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ABSTRACT The three–point–bending fatigue behaviors of a new kind of Nb+V micro–alloyed forging
steel for truck front axle have been studied by hydraulic servo fatigue testing machine. The effects of
specimen size on the fatigue behavior and its origin have been considered. The S–N curves were plotted
and the fatigue cracked surfaces were analyzed by SEM. The results showed that the specimen size has
a significant influence on three–point–bending fatigue limit. The three–point–bending fatigue limit of
specimen increased with decreasing the specimen size. There is little effect of specimen size on the
morphology of fatigue fractured surfaces. The reasons for this specimen size effect are that there exist
stress gradient in specimen for three–point–bending fatigue test and that the stress gradient in a smaller
specimen is larger than that in a larger one.

KEY WORDS metallic materials, three–point–bending fatigue, specimen size effect, micro–alloying,
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E 1 <�K Nb+V BC=CD@EDA��IE (%, D=E>)

Table 1 Chemical composition of Nb+V micro-alloyed forging steel (mass fraction)

C Mn Si Cr S P V Nb N O

0.24 1.99 0.30 0.51 0.050 0.008 0.08 0.07 0.0050 0.0018

1 FGHI
17$�J 150 Kg 0>>?FL@0MA, ,

$��GB8J 1, Nb � V )KC* 0.15%, H�

?8!�'��� ��-�. IDK@ABN)L
LJ 1200 M8C@0�D 1 h J, N/�2E*
30 mm )OO, MNDPF.J 850 M>7, NJ

?G.

PO�)1'K�-#'�-.19QJ
FTM–100 ?AB9<-.17=7;4-#'�

-.17. R�QC819?@GS* 20 mm×
20 mm×150 mm(HI* 100 mm) � 10 mm×
10 mm×75 mm(HI* 50 mm), 8<>J* 25 Hz,

L0C R(σmin/σmax) * 0.1, R�L0NL*TNL
OS. MK)

σ =
3PL

2BH2
(1)

L>UV��)'� P,,0 σ *19J#)PR
L0, P *<4, L *HI, B *19MP, H *19

#P.

17&2;4V199/6 107 W5*Q. 17

0&$ENO�-.>C, !219FC* 13M, 1

7J 3–5PL0G"Æ;4, L0RC*TQ-.>
C) 3%–5%, X 1 M19)L0G"LN#8TQ

)-.>C. MK7&M19)17RS (OT6H

U), P7Æ&M19)L0G" (N!6E#), 2S
I�Æ(17. X&BUVRS>�)FK, JJ>
JFK)L0YZWK8Q, TU*!2FK8>R
$,XJ17U[0LSVI,"WVX&BUVR
S8J, U*H19LJL0G"Æ)X 1Y!2F

K. -.>C σ0.1bending(MPa) *

σ0.1bending =
1
m

n∑

i=1

viσi (2)

,0 m *!217)KWF, n *17L0G"F,

σi *X i PL0G", vi *X i PL0G"Æ)17

WF (i=1�2�\\�n).

� 5PL0G", >$ENO]U)-.>CU
* S–N �X)!L0G"#, B8,M 4 PZ#L

0G"Æ)17, T$�V17O, TV19FC)
GU, �P817FK)GNP�L(�)WYP,

QOXL0G")N!^Y[R8, $H&O]7)

S–N �X�! 50% )_\J.

-.17I�J, J FEI QUANTA 600 ?P

1Z�VÆ]`19)-.9W. PO�)1'K�
<?XQ19 (l0=5d0, d0=10 mm) �8319, a

GB/T228–2002 � GB/T229–1994 (�, B17�;

4Y0�%�]1.

2 Z[\]^
]U17�)R< P σs * 765 MPa, ZX 

P σb * 910 MPa, [QJ δ * 15%, 9#STJ Ψ

* 49%, 83�% αku2 * 81 J/cm2.
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V_$. �)-.>Cc`[?@:e� Hall–Petch

9d [10,11], X`[?@eQ, �)-.>C^e#.

HU Nb–V'��� $l9, L>!2:_$�)
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'��� $, 800MPa PS)! C # Mn �� �

�-�)-.>C#8U4 PPS�-�)-.
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+7RS:d+Ye&#.
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&7f. Findley[15] b* δ g�19`[?@)gF,
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&Id δ l, Q?@19)L0(Q8R?@19)
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h 1 Nb+V =CD@EDAFe�:;:; S–N ;

h

Fig.1 S–N curves of Nb+V micro–alloyed forging

steel obtained by three–point–bending fatigue

test

h 2 ofGH<Higpifj�JehFJeiq
Erjf

Fig.2 Stress gradient of different sizes of specimen

under the same maximum stress
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Fig.3 Stress analysis of specimen for three–point–

bending fatigue test
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=
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1.17 mm l)L0R8 737 MPa 5, jU&7WF
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h 4 mGH (a) ��GH<H (b) F Nb+V =CD@EDAF:;vl
Fig.4 Fatigue fractured surfaces of Nb+V micro–alloyed forging steel

(a) smaller specimen (b) larger specimen
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h 5 mGH (a) ��GH<H (b) F Nb+V =CD@EDA:;mnnÆq SEM oo

Fig.5 SEM micrographs showing fatigue crack propagation of Nb+V micro–alloyed forging steel

(a) smaller specimen (b) larger specimen
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