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ABSTRACT In order to analyze the fatigue property and residual stress relaxation process of
microshot peened medium carbon steel, the 109 cyc fatigue tests of the specimens unpeened and shot
peened by steel balls and ceramics balls with 100 μm in diameter were carried out by rotary bending
fatigue machine in air at room temperature. The result shows that the fatigue limits of specimens
peened by steel balls and ceramics balls are improved by 35% and 23% respectively, compared with
that of unpeened specimen. Based on the test result of the residual stress in the fatigue process, the
process and mechanism of residual stress relaxation are analyzed in detail. The cyclic yield strength
of the material is the main factor controled the improvement level of the fatigue limit.
KEY WORDS medium carbon steel, microshot peening, stress relaxation, fatigue limit, cyclic

yield strength
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��, ������������ !������ !
��"�, #�������� $�� � [1−3], %�
��!����� !�"�, "&'�#�����#
(���� ��$%(. &$���'%, �!Æ"�
�)���#( (�)�*) 0.01—0.2 mm  $) %&
)����&!*&'��������, +&('�#
,+����� !�, #�'�#�����#(��
�,� � ��$#( [4,5].

* )*!�--+,.. 50671086 � 50821063 
)*"(+)
//*0-... 2007CB714705 #$
�+,/�0 : 2009–04–24, �+10/�0 : 2009–08–03

%&12 : '3�, 1, 1983 2�, - �

!., 4$���5, �����������)�
 26($�/37"�4"#0, 153"��5$�
#0 [2,3,6,7]. $�����64�23������#
0, 56� $��%�. &7 [8] 87�4�)���
�$���� Cr–Mo 8 (SCM420H) �������
�)� 93)�#03�. :��8, �)�����
�'9, 4 104 cyc �25, ����#03�':$�
����. (*(), +*;:�)��������,
-)+,-��2;./, 4�%��������9<
$�0., 5�1<==>������)� �293
)�4"#0��:#0&�2��; $�>?. �
���)� 93)�#0&�����9<$��?
-���@@9<$�67/�,4> [9,10]. �;<)
0, �)���#(#"2��� A&���3�A�
�B�, 38*������)� 93)�$9A&�
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���DA&�>?91<8.
Æ&=$ 2/�)���: , #);8'9FE�

����, G>� 2 /�������=?. %����
��<5A 2 /����=?�<F:�, =B��)
��������������)� 93)�$9A
&���DA&�>?, <8�C���� $��3#
�,, >=��)���#(�);8 $�DE>?.

1 4�56
<F0$);8��D&= (7F=?, %) ): C

0.47, Si 0.26, Mn 0.78, Cr 0.02, Ni 0.028, Cu 0.15, Al
0.021, P <0.014, S <0.007, Fe �F. @G4 860 AB
@ 2.5 h� 800AB@ 2.5 hHC8H��A 570AB@
1.5 h IH��. �$�DG�IJDA��5���,
-. � '9�#&BC 1 0D�*9. )KF�HBI
�# (EJ�#AÆJ8K) #� <F:��56, <
F<$ 400—2000 LÆ:;F8K'9��HG�, H
L 25—30 μm ����, M'9I)14����'9,
NI Un–peened.

� <F<J� 1 0D�: , �$��MNE�
�FK#BI�#5�'9KOL=FE8O�GMO

2 /�)��)�����. 8O��'9, NI S–
peened; GMO��'9, NI C–peened.

C 1 0D'94�)���5#�HG���FE
NP8K, ;CLH'9�����, �$ CrKα, )QN
�) 40 kVOQNP) 40 mA �H<L�*) 100 μm
�: M, Q$ PSPC(position sensitive proportional
counter) NRPR� sin2ψ S!9 α–Fe � 211 OIT
Q9'9����.

