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ABSTRACT

A resemblance between residual stress produced by shot peening and thermal stress by tempere
distribution was pointed out to understand how residual stress generates at the surface layer of works by
peening. The model of generation of compressive residual stress at the surface layer was proposed as
the residual stress is produced by constraining lateral strain by Poisson's ratio corresponding w
compressive strain at the surface layer. Stress distribution produced by constraining lateral strain can
estimated by the same method as calculation of thermal stress due to a temperature distribution at
surface layer. Thermal stress for various temperature distributions at the surface layer are fairly similar
distributions of residual compressive stress obtained by shot peening treatments under various conditic
Lateral strain distribution corresponding with the optimum residual stress distribution for fatigue strengt
will be obtained from the thermal strain model proposed. This information must be very useful fo
selections of shot peening conditions.

INTRODUCTION

Shot peening is one of the most important treatment for mechanical parts such as springs, gears and s
whereby the material's surface is bombarded with round or spherical shots, producing a thin layer of hic
magnitude residual compressive stress. Residual compressive stress at the surface of the mechanical pe
effective to increase fatigue strength and/or fatigue life under cyclic loading.

Distribution of residual compressive stress depends on conditions of shot peening treatment such as
composition, hardness and size of the peening shots, the transferred energy at impact, the percentac
coverage, material and geometry of works, and so on. It is necessary how to select conditions of s
peening treatment to obtain a suitable distribution of residual stress for high performance against fatic
fracture. But, relationship between the conditions of shot peening process and the residual stress
understood empirically only.

Distribution of residual stress by shot peening treatment may be obtained analytically using finite eleme
method. A dynamic rigid-plastic finite element method for simulating high speed plastic deformation in th
shot peening processes was proposed by Mori et al.[1] on the basis of the finite deformation theory
plasticity. Three dimensional plastic deformation and residual stress distribution in rectangular blocl
peened with single rigid spherical shot were computed. But, residual stress produced by shot peening \
multiple shots has not been analyzed.



On the other hand, when a distribution of residual stress is measured for a work peened under sc
conditions, is it possible to estimate what happens at the surface layer of the work? If it's possible, wi
should happen at the surface layer of the work can be estimated for an ideal distribution of residual stre
This information is very useful for selections of shot peening conditions.

In this paper, a resemblance between residual stress produced by shot peening and thermal stres
temperature distribution is remarked to understand how residual stress generates at the surface laye
Works by shot peening under various conditions.

MODELING AND CALCULATION METHOD

The mechanism of generation of compressive residual stress at the surface layer of a work by shot peenir
considered as follow. That is, the residual stress is produced by constraining lateral strain by Poisson’s r:
corresponding with compressive strain at the surface layer. The generation of residual stress by this ple
deformation model is the same as that of thermal stress produced by constraining thermal strain due
temperature distribution at the surface layer of a bulky material.

The distribution of the lateral strain has not been analyzed for peened works such as Almen strips, and tf
there is no method to estimate distribution of residual stress by shot peening. But, if the distribution of t
lateral strain could be estimate, distribution of residual stress can be calculated by converting the late
strain to thermal strain due to temperature distribution. The conversion of plastic deformation model
thermal strain model is shown in Figure 1 schematically.

When the relationship between distributions of lateral strain and of the residual stress, that is, t

relationship between distributions of temperature and of thermal stress is clarified, lateral strain distributi
corresponding with the optimum residual stress distribution for fatigue strength will be obtained.
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Figure 1: Conversion of plastic deformation model to thermal strain model
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According to the elemental theory of elasticity [2], for a beam wittx#ydane as its neutral plane, tke
direction as its longitudinal direction and a thicknessuhder assumptions of normal stresfesand(’ y
alongz andy-directions, respectively being zero, thermal strgsis obtained as follow:
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whereT is temperature which is a function yfand is independent of andz, andE and are Young's
modulus and coefficient of thermal expansion, respectively. An example of the beam with one dimensio
temperature distribution is shown in Figure 2.
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Figure 2: Beam with one dimensional temperature distribution
If we express the temperature distributions by following equations
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wheret is y/c andTyis temperature at the surfacetof 1, various temperature distributions are obtained
depending on parametersko&ndn as shown in Figure 3. Thermal stresses due to temperature distribution:
of Egn.2 are obtained from Eqgn.1 as follow:
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Figure 3: Temperature distributions expressed by Eqn 2

Rectangular Almen strips are used to evaluate intensity of treatments of shot peening. The Almen strif
peened against its one side plane and arc height of the curved Almen strip is measured. In thermal st
model, arc height of a curved beam due to the temperature distribution expressed by Egn. 2 can be obtali
The third term of Egn.1 expresses stress component related to virtual bending mbrdemied by
modulus of section. In this case, radius of curvaRuie
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wherel is moment of inertia of area. Arc heightdefined in Figure 4 is
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Figure 4: Definition of arc height

RESULTS OF CALCULATION

Thermal stress distributions obtained by Eqn.3 are shown in Figure 5 under a condktiod.6ftakingn as

a parameter. Peak position of compressive thermal stress and crossing point which is the position for ther
stress to change from compression to tension, move to inside from the surface with increasingrnvalue o
The pattern of thermal stress distribution changes from C Type where the position of the maximu
compressive stress is located at the surface to S Type where the position is located at the inside. TI
distributions of thermal stress are similar to distributions of residual stress observed on peened strips [3].

