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ABSTRACT High–cycle fatigue fracture behaviors of three ferrite–pearlite type microalloyed steels
with different carbon and vanadium content and one quenched and tempered (QT) low alloy steel 40Cr
for comparison were investigated by rotating bending fatigue test. The results show that microstructure
has a significant effect on the fatigue properties of the microalloyed forging steels. Both fatigue limit and
fatigue limit ratio increase with increasing the hardness of ferrite and the fatigue limit ratio of 22MnVS
steel is as high as 0.60, which is much higher than that of QT steel 40Cr. The formation of film–like ferrite
along coarse prior austenite grain boundary deteriorates the fatigue properties of medium–carbon steels
38MnVS and 48MnS in as–rolled condition, which is lower than that of QT steel 40Cr. The fatigue fracture
mechanism of microalloyed steels is different from that of QT steel. For the microalloyed steels, almost
all the fatigue cracks initiated mainly along the boundary between ferrite and pearlite and propagated
preferentially along that boundary, whereas for QT steel with same strength level, which does not possess
soft phase of ferrite, the fatigue cracks easily initiated at coarse subsurface inclusions.

KEY WORDS foundational discipline in materials science, ferrite–pearlite type microalloyed medium–
carbon steel, high–cycle fatigue, fatigue crack initiation and propagation, microstructure
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22MnVS*38MnVS J 48MnV �-�, 07��?D

:: 1, "�I.CM;�H& +$ 40Cr "7�

�?. 22MnVS*38MnVS J 48MnV $"-�KE
?<" 40 mm*90 mm J 160 mm, #D=�" 1/2

>E!I=KE" 16 mm "E=, LF0N5�?
MGJDF (l0=5d0, d0=5 mm) J?FC+%&D
F (?HOKE" 5.97 mm, @&" 30 mm). #F 

+$ 40Cr 4!�KE 16 mm @& 900 mm "E=,

LN5�GJA%&IJDF, F0 +!" (AP

860 B ×30 min, GK + QP 630 B ×90 min, LK)

�LMN5��K.

CN GB/T 4337–1984 22?FC+%&F@,

F@L&$D"�5 PQ1–6B?FC+%&F@8.

F@8"MENN, F@N&" 5000 rpm, F@HR

1O" R=–1, F@AK22FDFOIGGF 107

HP"P, &Q�S)%&F9. "�2I%&>;

,DF:5@>AAERO"DF, #8JP3GJ

QP3#RS�, L22%&F@, %&TK/SU
ALQH&T/K,UI:5>;@>AAE22
2I. F@,F@TRVTLM22.

F0%&DFUV="4.DF& 3% "NW

WMXORS�, ,3�K,UM2I,2:;1O
#& SISC IAS V8.04.YP?QZ,M3:;/"
-.//VN?.. ?<& TIME HV–10A*MVK–E

BR[S&'UM3%&DF"R[S& (10 kg)A

,2:; (<3/*-./) "K,S& (50 g), F@

XWY" 5 X'I@Z"\YR. ,DF"T))
U]�S&"M3J:;"2I. &^T S–4300 B

O�_ SEM2I%&Y["V\A%&>;,DF
:5"@>AAERO.
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2.1 WXYZ��[\�]^_`ab

F@&# +$",2:;Y"-./ + <3
/, 0/ L3�" 22MnVS $"+8-./ + <
3/,  L3C;" 38MnVS J 48MnV $"DWP

[/:<Q;"X.-./ + <3/ (Y 1a*b*c);

40Cr $ +!"�",2:;";LQP][/
(Y 1d).

0: 2 #^, # +$/-./S&Y�:<
3/S&, -./3:;/"Z.; `c$/ C L3

"dN, :;/"-.//V?@��, ��R[S

&J<3/S&7;,  -./S&aZ ��. 9
D%-F@$�-�"Wb[\A V Y."L3'

@, -�Wb[\ZJ V Y.L3;, dN� V(C,

N) ,-.//"_cQ;#7IW; ,GJ# +
$/, 22MnVS $"-.//V?@ Vf e-, <3
//-./S&. HP/HF eZ.

F@$"?FC+%& S–N +[A%&F@

XW"]f?<D:Y 2 J: 3. #0`;, Q

22MnVS $�, 0daJ# +$"%&/1Y. 
+$ 40Cr "R, 0%&F9-%&F9.YbK�

: 40Cr$, \:#&"<=, 22MnVS$"%&F9

�: 40Cr $, /30%&F9. σ−1/Rm=0.60, b

K;: 40Cr $"%&F9. 0.50. GJ# +$"
%&/1##`0cG#&"7; 7;, Z `c
cG#&"7; M�," 22MnVS$"%&/1e
^, 38MnVS $H@, 48MnV $"%&/1eR. 9
-0,2:;6@AV�'@. A95-./"#&

<=�>;"@>AAE (^Md?Q), -./#&

;,-./ – <3/S<!>;@>AAEL$]N
d-, # +$"%&F97;; eA95`c# 
+$/ C Y.L3"dN, 7;�,2:;/<3
//V?@, ^7�-./:;TU, -./Dc<
3/S<-f�VeX., ���%&/1. _"�

-�,-"X.-./ – <3/# +$%&/1

g 1 f`�4_aW` (Bg`g, %)

Table 1 Chemical compositions of the four tested steels (mass fraction, %)

