T RFES’MAES TR 1, BREMIERTHHEUSHEEHESE.

&1 AKX (5) Fa. b c WEHRIRENMTER
Table 1 Value of a, b, c and error analysis result of Eq.(5)

Temp./K a b c Mean square deviation Fitting precision
293 2.15817 2.81027 5.31097 1.22x104 0.9989
218 1.98778 2.10854 5.60865 1.22x10~4 0.9987
173 1.85844 2.48492 5.88592 1.65x10~4 0.9982
7 1.54838 1.53502 6.70724 2.13x10~4 0.9998

AR (5) HHEIWMAET R (Ine) HERR S, B3 AR LA HOM WAL 2 FH KL HR
n = dlno/dlne = (a/b)exp(lne/b) (6)

HFHEE o. b 5X (5) PR, BT BRIZERRRE T MRS EN AR
% (A 4), DREFEMA H N FEAEGFENTHRE (B 5).
2.3 32Mn-7Cr-1Mo—0.3N B &M TELIT R EH]

32Mn-7Cr-1Mo-0.3N EEKAKBENEFRENASREE NEERRBE THEE XS
AL T UEBHEFATERR XA RR, FEAEN O AREERR (B 6). HERTH
W O FEAR B B, H BRIV R RRE, 77 K BT O TR SigE B AR/ AR 0BG KA EE R
B B MEEERE (B 7). XEelr DEER I, TR TWERERS 77 K BreyH BARH, i ES
I e B 7= A AL R AR Y.

TERFER YN XRD EREABAFHE D REM 10, % XA E8 5 T E
SHEHER Y BAI4E (B 8a) FIEARZE S (& 8b), FEARZE (45 % B bl AR B BEA 3 K3 K
(] 8c), HEEBEIBAERSMEZ MM ELIEM (B 84d).
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Fig.4 Relation between strain hardening ex- Fig.5 Relation between strain hardening
ponent and true strain rates and true strain

6 ARERBE THEEHAR
Fig.6 Deforming microstructure at different temperatures (a) 293 K; (b) 218 K; (c) 173 K;
(d) 77 K
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Fig.7 Macrography of tensile fracture surface (a) room temperature; (b) 77 K
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Fig.8 Twin and dislocation in deformation grain, (a) stacking fault; (b) twins; (c) dislocations

and twins; (d) interaction between twin and dislocation

TR/, ERNASBPUENENTEUTEEBENE, AEEANILEHS TS
BRI THEREFHA (Fe-Mn-C FERMIRETH) UK “FIRSE” Q4TI ERTBRE S
FAETE BEU/ N SRFFER. XSRS B0 T RIS, NS EEMEL
BYEENHEE (B 4). MENTRAHE—EHK, ZRBAARFERYAETTEEEINNR S
YER T R, SRS REEE VAR, KRB E4ET 218 K M1 173 K
THAEELREZS.

EHBEBRHE, YNARNY 02~04 B, 77 K AT N E LRBFABARE (B 4),
BT AR AL HE YO B AR B A I T R K B R BRSR, IR A Y Ax AR B o S 8
(d%0/de?) ¥ € >0.2 LURAE M IEE. X —BE 345 HETEN “28 3% R B (twinning induced
plasticity, &%k TWIP) ] 2. st FREEENBERCEMN, ELERSNER L4 (RIEE
R, NAAERE) —EHRGT, LREENDREESMEH AR EHEE AG e HIEMHEY
RN RERESENREN, NEBEYR EENEAER B A CGRR AN 77 K i
AR X P RRIANFFELEDRE, HEREN ST I TESEAERE X BB ER
BRAT R RATE: SIAMMMAS 24, 2 fikil; FRMEE, RN ATELE 29,
TERENE, WREEELBTRELBEETE, BREGH T ELERESEE T, thil
BHEEE, HEEBREFELCEERF (WE 6) RMEREEARYS, HAN S8 , S8EH
BAFFMWTR, 173 K 1 218 K Wy MR T AE S A %, MBS IB MR, =& HER
SECEINTINA BB A T /e, BT RaZESLBMHE M AEHES), XMEEERRSEN
TREAERBHIAREE. (&, BAERNERSEARER KBRS T ERE, Wi
Al F TR U R e FOR B U ST RIR AL B e A (LT v BB 23, ENERW
WEABIBRE S, WA AL SR Y AR A T B AR Ak, FIESE R A, 7E 77 K hrfd
B, — BRI R AR S D LB ER S B ITH, AR KERTTRE T Si%
WA, NTT SRR EHE. 77 K RN FIEEE BB/ MU TX—& (B 7b). T 218K
B 173 K hrfdet, R ASTE AL 3K A A (LG T RLAR B3 I T S B4 00 & A, {3 S R AR
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L. %F 32Mn-TOrTMo-0.3N HERH, RS LA AN AL 5308 K/ NE A AN
B, TE ¢ <0.2 B, RIASEEALH S B BRI T/, TSR R AR B A
T, 77 K Bt d20/de? 6 & >0.2 LUBAE W IEME, HATRELE SR, #R T S %
i,

