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Abstract. Surface topography is an important parameter for evaluating the quality of surface machining, and the
stress concentrations produced at notches can have a profound effect on the fatigue life of notched components.
The stress concentration factor (SCF, Kt ) and relative stress gradient (RSG, χ ) are important parameters used to
quantitatively characterize stress concentration. In this study, a finite-element (FE) method was used to evaluate
the surface SCF and RSG and determine the effect of microscopic surface topography on machined surfaces. An
FE simulation of the static tension test of V-notched round-bar specimens was performed, and the stress due to
the local surface topography was investigated. The FE method was used to analyze the stress concentration of
round-bar specimens withKt = 1, and the reliability of the results was verified using a perturbation method. The
FE method was used to calculate the surface SCF and RSG with high accuracy. The surface SCF and RSG values
increased with the surface roughness, and the local maximum values of the surface SCF and RSG were at the
bottom of the local topography. Therefore, the SCF and RSG could be estimated based on a linear relationship
involving average roughness.

1 Introduction

A gear is a core component of a gearbox, and the surface
topography of the gear root has a significant impact on its
fatigue life. The effect of surface topography on fatigue life
is mainly due to fatigue failure caused by surface stress con-
centration. Fatigue failure usually initiates at a high stress
concentration; therefore, investigating the stress concentra-
tion of essential components is of great engineering signif-
icance. The stress concentration due to the machined sur-
face topography is more complicated than that due to the
macroscopic geometrical profile, which greatly influences
the fatigue life and wear resistance of the components (Pe-
terson and Plunkett, 1975; Pilkey and Pilkey, 2007; Peng et
al., 2023a). Therefore, quantitative evaluation of the effect of
surface topography on stress concentration is crucial.

Stress concentration is the phenomenon of a local stress
increase due to a size change or notch in the component. The

stress concentration factor (SCF) and relative stress gradi-
ent (RSG) are key parameters used to quantitatively charac-
terize stress concentration phenomena and can be used as a
bridge to study the relationship between surface topography
and fatigue life. Inglis (1913) proposed the concept of SCF
and quantitatively analyzed the stress concentration effect
of a notch based on an elliptical hole problem. Since then,
scholars have intensively studied the SCF. The perturbation
method rearranges a plane by adding a disturbance to a com-
pletely flat reference plane to produce a slight displacement
(Ma et al., 2018). The total displacement after the disturbance
is equal to the sum of the displacement of the reference plane
only subjected to uniform stretching and displacement gen-
erated by the disturbance. Moreover, the total stress after the
disturbance is equal to the sum of the stress of the reference
plane only subjected to uniform stretching and stress gen-
erated by the disturbance. Rice (1985) provided an explicit
solution for tensile loadings opening a half-plane crack in

Published by Copernicus Publications.



452 G. Xu et al.: Analysis of SCF and RSG for machined surfaces

an infinite body and proposed a new three-dimensional (3D)
weight function theory, which relates the weight function and
Green’s function of the crack problem. This study provided
a theoretical method for subsequent analysis of stress con-
centrations using the perturbation method. Based on the ap-
plication of Rice’s perturbation approach to the stress inten-
sity factor, Gao (1991) analyzed the stress field under uni-
form tension on a continuous surface with slight fluctua-
tions and obtained the first-order solution of the SCF. Grekov
and Makarov (2004) used the perturbation method to ana-
lyze the stress concentration caused by the slight bending
of a vehicle surface, aiming to investigate the occurrence of
semicircular dislocations on the surfaces of semiconductor
hetero-epitaxial structures. By using complex potentials and
Muskhelishvili representations (Muskhelishvili, 1977), the
effect of nano-sized surface asperities arising on an initially
planar surface were studied and integral equations of the
nth-order approximation were given (Grekov and Kostyrko,
2016). Combining the first-order perturbation approach with
the Hilbert transform and Parseval’s theorem, Medina and
Hinderliter (2014) developed an analytical solution of SCF
for a slightly roughened random surface. Medina (2015) de-
rived the first-order perturbation equations for stress concen-
tration formula suitable for multiple shallow irregularities
and extended them to the high-order analysis for the sur-
face under the plane stress condition by using the Hilbert
transform. Cheng et al. (2017, 2020) derived analytical solu-
tions for the stress concentration of slightly undulating two-
dimensional (2D) and 3D surfaces using the first-order per-
turbation method. Cheng et al. (2022) derived an analyti-
cal approach to calculate the stress distribution in machined
round bars with a slightly axisymmetric surface topography.
Perez et al. (2020) proposed an analytical method for calcu-
lating the SCF of a 3D surface topography in different load-
ing directions. Sun et al. (2020) provided a finite-element
(FE) method for studying the relationship between the grind-
ing surface topography and SCF using a notch model to an-
alyze and calculate the SCF of the grinding surface micro-
topography.

