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Synopsis:

N

The serrated flow, the Liiders bands and flow stress observed in Fe-2324,Ni-0°249,C martensite during
tensile test were studied at various temperatures between-196 and 220°C. The results obtained were

as follows:

(1) Temperature dependence of flow stress of the Fe-Ni-C martensite was explained in terms of
the rearrangement of carbon atoms due to Snoek type or Cottrell type pinning, or of the clustering of
carbon atoms or the precipitation of fine carbide particles on dislocations. The strain hardening at the
early stage of deformation was remarkable in the martensite.

(2) Serrated flow was found at a certain range ‘of the test temperature. The temperature range
varied with the strain rate. For example, the serration appeared between 1 and 170°C for the strain
rate of 5:6x10-4/sec. At this temperature range, the increment in 0-2¢9,-flow-stress was observed,
but the strain hardening during serrated region was not so much.

(3)
ed to one stress drop of the serration.
from that of annealed mild steel.
the larger total elongation was observed.

The distinct Laders bands were observed during serrated flow. One Liders band correspond-
The characteristic of Liuders bands in the martensite differed
The finer Liders bands were uniformly distributed in the martensite,

(4) From the analysis of the critical condition for the serration, it was found that (a) a certain
degree of plastic strain was necessary for the serrated flow to occur and (b) each step of yielding during
serrated Aow was an independent process of dynamic strain aging and was associated with the occurrence

of one Liiders band.

(Received Feb. 12, 1969)
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C Ni Fe Ms temp. R.A*

0-24 23-09 bal. 50°C 4:7%,
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3.2 Serration & Liiders band
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Fig. 4. Serrated flow of Fe-239,Ni-0-249,C martensite at strain

rate of 56X 10-4/sec.
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%C martensite during tensile test at 75°C.
(Strain rate was 5°6x10-4/sec.)
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(c) at 150°C.
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5. AMEFERIINSOIR EEMREDH D EE L BN
B, —RRICT VT YA MIIMTEEEE SR E .
4.2 BNERSYE serration

(1) serration OEE

C7E T serration IEHOHRIHERFOLEIS
WD HNTH Y L OBITETURF L EBHL T 5
BRfL & OMEIER, ZEHR&E, EEhOEERLETX
HLDLBRENTVS. TS HIHHEEFLEFLT
WAL E DMEERIZ X D E—NITARIN TV SR
BT LAR—TisY. fcc £ETHTOEBIT
Cottrell @ model?Dd LCEL D LNTVWS. LHrL
i BaiLy 5,201 JounstoN-GIiLMAN %2 HANNG 200D
ExFr b, EAOMIE & EREE OIS KFEZ Co-
ttrell model WWHEHLHETH LD N & 12 LA L TY
%. bee £ETIE, 13&AEDEBIRATBTRHMER
FIT X o T serration FE T F EIREINT WS, BREE
TRV TR VWHh W 5 HEEMIRE MR T 351 T serration
AL, INPERRITIRI DD 5 P-L R T
5. THbLEINERSI(RERTFILIDICIZDO
L LTHREENTWBID-D, X5 KEx & LesLied®
V¥ serration P SGETRIRMEBERGL L L5 L

EFRMBHETRD TV S,

2T ¥4 MTEBITFD serration [TOWTIE I
FEH U RETT OWen D OE LN B %7z Hic .
L L X OBRBCOWTOIED » i Ehdiivii
V. AR TR Hivis serration X

@ EBEHMRSHOKRTHAERPEIRL RIS,

@ #Mo P-L R LT B8 TE LA KT

<, FERMEMRERZ S
@ Luders band ®D3g4E: 45 serration TG L TH S
ns.

DB TH DT, Fe-33%Ni w5 44 hTllserra-
tion MERD LNILAD fo & EVREIERERT O
YIRS THD. LI serration DO H SN BImHD
WAL= FA v F —E =T o34 ShORBEREDOIREL

Aged of 40°C

o

I\-m_.h‘WV‘

E

~
lag[/’WM' P i
I .
& .

2min 10 min 30 min
e
2 o/o

DIcDDFEEAL = F V¥ — LIRIER—Tdh o7
ZE XD, serrationf X< T LY 4 P AROEIE
REOBBCEBLTNB L, Thbb, &
EEhO@FE T serration 235 bbb & &R
LTv5. %7 serration HSGRENEFE & 25
EDrRBHVT, BHENEWHITHENTSD
b s T EWNERPITRERFIC X 5807
ERENSET LTV DL 22 FBL TV 5.

Elongation &
Fig. 11.

during tensile test on the occurrence of serration

and its amplitude.

