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ABSTRACT
Fatigue data usually display substantial scatter. The goal of

this paper is to demonstrate how simulated variation in surface
treatment processing parameters and material properties affect
the predicted fatigue life (mean and scatter) of a component.
This is achieved by applying robust design principles to fatigue
life evaluation methods, using shot peening as the
representative manufacturing process for this study. Analyzing
changes in the appropriate fatigue performance quality
characteristic due to variations in the process parameters and
material properties will identify levels of the controllable
process parameters which maximize the mean fatigue
performance and minimize its scatter. The simulation
predictions of this study are consistent with past experimental
observations which show that compressive residual stress
distributions tend to increase mean fatigue life and reduce its
scatter for a component. Our results extend these observations
by relating the increase in mean life and the reduction in scatter
to the controllable manufacturing and design parameters. In
addition, the intermediate measure of compressive zone depth is
identified as a possible off-line production quality check that
relates directly to the component fatigue performance (mean and
scatter), as well as an aid to the designer to identify an
appropriate surface treatment process. This study serves as an
initial step in the development of a generalized methodology
that can aid engineers with design for robust fatigue
performance for other manufacturing processes.

1 . 0 INTRODUCTION

1.1         Motivation
For many mechanical components, fatigue performance is

an important aspect of product quality. In practice, design for

reliable fatigue performance is often experience-based. Use of
surface treatment processes to enhance fatigue performance also
depend, to a large extent, on experiential knowledge. To seek
further improvements in fatigue performance, this paper
develops the foundation for a systematic robust fatigue design
methodology that combines manufacturing process models and
fatigue life models to relate manufacturing process parameters
to component fatigue performance. Shot peening serves as a
representative surface treatment process whose existing
input/output relationship has largely been empirical.

One goal of this study is to relate shot peening process
parameters and component material parameters to the fatigue
life of the component. The role of robust design is to use these
relationships to understand not only how to increase the mean
component life, but how to reduce the variability of that life
subject to the inherent variability in process, material and
geometric parameters. Both Miller (1993) and Schijve (1994)
give comprehensive arguments for the development of
systematic design methods to accommodate variability in
fatigue analysis and design. Figure 1 qualitatively illustrates the
goal of our effort, where the curve optimized for both mean, µ,
and variability, σ, represents our target.

The study also seeks to demonstrate that the component
designer has increased design flexibility when they consider
fatigue performance enhancement processes in addition to the
material properties and material geometry. The application of
the robust design methodology to fatigue analysis and design
will enable existing computer-based fatigue analysis and surface
treatment process simulations to predict variability in fatigue
performance as well as its mean value.
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Figure 1.  Robust Fatigue Design Goal

1.2         Previous Work
As described by Almen (1963), the benefits in fatigue

performance due to compressive residual stress treatments such
as shot peening have been known for about 50 years.
Developments in fatigue and fracture mechanics theory over the
past few decades have led to improvements in the predictive
tools for fatigue life evaluation. Numerous researchers such as
Beghini et al (1994), Farrahi et al (1995), Hammond et al
(1990) and Underwood (1994) have empirically shown the
benefits of compressive residual stresses on fatigue
performance, with Beghini et al and Underwood showing
agreement between predicted and observed fatigue life using
fracture mechanics considerations.

Other researchers have studied the Taguchi method
(Taguchi, 1978 and 1987) and its applications in mechanical
design. Kackar (1985) and Hunter (1985) promoted the
application of statistical experiments and parameter design to
quality control. d’Entremont et al. (1988) adopted the concept
of quality loss and developed a nonlinear programming code.
Sundaresan et al. (1989, 1991) adapted Taguchi’s method and
incorporated a Sensitivity Index in the optimization procedure
to seek a robust optimum. Another challenge in robust design
is dealing with constraint uncertainties. A conventional actively
constrained optimum may not be statistically feasible.
Sundaresan et al. (1993) compared the efficiency of three
different methods that incorporate variations in constraints. Yu
et al. (1994) dealt with manufacturing errors that affect design
variables with specific characteristics, Manufacturing Variation
Patterns (MVP).