2. 39Mn-7Cr-1Mo—0.3N B RN R HF RN Ino = aexp(Ine/b) +c.

3. TENAE ¢ <0.2 B, FE TR MBS X &N EE RSN OB, BEE AR ERE
R 2 S B R T b, FERNAE B € >0.2 U, 25 T L B BRI, 2 B T LS X R A R
WEMREEESIER. SH2 5N BB B R & E T E T S R R K.

2 F XM

T.S.Shimada, M.Kasamatsu, Advances in Cryogenic Engineering Materials, 30, 145(1984)
K.Suemune, K.Sugino, Advances in Cryogenic Engineering Materials, 32, 51(1986)
M.J.Strum, J.W.Morris Jr., Advances in Cryogenic Engineering Materials, 34, 371(1988)
H.Tancka, K.Fujita, Advanced in Cryogenic Engineering Materials, 38, 199(1992)
K.Nohara, S.Sato, Cryogenics, 34, 477(1994)

Y.Ozaki, O.Furukimi, IEEE Transactions on Applied Superconductivity, 12, 1248(2002)
J.W.Morris Jr., S.K.Wang, Advances in Cryogenic Engineering, 24, 91(1984)

Y.Tomoa, Y.Xin, K.Inoue, Acta Mater., 46, 1577(1998)

Fu Ruidong, Zheng Yangzeng, Li Shaohua, J. Iron and Steel Research, 1, 31(2000)

Fu Ruidong, Zheng Yangzeng, JMEPEG, 4, 456(2001) »
K.Shibata, Y.Kobiki, Advances in Cryogenic Engineering Materials, 30, 153(1984)
G.K.Young, J.K.Han, Metall. Trans. A., 16A, 1689(1985)

G.K.Young, Y.L.Cha. Metall. Trans. A., 19A, 1625(1987)

J.W.Simmons, Acta Mater., 45, 2467(1997)

L.Kruger, L.W.Meyer, J.De Phy. IV., 9, 189(2003)

P.H.Adler, G.B.Olson, W.S.Owen, Metall. Trans. A., 17, 1725(1986)

A.Soussan, S.Degallaix, Mater. Sci. and Eng. A., A142, 169(1991)

T.S.Shun, C.M.Wan, J.G.Byrne, Acta Metall. Mater., 40, 3407(1992)

M.O.Speidel, P.J.Uggowitzer, ASM International, 135(1993)

S.Kubota, Y.Xia, Y.Tomota, ISIJ International, 38, 474(1998)

D.C.Ludwigson, Metall. Trans., 2, 2925(1971)

O.Grassel, L.Kruger, International Journal of Plasticity., 16, 1391(2000)

G.Frommeyer, P.Neumann, ISIJ International., 43, 438(2003)

J.M.Han, Y.G.Kim, Acta. Metall. Mater., 39, 2169(1991)

B.W.Oh, S.J.Cho, S.H.Hong, Advances in Cryogenic Engineering, 40, 1183(1994)

© 00 N O G W N

It S o o o e e el g
N B WD R O © 0O, Gk WP O