Fig. 11 73 40°C C5|58>C serration #%H
LTS EZATEREPEILIRFEEL T
B LE T DD THS. T OEETIZ2

~ min, 10min, 30 min & EEESEFE DI ONTHE
I BRI LRI D L LR R LTS, —

Effect of static strain aging at 40°C interrupted
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Fe-Ni-C <A 5 v ¥ 1 + 2|3 &3 5 serrated flow » Liders % 703

ENBBTBHT EWX DT Laders band %4

Aged ot 40°C Aged at 90°C

ML 7eH> 6 serration ZiR§ 2 LT b, L
T L2 Liaders band 34k v 25 D H3EHHY
CERBENS D LEXLND. X L THIRIC
75513 & CIRFIC X 5 HtRETR eSS <
ST b, EELUTHHMOBEERIIKET S X
3B,
Z LTI D serration (i3 AR O
BERNASd % 2> &5 I DT serration DIFIE

.‘.vE .
£ W
~
2| £ ,
@ o N
G‘ o
5 min 5 min
—
2%
Elongation
Fig. 12. Effect of strain aging interrupted for 5 min

during tensile test on the occurrence of serration

and its amplitude.

Schemotic diagram
of serration

8
{a) ) (b)
Elongation
X type . Y type
Fig. - 13. Schematic diagrams of two types of appearance of
serration in Fe-2394Ni-0-249,C martensite.
75 Fig. 12 | 3ERBYBE % serrationpSIe i ic P w5 &5

doivd 90°C ITEU, 2 T L s bR BN
& 40°C DIBE LB LD THS. 40°C TiiE
ZHEE LASEED BB DITHT LT 90°C T H I3l 5
TV DT LB EEE L serration FREE L
L ORHEE D R CRBERFIHLR P+ T LT
BEIEEIL TH N EFHE L& 22T T 5D TH
BH.

ZEW

%7 P-L ZhRIZ X % serration X, FERIREASETE
ENTRETIENB P25 L, D NCELLEE, &
WAL ZBERFEL TSP TS, 2N b DEERLEIE
U B A3, HTHID0 2 VEROL K oREEMIC X
DiEEERBEL, CETRI>THIESNEE SN, &
DVIREEMCERBEIND. T LTUSHEET. &
DIGINCGET D L BOCBRMAEIEET S, X5k s
TR DR LT serration 2P bND LEXHILTWV3
TNT YA FOGERIENBPAOTRLSHLERT
SRALEHFEL T3 <D, 1-50 Liders band #Eh %
LTHUTEFEIND &, £ I358EbL, IWOBRTRHRL

do HWELCTH 5. Jounsron-GILMAN D
model® X IRALERE O IENERIFEED(2)R T
HLbEN, oo % lem/sec TIRRIAZBHTIC
F?%Eﬁ,a%ﬁﬁmﬁaﬁétﬁuﬁﬁ
Va 1%

Vi=(a/a0)™ < (3)
ThbhbI3hsd. ZkmiIEHRTHS. Fig.
13 (a)’ tzserration QXM FTETRE L Th
5. A, B CBJLBRMOFEREEY T 4,
Va, HRAKEE S HEMOEES Na, Ni,
F72 A, BICBIIBIEN%E o4, o5 };‘3‘5&
(2), (5)xxy

Na/Np=(c5/04 m={aa—édv>/og}m*

. . "'(6)
ZIVIRED 75°C OHfr, ga=145kg/ mm?;
4“4~5@/mmféb,itﬁmﬁﬁ6m
25 U BB W CIS JTERNEER X D sk m
OEIRZOEETIE m=140 Thot-. Z hbDfli%
()RIZHRAFTBLLICL D Np=10Wa 2SR E 5. B
B ICEERL O FEAS Liders band [y = >C, Bk
LTWhZ E9, 5hsibis. _

AR T D serration D X 5 7 FEHEATRAEEEZE
RO SR IGEBIC RO B2 508Z Y TH
L. BRNOHEIENEFEF THHLIIDBLHATHS
B, TOFEIETH 5 ERD L EHOEMSHEEND
LI DTRIBLELZDND., QL LE2TRETH
4058 Fig. 6 DR TH ok, Fig. 60 5bm5 LS
T serration 23% 5o 5 &I EBRIEEC L 63—
DEREEZ~NTIHEDT, BEFEEINBZLTHS. T45b
b, TIF 4 b DserrationTII FNF D yielding
Z DL OPEAEREZIOER TH 5 & FRic,
flow 23 & FRNICHRIE ORAEE, 7o & 2 IE 2 Vs
HEBRMFOFELLEL T LEERLTWS. £
LT, 020 &DD yielding W3 rh Ay Lys,
BHERZhOEE T, FBET 1 >0 Liders band %
FEAELTPL.