1.3         Research Approach
Figure 2 summarizes the steps used in this study to

compute the component fatigue life. Given a set of process
control parameters, the residual stress distribution within the
component is determined from a regression model generated
from empirical data. This residual stress distribution, along
with the applied stress distribution and material fatigue
properties lead to the fatigue life from a model based on linear
elastic fracture mechanics (LEFM) and crack growth prediction
methods. In this paper, the behavior of steel alloy 4340 is
considered. Dowling (1982), Lankford (1985) and Nelson et. al.
(1994) have demonstrated that the use of LEFM techniques to
predict the fatigue behavior of small initial cracks is reasonable

for that alloy, but is not necessarily valid for other metallic
alloys. Section 2.4 describes the detailed evaluation procedure.

Fatigue
Life

Parameter Arrays

Control Noise

Model

Numerical Simulation

Regression Fatigue
Model

Figure 2.  Fatigue Life Computation Steps

The Ishikawa fishbone diagram (c.f. Section 2.2) aided in
the identification of an extensive (but not exhaustive) set of
controllable (design) and uncontrollable (noise) parameters.
These parameters were pared down based on the available data
and the numerical models. Standard Taguchi orthogonal control
and noise arrays were constructed based on the final set of
control and noise parameters. These arrays vary the control and
noise space to generate the data needed to compute mean fatigue
life and fatigue life variation.

Section 2 gives greater details about parameter selection
and the residual stress and fatigue models. Section 3 describes
the robust design procedure. Section 4 summarizes the results.
Section 5 discusses the results of the robust design simulations.
Section 6 outlines conclusions and directions for future work.

2 . 0 MODEL DEVELOPMENT

2.1         Overview of Shot Peening
Shot peening is a surface treatment process of plastic

deformation that results in sub-surface compressive residual
stresses that generally improve fatigue life. Figure 3 shows a
simplified schematic of the shot peening process. Shot media of
a given diameter impinge the target surface at high velocity,
dimpling the surface and generating compressive residual
stresses. Hammond et al. (1990) and Farrahi et al. (1995) have
demonstrated that these residual stresses may diminish through
the course of the service loading history due to stress relaxation
mechanisms. This paper assumes that the residual stress
distributions remain constant throughout the fatigue life.
However, we realize that stress relaxation can have a significant
influence on the fatigue performance of materials, especially if
the sum of the applied stress and the residual stress exceeds the
yield stress. It is also assumed that fatigue cracking originates
at the surface of the components.

Target Material
Hardness, H

Machine
Pressure, PNozzle

Shot
Diameter, D

Shot
Velocity

Figure 3.  Shot Peening Process
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2.2         Process and Material Parameters
Figure 4 shows the Ishikawa fishbone diagram used for a

comprehensive review of the primary parameters (both
controllable and uncontrollable) that affect fatigue life and its
variability using the shot peening process. Semi-controllable
variables are only partially controllable and intermediate
variables are outputs that occur prior to the output variables of
interest. Table 1 summarizes the key controllable and
uncontrollable parameters used in this study given the
restrictions of the shot peening data available (c.f. Section 2.3)
and the fatigue model used (c.f. Section 2.4).

C* Duration
  C  Material
    C* Size
      C* Velocity
        C* Dist. to Surf.
          C* Hardness
            C* Density µLife

Lifeσ

SHOT
PARAMETERS

MATERIAL
CONDITION

WORKPIECE
MICRO-

DISCONTINUITIES

RESIDUAL
STRESS

MACHINEENVIRONMENT

In Temp.
  C* Hardness
    C* Pre-strain

U  Size
  U  Type
    U  Density
      In Source
        U Growth 
              Behavior

    U Humidity
  U Temperature
U Atm. Press.

      U Consistency
    U Wear
  U Drift
U Operator

      U Initial
    In After Mfg
  In Distribution

U - Uncontrollable; C - Controllable;
C* - Semi-controllable; In - Intermediate

Figure 4.  Ishikawa Fishbone for Shot Peening

Table 1.  Controllable & Uncontrollable
Parameters

Controllable Uncontrollable

Shot Peening
Pressure

p  Pressure Variation ∆P

Shot Diameter D Diameter Variation ∆D
Component
Hardness

H Hardness Variation ∆H

Crack Growth Exponent
Variation

∆n

Crack Growth Constant
Variation

∆C

Fracture Toughness Variation ∆KC
Fatigue Threshold Variation ∆Kth
Initial Crack Size Variation ∆a0

