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Estimation of Residual Stress Distribution under Shot-Peened Surface
by Using Theory of Thermal Stress Analysis

by
Toshiyuki Oxano™ , Kazuo Murata™ , Taizo OGurr™*
yu

Tsutomu Tanaka ™ | Hiroshi Kawakami*** and Yoshihiro Saro™**

In the shot peening process, the residual stress on the shot-peened surface and its distribution under the surface are important
evaluation items for the high value-added surface creation. In this paper, it was proposed that the residual stress distribution under
the shot-peened surface for a thin plate was non-destructively estimated from the measured value of residual stress on the surface
and that of the arc height, by applying the theory of linear thermal stress analysis for a thin plate. The analyzed residual stress
profile showed good agreement with that of the experimental results obtained from the surface removal by electro-polishing. From
the results of analysis, it was found that the depth of compressive residual stress (the depth which changes from the compressive
stress to the tensile stress), the residual stress at the depth of the inherent strain and the residual stress on the opposite surface to
the shot-peened surface characterizing the profile of residual stress distribution had a relationship with the ratio of a thickness of
plate to an inherent strain depth.

Key words :
Shot peening, Residual stress distribution, Thermal stress analysis, X-ray stress measurement, Inherent strain,
Non-destructive inspection.
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Tablel  Chemical compositions of almen strip.
(mass%)

C Si Mn P S
0.8~0.9 <0.35 <0.95 <0.04 <0.05

Table2  Thickness of each almen strip.

(mm)
Type T Type N Type A Type C
0.527 0.780 1.295 2.373
Table3 Condition of shot peening.
Projection Shot Particle c
overage
Method | Material | Diameter | Hardness £
Direct
air SKH359 100pm HV1200 200%
Pressure
Table4 X-ray conditions for stress measurement.
X-ray stress analyzer Auto MATE II (Rigaku)
Characteristic X-ray Cr-Ka
Tube voltage, current 40kV, 20mA
Diffraction aFe2ll
Diffraction angle 20 156.4 deg
Detector Linear semiconductor detector

(D/teX Ultral000)

Iso-inclination, fixed 1,

Scanning method

Peak determination Half-value breadth method

Correction
1 angle 0,16.8,24.1,30.0,35.3,40.2,45.0
-318MPa /deg

Lorentz’s polarization, absorption

Stress constant

Collimator 2 mm in diameter




Table 5 Surface residual stress and arc height of shot-peened 4 B O OB B

Depth from surface, mm

Deformation value by contour shape
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Fig. 6 Comparison of analysis and experiment in residual stress distribution for the each almen strip.
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stress : comparison of the experimental and analytical results
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0.2

O Measured

® Analyzed

0.1 F L4

Depth of compressive residual stress , mm

O-O 1 1 1 1
0.0 0.5 1.0 1.5 2.0 25

Thickness of plate, mm

Fig. 8 Relation between thickness of plates and the crossing point :
comparison of the experimental and analytical results for the
crossing point.

0.2
=
g
g 1
<
b= = O O
@ - < g
= G ) [
5 01 |
5 E
<=
8
Gy
o
g /T Experimental results by residual stress distribution
8 <& Experimental results by distribution of half-value breadth

® Analyzed results
O 0 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5

Thickness of plate, mm

Fig.9 Relation between thickness of plates and the depth of inherent
strains: comparison between inherent strain depth of analysis,
that of experimental results obtained from the residual stress
distribution and that of experimental results obtained from
the distribution of half-value breadth in X-ray stress measure-
ment.

—WRIZ, MM OME LY gy b= 7 RERFET
ThiE, B D 5T 5AMIIREICRERR S A% LB
AHND. Lielo T, HAEOTHRIIINE I EL

ZUF NI ENRTRENS. Fig.9 DFERIE, V0=
EELUTWENR, ZOZLERTfERER-oTND

< 300
a
Eﬁ | 0 Measured
s
B
@ ® Analyzed
2 200 °
2
8 I °
5]
£ 100 ¢ - o
- O
S L
2 |
Q
m 0 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5

Thickness of plate, mm

Fig. 10 Relation between thickness of plates and the residual stress
at the depth of inherent strain : comparison of the experi-
mental and analytical results for the residual stress at the
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