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Abstract

The efect of applied tensile stress and compressive stress on the stress-strain curves
and microstructure of a commercial 18-8 stainless steel was investigated in a temperature
of —40~200°C.

The results were as follows:

(1) A comparison between compression and tension indicated a clear difference with
respect to the stress-strain curve, and at equivalent strains the flow stress in compression
was greater than that of tensile deformation. The difference increased as the temperature
of deformation was lowered.

(2) Striated structures produced by deformation showed a difference of morphology
in tension and comprssion. In tension almost all striations were straight lines and in
compression they became wavy above 50°C.

(3) The o/ matensite was formed abundantly by tension rather than by compression,
and this tendency increased remarkably at low temperatures. The Md temperature was

50°C in both cases.
(4) The amount of ¢ martensite decreased with the the increasing temperature.

A

larger amount of ¢ martensite appeared by compression rather than by tension above
50°C, and disappeared at 200°C in tension and at over 250°C in compression.
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- Table 1. Composition of material. (%)

c si Mn ) P s N Cr

0.06 0.50 1.20 ' 0.04 0.03 i 9.00 18.50

o _ _
3~"m—3§ = ] vg_ D

{ ) v |
el 2 W) -t 2

o[ 0 oA/ -wtm— [  —wi=] O -sfa{ O =} ot S ) ol 5 |a-
(a) For tension (b) For compression

Fig. 1. Dimmensions of the specimens (mm)

d—AF A4 PHEHOMENE L, COBUBIC L B4 — AT A b O grain size 1L, FHE
22100 pr TH - 72,

S, FEMIN TIRRTE™ & R BRI A 5 e BBy (19, Z e BOoR & IRy 1
CHite e, ERBOEE L —40~+200°C TH - 7o, AGDEE T4 ToREHC 2T 30kg/
mm?/min & L7z,

BB T, REPbRMAEM SR T~s 7ehy 2—TUWL, ZoOH%ER
W (EOKERRE 3, SBIEREE L, d=05A/em?) CHEE L Lic, &FOMMBEC B
marble ¥ (4R 4 gr, s 20 cc, 7K 20cc) AV, i o HOZ OB stain Y
(CrO, 16 gr, NaOH 80 gr, H,O 145 cc) &S CHEMA LI, LIEL, Hi# % marble etch, %%
% stain etch &85, £ ol X FRENT, BERIE 7o &% H v TINTMAR o Bl A 1778 - 7,

3. ERBER
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IS~ OB BE & FEMEO L A T RIS T S 7o, BICIEAERZ 7 (true strin), 51
LIS ST o (true stress) VW THIC Z &Ly, BL, 7T IXBRMWERZROESHIEY [ o0&t
Al AWEL, R In Q+4YD), FEfECRG Tl InYA—4UD) 2 TtEb Lk, #
o, ZHCEBEMEREE TR Ty, B0, o RMERORBAE PREHEE cF E
R LU TH - T, ZHIIITLAY true stress TH 5,

FZREEC B TR G D BRIEK Fig. 2 o1 TH 5, ZHIC I, —cs iR
RESME X 0 L AR TR D, A—E TR EMEI0HE bt 5, Fig.3
(LA 3 0.07 (cm/em) 12 3513 2 F2IG IR EE AR 2 /R L 72 & 00 T, FERE & BIR OIS IEKRIE D



B - BB R

4

264

('sua], an[ea) s.o[ejoesy v

D

L

Gue/3y) ep
S

'searno saaniviadwal-(y( 0=/ 18) ssa1ls an1], ¢ *B1g

o 0 (op) onjea sopejo[Ry B

70 WOISUR], ©

(‘dwoy) anjea sofejo[esy v

Yo uotssardwoy @

(D,) ed4njesadws/

00/ 08 09 o 02 0 O0z- 0b-
T T _ _
—_ 'y SNy
- &L?%/a/
0
—
/|/
.|.-l/’l..ﬂ‘$
g 4
q / 05
—09

(w/ 8Y) $sa43s andf

'$OAIND UIBI)S SNIJ-SS9I3S NI

9/'0 a0

UJE4LS

anif

AR T ¢

500

——  u0/SUB[ —0~

U0ISS2ULWY) 0

M%%\ A
200/ 74

0z

D
8

%
(s 8Yy) $S243S Ini/

]

09




5 18-8 2 7 v v AT 11 B G-l & Kz o T 265

BT EHITHRT2EANRBDBND, LL, FLERECh- TLFEOEIIEKRE L THEE
L, £ oL 7 100°C 2 E - TLERIZRD B, 6 0 LISHE do DEIGEHROF R
g 2 L\,