The stress concentrations generated by the geometric pro-
file of a notched component can significantly affect the fa-
tigue life of a specimen (Sehitoglu, 1983). Adib-Ramezani
and Jeong (2007) investigated the influence of the stress gra-
dient at the notch root on the component life and proposed
that not only the SCF but also the stress gradient affect the
notch life. Wang et al. (2013) investigated the factors af-
fecting notch fatigue life. By introducing the stress gradient
into the fatigue life prediction equation, they proposed a fa-
tigue life prediction method that comprehensively considered
the average stress, stress gradient, and size effect. Therefore,
both SCF and RSG are important for evaluating stress con-
centration, and the influences of both factors can be consid-
ered comprehensively in the evaluation. Ma et al. (2018) ex-
tended the perturbation method to 2D random surfaces. The
rough surface profile was represented by a Fourier series, and

the analytical solutions of the SCF and RSG were derived
using a stress expression. This part of the study produced an
important method for the comprehensive evaluation of stress
concentration problems.

For the surface topography generated by machining, the
concave area perpendicular to the direction of machining tool
marks is prone to stress concentration. Thus, it is important
to investigate the stress distribution in the concave area rather
than in the entire surface topography. Machining marks oc-
cur on the surfaces of the machined parts and are analogous
to small notches. These notches produce stress concentra-
tions in the valleys on the component surfaces, which ulti-
mately affect the fatigue life. The stress concentration due to
the surface topography has a significant effect on the surface
integrity and fatigue life of components (Taylor and Clancy,
1991; Peng et al., 2023b; Ardi et al., 2015; Suraratchai et
al., 2008). Researchers have investigated the relationship
between stress and geometry from single notches to mul-
tiple ones, no elliptical single notches, and multiple peri-
odic notches and sinusoidal continuous surfaces (Medina et
al., 2015). Neuber (2001) proposed a semi-empirical equa-
tion for the SCF, explored the relationship between the SCF
and surface roughness, and studied the effects of the SCF
on fatigue. Arola and Williams (2002) proposed the Arola–
Ramulu model, which can theoretically modify Neuber’s
semi-empirical equation. The complex surface topography
was simplified to ideal sinusoidal micro-notches, and the
maximum error between the experimental and theoretical re-
sults was only 2 %. Zhang et al. (2010) simplified the surface
roughness as semi-elliptical micro-notches and proposed a
relationship between the surface roughness and fatigue life.
Liao et al. (2015) simplified the surface topography as semi-
elliptical micro-notches and established a 3D FE model of
the flat surface topography to determine the influence of the
micro-notch parameters on the SCF. Based on these theo-
ries, the functional relationship between surface topography
and stress concentration can be used to guide subsequent re-
search on surface topography, which is not concerned with
the influence of surface topography on stress concentration
factor and relative stress gradient.

To investigate the stress concentration on the surface to-
pography of a complex problem, such as a gear root, a stress
concentration analysis of the geometric profiles and surface
topography was performed. The stress concentration at the
bottom of the V notch was studied to simplify the analysis
model. There is are few stress concentration studies that si-
multaneously consider the surface topography at the notch,
and no applicable analytical solution for this compound prob-
lem exists. With improved computing efficiency, a numerical
analysis method for solving such complex engineering prob-
lems has been proposed (Ås et al., 2005, 2008; Abroug et
al., 2018). The FE model is based on the geometric shape of a
real surface and is thus more accurate than a model described
using geometric parameters. Therefore, the FE method is an
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Figure 1. V-notched round-bar specimen for Kt = 2.

effective method for analyzing the stress concentration prob-
lem of V-notched round-bar specimens.