serrated
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(2) serration OF

bt serration DEZEIET S E 2 20BEHBE T
LMotz Fig. 13(a), (b)) TRT X 9N
EHMZ L — A THBFEE LGS XD dELLoTH
LHEDAMNE TR 54 (XB) LLEBHES
FRIFEEL LR LILRWICHEDK TR 53
& (YE) 02BoEsHLhic. 202201
BEOEWIZE>TELNS. Fig. 4 @ serration %%
HEbrHE AT X Bk HKEREM 90°C LI
T AL, HEPAELEEE Ldivy, YRODD
ok 110°C LLEDIBETH < H#51, Ehx bbb
. AR X 51T, 0°2% it OiREREFHE R L
FoEER, 0:2% fHr: —50°C ~50°C Tk C o
rearrangement i X D, 70°~80°C Lt o {REET 133k
A HGEs « -RIb LERN E O EERI X oTER
T 5 &H 2 TR, serrationIYROL LA L, TD
X5 15 EW L BB AT S,

% CXHM D serration THE, CREFDOFFHE (Snoek
i‘f:bi Cottrell #) & 5 X cluster ¥ 7o VAR ERAL
e X2 CHE DRSBTS ST, SHBERDT, %
SRTREREN T 4 B ORERT & 147 LT Luders band % sk
LTZEL, [0 (RE) XT2H5. CoBBEZHEIIE
LT serration &% F. YR Db DOVIR{ILIS 78 Y
RELHLTH Y, EFAORMIIXAITEOEEE S
i, BUDOEAEFRENEEGLENT,
AL AMEALIR & 750 T H I DIRAL % R BRI H#E%E LT
Luders band 2544 5. RILMHP KRS {u DL E7& 7
PHET T 5 ERRMOBEETH D, W, 200°C T 1
heiged & LB A fT7D7cfB A TR, S oHE Lisw
2 WF ¥4 NTHEEZEC serration DL BNS 74°C,
56x10-4/sec DEHDH & TEHE L T, serrationld
SRERD D T X TE oI,

(3) Liders band OF4: & mTil{k

BEENE S T TEIFEEINIENMEXR F FvRERER T
LIS DBMAR TR T 5 T 21T X2 T serration 3
HZDHDIFT, BEMAOBIEICI OWTIRIERE L TAR-EZ
Afhoish & RO RELRE I DTWH Z L b o
7o UL LEERLOHIENSTR I 2 TW BT bbb T,

FRHE—MOHERT serration ORT B LT HTHE

KNI LTS b ote. & Wil AEROSHE
serration {Z %} L“C Luders band @450 6 7:
CECRADDS. TbbEB0oL 5 5MTEES L
TR B AN E 7354, Ludres band B354 L, /5
RN A Z D TWwB. = Luders band D4EEL
TYIERRLOMFEII A TH S S . Z @ Liders band Dff

HWTIMIEE 3 LTHRR I OBMRERCEFS
B FibDBFATT Lidres band OFRENRR I HT LICX
DTERHEL DI, Sfk: LTELVWINTELZH
bEWTHAHS. Th LR (T 0FE L iEdD)
MED BN ol STV TiE, ik Y Liders band
OFEg L EBIERBREE->TE Y, BHemiTE—ITZ
% 5>{ Luders band O35 & ARG EE
ATERTHS.

5. #& &

Fe-239%Ni-0°249%C <7 4% 4 bD BEREHE ©o
WX OB EREIE LR 2 IR LR RUT O
TEERHEALMIT LK.

(1) Fe-Ni-C =7 44 bOZEFIEIT |\ ©
BEXEEEZBELICL, £t CJRF D rearrange-
ment 3 XOWED ELOE | BRIE L HELBAKRER>T
EERBELMT L.

(2) Fe-Ni-C <7 44 MIFHBIRE, BEED
PhRHNT, HEEHOD & THEFEL serration X T
AT X, LTI serration ¥t L C Liders band
DOFAENRRDBEND. Fiz, T O serration ZXFfs LT
LRI OVER 25 38 b iz,
Chaterier ZhRWADLND X 5 AR ELIMTELPLEFL
WU DR AEEED Svis o, I serration OF
U< & BN 2 IREHE TR OEMERD. h
VI —T Lo bl Liders band 0OFRAIT X5 &
ZHA S IT L7z

(3) serration ¥EEABRL DITT B0, &M
R L7ckE R, serrationz 352 LIXC D BFTICH B8
EMHER 2B T EBPLETHD, GLO20E2D
yielding (I £ ZVSr U 7= BIR9EFF A 1 T, %Jﬂﬂ
T 1 2% Cd Liuders band %44 5%.
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