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ABSTRACT Tensile tests of cold rolled and annealed EN1.4318 (AISI301L) and EN1.4301 (AISI304)
stainless steel sheet samples with 2 mm in thickness were performed at the strain rates of 5×10−4 s−1

(slow strain rate) and 2×10−2 s−1 (fast strain rate). The mechanism and volume fraction of strain
induced α′–martensite transformation were investigated by using TEM, SEM and XRD. The amount
of strain induced α′–martensite in EN1.4318 is much higher than that in EN1.4301 when both steels are
deformed at the same strain rate. Adiabatic heating caused by the fast strain obviously decreases the
α′–martensite transformation rate and work hardening rate in cold rolled EN1.4318 steel. The amount
of α′–martensite and transformation rate for both steels are reduced during uniform deformation com-
pared with those at slow strain rate, this behavior is more significant in cold rolled steels than that
in annealed ones. For the more stable EN1.4301 with low saturated amount of α′–martensite (<0.3,
volume fraction), rapidly plastic instability and tremendous reduction of uniform elongation are due
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to the small hardening effect at fast strain. In contrast, for EN1.4318 with low stacking fault en-
ergy and rather high saturated amount of α′–martensite, the tensile strength is significant decreased
with increasing saturated amount of α′–martensite when deformation at fast strain. The strain rate
sensitivity of EN1.4318 is much higher than that of EN1.4301.
KEY WORDS austenitic stainless steel, strain rate, α′–martensite transformation, mechanical

response, plastic instability

�� �##!$$"%�, )%&&''(�)*
�# $+�,( **�+) α′– !� ,�# *
,�"!�+, ",#-$�)!#./0, %-&'%$
%&'%&-1' **�2+ &+(.'.()*�
# !�+)*'3/� [1−3]. *�# 0�� �#
##./0*$++$!45, /(16(,)-70!
#-; )128*23)9+(!*++(,34-$4
+(%4,'!-.; ./-5:./*;5�,(6<
/60!17(", (,30721. 8=33**98
0!>., 2*�# 0*�+)!� ,�(9#./
04580!?1:)13;@A**9<:.

?1 [1,2] 3', )3B425C34*3-!*�
# =Æ4, 10−4 * 10−2 s−1 ">!*�# ;)!�
� �##�,/04860, ?56#56#*7#*
�!/06<. *�# 0�� �##�,@4* α′–
!� ,�!45, )A03'7D88�� 78(*
$&+!0E, ,�,&'*+.)?!45�� $&
+*78(6=:!F9 [4,5]. F9, :GH>5:?'
@ EN1.4318(AISI301L) * EN1.4301(AISI3 04)2 A�
� $&+�)%,;;BC9B$+23!�##, ?
17< 2 A*�# 08*C*ID"%'&-�,9
E*�+) α′– !� ,�*#./0!45.

1 *+DE
H9+.)?=# 1 >?! EN1.4318–2G(:<@

J 1, 2G #?*C2#0=;F") * EN1.4301–2B(:
<@J 2, 2B #?*CF") F'0 2 mm !*C/, A
/C48K%9LBG8H23)=M 1 >?!F 2 mm
%'@J, <23I!%'@J=/ 1050 >/30 min I
D, 0JG?*4*#, @9)>*C. *C/!�� 
?@/A0 40—60 μm, ID@J!�� ?@/A0
80—110 μm. @J 1 0 C, N * Ni !K"A)BD:
/*B, H8! Ni !K" (I"?E) ) 7% (', CF
25G"! Cu * Mo J9(K2�� !$&+; !�
 CD,�&' Ms, MD30 *78( γSF !LH:NE

B# 1, MD30 !)* 30% $+*�" * 50%( M?
E)α′– !� ,�!&'. FG, @J 1 ! Ms * MD30

�HA@J 2 4DÆ, N4B)BD:/*, 78( γSF

NLLBB@J 2 *)B!D:/* [9].
%'3B)0IE&%MTS *+@B@7=/, @

93433*�# 8J2M, *�# 0 5×10−4(6#
%') N 2×10−2 s−1(7#%'), %'8KN/*C48
KO),9KIFJ (SEM)*PLFJ (TEM)?Q�,
RNOP* α′– !� O�@;, 9 X LLSL (XRD,
CoKα) *GH*T0%'@JOKPL=/UO&"
I&.