2.3         Regression Model
The shot peening residual stress data from Brodrick (1955)

were the basis for our regression model relating the shot
peening process parameters to the residual stress distribution.
Figure 5 shows a characteristic plot of these data that represents
residual stress as a function of depth into the workpiece of 4340
steel for particular values of workpiece hardness, shot size,
machine air pressure, shot coverage and shot intensity. Since

the data had to be manually read and entered for statistical
analysis, only the specimens that received complete coverage
were considered. In addition, intensity is a confounded measure
of the shot peening process parameters and time. The lack of
the peening time information which was embedded in the
intensity measure prevented its use for analytical purposes.
Therefore, for illustrative purposes, the regression model relates
residual stress to machine pressure (P), shot diameter (D),
workpiece hardness (H) and depth (Z) into the workpiece. Note
that workpiece hardness is not a process parameter, but is a
controllable design factor.
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Figure 5.  Typical Shot Peening Data Curve

Given that the general shape exhibited in Figure 5 is
characteristic of all the data examined, and that regression model
only included the compressive zone data, it seemed natural to fit
the data to at least a second order polynomial. A third order
polynomial was the final choice to relate residual stress to the
shot peening process parameters. The regression results are
summarized in Table 2. The values in Table 2 are in the same
units as the original data (i.e. Rockwell C hardness, psi, and
inches). Note that the only dependence on machine pressure is
in the interaction term with depth (P•Z).

Table 2.  Third Order Polynomial Regression
Variable Value Std. Error t value Pr(>|t|)

D -3318 333 -10 0.0000

D2 52533 5534 9.5 0.0000

D3 -227003 25954 -8.7 0.0000

H -1.8 0.2 -8.9 0.0000

H3 0.0002 0.0000 5.1 0.0000

Z2 421871 20736 20.3 0.0000

Z3 -1730755 81394 -21.3 0.0000

D•Z -105146 4725 -22.2 0.0000
P•Z -60.5872 3.3 -18.4 0.0000
H•Z 263.9722 9.0 29.4 0.0000

Residual std err: 19.56 on 740 degrees of freedom
Multiple R-Squared: 0.9445 F-statistic: 1260 on 10 and

740 degrees of freedom; p-value is 0
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Comparison of the residual stress values from the
regression model to the actual residual stress data suggested
restricting the ranges of the parameter values to be a subset of
the ranges used to generate the original regression model. Use
of this restricted range would provide a better fit than the full
range of parameter values. Table 3 in section 3.2 summarizes
the ranges used for the robust design simulation.

2.4         Crack Growth Evaluations
A numerical simulation model is used to compute the

fatigue life for specimens of 4340 alloy steel with an assumed
initial semi-elliptical surface crack of depth a0 and width of 2c
(shown in Figure 6) for three different applied stress conditions
which are described in Section 3.2.

Applied Stress 
Distribution 
(Tensile and Cyclic)  

Residual Stress 
Distribution 
(Compressive and Static)

Figure 6.  Crack Growth Specimen (not to
scale)

The Forman equation was used to compute the incremental
crack growth per load cycle:

da

dN

C K

R K K
net

n

C net

=
− −

( )
( )

∆
∆1

(1)

where
da

dN
 = increment of crack growth

C n, = crack growth constant and exponent

∆Knet = K Knet net,max ,min−

R = 
K

K
net

net

,min

,max

K = stress intensity factor
KC = fracture toughness

Combining the residual stress intensity factor, Kres, with
the cyclic applied stress intensity factors, Kapp,min or max,

results in the maximum and minimum net stress intensity
factors, Knet,min or max, as

Knet ,max = Kres + Kapp,max (2)

Knet ,min = Kres + Kapp,min (3)

The residual and applied stress intensity factors are
calculated as functions of the instantaneous crack depth from

K m z a dzres res

a

= ⋅ ⋅∫2
0

σ ( , ) (4)

K m z a dzapp m app m

a

, , ( , )= ⋅ ⋅∫2
0

σ (5)

where
σ res = residual stress distribution

σ app m, = applied stress distribution, max or min

m(z,a) = semi-elliptical surface crack weight function
   (Shen et. al, 1991)

a = crack depth

Values of Kres and Kapp were calculated for an initial crack
depth, a0, then the increment of crack growth was computed.
Crack depth was then updated and new values of Kres and Kapp
were computed with the updated depth. This process was
continued until Knet,max ≥ KC or the denominator in Eq. 1
became zero or negative. In cases where Knet,max ≤ Kth
(threshold stress intensity), crack arrest was predicted (infinite
life condition). Numerical integration was used to determine
Kres and Kapp from Eqs. 4 and 5. Residual stress distributions
from the regression model described in section 2.3 were used to
evaluate Kres, while different assumed applied stress
distributions shown in section 3.2 were used to compute Kapp.

