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The Effect of Residual Stresses on Surface Failure and Wear
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Abstract

Break-in is an intentional treatment to enhance the performance life of machinery parts and to
maintain static friction behavior. Most studies on break-in have concerned only about surface
conditions such as roughness or film formation. But the exact mechanism of break-in has not been
found yet. Friction, scuffing behavior and wear of AISI 1045 were studied in relation to break-in and
residual stress. The cylinder-on-disk type tribometer was used with the line-contact geometry. Scuffing
tests were carried out using a constant load of 730N. In the break-in procedure the step load was
applied from 100N to 200N. In this experiment, it was found that the break-in helps compressive
residual stress to be formed well enough to enhance the scuffing life during the scuffing test.
Specimens that had high compressive residual stress induced by shot-peening show better wear
resistance than those were not shot-peened. Results of scuffing test, break-in procedure and wear
amount in relation to residual stress have been discussed.
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Table 1 The mechanical properties of specimen

ol 4 4l

Table 3 The hardness and roughness after shot

- peening
Hardness 290 HV
Tensile Strength/ Ultimate 675 MPa Before shot peen After shot peen
Yield Strength 405 MPa AISI1045 hardness,HV 290 398
Modulus of Elasticity 205 GPa Roughness(Ra),um| 0.3 03
Shear Modulus 80 GPa o ) )
Roughness 03 um, Ra Table 4 The characteristics of mineral oil
Kinematic viscosity at 40C, ¢St 19
Table 2 Shot-peening condition Thermal stability, C 135
value | Rounded Cut Wire Thermal conductivity, W/mK 0.134
Shot ball diameter, mm | 1 | Mass: Specific heat at 38°C, J/KgK 1670
Shot speed, m/s 56 _|3.555%107 (Kgm) Flash point, C 105
Peening time, min 5 | Volume: 1.3%10-3 -
Coverage, % 100 | 4.188*10° (m3) Vapor pressure at 20C, Pa )
: .o 13.3x10-3
Archeight Density:
0.494| o4 g55 (Kg/m®) Pour point, C -57
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Fig. 1 Cylinder-on-disk type sliding test
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Table 5 Normal load history used for scuffing test
and break-in process

Break-in Scuffing
Rotating speed 93 rpm 136 rpm
Initial 100N
Normal | Increasing 50N/10min | 730N
Load |rate
Final 200N
Lubricant Mineral oil

Table 6 Constants used for X-ray diffraction

residual stress analysis

Exposure time 5 sec
Number of exposure 5
Peak fit method Pearson VIl
Percentage used for

85 %
curve fit
Focal distance 40mm

Incident angle( °) -20, -10, 0, 10, 20

Target Cr (Ka radiation)
Exposure method multiple
X-ray elastic constant 24,500 ksi
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Fig. 2 Residual stress distribution during the
scuffing test without break-in
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Fig. 3 Residual stress distribution produced during
the break-in process
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Fig. 4 The variation of friction coefficient
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Fig. 5 Residual stress distribution during the
scuffing test with break-in
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Fig. 7 Wear amount of shot-peened specimen and
Fig. 6 Hardness on wear track after break-in and no shot-peened specimen
without break-in
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