Steel C Si Mn P Cr S V O N

22MnVS 0.23 0.33 0.78 0.026 0.19 0.065 0.24 0.0016 0.010

38MnVS 0.39 0.20 1.38 0.016 0.17 0.059 0.11 0.0016 0.011

48MnV 0.47 0.26 1.15 0.016 0.12 0.007 0.07 0.0011 0.012

40Cr 0.38 0.28 0.71 0.007 0.87 0.008 – 0.0051 0.009
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Fig.1 Optical microstructures of the tested steels consist of ferrite (white) and pearlite (grey) for

22MnVS (a), 38MnVS (b) and 48MnV (c) and of tempered martensite for 40Cr (d)

g 2 f`�ebcfdcaijXg4YZje
Table 2 Hardness and microstructural parameters of the tested steels

Vickers Microhardness Microhardness Volume fraction

Steel hardness of pearlite HP of ferrite HF HP/HF of ferrite Vf

HV10 (HV0.05) (HV0.05) (%)

22MnVS 226 255 217 1.18 75.3

38MnVS 266 275 210 1.31 13.1

48MnV 273 281 201 1.40 9.9

40Cr 254 – – – –

h 2 f`�4gkhi78f`4 S–N ih

Fig.2 S–N curves obtained by rotating bar two–point

bending fatigue tests for the tested steels

CR, 0�:B+#& +$"%&/1 [10].

2.2 _`lm^nopq�
# +$%&Y>k-)?ji:DF:5f

/, X<ji:DFj:5",-grk (Y 3a,b);

 B+#&h<" 40Cr +$"%&>;s' 50%

ji:j:5",-grk (Y 3c). ,# +$%
&Y["AEk, [,bK"<3/e\.Q"Xi
(Y 3d), 9#13%&>;,<3/ AE"XW,

Y/ A*B "<3/ �Be\. Y 4 "%&>;D

DF:5:;@>AAE" SEM Ne, 2A92b

%&>;@>:DF:5#D%@>::5"-.
/ – <3/S<! (Y 4a), AED%CD-./ –

<3/S< (Y 4b).
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g 3 f`�4Æbl78llm�
Table 3 Summary of tensile strength and fatigue limit of the tested steels

Steel Tensile strength Rm/MPa Fatigue limit σ−1/MPa Fatigue limit ratio σ−1/Rm

22MnVS 655 390 0.60

38MnVS 885 385 0.44

48MnV 895 365 0.41

40Cr 880 440 0.50

h 3 f`�78nmnmnllotldi
Fig.3 SEM fractographs of fatigue fracture initiation and propagation, showing that cracks initiated

from surface matrix of 22MnVS steel (a) and subsurface inclusion of 38MnVS (b) and 40Cr (c)

steels and propagated within pearlite when the normal stress is vertical to pearlite layers of

38MnVS steel (d)

g 4 f`�78nmpmnnoje

Table 4 Statistical results of various fatigue crack initiation sites of the tested steels

Number of specimens with various fatigue crack initiation sites
Steel Condition

I SSI SM

22MnVS As–hot rolled 1 1 15

38MnVS As–hot rolled 1 0 13

48MnV As–hot rolled 0 0 12

40Cr QT 0 7 7

Note: I refers to initiation at internal inclusion; SSI refers to initiation at subsurface inclusion; SM refers

to initiation at surface matrix

8�N]N^T-./op#& �:<3/op
#&P, :;/"-./!bop]V#5>qo
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.//<3/S<A<3/ );3bK"u]Nj
/.r-./ – <3/B# +$"%&>;p@>
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",>;@-AE"D%q0N.
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Fig.4 SEM photographs of rotating bending fatigued

specimen of 38MnVS steel in as–annealed

(1200 b ×45 min) (a) and as–rolled (b) con-

ditions, showing cracks initiated along the

boundary of ferrite and pearlite and propa-

gated preferentially along that boundary

_c, -./."S&J#&<=%&>;"

@>AAE, -./#&;, -.//<3/S<!
>;@>AAEL$"]Ns;, # +$"%&
F97;. -./ – <3/B# +$"%&F
9. σ−1/Rm - HF/(HFVF + HPVP) �u. [6],

": σ−1/Rm∞HF/(HFVF + HPVP)∞1/ [VF + (1 −
−VF)Hp/HF]. 9:b, d=es*$/tN,64
7Y.5>Q;#7J^7-./:;, 7;-./

S&*��<3//-./S&.1t7;-./ –

<3/B# +$"%&F9. [8,10]. \: V Y.

I-./"#7=&, V L3e;" 22MnVS $"

%&F9.bK;:0d# +$, uvbK;: 
+$ 40Cr. B+#&v\" +$�[,P-./
tF"Z., _ p,DF:\,-"Sfgrk!
5>]Nj/ @>%&>;.

3 S V
1. -./ – <3/B# +$"%&/1D

%=9:0:;6@AV�. 7;-./.S&, 0

%&F9A%&F9.Y7;, %&F9.e;#G
0.60, r;: +$" 0.50; B',-"X.-./
– <3/:;"�-�%&/1CR, �:B+#&

v\" +$.

2. -./ – <3/B# +$"%&Y>81
- +$"�B, 0%&>;f�U@>:DF:5

"-.//<3/S<, #1#Dc-.//<3/S
<AE. I:B+#&v\" +$, \:�[,P
-./tF"Z., %&>;p,DF:\,-"g
rk!@>.
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