� <F�$�JÆ RB4–3150–V1 P=KS� 

� 1 ��Q>
RS
Fig.1 Shape and dimension of the specimen used in fatigue

test (unit: mm)

? 1 LT@UMNU
Table 1 Conditions of microshot peening treatment

Condition Ball Air Shot Arc–height Coverage

diameter pressure distance mm %

μm MPa mm

Steel ball 100 0.2 150 0.210 200

Ceramics ball 100 0.4 100 0.159 200

'FB, )O@MN)FE, �2VW) 52.5 Hz. <F9
3), )G<FV'9XM, $ XRD Q'�'9�HG
���������T�, Q'P, $W 90◦ RX�HG
�.� 4 XU, �5X 4 XU�5YA. '9BG5, �
$ HITACHI S–2150 NQZN�G�I (SEM) #'9
G[.!���RCFEJD.

2 4�DE
2.1 F�GHI�J

A��5��,-BC 2 0D. #Y, ���,
-;VS�+,-�ZS�K�-,&. ���9<$�
(σy)O@@9<$� (σcy) �,\$� (σb) �5YA
=8) 330, 303 � 628 MPa, Vickers ��5YA)
202 HV.
2.2 LMNOP

� 2 0D)� 0.8 mm )?<W�, 49 6 CQF
>�ÆJ8KOÆ:8KOGMO���8O��'9�
��� !�5YA. �) Rmax, Ra � Rz =8�DJ

]�2��OJ]TU5Y^X��J"5�VU��.
#Y, &��<ÆJ8K'9'%, �)�����5'
9��� !�M(, _%.[����5� !�8G
^H [4].

� 2 W	�	
�S�QÆ
Fig.2 Microstructure of medium carbon steel sample nor-

malized for 2.5 h at 860 and 800Y respectively, and

tempered for 1.5 h at 570Y (F—ferrite, P—pearlite)

? 2 XTZ[`\]^
Table 2 Surface roughnesses of the samples milled by differ-

ent methods

(μm)

Method Rmax Ra Rz

Emery wheel 6.332 1.339 4.780

Emery cloth 1.968 0.192 1.002

C–peened 4.879 0.852 3.281

S–peened 5.502 1.297 4.572

Note: Rmax—maximum peak, Ra—arithmetical mean

roughness, Rz—ten–point mean roughness
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2.3 R��STU
;:;CNP8KZ]�'9aL�����, "&

G>V<�����=?. �1, ?:;CNP8K5Q
>�'9�������A, !9��5^>?#(PN
P8K<'9�V<����=?. C 3 )�)���'
9�����V'9[��=?:�. C))!9��5
^>?(P�V<�����=?. ;C#W, �2��
��AR:W��, +*;:W���)��93)�\
A�T]�X^, ���Y"]X^. 8O�GMO��
��'9���������=8) 470 � 430 MPa,
��&!��2������=8) 743 � 502 MPa;
�������=?[�=8X) 90 � 70 μm; '9a
L�5Y\_����=8) 27 � 17 MPa. #Y, &
GMO��'%, 8O��#�)����&!G>'�
�������A��[�������=?.

2.4 LMXY�PTU
C 4 )�)���'9� Vickers ��V'9[�

�=?. ;C#W, 8O�GMO����5, =8)b
'9�� 50 � 30 μm �_`a, ��������./

� 3 ���������`
Fig.3 Residual compressed stress distributions along depth

of the specimens peened by steel balls (S–peened)

and ceramics balls (C–peened)

� 4 ����� Vickers Z��`
Fig.4 Vickers hardness distributions along depth of the

specimens peened by steel balls and ceramics balls

�4. 29, ;:����5'9W���\AT*]�
X^, ��4�2��A. 8O��'9�����2
��) 325 HV, R:b'9�� 10 μm &!; GMO
��'9�����2��) 277 HV, R:b'9��
5 μm &!. 2 /�)���'9�������[��
�����=?[�?Æ.�..