2 *+,-
2.1 ./Q012

M 2 ! 2 Q@J*C"*ID"6#%'*7#%
'!33*# – 33*�ML, # 2 !R%'@J!#
.+(. "M 2 *# 2 0F(M$, 4 A%'@J!%-
&'.)*�# 27,N4, *�# 0 2 A*C"#
%'#./0!450B0ID"#!45. 0*C"@
J 1 R:#-00S'NB$%&', 1' �+AE;
0*C"@J 2 SR:#-00S'NB1' , ,$%
&'�+AE. 0B 2 A#!ID", *�# N41'
 '3OT, OAT', $%&'NB2E. "M 2a F
(M$, 0@J 1, 33*#BB 650 MPa(U*# 750
MPa) !B*�9E, *C"*ID"@J!7#%'M
L4B6#%'ML; ,)33*#0B 650 MPa !0
*�9E, OVOU. *C"*ID"@J7#%'A6
#%'P!$%&'?5NB5 110 * 50 MPa. "M
2b F(M$, @J 2 *C"*ID" 2 A*�# !%
'ML482E, P�*#)&-*�9EV:,J)K
7N; 7#%'2*C"*ID"!1' A6#%'?
5NB5 22% * 15%, ,$%&'.WNB5 10 MPa,
FG, *�# 0*C"*ID"@J 2 !45R:#-
027 *$++$*1' NB.

M 3 ! 2 Q@J*C"*ID"( 2 A*�# %

X 1 QVÆLMWWNX, Ms, MD30 XYZOPR γSF

Table 1 Chemical compositions (mass fraction, %), Ms, MD30 and stacking fault energies γSF of the tested steels

Steel C Si Mn Cu Mo Ni Cr N Ms, Q [6] MD30, Q [7] γSF, mJ/m2[8]

EN1.4318–2G (sample 1) 0.014 0.56 1.22 0.26 0.12 6.62 17.36 0.10 −66 42 6

EN1.4301-2B (sample 2) 0.056 0.52 1.29 0.37 0.18 8.34 17.75 0.052 −182 −14 17
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3 1 ����WX
Fig.1 Shape and size of the tensile sample (unit: mm)

3 2 EN1.4318(�� 1) � EN1.4301(�� 2) 	���	�
�	�^��� – ^���V`

Fig.2 Tensile curves of engineering stress vs strain under

two strain rates for steels EN1.4318 (sample 1) (a)

and EN1.4301 (sample 2) (b) cold–rolled and an-

nealed at 1050 Q/30 min

X 2 UWXaMY_ZYYVUZYZbWW
Table 2 Yield strength σ0.2, ultimate tensile strength σb and

ultimate elongation δ of the cold–rolled and annealed

steels at two strain rates

Steel 5×10−4 s−1 2×10−2 s−1

σ0.2 σb δ σ0.2 σb δ

MPa MPa % MPa MPa %

Sample 1 rolled 365 940 52 405 830 52

Sample 1 annealed 275 840 76 315 790 65

Sample 2 rolled 290 705 94 310 695 72

Sample 2 annealed 225 640 91 255 630 76

'&-*�9E!*�2+ – U*�ML*U*# –
U*�ML. "M 3a F(M$, *C"*ID"@J 1
! 2 A*�# %'!*�2+ ML.17N*'N
53, W!7N*'N!#'*S'�). " 2 A*�#

3 3 	���	����� 2 �������������
� – [��V`\[�� – [��V`

Fig.3 Curves of work hardening rate vs true strain and true

stress vs true strain for sample 1 (a) and sample 2

(b) stretched at two strain rates

 %'!*�2+ MLF(M$, 7#%'P2+ M
L7N!4'NB, ,;*C"@JNB!S'LL0B
ID"@J. *C"*ID"@J 1 6#%'!2+ 
ML4'4LL0B87#%'!4'4, ['*C]�
,0@J 1 B#%'2+/0!450B7#%'. "M
3b F(M$, @J 2 !*�2+ ML1Z0[\'N
53, ,;*C"NID"@JO)*�# !2+ M
LX1'345, ['*C]�,0$&+24!@J 2
!*�2+/045�0; 6#%'2+ ML)*�0
B 0.3 9EA7#%'ML'N`6, c]N*#MLO
Æ. aY Considère $++$@S, ^%�!*�2+ 
&B%'P�*#, b σ=dσ/dε P, <)*$++$, 1
]*�2+ N%'MLOÆ, NZK25&-1' .

