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Normal Tensile/Shear Fatigue Fracture Resistance
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Abstract: Before 1990s, under the cyclic normal tensile stresses, the fatigue fracture mode for most of circular suspension
springs in automobile subjected to torsion fatigue load was in normal tensile fracture mode (NTFM) and the fracture surface
was under 45° diagonal. Because there exists the interaction between the residual stresses induced by shot peening and the
applied cyclic normal tensile stresses in NTFM, which represents as “stress strengthening mechanism”, shot peening
technology could be used for improving the fatigue fracture resistance (FFR) of springs. However, with the rapid development
in car’s structure, the designed torsion fatigue load has been increased steadily since the beginning of 21 century. Therefore,
the fatigue fractures occurred of peened springs from time to time are in longitudinal shear fracture mode (LSFM) or transverse

shear fracture mode (TSFM) in addition to regular NTFM, which leads to a remarkable decrease of FFR. The phenomena hard
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to understand has been rarely happened before. At present there are few literatures concerning this problem among springs
manufacture industry involving shot peening technology. By means of logical thinking and force analysis, it is found that there
is no interaction between the residual stresses by shot peening and the applied cyclic shear stresses in the shear fracture mode.
This means that the effect of “stress strengthening mechanism” for improving the FFR of the shear fracture mode is
disappeared basically. According to the shot peening strengthening principle presented by the authors, both of residual stress
and cyclic plastic deformed modified microstructure are induced synchronously like “twins” in the surface layer of a spring. It

EEINT3

has been found by means of force analysis that, instead of “stress strengthening mechanism”, “structure strengthening
mechanism” produced by the modified microstructure in the “twins” can improve the FFR of the shear fracture mode. It is also
shown that the optimum technology of shot peening strengthening must have both “stress strengthening mechanism” and
“structure strengthening mechanism” simultaneously so that the FFR of both NTFM and the shear fracture mode can be
improved more effectively by shot peening.

Keywords: shot peening strengthening principle; fatigue fracture resistance; strengthening mechanisms of fatigue fracture;

classification on fatigue fracture mode
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Fig. 2 Macrofractograph of transverse shear fracture
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Fig. 4 Force analysis diagram on any diagonal section of cylinder
cell (the thickness of the cell is 1) under the action of applied cyclic

normal stress (o) and residual stress (o,) induced by shot peening
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Table 1 Calculated two stress components o, and 7, acting on
four specific diagonal sections

Normal stress Shear stress

Angle, a/(°) component, o,/ MPa  component, 7, / MPa

0 —oto 0
45 —0,+0.50 0.50
90 -0, 0
135 —0,+0.50 -0.50

Note: o, is absolute value in table 1, since o, stands for pressure
stress in fig. 4
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Fig. 5 Force analysis diagram on any diagonal section of cylinder
cell (the thickness of the cell is 1) under the action of applied cyclic
shearstress (7) and residual stress (a,) induced by shot peening
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Table 2 Calculated two stress components o, and 7, acting on
four specific diagonal sections

Angle, o/ Normal stress Shear stress
©) component, g, / MPa component, 7, / MPa
0 -0, T
45 —0T 0
90 -0, —r
135 —otT 0

Note: o, is absolute value in table 2

«— Fatigue fracture life, N;

(FFL)>(FFL)>(FFL)>(FFL),
2 106 _(FFL)s (FFL),
‘g T l Y 1
=8 ™ AR T,
2§ ’ 7 (FFL), ~ 10°
S .2 S
5% T, Y
o2 Ab
S 3 /
- /
% ,% s1 a
£
5 (NTFM) (LSFM) (TSFM)
Z O T1l a2 T
Applied shear stress amplitude
(or allowable stress)

0 (o) o,

Applied mormal tansile stress amplitude (or allowable stress)

6 VBRI A2 AR SENE AR T AT ) 405 57 W B M S A 9 42
TEAIE 5 W 2T 1 RIBL] 1

Fig. 6 Schematic mechanism diagram illustrating the regulation
of normal/shear fatigue fracture resistance in the area of fatigue
fracture mode by means of the cyclic plastic deformation resistance
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Table 3 Plastic deformation resistance of the material Aand
different shot peening intensity for Al and A2

After one shot  After two shot

Methods peening, Al peening, A2 Matrix A
Microhardness /
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