Numerous studies have focused on the stress concentration
factors at notches (Medina et al., 2015; Zhang et al., 2017).
Studying the stress concentration at the notch and the surface
topography simultaneously is more complex than studying
the stress concentration alone, and no theoretical formula is
available. Consequently, few studies have focused on the ef-
fect of the V-notch surface topography on the overall stress
concentration at the notch. The main aim of this study was
to investigate the SCF and RSG generated by notch topog-
raphy using the FE method and to explore the influence of
surface roughness on SCF and RSG. This paper is organized
as follows. In Sect. 2, an FE analysis method is proposed for
determining the surface SCF and RSG of machined surfaces.
Actual measurements and FE simulations of the surface to-
pography are described. In Sect. 3, the surface SCF and RSG
of round-bar specimens are calculated using the perturbation
and FE methods, respectively. The surface SCF and RSG of
the V-notched round-bar specimens with different surface to-
pographies are calculated using the proposed FE method. Fi-
nally, the conclusions are presented in Sect. 4.

2 Method

2.1 Analysis model for the SCF of machined surfaces

The surface quality of structural parts, such as gears and
shafts, has an important effect on their service life. During
processing and use, notches may be produced on the sur-
faces of structural parts, and stress concentration problems
may occur at the notches.

In practical engineering applications, stress concentration
frequently occurs at the gear root and bottom of the thread.
However, the structures of these components are relatively
complex. Herein, a round-bar specimen with a V notch was
used to simplify the analyses and calculations. The design is
illustrated in Fig. 1.

Based on the SCF (Kt ) of a V notch under uniaxial tension,
a V-notched specimen model was designed as follows (Zhang
et al., 2017):

Kt = 1+
(1

2
·
R/d

D/d
+
R

d
·

(
1+ 2 ·

R

d

)2)−1/2
, (1)

Figure 2. Simplified stress analysis model of the V-notched speci-
men.

where R is the curvature radius of the notch and d and D
are the diameters of the smallest and largest sections, respec-
tively.

2.2 FE method for the surface SCF and RSG of the
machined surfaces

Equation (1) applies to an ideal surface without roughness.
As the surface of the actual processed specimen is not com-
pletely smooth, the machined notch surface also exhibits sur-
face roughness. Therefore, the stress concentration due to the
surface topography of the notch must be considered when an-
alyzing the stress concentration of a notch. The surface SCF
(Kst) and RSG (χs) generated by the surface topography are
different from the SCF (Kt )and RSG (χ ) due to the geomet-
ric profile only. Using the analytical solution method, ana-
lyzing the influence of the introduced surface topography on
the stress concentration of the entire notch is difficult. Sur-
face topography is introduced at the bottom of a notch using
the FE method, and the stress concentration problem of the
notch with surface topography can then be evaluated.

Considering the axial symmetry of the V-notched speci-
men and simplicity of the model analysis, a simplified stress
analysis model of the V-notched specimen is developed, as
shown in Fig. 2.

Based on the V-notched specimen model (Fig. 1), a lo-
cal model was established in accordance with Saint-Venant’s
principle. The material used in the model was 18CrNiMo7-6
alloy steel. At room temperature, Poisson’s ratio of the model
was 0.3, and Young’s modulus (E) was 206 GPa. The load
boundary conditions of the model are as follows:

T (x = 0,y)= 0,

T (x = h,y)= T0,
(2)

where T0 is the uniform load,and h is the axial length of the
models. The element used in the FE model was PLANE182,
and a linear elastic axisymmetric model was obtained from
the ANSYS software library. The FE simulation results for
the V-notched specimen produced the maximum stress value
of the initial smooth V-notched profile at the bottom of the
notch.
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2.2.1 Surface SCF of the machined V-notched surfaces