*�# 0#%'#./0!45F9*�# [
c+ β I<, b

β = (σ1 − σ2)/ln(ε̇1/ε̇2) (1)

80, σ1 * σ2 ?50A&*�# 0 ε̇1 * ε̇2 P?*O

)*�"!P�*#. <M 3 0&-*�9EEY6\
J (1), D$ β N*�"!16, =M 4 >?. β :^(
L-, 8#./00*�# ![c+^E; ,]\^0,
*�# [c+NZ^0. F(M$, 2 A#*C"AI
D")1:0!*�# [c+, M0^_–β :̀!05
:/Na#b@J 1 !*�# [c+N*�# NB
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3 4 	���	������������
Fig.4 Curves of strain rate sensitivity vs true strain for

sample 1 and sample 2 cold–rolled and annealed

**�"K2!_A16. @J 1 *C"!_–β :̀)*
�0B 0.1 (d7#L+7N, *�0B 0.35 d]_'
N; ID"_–β :̀)*�K2ES7N, d'N53. @
J 2 !_–β :̀)*�K2�+�0, *C"*ID"!
45N�0, ['*C]�,08*�# [c+!45
NO02E.
2.2 4Q5` α′– 6789Q

9 TEM * SEM ?QID"@J 1 6#%'53
!OPe�, ^e?5?BM 5 * 6. aB@J 1 ! Ni
K"2B%78(B, �,OP078AÆ, ,;78N
78T_%78NA0f8T_OfÆ^%`(, g)0
cdaBe, aBe0f10"`g. α′– !� )�,
`gb'20!aBeÆg,h, haBeh0, �)a
Be0! α′– !� ;5`(, *h)�iS!aeFO
P, =M 5 >?. M 6 !ID"@J 1 LOK=! SEM
,c. )aBeÆg,h%*h! α′– !� Of`(,
g)0ijdk*�iSae, N�� O_?i, γ *

α′ bOOPh%'8Kj)�,, $+�,* α′– !�
 ,�)R?@0!?ij�&-.

9 X LLSLTI@%'@JNC40A/!LO
KZf!OO), XRD Æ=M 7 >?. FG, 6#%'*
C"@J 1 0! α′– !� ,�"A7%!Æ. 6#%
'@J 1 ID"! α′– !� ,�"BB 2 A# %'
!*C", *C"@J 2 ! α′– !� ,�"6G.

e9 GB8362–87 LHkÆ�� "!8H, &"L
HM 7 0R@J0! α′– !� O0 M?E, 9GH*
TI&8Æ 4 Q%'@JO)Zf! α′– !�  M?
E, R@J! α′– !� ,�"EB# 3. FG, 6#%
'@J0! α′– !� ,�".4B7#%'!O)@
J, 2 A#*C"@J α′– !� ,�".4BO)# 
%'!ID"@J, ,;@J 1 !*C"NID"!!�
 ,�"O42@J 2 0DÆ, ['*C]�,0@J 1
*�+)!� ,�!45:0.

3 5 	���� 1 � 7% ��� TEM k
Fig.5 TEM images of annealed sample 1 after 7% true

strain

(a) tangled stacking faults and planar dislocations

(b) nucleation of α′–martensite (bright lath) at the

intersections of shear bands with more deformed

defects

3 6 	���� 1 flgl� SEM k

Fig.6 SEM image near fracture surface of annealed sample

1, net–like α′–martensites distributed with band–like

structure
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3 7 ����flgl��ch� XRD d
Fig.7 XRD patterns of rolling planes near fracture surface

of the tested steels

X 3 UWXaM α′– iefbmj
Table 3 The volume fractions of α′–martensite in the tensile–

tested steels at two strain rates

(volume fraction, %)

Steel 5×10−4 s−1 2×10−2 s−1

Sample 1 rolled 90 72

Sample 1 annealed 53 29

Sample 2 rolled 25 5

Sample 2 annealed 11 2

3 :;
3.1 4Q<=cd78e>?@A12fBC

�� �##0B78(%�, E&!$+�,OP
;E0A0gEf8*78, C!, )*�# 27**
�"K0, hi(,)f8n^!oFOP, ,;f8o
cd)*�# 27**�"K0,kE%op�F [10];
]*�!g9O^BK2*�", O)*�!f8o:E,
j)0$&hF, f8b'N:0 [11]. *#=%KN4,
m$-ijF@ll? [10,12]. �j!P�*#Nf8b
'!A8a)_A, ^�j(27*�# %'P, *�
i#0, %-&'4. 0B�� $&+2B!@J 1, *
#BB 650 MPa 9E α′– !� ,�"2G, &+me
�'3, 7#%'!P�*#24; )*#0B 650 MPa
!0*�9E, 7#%'!�,k *@J&'N4, K
25�� !$&+, α′– !� !,�#'*,�"B
B6#%'@J, P�*#7N#'k6, $%&'N0
SNB.

