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Normal and Shear Fatigue Fracture Modes of Circular Coil Spring and the Approach of
Improving Fatigue Fracture Resistance

WANG Ren-zhi', JIANG Chuan-hai?
(1. Laboratory of Number 4, Beijing Institute of Aeronautical Materials, Beijing 100095; 2. School of Material Science and
Engineering, Shanghai Jiao Tong University, Shanghai 200240)

Abstract: On the basis of the force analysis of the torsional shear stress and axial normal stresses in the cylinder, three fatigue
fracture modes of normal tensile fracture, and longitudinal, transverse shear fracture of the circular coil spring were discussed.
It was shown that the normal compressive residual stresses induced by shot peening had only influences on the fatigue strength
(fracture life) of normal tensile fracture mode, while they had no effect on the fatigue strength under longitudinal and
transverse shear fracture mode. The fatigue fracture resistance of the three modes mentioned above, however, can be improved
due to the microstructure modification in the spring surface layer introduced by the shot peening.
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Fig.1 Pure torsional fatigue fracture mode of cylinder
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Table 1 Mechanical properties of 45Cr steel
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Fig.2 Macroscopic fracture mode image of 45Cr steel
obtained from torsion fatigue test
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Fig.3 Force diagram on the any diagonal section of unit cell
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Fig.4 Force diagram on the any diagonal section of cylinder
under the action of residual stress introducted by shot peening
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Table 2 Normal stress (o,) and shear stress (z,) acting on the
any diagonal section at different angles (o) between both of
normal and axis x
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Table 3 Major preparation process of a variety of spring test samples (55CrSi steel)
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Table 4 Explanation about rupture life and the fatigue fracture mode of a variety of spring test samples during the fatigue test
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Table 5 Measured data of residual stress, microhardness and half full of width at half maximum of various samples
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Table 6 Surface yield strength (z3) and its change in the alternating stress field after the structure modification due to shot

peening of two specimens
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Fig.11 Interpretation figure of the comprehensive
strengthening effect of shot peening technology
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