The stress concentration problem can be analyzed with a
small wave plane by the perturbation method, which can im-
prove the efficiency of the calculation and give reliability re-
sults for the round-bar specimen. However, for notches and
planes with large fluctuations, the results obtained using the
perturbation method to analyze the stress concentration prob-
lem are not ideal. Generally, the surface SCF at the notch is
calculated as follows:

Kst =
σmax

σn
=
σmaxd

2
i

100D2
i

, (3)

where di is the notch diameter of the corresponding position
of the maximum stress, and σmax and σn are the maximum
principal stress and reference nominal stress of the notch
from the FE analysis, respectively.

2.2.2 RSG of the machined V-notched surfaces

The temperature gradient was calculated using the thermal
analysis solver in the ANSYS analysis software. The calcu-
lation principle for the temperature gradient can be expressed
as follows:

GradT
◦C
=
∂T
◦C

∂n
n , (4)

where T
◦C is the temperature and n is the unit vector in the

normal direction. As the calculation principles of the stress
and temperature gradients were the same, the RSG was cal-
culated using the temperature gradient method in ANSYS.
The stress gradient reflects the speed at which the stress
changes along a certain direction and is expressed as follows:

ηijk = Gradσ =
∂σij

∂xk
, (5)

where σij is the stress tensor and xk is the length in the k
direction. Therefore, the surface RSG can be calculated as
follows:

χs =
ηijk

T0
, (6)

where T0 is the uniform tension applied to the model.

2.3 Measurement and simulation of the machined
surface topography

2.3.1 Measurement of the surface topography

White-light interferometry is an extremely powerful method
for 3D profilometry and surface characterization and has
been well developed and widely used in microstructure sur-
face profiling in recent years (Zhang et al., 2020). Herein,
the original surface topographies of the machined specimens
were measured using a white-light interferometer (NPFLEX,

Figure 3. White-light interferometer.

Figure 4. Surface topography measurement of the machined spec-
imen for Kt = 1.

Madison, WI, USA) (Fig. 3). According to the standard of the
surface topography measurement area and actual size of the
round-bar specimens, the axial and radial sampling lengths
were 0.8 and 0.4 mm, respectively. Using an example spec-
imen (Fig. 4), the measurement results for the local surface
topography are shown in Fig. 5.

2.3.2 Simulation of the surface topography

The stress concentration of the measured surface topography
was analyzed using the perturbation method. In the FE sim-
ulation, to study the influence of the surface topography on
the stress concentration problem, the topography information
must be imported into the FE simulation model, that is, the
simulated surface topography.

Surface topography, measured using 3D topography, usu-
ally refers to the height distribution on the xoy plane. The
height distribution z(x,y) can be obtained as follows by a
random process η(x,y) using a 2D filter (Chen et al., 2006):

z(x,y)=
n−1∑
k=0

m−1∑
l=0

h
(
1x,1y

)
· η
(
x+1x,y+1y

)
, (7)

where 1x and 1y are the changes in the x and y directions,
respectively. The frequency-domain information is obtained
after the Fourier transform of the following function:

Z
(
ωx,ωy

)
=H

(
ωx,ωy

)
A
(
ωx,ωy

)
, (8)
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Figure 5. Original surface topography of the machined specimen for Kt = 1.

where H
(
ωx,ωy

)
is the transfer function. The transfer func-

tion obtained from the relationship between the power spec-
tral density function and the transfer function is given as fol-
lows (Hu and Tonder, 1992):

H
(
ωx,ωy

)
=
(
Gz
(
ωx,ωy

)
/C
) 1

2 , (9)

where C is a constant and Gz
(
ωx,ωy

)
is the power spectral

density function. Gz
(
ωx,ωy

)
can be obtained by the Fourier

transform of the autocorrelation function R
(
1x,1y

)
. Ac-

cording to different autocorrelation functions, the topogra-
phy information can be controlled. For random surfaces with
a Gaussian distribution, the autocorrelation function in expo-
nential form can be used as follows:

R
(
1x ,1y

)
= Rq · exp

(
−2.3

(
(1x/βx )2

+
(
1y/βy

)2) 1
2
)
, (10)

where Rq is the root-mean-square roughness of the surface,
and βx and βy are the autocorrelation factors in the x and y
directions, respectively.