�� �##!*�2+ )*�K2,N4!)
**�+) α′– !� ,�!^e, 2+ 7N!#'*
S'N α′– !� !,�#'*,�")_A [13]. F

9, *�2+ N*�!16R:Uj*�# 0*�+
) α′– !� ,�!K&NK$me!45. @J 1 *
C"6#%'!*�2+ 60:AO)# %'!I
D"*7#%'!*C"2+ 60:4 1000 MPa (
7, 8!F0*C]�,qf)OP0!aBe*r+*

�(2#56#%'sl 500—1000 MPa 9E!!�
 ,�, ,7#%''3n458%2#m*, 2 α′– !
� !,�#'*,�"00NB%K&m*kE. aB
@J 2 !�� $&+24, !� ,�R:)*)*�
0B 0.3 (d, ,;,�#'6%H*'B, F9, 82+
 X17N53, 6#%'dl! α′– !� ,�Wc]
52+ ML!'N*N*#MLOÆ, K25&-1'
 , CK&me�'3.

�� �##)E&%'�,�( * 100%! α′–
!� ,�, OP0k1Z?�� km, ^ α′– !� 
,�A6nmGP, NZ@olb<)�� 0)*$+
+$, 7#%'!�,OP*km*.�eB α′– !� 
,� [14], ti *5m)*$++$.

*C"@J 1 Nnp& [9] ?1! SUS301L–DLT
* CN301L–DLT !)%2+&>! 301L *C/, ,;,
%'53!*�+) α′– !� ,�H*:N$E(L.
C!, aB@J 1 ! Ni K"B, �� !$&+*78
(B, B#%'!2+ MLNnG0! 2 A*C/$E
�), ,)$+�,]_�oZq#7N%'N, jA7
N*#MLOÆ%)*$++$,  *8&-1' 00
BB SUS301L–DLT * CN301L–DLT )B/*.

7#%'2 2 A*C"#&-�,9E! α′– !�
 ,�"?5A6#%'kG5 0.18 * 0.2, C$%&
'C?5NB5 110 * 10 MPa. FG, 45P�*#
!F9�W!!� !,�", *�) γ * α′– !� 
OO0=o?o+!p& α′– !� !&+@4*&+
me!1qF9. 0Ba fcc * bcc O)!bO%�, O
O!?@cd*?i!45�,/0!=:F9. �,s
_, r2*�)OO0!?oj�&p, *�!?oaO
Oq1!P�/0**�2+6+p&, ;E! bcc 2O
!*�EB fcc pO; )�,K0, ODnr)045�
,@4*$+!R F9, ;5*�9qMf8)ODr
o!?o, rs" fcc O,s( bcc O, OD!g9FL
sMg[O%�!?D [13,15]. �� �##!�,/0
A fcc * bcc bO%�:sp, �,530 α′– !� !
O0"*?i)�O�+, γ O0!*�LL0B α′– !
� O, OO0!*�N.=B�+T0 [16]. tt)*
�q60P, RO0*#&&, α′– !�  M?EZ)
0p&*�) γ * α′– !� O0=o?o!R:F9.
^ α′– !� ,�"BB 0.3 P, α′– !� O!g9N
@ll?Os, �� ; α′– !� ?G, 1m?@cd
kE, �� !f8b'K2, α′– !� !g9W!_
(&+%me2E [2]. aB α′– !� ")0B 0.3 P
`()i, �� �,st, K&m*Na9K0, P�*
#) α′– !� "KÆq#K0. F9, 0B α′– !� 
H*:A4!@J 1, 7#%'kG α′– !� ,�"!
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/(^e!$%&''3'N; , α′– !� H*:BB
0.3 !@J 2, 7#%'0&'.'!45AE, ,! *
u0*�27)*, OT&-1' .

*�# [c+Uj!!*�# 0%'P�*#
!45, VBN7<O)!rF, �� $&+B%!�
 ,�"0!@J 1 #-$:0!*�# [c+; NT
OU, @J 2 0*�# [c+2E. u5]�,!*C
"AID" α′– !� ,�"Æ, NF9)1:0*�#
 [c+.
3.2 4Q<=c4Q5` α′– 6789QfBC

*�# 0�� �##�,/0!45sB80
*�+) α′– !� ,�!45. )0I0%', 10−4

s−1 # !�,km*0*�+) α′– !� ,�45
AE, F(vv; �j)0I07#%'F�,ktu!
&'N4 ΔT Fa'JLH:

ΔT = (h/ρc)
∫

σdε (2)

80, ρ0*+b', c!Ak5, h=0.950�,w,)k
"!6E, σ 0A&U*#, ε 0U*�. 0B�� �#
#,^ ρ=79 kg/m3, c=500 J/(kg·>). aJ (2)Ft, %
'530@J!&N_AB*�*A&*#, *�K0&
NK2. %'0@J!3;*�?ij�&-, @J0u
g!*�*&N64, α′– !� ,�"N6Æ [3]. < 2
A*C"*ID"@J%'EY6\J (2), LH$R@
J( 2×10−2 s−1 7#%'&-*�9E!&N0 70—
80 >, @J�,]_*^vT_1=90!&4, wt4
5 α′– !� !,�*�,/0.