7ok, 18-8 A7 v v AR L T, Garofalo B »5[5E & FEfmic & A BB b4 NET
B IcDIC RO ICEIRIC I T BIGNEMIC ST, EE L OEREEE & BTG g
EWEHERRL TS, FOEENGE 007 RT3 % Fig. 3Ic@A LML & <
—H Lk,

a) 0°C, tension d) 0°C, compression
=669 kg/mm?, 7,=0.19 =637 kg/mm2, 7,=0.128

‘. . 'f"i 1 1
b) 50°C, tension e) 50°C, compression
=552 kg/mm?, 7;=0.169 6=64.1kg/mm?, 7,=0.176

¢) 50°C, tension f) 100°C, compression
0=643 kg/mm?, 7;=0.228 6=66.7 kg/mm?, 7,=0.205

Photo 1. Microstructure of 18-8 stainless steel etched
by marble’s reagent. (X 600)
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NEBNS, KRl 3 L — B2 o FERIL (a) -40C  Compression
= 5 2 =
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T A R OOV B, S \ i
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3.3 MIEBMCHNEERE 3 A107) ¥ 200)
X
Wi 1L ¢, marble etch T Falt 5 0 6(/5/) /\
e e T SR I R A e
DTS — Bl h, Tt -T MV
T B o AT VA b, =T VY 50 55 60
- 28 (degree)
A b, BT E RN 2 o SR, (b) -#0°C Compression

. =637 Kg/mm® 7=0.079
TR TR o HOZEHIET IC1% stain o
Fig. 4. X-ray diffraction pattern of

etch vk, ZhCR#HET AR o 18-8 stainless steel.
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MEEd B etch ShTHEShD, 1, MIMABKDO @ <A FVHAL b, & <L T V94
MRS 2 eI, —H O RN X REHT & 1770 > Foo Z AT B L 7B iIc Co-Ka
A HT, FORWY — 2% diffractmeter T4 L T I~
Photo 2 1= marble etch |7 —40°C o [E##in LMk 2 753, Photo2(a) ® o, =295 kg/
mm?® DY Tk, LD 60° 175 d BV EHIR O strain marking 237,54, Photo 2 (b) T
TSSO > TROBE RS X AW L, BOow%ET AR5, Fig.4(a) o X fREYT
FZDBEDLDT, & L LT peak Bl bh T a2 o fHizBlbh Tuigw, BN
%1 U7z Photo 2 (¢) 13 F o X fiE#HT (Fig.4 (b)) i o =T v 4 +o peak 3 Hlbiicd ®
THHH, TOMMTIIIT T OTEWIKED -~ v FIREM A ZD BB, Photo3(a) ik zd
By a Bk Licb o Th b, Fi, Photo3(b) ik —196°C I H L THbhichi~
NTVHFA P THo T, WELL e~ Y PREBEZ TR L T ) XREFTOMERAYSIT %
7t Bi¥, marble etch THib iz~ v FORGIE o =AT VHA P THBERTIWIESS,
o =T vE4 POHBNCIE, FOREO relief # BB L L —2>0HEETH B, Photo

a) —40°C, compression b) —40°C, compression
¢=29.5 kg/mm?, 7;=0.005 6=475kg/mm?, 7,=0.032

/. ¥y
G L
LR

(Y

¢) —40°C, compression
0=63.7 kg/mm?, 7;=0.079

Photo 2. Microstructure of 18-8 stainless steel etched
by Marble’s reagent. (X 600)
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a) —40°C, compression
g ="55.6 kg/mm? —196°C for 30 min.
Photo 3. Microstructure of stress-induced o’ and athermar a’ on the

18-8 stainless steel etched by Marbie’s reagent. (x 800)

a) —40°C, compression b) —40°C, compression
=556 kg/mm? g =55.6 kg/mm?
no etched

etched by Marble’s reagent

Photo 4. Surface relief of 18-8 stailess steel. (x 600)
4@ ILTHWE LB oRE2EWBRCBE LcbnThd, Z0FRCH bR SMVLH
DRIBILB=DIC LB DTHA S 03, FRIEFMDIEES TR « =17 v a1 MR L
HEMHD relief THBH, Zhn marble etch L7 DA Photo4 (b) ©, ZFEM relief ®FfIC
Photo 3 (b) & HloMEN RN 5,

o =T V4 M stain etch I X » T—EBR AT 2 2 £23H%K %, Photo 512fd L
%5t % marble etch & Stain etch U7c#HR 0 LKA 773, marble etch tH < Bz ¥
7S stain etch TIXEBLEBOINc o TATF vH A4 Ve LTHBLWAD T, & =ALF V¥4 b
<2 strain marking & MIIICH B3 5 2 & HSE S,
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a) —40°C, compression b) —40°C, compression
g =>55.6 kg/mm? =556 kg/mm?
etched by Marble’s reagent Stain etching

Photo 5. Compression of Marble’s etching and stain
etching for 18-8 stainless steel. (X 600)

