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of Austenitic Fe-25Mn-Al-05C steels
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ABSTRACT

The effect of Al additon on the fatigue properties of austenitic Fe-25Mn-Al-05C steels was
studied. When Al was not added to the Fe-25Mn 0.5C steel, the strain induced € martensites,
deformation twins and slip bands were formed during fatigue deformation, When 2wt% of Al
was added to the steel, the deformation twins and slip bands were formed during fatigue
deformation. When 5wt% of Al was added, only slip bands were formed. In low cycle fatigue
test, the alloys containing Owt% and 2wt% Al showed the cyclic hardening due to € martensites
and deformation twins, resulting in shorter fatigue lives than the alloy containing 5Swt% Al In
fatigue crack propagation test, the alloy without Al showed the highest crack propagation rate.
The fracture surface of the alloy without Al was flat, whereas that of the alloy with 2% or
5% Al was rough. The 4Kuw values of the alloys with 0%, 2% and 5%Al were 16, 17.5, and 205

MPam!”, respectively.
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Ta_ble 1 Chemical compositon of Fe-25Mn-Al-0.5C alloys used in this investigation

¢ wt Y )
tows M e hot b la. . € e
Nominal Actual Nominal Actual Nominal Actunl Nominal Actual
0Al | o5 23.93 o 0.5 0.68 Bal. Bal.
2A1 | 25 23.71 2 2.01 05 0.9 Bal. Bal.
S5A1 25 24.59 8 5.68 0.5 .63 Bal. Bal.




276/ 9 2H ol ¥ Fe-25Mn-Al-05C7%s] B BAUA oA & Al §7hs) 2

oq2]AH, w: Al¥Y &
a: 299 dol
t: e £
4P: 7t¢ 3% W9 (Prax = Prw)

N2 FEgd AU sinenty, F94 20Hz €9
u] 005014 e on, FE ol 40uf9)
ol UV F & ol &3t FYASL

23 =X|ag

M Fo| =3I HE YUY Fo nMx
F WsHE A7) st FeynAE& AHEE}
ST, MIFYE AMAIE Fof HAFY 4d
Aok FAHNY] Ao FAHA Yol A
(HITACH S-2400)& AM&3%ic sIZAYE X,
7148 BAF Ay AudAt de v/
A€ HRIE T WEIFE Hedlr] fEME F
Az Wo)Z(JEOL 1200 EX) & AM&-3lqict

31 fixe] ojM=

Fig. 1& dAeld ol %9 AWt 448 %
o] BEUr)F TRt AR A HEo]
Aol 283 YU UAXHL A 29
A& Y 4 den, AA™Y AV & 3/Bum
2 TE ZMA Hled 718§ B waby,
A3™EY A717t 1AH 4Ae 0ld 4 de 9
82 wiA Y 4 AAT. F=/, A AdHA
o] ulMZHE o/dy 4HYge] EAET 1 9
o] t& Wz ¥olx] 3% ¢ & A
A2 e FEHE At X-d 3H ¥4
€ 8 HFig. 2). X-4 #AZA) s, ©
€ ZAAM LAHUo)EA} ol9e] MIE #Y
HA| ggore gMeo o8 LAdHYolE @
Aol HALNEE FAY F AU

32 4F7| =2

Fig. 3& AF7) AE2ANEE ¢ ZAeid 1
dolM B %o, 0AINHEAME 06%, 08%, 1.0%
o] WE HE & 7oA, ¥t¥ Alo]gF HE A
& gYzgto] A& FristeE e G AEo
Eldg& ¥ 4 Utk 2AIX MM 0AIAHE T
€ Z8AE AAT ¥ s AFel v

Fig. 1 Optical micrographs of the alloys
after heat treatment (1050°C for 40
min.)
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Fig. 2 X-ray diffraction patterns of the
alloys after heat treatment at 1050C

for 40 min.
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Fig. 4 Optical micrographs of the alloys
after low cycle fatigue fracture under
46/2 = 1.0%.
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Fig. 5 TEM micrographs of the alloys after low cycle fatigue fracture under

de /2 = 1.0%.