3 . 0 ROBUST DESIGN PROCEDURE

3.1         Quality Characteristic
Instead of using life as the quality parameter, we use the

reciprocal of life. Phadke (1989) defines quality loss, QL, as:

Q kL = ⋅ −( ) +[ ]µ µ σ0

2 2 (6)

However, since k is a constant whose value does not
change for a particular application, it will not affect the
minimization of the quality loss. Note that by taking the
reciprocal of life, our objective is to minimize µ and the ideal
target, µ0 = 0. Therefore, equation (6) reduces to Q, the quality
characteristic:

Q = +( )µ σ2 2 (7)

Noting that:

µ2 2= [ ]E y( ) and σ 2 2 2= − [ ]E y E y( ) ( )

where, E(y) = expected value of y

results in:
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where, y
Lifei = 1

.

Referring to Eq. 7, note that to minimize Q, µ and σ need
to be minimized. A Q value of zero means that all values of the
quality parameter are zero, i.e., all cases analyzed exhibited
infinite life. On the other hand, an infinite value of Q means
that at least one of the cases had Knet,max ≥ KC or the
denominator in Eq. 1 was zero or negative as an initial
condition, thus failure occurred on the first cycle.

3.2         Parameter Settings
Table 3 shows the settings of controllable parameters based

on the limitations of the regression model in Section 2.3.

Table 3.  Controllable Parameter Setting
Parameter Low Value High Value

P (MPa) 207 620
H (Rc) 30 41
D (mm) 0.584 1.676

Figure 7 summarizes three hypothetical applied stress
conditions as a function of depth into the workpiece. They all
level off to a constant stress level of 700 MPa and all loading
conditions are zero-to-tensile stress cycles (a stress ratio R=0).
The first stress condition, a steep linear stress gradient, is
representative of a stress concentration due, for example, to a
sharp notch. The second loading stress distribution is not as
steep, and is representative of a milder notch. The third applied
stress distribution has an even milder gradient.
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Figure 7. Three Service Loading Conditions

Table 4 shows the nominal values of the crack growth
parameters for two hardnesses estimated from the literature
(Damage Tolerant Design Handbook, 1983; Structural Alloys
Handbook, 1986). These values are for 4340 steel. Note that at
a hardness of 30, the value of KChad had to be estimated. For
this study, the nominal initial crack size, a0, was taken as
0.125 mm.

Table 4.  Fatigue Parameter Nominal Values
Hardness

(Rc)
KC

(MPa m ) C n
Kth

(MPa m )

41 110 8.42 x 10-11 2.22 4.0

30 150 1.64 x 10-11 2.63 6.0

The noise parameters identified in Section 2.2 are
variations in the shot peening process parameters and the Eq. 1
parameters. Table 5 summarizes the ranges for the noise
parameters based on typical variations along with the source of
the data.

Table 5.  Noise Parameter Ranges
Noise

Parameter Range Source

∆P ± 10% Champaigne (1994)
∆D ± 0.13 mm estimated based on nominal D
∆H ± 2 Rc estimated from Brodrick (1955)
∆n ± 10% estimates assumed for the sake

of this analysis
∆C ± 80% •

∆KIc ± 10% •
∆Kth ± 30% •
∆ao ± 60% estimates assumed for the sake

of this analysis

3.3         Design of Experiments
Inner Array (Design Parameters):  The orthogonal

array used for the control parameters was an eight run full
factorial since there were only three parameters at two levels.
Table 6 shows this array. The eight run full factorial arrays was
repeated for each of the three different applied stress conditions.

Outer Array (Noise Parameters):  Table 7 is an L16
orthogonal array used for the eight noise parameters.

Simulation:  The models described in Sections 2.3 and
2.4 lead to a numerical simulation code to predict fatigue life
for the 3x8x16 = 384 runs.

