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Effects of Artificial Small Defect and Corrosive Environment on
Torsional Fatigue Strength of High Strength Spring Steel
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Torsional fatigue tests were conducted for spring steels whose Vickers hardness were 430, 480, 550, and 620.
The effects of corrosive environment and surface artificial pits on the fatigue strength were studied. The fatigue strength
of smooth specimens was maximum at 550HV for fatigue in air and 480HV for corrosion fatigue. Intergranular fracture
surfaces were observed on the fatigue fracture surface corresponded to the decrease in the fatigue strength of the
high-hardness materials. The fatigue fracture of smooth specimens was generated from shear crack for fatigue in air
and from corrosion pit in corrosion fatigue. The stress intensity factor for crack initiation from corrosion pit was nearly
the same for all materials. The fatigue strength reduction factor was constant under fatigue loading in air, while
decreased with increasing fatigue life and hardness in corrosion fatigue. For the case of long of the material with
620HYV in corrosive environment, a significant influence of the artificial pit on the fatigue strength was not seen. Many
small cracks were observed at the sites except for artificial pit on the surface of the 620HV specimens fatigued at low

stress levels.
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Table 2 Quenching and tempering condition.

Material SUP7
Level of hardness LL L H HH
Vickers hardness (HV) 430 480 550 620

. 1173K

Quenching X 20min (oil)
Tempering 773K | 723K | 678K [ 643K
X 60min (water)

Residual stress Axial -120 -400 -420 -450
at surface 45degree -120 | -350 | -480 | 410
(MPa) Circum -140 | -300 | 460 | -450

550HV, 620HV O 4 FEFHOM X & 4Efiii L 7=, Zh oDk
BRFr OB X132 SAE J 417 12 & A1 & 4 6 O 2§
%L ZNEh 1410MPa, 1620MPa, 1900MPa, 2160MPa
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U7z, FEz, (BRI I X 3R I0 ) 21K
W2 HMT, Ar 7/ 29 TiliE 673K 125 T 60min
(HH #4132 643K C 60min) OBESI%1T 72, ikBRA EUER%
OGS % XBOPTEIZ & -, fiia, 45° 1A, B
S OB OIS & H7E L7202 D% % Table 2 12
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Fig. 1 Shape and dimension of specimen. (mm)
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Fig. 2 S-N diagrams.
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Fig. 3 Variation of fatigue strength reduction factor
and Vickers hardness.
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Fig. 4 Relationships between torsional strength and
Vickers hardness under fatigue loading in air.
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Fig. 5 Relationship between torsional strength and
Vickers hardness in corrosion fatigue.
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Fig. 6 Fractographs of SUP7HH. (N¢ = 3 x 10%)
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Fig. 7 Micrograph of corrosion pits in SUP7HH.
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Fig. 8 Stress intensity factor for crack initiation from
corrosion pit in corrosion fatigue.
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Fig. 10 Fractographs of smooth specimen under fatigue loading in air. (N; = 3 x 10°)
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Fig. 11 Fractographs of smooth corrosion specimen in corrosion fatigue. (N¢ = 3 x 10°)
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Fig. 12 Fractographs of smooth specimen fatigued in air and corrosion environment in SUP7HH. (N; = 3 x 10°)
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Fig. 13 Fraction of intergranular fracture surface of
smooth specimen fatigued in air and corrosion
environment.
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