2.5 S–N ZÆ
<FG>� S–N S[BC 5 0D. #Y, 14�

)�������� 2 /�)�������� S–N
S[Y;c\a�a5a,&, d=BUP]) 105—
106 cyc. '9) 109 cyc _`a64� `Æ. &14�
���'9'%, 8O�GMO�)���'9�� `
Æ=8%�� 350 � 320 MPa, =8%� 35% � 23%,
�8�)���64�9���� !���� �. %
���, �)�����1&2;�%� S–N S[c\
L� be, c8�)���#��� !�"��($
"2.

2.6 [\]^
G[JD:�BC 6 0D. #Y, ����<5� 

!�Y��:'9��, �)������1,+� !
���B���T. a�)�����5, � !���
��"^��C��=_.

2.7 _`ab�R��S (σr) Ycd
GMO�8O����'9)��;) 260 MPa(H

: σcy=303 MPa) ($: M�� <F93), )0
<F, V'9XMFE���������beQ'#W,
2 '9���������Y)�2�/34"#0, d
������) 5 cyc 5?ÆBb$9, BC 7 0D. d
), GMO����'9d� 270 MPa �������,
8O��) 290 MPa.

C 8 )GMO�8O�����BG'9=8)�
�;) 360, 320 MPa � 380, 360 MPa (2: σcy =

� 5 S–N �`
Fig.5 S–N curves of specimens unpeened and peened by

steel balls and ceramics balls
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� 6 cfgeacd

Fig.6 Fractographs of the fatigued specimens, cracks initi-

ated at surface layers

(a) un–peened specimen (stress amplitude σa=

260 MPa, cycle number Nf=2.77×105 cyc)

(b) C–peened specimen (σa=320 MPa, Nf=3.21×
105 cyc)

� 7 e�d%�b�������
Fig.7 Relaxation processes of residual compressed stress at

low stress amplitude of 260 MPa

303 MPa) ($: M��������)� 93)�
beQ':�. ;C#Y, GMO���� 2 '9���
������Y)� 93�/3c"#0) 230� 250
MPa, f5����"�5$#0. d), ) 360 MPa
�2f 7×103 cyc(10% be%) P, '9�����
���ghf#0; �) 320 MPa M�2f 3.38×
104 cyc(15% be%) P, '9���������d�
92 MPa �Bi�fBG. #:8O����, 2 '9�

� 8 �d%�b�������
Fig.8 Relaxation processes of residual compressed stress at

high stress amplitudes

��������29)� 93�/3c"#0) 200
� 270 MPa, f5����"�5$#0, d), )
380 MPa M�2f 8.6×103 cyc (11% be%) P, '
9��������gh#0; �) 360 MPa M�2f
2.1×104 cyc (17% be%) P, '9���������
d� 80 MPa �Bi�fBG. # 320 MPa ($�GM
�)�����1BG'9�beQ'GD, �����
�) 104 cyc  <"�L=#05, d�� 110 MPa �
����) 109 cyc �gWbejdBb$9.

3 �g
;� <F93)#�����beQ':�#W,

#:�����#093#�=)4"#0 (NI stage
I) �5$#0 (NI stage II)2 Xea. )':?-��
@@9<$�����2M, h"�4"#0. )�:?
-��@@9<$�����2M, Ye5"� 2 Xea
�#0.
3.1 i jk

)':?-���@@9<$�� 260 MPa ��
�2: M, )�2�/3, �����������h
i"�#0, +*;:���������f�� (��
����&KS���� �) g9��������
�9<$��:�. ����%����������
4������9<$�fl�����"��"�. ;
260 MPa �2M�����#0:��C 3 �� <F
<�������Q'AjQ#W, GMO����5,
�������9<��5YAX) 530 MPa(�2��
260 MPa &�����d�A 270 MPa  �), �8O
����5�MAk�:1A. :fC 3 � 7 �:�, C
9gP��)���'9�������4"#0�Df
C. :fC 3 ?l#W, k�4"#0Z]GMO�8O
��'9�hL������, %#�2���:���
�����9<$�. 4"#0�:���������
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��������aL�\_����M(, 5����
�=?[�Bb"T. 2P, 4"#0 5, )'2�2
��M8O��'9��d������#2:GMO