(a) 0Al showing e€-martensite, (b) OAl alloy showing deformation twins,

(¢) 2Al alloy, (d) SAl alloy



e s I e e RS URLE 112, ABE 1998/279

g @2HUoe|Ee] {111;Ho Ao o]F 10+

e Ay TS A2 ol E S wslstol wid Azt . oAl
2AI

AZEE Yot Hadfeld’t& A F% Raghavan wdl L e

zool AxAZeL 0/ GFH M ZEQlel L

%E& AFE Murrge e AFAZeAM et o,
2AIA Holl Hef wa 4ol o] MYPeF d
go] olF S AAHoZ wasld wtE HIE
Yozich Iejuh, SARAEAME FMAF HE
A UwrHog B & g wieh 2 W A
8 AEol 27lo) 2T MoAAAY F Mol o
¥ &yl o] ale @t (Fig 4(c)) A9l *
o o] Fo] FolsiFyozH Wi AgEHE AFE 1073
dol Foch g, 0AIA M 2AIM e HF7)
B2 4ol 5Al vis B R 0AlIME en} 0 s s P s t
ZdlAlolE9t Q@ AE|Lo|E Q] AHWo], 2A1A1H AK (MPam*2)
AME A 2 2EHUelEL] AWl #d 4
#o2 FH25g7) giEelet AtRdch Fig. 6 Fatigue crack growth rate of Fe-
25Mn-A1-0.5C alloys .

10

da/dN (mmicycle)
g
ma
‘3

33 Oz7Y Mo

AZRYE AALY AAE Fig. 69l Yehfdch E el dKugtel OAINEAME 16 MPam'”,
Stage [0l B@, 7]&& = g dol F R sl 2AIA M M E 17.5 MPanml/2, 5A1A Hell A
o ol Mststa Ge AL YEd F T 205 MPam'*& vetwtt. 48 4K

tal

lc)

S

_...:;(1'. “.'...-‘ : i g -F “‘a_‘_‘."‘n‘
Fa ey

Fig. 7 Optical micrographs of crack profiles(Arrows indicate the Kth positions.).
(a) 0Al alloy (b) 2Al alloy (c) 5Al alloy
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Fig. 8 SEM fractographs of the regions at
4K =25MPam!/
(a) 0Al alloy (b) 2Al alloy
(c) 5Al alloy

Fig. 7& M2 3¢ ANFE& FAYW Oolt
ZAINE S SAINTAMe FEE 4 2]
2 Ay e AE ¥ 4 U2, oA e
Mol FEe Ao YyMoez AT UAs AR
€ ¢ F AR olHY FYE AN FFL K
Bae geolmgt oflel Fdel A RE
QoA uleA dEtT UARE ¥ F AN
ok oolaigt SHAYC FALS B3I dKeR D2
FQoA 2AaIA W SAINHE 7 SYE &
ZENAAl slo] dA MEFEe] A FEHol
HE Ke@tol 320 Hol Bt §2& JKelt g U
B 99l ¥ 2o AlREY

Fig. 82 mid 4K9d¥( 4K=25 MPaml/2 )}
A9 s Aot QAIAIBAME 4@ Ay
flelAM mZ2e] o FH3I] WNHIARE YoH
AL AR gl AAEHA 4T FF
Awt wro g vinyA Vsse FAAE BAF
2 ARG 28y, 2AM el SAINBEANE
g Fgel Anst vjM Ay o8] F&EoiR)
T FEE HF3 glon, gL wsEg won
AN e BES BAFT . &, 0A1A
Hol e 3¢ A £27} 2A1AHol ) SAIAH
e FE Ay £z wE Jegd RE
F BdFT o T, 5AIM#MAME Fig,
8(c)e] $&4dM BoxlE A} e Wi
o] AT BT QT wWakA, 5AIAH 9
Y Anrt oj2 ¥t wWimtze) ogAde] ofsf 2A1
ARolAMe] FYE Aoy w4 NPy o
Aggc =3, Hzgd ARLEL #E¢ 9
FAAAE0 7 GHPAR A M2 gd A
voff o HYZAL AF7| nZo ofPmy
ZYH vy A JebldY, &, F¢€ A%
&7t 71 A verd 2AN 8N EY %
o] Aol 7t wsteh oy A= v A7
9 e M HA FQ M2 AL FYE
WEPPEY AFAAG TUYG Aoz WY 4
el gl o8] Fdol Husied WL o
Ut FLEoe FEAREE a8 A
oz ANRdEd. 28y, 0AINH A2 evi2
AlolE el ¢E Ao 2ol 4L oY
o2 MY 4He YHAE O Y4