Figure 6 shows non-dimensional arc heigki2c for conditions olL/2c = 95 andaTo= 0.0025 as a function
of korn. Arc height increases with decreasing valu& ap to 0 and with increasing value mfthat is,
when temperature distribution becomes uniformly at the surface layer.
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Figure 5: Normalized thermal stress distribution along thickness variable
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Figure 6: Dependence of non-dimensional arc height on varabledk



COMPARISON WITH EXPERIMENTAL RESULTS REPORTED

Change in Distribution of Residual Stress and Arc Height with Degree of Shot Peening Processes

Ohno et al. [3] reported changes in distribution of residual stress with increasing number of passes for wo
on conveyor belts moving through a shot peening equipment. The examples of the results are showr
Figure 7(a) and 7(c). In the experiments cut wire shots with size of 1mm in diameter were used f
rectangular works with sizes of 19mm in width, 76mm in length and 3mm in thickness. Shot speeds we
33m/s and 49m/s for results of Figure 7(a) and 7(c), respectively.

In thermal strain model, increment of number of passes can be regarded as increment in area of temper:
distribution. Let us express the area of temperature distribution for the first pSsamy for nf' pass by

Sn. The change in the area of temperature distribution with increasing number of passes m is expres
temporary by Eqn. 6 according to increment in coverage under shot peening treatment [4].

S=1-(1-s)" (6)

Figure 8 shows the processes of area increment of temperature distribution. That is, at the early stage
distribution is linear a3,’k’ which is parallel talok. After for the distribution coinciding with the lingk,
it follows by Eqgn.2.

Examples of calculation results of thermal stress with change in temperature distribution are shown
Figure 7(b) and 7(d) under following two assumptions. The first is the temperature distribution at the fin.
stage expressed by Eqn.2 where exponest2 and 5 for Figure 7(b) and 7(d), respectively. The second is
that the percentages of the area increment of temperature distribution at the first pass to the aree
temperature distribution of the final temperature distribution is 14% and 21% for Figure 7(b) and 7(d
respectively. Compressive thermal stress at the surface increases with increasing number of passes a
early stage. After the stage, it becomes small depending on the setting conditions, and the peak positio
the compressive thermal stress moves from the surface to the inside. These tendencies coincide qualitat
with experimental results very well.

-800 -800
¥ —e— 1lpass —
[
& -600 —a— 3pass g -600
z —a— Bpass =
o -400 \ —— 10pass @ -400 |
3 g
g -200 \ < -200
=]
£ 0 \\i\g\@% g0
'_
200 ) ) ) ) 200
0 01 02 03 04 05 0 01 02 03 04 05
Depth from the surfacepme, Depth from the surfacepme
(@) (b)
-800 -800
¥ —e— lpass - —e—1pass
S 600 —=— 3pass S 600 —=— 3pass
z —a— 6pass b —a—6pass
§ -400 —s— 10pass & -400 —<— 10pass
= 2}
s -200 \ < -200
2 g
g o0 SH
© F
200 | | | T 200
0 0.1 0.2 03 04 05 0 0.1 02 03 04 05
Depth from the surfacefme Depth from the surfacemme

(c) (d)

Figure 7: Distributions of residual stress by shot peening and distribution of
thermal stress obtained by proposed method
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Figure 8: Method of area increment of temperature distribution

Examples of calculation results of arc height with change in temperature distribution are shown in Figure
under the conditions corresponding with Figure 7(b) and 7(d). The value of arc height increases a
becomes to a saturated value. This tendency coincides qualitatively with experimental results fairly w
too.
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Figure9: Change in arc height with increasing number of conveyor passes

Double Shot Peening

Treatments of double shot peening are effective to improve compressive residual stress at the surface |
of works. Generally, the first treatment is carried out using large shots to get thick layer with residu
compressive stress and the second is carried out using small shots for the peak position of resic
compressive stress to be located at the surface of the work.

In thermal stress model, residual stress produced by double shot peening can be understood as the rest
superposing two types of temperature distributions, which concept is shown in Figure 10. One is that a I
level temperature distributes from the surface to the deep position and the other is that temperature che
drastically at the thin layer of surface.

Figure 11 shows an example of the thermal stress model for double shot peening. The position of ps
compressive residual stress is located at the surface which tendency describes the experimental re
reported [5].
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Figure 10: Concept of double shot peening in thermal strain model
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Figure 11: Thermal stress distribution by superposing two types of temperature distributions
CONCLUSION

A resemblance between residual stress produced by shot peening and thermal stress by tempere
distribution was pointed out to understand how residual stress generates at the surface layer of works by
peening.

The model of generation of compressive residual stress at the surface layer was proposed as that the res
stress is produced by constraining lateral strain by Poisson's ratio corresponding with compressive strai
the surface layer.

Stress distribution produced by constraining lateral strain can be estimated by the same method
calculation of thermal stress due to a temperature distribution at the surface layer. Thermal stresses
various temperature distributions at the surface layer are fairly similar to distributions of residue
compressive stress obtained by shot peening treatments under various conditions.

Lateral strain distribution corresponding with the optimum residual stress distribution for fatigue strengt
will be obtained from the thermal strain model proposed. This information must be very useful fo
selections of shot peening conditions.
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