��'9.
3.2 m!jk

C 8 �Q':��8, )���;�2M��
104 cyc  5, d������h"3"�#0, Bb
$9. +*)/3"�4"#0 5, ;:?-��0
i]�\_���f��g9d@@9<$��"�5

$#0�:�. :fC 3 � 8 �:�, C 10 gP�
�)���'9����@@\_9<$��=?ml
A5$#05d������=?DfC. #Y, no
10 MPa���m��M(�'9aL\_����2-
jg5, k�5$#0Z]GMO�8O��'9���
�����, %#�2��fn�:?-���@@9<
$�. 5$#0�:������������(', _
�����=?[�^����=_, ;hTH. 29, )
5$#0 5, )'2�2��M8O��'9��d�
�����#2:GMO��'9.
3.3 GH_`n"opY#$T%

4C 5 � S–N S[#�pP, 8O�GMO�)�

� 9 ���qo��phq
Fig.9 Schematic diagram of quick relaxation of residual

compressed stress (σcy—cyclic yield strength)

� 10 ���r���phq
Fig.10 Schematic diagram of slow relaxation of residual

compressed stress

��'9�� `Æ=8%�� 350 � 320 MPa, Yg
9�?-���@@9<$� 303 MPa, _ 2 /���
�#� `Æ%��3�"2. :f�.=>, C 11 g
P�)�2����5$#0: 5, ($:���\_
f��&����������6��DfC. #Y, f
l�2���"�, k�������&?-��'ij
��0r����2:���@@\_9<$�5, ��
"�9<, d0i]���k)���@@\_9<��,
7��s2 (��) V;�������i]. k���
�"�5$#05, k�2��Bbl9, Ys2&��
j,��5^, ��P]� `Æ. 1P���6���
�=?BC) <[0D. k�2��mi"�, s2&
��j,�5^>?fls, ����mifZ]. k�
���t2L=f#0m, Y��)@@���($M"
�sn. 8O�)���'9�� `Æ2:GMO�
)���'9*;:8O�������������
=?�TA���=?�TA (&@@9<$�A#�)
�2�jo.

�.=>������������������

��)KS26: M�($. #�pP, ����"�
5$#0�: *C���� `Æ./�3#�,. �
����������=?[�AdTA#KS� `
Æ�%�64�9�56. ���, ���������
�k[, Y��m� �k2. +9, &p,+����"
�5$#0�ul��k�, ���� `Æ!k�. %
���, ����������TAk�, �����j
,5$#0�&�k$.

&7 [11] no�4�Vq�pH���);8
S45C q7���� $�. q75, ���9<$�)
750 MPa, r! 878 MPa �,\$�, � sn�!�
m^������ML==_ [13], *&rnos3q�a
Lsn. 5*)Æ<F)49���)�����5, �
 snhi"r����. +3#*;:M);Es8�
@@9<$��', )�293)������2L="

� 11 �rs>tphq
Fig.11 Schematic diagram of stress stability
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�5$#0�jo. ui����#�G>8G�:��
@@9<$��KS� `Æ, 5�.=>�8, ���
�"&G>�:��@@9<$��s^�2M�� 
`Æ. +*;:s^�2"t)��m�, k�����
�M�?-��"�t-9<5, �������"��
iugP@@9<$�L=�26($. !v*c, ��
�@@9<$�*���A��%���s^�2� 
`Æ�.Æ. )#p., #@@9<$��'���FE
����P, +�UA>uf.

4 Dg
(1) 48O�GMO 2 /�)�����5, );E

s8� $�8G%�. &14����'%, d� `
Æ=8%� 35% � 23%.

(2)�)�����������������)�
 �293�#093#�=)4"�5$#0 2 Xe
a, 5$#0]���@@9<$�C�, *%����
 `Æ�3#�,.

(3) ;:�23�����#0�t), ����5
� !���RC1;��^aL�=_.
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