vk % 9 Ha H2E F9 o2& WaR
Axstd Fg o9t e FAE 4 7 Aok 0Al
ARl ol Ajechrt £3 WEES v
Udoate #d0 £ HEES dH4eE #%
go| At LES HAFY AU, 2A14)
Hojr} SAIM - A o] &Y WESE W
g AfsAM B A2E YAstd 2€
Moo 2o An £57 AAHT s BF
R FET ot o2l @S VAIAHAA
W] o HAH evlZRIAlolEV} WH S
wol mMolxma FPel MAutsted el A7
27} Ao dAHe ¥AMse HoR AlEHA,
2AIA Holu SAINHANE FH9 Azt &3
MEES welr] ofjFojx B g mHo] AAA U}
BUY, #¥ HA 55 “2ii ved Aog
Atg Rt

rir np

428

9 AH ol EA Fe-25Mn-Al-05C7Z el Al Ale] A

Fig. 9 Optical micrographs of a crack
path.
(a) 0Al alloy (b) 2Al alloy

- - PSR UARLE 1175, ARE 1908/281

ek S WAl el whit AF7) H2Algg 2
Y Ag AFESE 2 A% odgH e HE
& dArt

1. Fe-25Mn-Al-05CE#& Alel H717 8=

NREF evtZlAtolE el op Wl g Yo] LAY

fdon, Alo] 2% H/1EW evj2elAlo| Edg)
B AAE T dygge dade] 2 Jetwon,
Alo] 5% H7tHH dygge] BAE Ao
vhebLhA] ofokch EF £He WAL RE X
oA HoAXXYE Al H7heFe] Zrhdhel whel
a1 ol Zvhstgicth

2. 7] HEEFol YAE ent2WlAtolEgt |
3y A A9l olF g Wajste wrHANE
Ao, £ HAL wE AJNE Yoo
27 evtEelajolEn) M3 4H @ Aeto]
E9lo] AR #E YAAFLR F}gte] HF7)

2 e FaAh

3. 52 g AdNSEE enl2dAolE A
o3 getion Fdol A dFHer s
o W dKe 3 veRARTH

4. Alel A7islo} emtZdAOlE WEI7L Ye =
Aol Fgol 23AA At 8 A A7)
of olgt 7 2YAFE vteho] dKaitel &
A verstoh =3 2 Fde] EYWEE uie)
Hupste] gd HAut F2rt LA debde s
W 2#E Avk $271 e)A el

xags

1. L Tamura : Metal Science 16 (1982) 2456

2 Aelg : UhALESIE= 8. KAIST. (1992)

3. O. Saeki, H, Takada, M. Sudo, and T. Ohki :
Tetsu-to-Hagane 69 (1983) 1312

4. J. Charles, A. Berghezan, and A, Lutuus :
Advances in Cryogenic Eng.. 28 (1982) 311

5. R, J. Bucd @ "ASTM Symposium on Fatigue
Crack Growth
Measurement and Data Analysis™ (1979)

6. J. R. Rice : ASTM STP 415 (1967) 247

7. L. P. Pook : Int, J. of Frac, Mech. 4 (1968)
295



282/2 AU EN Fe-25Mn-Al-05C7} 8| M2 Qo) vjAE: Al ¥7le] 4@

8. Y. Tomota, M. Strum and J. W, Motis Jr. 245 (1969) 2225

Metall Trans. 17A (1986) 537 11. G. R. Chanani and S. D. Antolovich
9. S. Raghavan, A, S. Sastri and M. J. Metall Trans, SA (1974) 217

Marchinkowski : Trans. AIME, 245 12, VhEW, vpAsE A4 - I ERNA, 4
(1969) 1569 (1996) 350

10. L. E. Murr and F. I, Grace : Trans. AIME,



	wstg: 
	eafa: 
	faz: 
	fwsf: 
	FEAF: 
	EA: 