Table 6.  Full L8 Array for Controllable
Parameters

Run P D H
1 L L L
2 H L L
3 L H L
4 H H L
5 L L H
6 H L H
7 L H H
8 H H H

L: Low; H: High
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Table 7.  L16 Array for Uncontrollable
Parameters

Run ∆P ∆H ∆D ∆n ∆C ∆KIc ∆Kth ∆a0
1 H H H H H H H H
2 H H H H L L L L
3 H H L L H H L L
4 H H L L L L H H
5 H L H L H L H L
6 H L H L L H L H
7 H L L H H L L H
8 H L L H L H H L
9 L H H H H H H H
10 L H H H L L L L
11 L H L L H H L L
12 L H L L L L H H
13 L L H L H L H L
14 L L H L L H L H
15 L L L H H L L H
16 L L L H L H H L

L: Low; H: High

4 . 0 RESULTS

4.1         Without Shot Peening
Numerical simulation established the baseline condition for

a workpiece at the two values of hardness for the three different
service stress conditions. The first eight rows of the L16 noise
array simulated the variability since ∆P and ∆D do not factor
into fatigue life for this case. Table 8 summarizes these results.

Table 8.  Results for No Shot Peening
(1/Life ) x 10-7 for Hardness

Stress
Condition Noise Run # 30 (Rc) 41 (Rc)

1 1 39.1 64.9
2 3.1 5.8
3 3.8 8.9
4 0.9 2.1
5 5.0 12.4
6 0.6 1.5
7 52.4 92.0
8 2.4 4.3

Mean 13.4 24.0

Q (1/Life)2

(in original units)
5.42 x 10-12 1.62 x 10-11

2 1 59.7 92.0
2 8.0 13.3
3 6.9 14.8
4 1.2 2.8
5 9.7 22.4
6 0.8 1.8
7 83.0 138.0
8 5.8 9.0

Mean 21.9 36.8

Q (1/Life)2

(in original units)
1.34 x 10-11 3.56 x 10-11

3 1 135.0 209.0
2 18.5 33.4
3 12.1 27.2
4 2.4 6.6
5 18.8 49.0
6 1.5 3.5
7 210.0 390.0
8 12.3 19.1

Mean 51.3 92.2

Q (1/Life)2

(in original units)
7.89 x 10-11 2.50 x 10-10

Figure 8 compares the quality characteristic, Q, for the
three different stress conditions. Note that the longest life and
the least scatter occur at a hardness level of 30. Figure 9
illustrates this result for the stress condition 3 data. Also, note
that the life for stress condition 3 is less than the life for stress
condition 2 which in turn, is less than the life for stress
condition 1. Since this is consistently the case, the remainder of
this section will only show the analysis for the shortest life
stress condition, case 3.
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Figure 8.  Quality Characteristic Comparison
for No Shot Peening
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           Stress Condition 3

4.2         With Shot Peening
Table 9 summarizes the results of the full factorial array

run with the L16 noise array.

Table 9.  Results for Shot Peening at Stress
Condition 3

(1/Life) x 10-7 Control Array Runs
Run 1 2 3 4 5 6 7 8

1 92.5 65.8 64.7 42.2 150 116 116 76.9

2 9.4 6.97 7.02 4.72 17.6 13.5 13.7 9.2

3 9.0 7.24 6.11 4.40 20.7 17.4 14.7 11.0

4 1.9 1.51 1.27 0.86 5.38 4.28 3.56 2.44

5 11.0 8.25 8.30 5.99 28.7 21.8 22.0 15.1

6 1.0 0.81 0.80 0.58 2.56 1.97 1.97 1.36

7 158 114 92.4 57.9 300 225 184 116

8 8.1 6.2 5.0 3.4 13.1 10.5 8.7 6.1

9 93.7 72.0 67.7 47.4 153. 124 119 87.0

10 9.7 7.6 7.3 5.3 18.0 14.5 14.1 10.4

11 9.2 7.8 6.3 4.8 21.0 18.4 15.0 12.1

12 2.0 1.7 1.3 1.0 5.5 4.6 3.6 2.7

13 11.2 9.1 8.5 6.4 29.4 23.8 22.6 17.0

14 1.1 0.9 0.8 0.6 2.6 2.1 2.0 1.5

15 163 126 97.0 65.7 307 249 187 133

16 8.3 6.7 5.2 3.8 13.3 11.3 8.9 6.8

Mean 36.9 27.6 23.7 15.9 68.0 53.7 46.1 31.8

Q 4360 2424 1694 744 14596 9002 6174 2857

Figure 10 shows the sensitivity plots of the quality
characteristic for pressure, hardness and shot diameter. Note that
maximum life and minimum scatter occur at a hardness of 30
Rc, a pressure of 620 MPa, and a shot diameter of 1.676 mm.
Figure 11 compares the effect of adding residual stress by
plotting the quality characteristic against hardness for both
cases. Clearly, the residual stress distribution generated during
the shot peening process not only increased mean fatigue life,

but reduced scatter. This can be seen for the three stress
conditions in Figure 12.
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Figure 10.  Q Sensitivity to Process Parameters
at Stress Condition 3
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Figure 11. Shot Peening vs. No Shot Peening
at Stress Condition 3