MIC BT 5 o AL, 5IEREEMCB T 20 ERIRb T ol & % £
TEDRTH Tz, Mo THERDEED —40°C it ki3 2T LA LT,

BEIHIC BN D o HEERT 5 701 Stain etch U 73 oo chs 3 BT i o lineal analy-
sis {77 o1, —H & OMHPBEETHLZ 00, RBROBILOMEAWSL Z LT L 5T

40
9
=
N 30
3\
~
QL
=
e
22
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<
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Y
=
=
=1
=
00 2 4 é 8 /0

Scale reading of magnetic intensity

Fig. 5. Relation between martensite by lineal analysis and magnetic intensity.
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X7 o mHRDD AN D, I ORICH SIS EERA RS ks Hi%fﬁ'm:az\%%ww
Skbbf;o [B]—EBhT X 4 L DR X & lineal analysis O #5R1x Fig. 5 /R R IER i B
BPAGRSE bR, Lo TUBkTE LT lineal analysis 10k » TERT 5 2 &1& Ui,
U EDHERAMLEE o HOBELRSIDHFig.6 THDH, ZHIZX D&, o HE
TEAEGVEBLTOREES L, A—MLE CMIREEMEGES RET S, L, 20 o

7

/
40 va »— (ompression —
T —o— Jension
% 30
N
20
S o
E // |
7

§ p AT 0°c
< -

/ _/ o/ ///5 c

0 Jm%‘“

0 205 0./0 g%
Jrue strain

Fig. 6. Percentage of o’ phase as a function of the true strain at
several temperatures for 18-8 stainless steel.

T
80 —e— Compression —
/ .
S~0°C —o— Jension
W 60 A
> ~40°C
w T oc
S 40 o=
S 0C d——_
- (3
S /"o
E 20 ° P 50°C
/ 4/00/006 /ancv o__.‘
- fO?:',/——g‘T’/k’

0 2./0 020 0.30
True strain

Fig. 7. Percentage of ¢’ phase as a function of the true strain at
various temperatures for 18-8 stainless steel.
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—e— Compression

A

—o— Tension

\ E ' Martensite
-lka%kv&mmt \\ (1-0.2)

(7=0.07) \
\ N
\\\N

?§§=ﬁi I P B v

Y Y e ——
-40 0 40 80 /20 /60 200 240
Temperature (°C)

Fig. 8. Percentage of o (at 7=0.07) and &' {at 7=0.2) phases as a
function of the temperature for 18-8 stainless steel.
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e ML MTE L MITEECEEL Tw 5, FEELEHROZRRIR Tradd HE Cilist
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LI 1=007 128 % « HHENBEOMECHT HHRE RS &, 2AINCTERSEREOR 2
B EoEEBEZRL T2, REOC EACNT 2 « HoBL o HRR—EHECH D,
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WHLE2 D B, 2O LR T THRERNA I AEEE, sEERBr oo PR
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L b =aA7 v rodinnb ol Bbnn I Lk, ZOMOMED Eab Lk
OEPBLERTNEMETHA S,

18-8 A7 v v AMOEHEINT A, FIEEMTIZENT o fbaidin <, Lrd Kbk
TR LR OBRIERE LR D,

1 o =25 vyag bbbl MdGUETL 0BG H2 2 L0b, ZOEORS

DA —AF F A4 PEAEROMWE & LRI T 5 EBERIMAEIE L D L RE VD &,

@) Md GUTOMT CREMNTCEXFEEMTO R o« w47 w4 PEEX &

B, THICHM L AT BRFEAEHNSERC BT A M TEES® L b & <Ebe L
DB L,

Q) oEcHis s LOTRAC DV T, ThA5EREEM B TAET 2o %E—
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BlrsBozic s bicl,

@2 Tk, IEHEZGOOEREYTHHEORE LBEEMER D 2 & T, transfor-
mation plasticity & T, REMO~LF w14 P EEOEEICOWTIE Poter W12k »
THEsh w5, T, AL 1 Fe-Ni 403N TCRT 26 -Eilf 4 ko T
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Be TOETIBEOERT &R ART 3,

(2) IT AR b BRI T 5 05, RIS < 700 BEERS & 33 o At
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MRS AL TE Ly,
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<, i, ARoSHE b Md A 50°C T - i,

@) & =T vy A MIMINERC I B - T OB R T 52, 50°C Ll ETiks]
REDEMOHICE AT D, Zh BT HIRERFE T 200°C, [EfiT250°C Bk
TH 5D,

U EDFRND 18-8 A7 vv 2oL, ToBEo LTth, T LTt il
LIEMAORIR A BT 5 2 R 2 Lo ke, OB LR RICT B EEC
ZOROWDF — AT F A+ OUBECARET HHETF L, Fﬁ&5H007»77#4%w'@

5& O transformation plasticity & 3% 2 Hivn, Zh b OMEOFHEMBILSEOMIE
EBizuw,
A DICDZE XK, ARPFFEOFRTICH ~ ks EE 2 H - oSG BB EEIC BT 5,
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