According to the abovementioned method, a rough sur-
face is simulated using the MATLAB software. White noise
with a Gaussian distribution is generated as a random pro-
cess η(x,y). The white noise and autocorrelation function
R
(
1x,1y

)
are successively Fourier-transformed to obtain

A
(
ωx,ωy

)
and power spectral density Gz

(
ωx,ωy

)
, where

the constant C = 1. The transfer function and frequency-
domain information of the surface topographyZ

(
ωx,ωy

)
are

calculated using Eqs. (9) and (8), respectively. The height
information of the surface topography is obtained using the
inverse Fourier transform of the frequency-domain informa-
tion. Finally, the simulation of the rough surface is complete.

When the surface roughness of the simulated surface to-
pography Ra was 3.2, 0.8, and 0.1, the corresponding root-
mean-square roughness Rq values were 0.02, 0.005, and
0.00625, respectively. Because the arc length (L) of the notch
in Fig. 1 is 0.393 mm, the surface-contour curve with length

L is extracted, and the sampling interval is set to 0.52 µm
to ensure that the measuring instrument has the same sam-
pling interval. The profile curves of different surface rough-
ness (Ra) values with a Gaussian distribution are shown in
Fig. 6.

3 Results and discussion

3.1 Verification of round-bar specimen

To verify the solution of the surface SCF and RSG for the
FE method, the perturbation and FE methods were used to
determine the surface SCF and RSG of a round-bar specimen
with Kt = 1.

3.1.1 Round-bar specimen model

Around-bar specimen model with Kt = 1 was designed
to verify the proposed FE method using the perturbation
method (Fig. 7). After turning and grinding, the surface qual-
ity of the specimen satisfied the design requirements of the
model.

For the convenience of measuring surface roughness, the
round-bar specimen model was simplified (Fig. 8) according
to the axial symmetry of the round-bar specimen.

3.1.2 Analysis of the surface SCF and RSG of the
specimen by the FE method

The FE analysis simulation conditions were consistent with
those described in Sect. 2.2, and the simulated surface to-
pography (Sect. 2.3.2) was imported into the FE model. The
element type used in the FE model was PLANE182. The
area with topography was meshed using triangular elements,
and the rest of the model was meshed using quadrilaterally
shaped elements. A uniform load of T0 = 100 MPa was ap-
plied in the x direction of the FE model to constrain the x
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Figure 6. Gaussian random surface with Ra = 0.1 µm (a), 0.8 µm (b), and 3.2 µm (c).

Figure 7. Round-bar specimen with Kt = 1.

Figure 8. Simplified stress analysis model of the round-bar speci-
men.

displacement on the opposite face. The meshing and loading
conditions for the round-bar specimen model with Kt = 1
and Ra = 3.2 µm are shown in Fig. 9.

3.1.3 Convergence analysis of the FE method

The simulation process demonstrated that the calculation re-
sults did not converge at the mesh spacing of 0.52 µm (sam-
pling interval for surface topography measurement). The
height information was interpolated N times using the B-
SPLINE interpolation at a sampling interval of 0.52 µm,
where N is the number of discrete units; (1/N ) µm was used
as the mesh size for the surface topography to obtain the so-
lution. The maximum stress of each solution was recorded
and convergence was verified. The minimum mesh size is
determined using the following Eq. (11):

σN − σN−1

σN−1
< δ , (11)

Figure 9. Meshing and loading conditions of the round-bar speci-
men with Kt = 1 and Ra = 3.2 µm.

Figure 10. Convergence analysis of specimens with different Ra
values when Kt = 1.

where σN and σN−1 are the stress values obtained by theN th
and (N−1)th interpolations, respectively, and δ is a constant
(5 %).