5 . 0 DISCUSSION

5.1         Robustness Trends
For this particular shot peening example over the range of

parameters studied, significant improvements in fatigue life
could be achieved using the following parameter settings: H =
30 Rc, D = 1.676 mm, P = 620 MPa. Also, the use of shot
peening induced a residual stress distribution in the workpiece
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that not only improved mean fatigue life, but more
importantly, also reduced scatter as shown in Figure 12.
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Figure 12.  Fatigue performance as a function

         of the gradient of applied stress
(a)  Without shot peening
(b)  With shot peening

These results are consistent with residual stress fatigue
results in the literature as shown in Figure 13. For our specific
example the lower hardness specimen has greater fatigue life
because it has a lower crack growth rate and a higher fracture
toughness. It also makes sense that the larger diameter shots
with higher velocity will cause more plastic deformation.
Larger shots will impart a deeper residual stress distribution
into the workpiece, resulting in increased fatigue life.

Figure 13.  Fatigue performance for engine
rocker arms (Almen et al, 1963)
(Clear: Polished Arms;
Shaded: Shot-Peened Arms)

Another interesting result is that, as the compressive zone
depth increases, the scatter in the fatigue life decreases, shown
in Figure 14 for the three stress conditions. This trend implies
that the compressive zone depth could be used as an off-line
production quality control parameter that relates directly to the
fatigue performance of a component.

Figure 14 also shows a hypothetical reliability curve with
some degree of assurance that a component will have that
minimum fatigue life for a given compressive zone depth for
the conditions considered here. This information is independent

of the process that generated the residual stress; therefore, the
designer would have flexibility in choosing a manufacturing
process in addition to adjusting material parameters and
geometry to attain the desired fatigue performance.
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Figure 14.  (1/Life) versus Compressive Zone
Depth

5.2         Robust Design for Fatigue Performance
The example presented in this study applies specifically to

the particular machine and material workpiece from which the
data were generated, over a limited range of control parameters.
However, there are generalities that we can extract from this
example to form a foundation for a robust design methodology
for fatigue performance. The steps for this proposed
methodology are as follows.

1) Identify the pertinent parameters for the particular
manufacturing process under consideration.

2) Generate a relationship between manufacturing process
parameters and the residual stress distribution. This
relationship may come from empirical data or from
computational models.

3) Design orthogonal control and noise arrays for the key
control and noise parameters.

4) Use existing or create models to predict fatigue life.

5) Use the quality characteristic , Q = 
1 2

1N
yi

i

N

=
∑ ,where

yi Life
=

1
, to perform the analysis.

6 . 0 CONCLUSIONS AND FUTURE WORK
This study focused on a particular data set of shot peening

results. For lower hardness 4340 alloy steel workpiece, we
found that larger diameter shots at higher velocity setting
increases the fatigue life and reduces its variability. Also,
imparting compressive residual stresses increases the mean
fatigue life and reduces the scatter of that life compared to a
workpiece with no residual stresses.

Although the actual conclusions reached in this study are
limited in scope, the process to arrive at those results is not.
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The process takes advantage of already existing data or models
to relate manufacturing process parameters to the workpiece
fatigue life. This direct relationship between manufacturing
process parameters and fatigue life benefits production quality
control and gives designers added flexibility for fatigue
performance design. Thus if the material and geometry
specifications are constrained, we can achieve the desired life and
reduce scatter by an appropriate choice of manufacturing process
and process parameters.

This study has developed a foundation for a methodology
that will include the effects of manufacturing process on the
fatigue performance of a component. The refinement of this
methodology requires the following future tasks.

1) Seek better computational models for determining
residual stress distributions from the process
parameters.

2) Verify the results empirically.
3) Incorporate the costs associated with the different

process parameters (mean and control of noise) and see
how that affects the optimal selection of process and
material parameters to achieve a desired fatigue life
(mean and scatter).

4) Define parameters for use by designers as well as
parameters for use in production quality control.
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