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Effect of shot peening intensity and surface
coverage on room-temperature fatigue

property of TC4 titanium alloy
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Abstract: TC4 titanium alloy was shot-peened by multiple kinds of intensity and surface coverage.
Surface roughness and topography, residual stress profile were compared. Moreover room-
temperature rotating-bending fatigue property was tested. The results show when the intensity is
raised, the surface roughness, the depth of residual compressive stress depth and the location of the
maximum residual stress are increased and the surface residual stress is decreased. The enfoldment
appears on the surface with the increase of surface coverage. Rotating-bending fatigue property is
enhanced by shot-peening. Compared with median fatigue life estimated value of 5. 06 X 10" cycles at
grinding state, the fatigue cycles ranges are raised to 5. 12X 10°-5, 28 X 10° cycles after shot-peened at
the intensity 0. 12 mmA and 3. 28 X 10°-4. 23 X 10° cycles at 0. 25 mmA, indicating that the fatigue
property is decreased with the increase of the intensity. By comparison, when the intensity is low
(0. 12 mmA), the coverage has no impact on the fatigue property. However, fatigue cycles decline
from 4. 23X 10° cycles to 3. 28 X10° cycles when the coverage is inclined from 125% to 600% and the
intensity is relatively high (0. 25 mmA). Furthermore, on the premise of considering the surface
stress concentration of the external load and the residual stress of shot peening, the position of the

dangerous section with large actual stress after shot peening is calculated and verified by the fracture
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analysis.
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Fig. 1 Smooth rotating-bending fatigue sample
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Table 1 Shot peening process parameter
Intensity/ Surface
Process ,
mmA coverage/ %
Shot peeni ith 1 intensit
hot peening  wi ow intensity ., 125
and low coverage (SPLL)
Shot i ith 1 intensit
ho 'peenmg wi ‘ow intensity ., 600
and high coverage (SPLH)
Shot i ith high intensit
ot peening wi igh intensity 125
and low coverage (SPHL)
Shot i ith high intensit
hot peening wi igh intensity 600

and high coverage (SPHH)
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Table 2 Surface roughness of shot-peened TC4 titanium alloy

Average

Process ~ Ra/pm  Ra/pm  Ryg/pm R,/ pm R./pm
SPLL 0.72 0.67 0.77 0.72 8.21
SPLH 0.77 0.79 0. 82 0.79 10. 36
SPHL 0.93 0.96 1.01 0.96 15. 47
SPHH 0.98 1.13 1.05 1.05 20. 60
AR 0.37 0.38 0.37 0.37 2.16
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Table 3 Residual stress profile feature of

shot-peened TC4 titanium alloy
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Fig. 2 Residual stress profile of shot-peened TC4 titanium alloy

Surface Maximum Depth of Depth of
Process residual residual residual ma?iimum
stress/ stress/ stress residual
MPa MPa profile/pm  stress/pm
SPLL —852 —934 130 20
SPLH — 846 —943 142 20
SPHL — 770 —952 234 40
SPHH — 754 —940 253 40
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Surface topographies of shot-peened TC4 alloy with four process states

(a)SPLL; (b)SPLH; (¢)SPHL; (d) SPHH
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Table 4 Fatigue life of as received and shot-peened

TC4 titanium alloy with four process states
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Fig. 4 Relation of surface roughness parameters in shot peening state (a) one shot; (b)double shots
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Fig. 5 Applied stress profile with surface concentration considered(a) and actual stress profile with applied stress and residual stress(b)
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SEM images of low and high magnitude fatigue fracture of as-received and shot peening state

(a)as-received sample; (b) shot peening with low intensity; (¢)shot peening with high intensity
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