WhenKt = 1, the maximum stress in the x direction of the
different surface topographies is extracted for convergence
analysis, as shown in Fig. 10. The minimum grid size is cal-
culated using Eq. (11). As shown in Table 1, the larger the
machined surface roughness Ra, the smaller the minimum
mesh size required for the simulated surface topography. In
addition, the minimum mesh size can provide a reference for
selecting the sampling interval for practical measurements of
surface topography.
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Table 1. Minimum grid size for various Ra values when Kt = 1.

Mean roughness Ra = 0.1 µm Ra = 0.8 µm Ra = 3.2 µm

N 4 8 10
Mesh size 0.13 µm 0.065 µm 0.052 µm
Number of elements 192 651 342 327 748 611

Figure 11. Finite-element analysis results: (a) Kst and (b) χs for
the round-bar specimens with Kt = 1 and Ra = 0.1 µm.

TheKst and χs parameters of the model were derived from
the proposed FE analysis method. The Kst and χs values for
the round-bar specimens when Kt = 1 and Ra = 0.1 µm in
the FE analysis method are shown in Fig. 11a and b.

As shown in Fig. 11a and b, when the surface SCF
changes rapidly, the corresponding surface RSG also in-
creases. Therefore, the RSG reflects the rate of change in the
surface SCF.

3.1.4 Comparison of the FE method and perturbation
method for machined surface topography

To verify the solution of the FE method, the results of
the FE method were compared with those of the perturba-
tion method. Based on Gao’s first-order perturbation method

Figure 12. Simplified model of a 2D random surface.

(Gao, 1991), Ma et al. (2018) generalized the perturbation
method from a single surface profile to a 2D random surface
profile. A simplified model of the random surface is shown
in Fig. 12.

For the amplitude wavelength ratio of a/λ < 0.1 for the
random surface, the surface SCF and RSG of the surface pro-
file of the round-bar specimens (Ma et al., 2018) are given as
follows:

Kst(x)=
σxx

T0
= 1− 4π

n∑
i=1

ai

λi
cos

(
2πx
λi
+ θi

)
, (12a)

χs(x)=
∂σxx

∂xk
/T0 =−12π2

n∑
i=1

ai

λ2
i

cos
(

2πx
λi
+ θi

)
. (12b)

Using the specimen with Kt = 1 and Ra = 0.1 µm as an
example, the surface topography of the 0.3–0.4 mm seg-
ment of this specimen was extracted, and the results of the
FE method were compared with those of the perturbation
method for a small amplitude–wave-length ratio of a/λ <
0.1, given in Fig. 13a and b. The results of the two methods
were consistent.

The difference between the results of the perturbation and
FE methods is within the allowable range. This difference
could be attributed to the particularity of the round-bar spec-
imen. The surface topography calculated using the pertur-
bation method must be converted and reconstructed using a
curved surface, and some data may be lost. Because the FE
method is in an ideal state, this is not a problem.

3.2 Surface SCF and RSG analysis of the V-notched
machined surfaces

The simulation model and boundary conditions were con-
sistent with those provided in Sect. 3.1.2. The meshing and
loading conditions of the V-notched specimen model (Fig. 1)
for Kt = 2 and Ra = 3.2 µm are shown in Fig. 14. The el-
ement type used in the FE model was PLANE182; the V-
notched part was meshed using triangular elements with an
aspect ratio of 1.15, and the rest of the model was meshed
using quadrilaterally shaped elements with an aspect ratio of
2.2.
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Figure 13. Results of (a)Kst and (b) χs calculated using analytical
solutions and the FE analysis for Kt = 1.

Figure 14. Meshing and loading conditions of the V-notched spec-
imen with Kt = 2 and Ra = 3.2 µm.

Figure 15. Surface SCF of V-notched specimens with different Ra
values and Kt = 2.

Similarly, the convergence strategy provided in Sect. 3.1.3
was used to analyze the convergence of V-notched round-bar
specimens with Kt = 2 and different surface topographies
using the simulation of the surface topography (Sect. 2.3.2).

Using the FE method for surface topography stress analy-
sis, the convergence results of surface topographies with dif-
ferent Ra values were analyzed. The surface SCF and RSG
values of the specimens with Ra = 0.1, 0.8, and 3.2 µm and
Kt = 2 were calculated (Figs. 15 and 16).

