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Influence of Residual Stress Due to Shot Peening

Shot Peening (s=3] ),
+3),
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on Fatigue Strength and Life
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Abstract

Procedures are presented for influence of shot peening on fatigue strength, fatigue life and

effects of shot peening are discussed from experiments were taken between shot peened and
unpeened SPS5 SM45C specimens. After the residual stress on shot peened specimens was
measured by X-ray diffractometer, rotating bending fatigue tests were carried out. In addition,

the compressive residual stress profile was obtained by the superposition method of three stresses

which is based on Al-Obaid’s equation. Predicted fatigue life considering residual stress profile

which was obtained by the Al-Obaid’s equation and another predicted fatigue life considering

residual stress profile which was measured in test were compared. For the purpose of predicting

fatigue life, Morrow’s equation considering the residual stress and mean stress was used.
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Table 1 Chemical composition (wt %)

Designation C Si Mn P S Cr Mo Ni
SPS5 0.61 ) 0.27 0.84 0.01 0.01 0.83 0.03 0.12
SM45C 0.44 0.25 0.77 0.02 0.02 0.08 0.01 0.05
Table 2 Mechanical properties of SPS5, SM45C
Yield Tensil Reducti
. . € enstie Elongation 'e uehion Hardness
Designation strength strength (%) in area (Hv)
v
(MPa) (MPa) ? (%)
SPShH 936.4 1,033.3 9.9 45.0 330
SM45C 425.5 652.1 20.0 39.4 205
R20,
o4
<} = %
r
40 41 63.4
132
(a) Tension specimen (b) Fatigue specimen

Fig. 1 Configuration of tension and fatigue specimens (unit : mm)
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Table 3 Conditions of shot peening

Content S?lot ball | Shot l?all Impeller Time Current | Coverage Arc height.
diameter velocity angle (Almen A strip)
Condition | ¢ 0.6 mm |56.7 m/sec 120° 14 Min 27 A 90 % 0.38 mm
Table 4 Measuring conditions of residual stress 800
X-ray diffraction Condition or (D) ::::s::::g ((;:4855():)
Target Cr-V ;L“? soor
X-ray source Voltage 30 kV -E-b; 500~ \_»
Current 10 mA -g N
Injection angle 0°, 15° 30°, 45° -‘E_‘-
©
Calculation method 26-sin’ ¥ method A
26 140°~170° %
Detector Scintillation Counter
™ = Hm::z’ = ““l:cla‘ — ”“m’
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Cycle to failure, N (cycles)
Fig. 2 S-N curves of SPS5, SM45C specimens
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Fig. 4 Microvickers hardness distribution of shot peended and unpeended specimens

Table 5 Roughness pattern between shot peened and unpeened SPS5, SM45C specimens

Unpeened Shot peened
Designation
Ra (um) Rmax (um) Ra (pm) Rmax (um)
SPS5 3.8 20.5 4.4 28.1
SM45C 4.4 21.9 5.1 29.0
SM45C+ A 850 HEFhol v]sle] =3 27 w-gole} Ikt ojdle] Anz¥E 43
= °F 1.5Wi7H SotEldeh, SM45Ce A% o) Holl ojgt A zzlse Welel A =x 7 A
SPS5el A-t-Hrh AxFulgke] E olf Ax, =9k HAlE oheF Fol Aeislch, & SPShHe
Amsh e AAo] & el o swdoel o A9 Lule] o3 HEpwe] WEHE xxef
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Boundary

Fig. 5 Configuration of elastic:plastic boundary
below the contact zone
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Fig. 7 Results of predicted residual stress distribution using Al-Obaid equation
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Fig. 9 Comparison of residual stress distribution between the test results and the predicted ones
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