*�+) α′– !� ,�Nk#.u),�**#
xv,�!60r5)B: *�+) α′– !� ,��C
)$+�,0u;,hg, m>ar2*#g0@lxy
#, vwk#.xy#�q!Z?, F9, �(F0!� 
O�!*�K"45P�*#!Jv7#7N [17,18]. �
,&'^(L!� k#.u),�!64&' Ms, >
>!@lxy#^E; ^(L*�+)!� ,�!64
&' Md, >>!@lxy#^0, 4B Md <�w1!
� ,�. α′– !� ;E)$+�,aBeÆgn?D
&`gbu!Zf,h, !F08=Zf!rx("O0
24, F(wqO�>>!xy# [19]. ;x7, W:�,
P�*#q(yzO�>>!xy(", ZF()**�
+) α′– !� ,�.

)78(B!�� �##�,OP0 1/6〈211〉γ
aBB`g (78* hcp ! ε O) 2Æ, A0f8O02
G, )*�# 27*&'N4A0f8)TKÆ. :G
0@J 1 !�,OP078B`g2Æ, ,@J 2 0A0
f82Æ. Ll!O1?1 [4,19] 3?, &'**�# 
0 α′– !� ,�!45, yF8=F9 *78()*

�+, 78B`gÆg!rxgE:eBK α′– !� ?
j,�. )7#%'530, @J)*�K2&NK0, �
� 78( γSF NN4, α′– !� O�k#.xy#k
E, >>!@lxy#)�,0y"K2, km* *�
� 2+ y"NB%P�*#7Nk6, )8O80F
9y%g9', z{*�# 4(?*2Æ!aBe, C
b�(O�xy(", α′– !� ,�#'k6%,�"
kG. )78(*$&+O024!�� �##0, !
� ,�;E)20*�P)*, ,;!� :z!&+
m*0P�*#!|wN!x2 α′– !� ,�2#*
K2,�"!=:F9. =e�,k *!&N)!� 
,�]_Zb(n(L Md, ,�Z�(=/, �� $
&+24!@J 2 7#%'PZ(L8AF{.

2 A#ID"A*C"@J! α′– !� ,�"G,
m1%Q�Fvv!rF, Z!ID@J!?@2y0,
;E?@x!�� �##0 α′– !� ,�"2Æ,
α′– !� O�!K&NK$meN:& [20]. aB?D
ro!*#u0, α′–!� z)aBeÆg,h,N)a
BeN?D!OÆZf(9{K?DÆ|=,h [21]. ,
;x?@�� 0 α′– !� ,�:&-, OPN{N3
'y?@!�� �##0 α′– !� ?i�&-+2
0, 8N! *827)*$++$!=:rFT%.

4 ,;
(1)*�# 0�� �##�,/0!45sB8

0*�+) α′– !� ,�!45. 7#%'!�,k�
)3'an45@J 1 *@J 2 ! α′– !� ,�, α′–
!� !,�"BB6%!O)@J; O)# %', @
J 1 ! α′– !� ,�"LL4B@J 2, *C"4BI
D".

(2) *�# 0@J 1 %'/0!450B@J 2,
0*C"!450BID"; 7#%'!45)0*�9
E:2'3, @J 1 4B 650 MPa !P�*#A6%!
B, @J 2 *�0B 0.3 !2+ A6#%'!'N7.
@J 1 !*�# [c+LL0B@J 2, *C]�,(
K0 2 A#!*�# [c+.

(3) 7#%''3n45*C]�,0@J 1 0 α′–
!� ,�!2#g9, α′– !� ,�#''N%2+
 NB, ,0�� $&+*78(24!*C"@J 2
45AE.

(4) @J 2 E&*�+) α′– !� ,�H*:B
B 0.3( M?E), 7#%' *! α′– !� "kGR
:NB&-1' , 0&'45AE; ,@J 1 !78(
B%α′– !� ,�H*:A4, 7#%'0SNB$%
&', ,;NB!S') α′– !� H*:K2,K0.

y�� TEM �^'|� McMaster ��z|�, �{�}
Embury J D ���}|���~~�z�}~{����|}.
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