Figure 15 shows the surface SCF of the V-notched spec-
imens with various roughness values at the bottom of the
notch. If the influence of the geometric profile is ignored,
the maximum value of the surface SCF and its variation in-
crease with the surface roughness of the notch bottom in the
same evaluation area. Overall, considering the simultaneous
influences of the geometric profile and surface roughness, the
surface SCF reaches its maximum at the deepest part of the
notch.

The RSG reflects the trend in the stress change. The stress
varies faster for a larger absolute value of RSG. As shown in
Fig. 16a–c, the maximum absolute value of RSG increases
with increasing roughness at the bottom of the notch. Fur-
thermore, the RSG from both sides of the notch bottom grad-
ually increases and reaches a maximum at the maximum
depth. The RSG at the deepest notch reaches a maximum be-
cause of the simultaneous influence of the geometric profile
and bottom topography of the notch.

The maximum surface SCF and the corresponding RSG
results forKt = 2 are shown in Fig. 17. The surface SCF and
RSG values increase with increasing surface roughness. The
surface SCF and RSG have a linear relationship with surface
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Figure 16. RSG of the V-notched specimens withKt = 2 and Ra =
0.1 µm (a), 0.8 µm (b), and 3.2 µm (c).

roughness Ra.

Kst =m1Ra+ n1, for 0<Ra ≤ 3.2µm, (13a)

χs =m2Ra− n2, for 0<Ra ≤ 3.2µm, (13b)

wherem1 = 1.80,m2 = 2.39, n1 = 1.88, and n2 = 0.15. The
goodness of curve fit for Eq. (13a) is R2

= 0.998, and that
for Eq. (13b) is R2

= 0.996.

Figure 17. Maximum surface SCF and RSG of V-notched speci-
mens with different Ra values and Kt = 2.

According to the linear relationship between the surface
SCF and RSG and the surface roughness Ra obtained us-
ing Eqs. (13a) and (13b), the corresponding surface SCF and
RSG values can be calculated for a known surface roughness.
However, the microstructure and residual stress are affected
by stress concentration, which can be considered using the
crystal plasticity FE method or by introducing residual stress
into the FE model.

In this study, the SCF and RSG generated by the surface
roughness were analyzed. The main objective of this study
was to determine the average surface roughness. For the sur-
face topography analysis, the average surface roughness rep-
resents the entire surface topography. However, stress con-
centration usually occurs in areas where the surface topog-
raphy changes significantly. Therefore, in subsequent stud-
ies, other surface roughness parameters can be considered
for the investigation and analysis of SCF and RSG. The sur-
face topography in this study was simulated using an inter-
polation method, which had high stability in the analysis. To
analyze the SCF and RSG of the actual machined surface
topography, the measured surface topography must be eval-
uated. The Kt = 2 notch model established in this study was
analyzed according to the design size, and the error in the
notch model was found in the actual processing; therefore,
the actual notch size should be calculated when analyzing
the stress concentration of the actual notch sample.

4 Conclusions

An FE method was proposed to analyze the surface SCF and
RSG of notches with surface topography. Using this method,
the surface SCF and RSG of notched round-bar specimens
with various surface topographies were studied. Considering
the linear elastic model, in which the stress concentration
phenomenon is only related to the geometry, various simu-
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lations were performed, and the following conclusions were
drawn.

1. The proposed FE method was used to calculate the sur-
face SCF and RSG of round-bar specimens withKt = 1,
and the correctness of the FE method was verified by the
perturbation method.

2. The surface SCF and RSG of the V-notched round-bar
specimens were calculated using an FE simulation. The
surface SCF increased with increasing surface rough-
ness, and the local maximum values of the surface SCF
and RSG were located at the bottom of the local surface
topography.

3. From the FE analysis results of the stress concentration
analysis of the V-notched specimens with various sur-
face roughness values, a linear function of the surface
roughness with surface SCF and RSG was established.
The linear function was used to obtain the SCF and RSG
of the measured surface topography.
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