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This study investigates the relationship between residual stresses, cutting parameters, and machining
performance in the milling process of compacted graphite iron (CGI). X-ray diffraction (XRD) analysis is
employed to measure residual stresses on the cast and milled surfaces, while cutting force modeling is
utilized to calculate the tangential force, power, and active work. The results demonstrate that tensile
residual stresses are predominant on the milled surfaces, attributed to the both mechanical and thermal
loads generated during milling. By analyzing various cutting conditions, it is observed that lower feeds
contribute to reduced plastic deformation, resulting in lower residual stress levels. Additionally, higher
cutting speeds lead to higher temperatures, but due to the shorter machining time, heat accumulation is
limited, resulting in higher residual stresses, especially at low feeds. At high feeds, residual stresses de-
creased as the cutting speed increased. The interplay between cutting parameters and residual stresses
highlights the need for optimizing cutting conditions to enhance fatigue strength in CGI components. These
findings provide valuable insights for process optimization and quality control in the milling of CGI
materials.
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1. Introduction

Residual stresses in the surface and subsurface regions of a
machined component play a crucial role in determining its
performance during service. These stresses are considered the
most significant factors in assessing surface integrity. Depend-
ing on their nature, residual stresses can either enhance or
impair the lifespan of manufactured parts. Research (Ref 1) has
shown that compressive stresses offer advantages such as
improved fatigue life, resistance to creep, and enhanced
resistance to stress corrosion cracking. Conversely, tensile
residual stresses tend to have detrimental effects on these

properties. Therefore, understanding the characteristics of
residual stresses in the machined surface and subsurface
regions is highly valuable for product design and manufactur-
ing processes.

In recent times, compacted graphite iron (CGI) has gained
significant attention, particularly from engine manufacturers,
due to its potential for long service life as an integral
component of internal combustion engines. CGI possesses
physical and mechanical properties that lie between gray and
spheroidal cast irons (Ref 2). These properties offer a favorable
balance, making CGI more advantageous compared to other
cast iron materials. For instance, the higher strength of CGI
surpasses that of gray cast irons, while its superior thermal
conductivity, in comparison with spheroidal cast irons, is
particularly desirable for engine components exposed to high
pressures and temperatures, such as engine blocks and cylinder
heads. The production of these intricate geometry parts
involves casting and machining processes. To comprehend
the mechanical performance of CGI following these manufac-
turing steps, it is essential to measure residual stresses.
Understanding the distribution and types of residual stresses
enables the anticipation of fatigue and tensile properties in CGI
specimens (Ref 3-5).

In recent years, numerous studies have focused on inves-
tigating residual stresses generated by different metal removal
methods. These investigations have primarily concentrated on
high-strength materials and employed various processes such as
turning, drilling, grinding, and electrical discharge machining
(EDM) (Ref 6-12). The distribution of residual stresses on the
surface region of a machined workpiece has been observed to
be influenced by factors such as cutting speed, feed, depth of
cut, tool geometry, and the use of lubricants specific to the
workpiece material. The magnitude of residual stress near the
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surface is significant and gradually decreases with increasing
depth beneath the machined surface. Under conditions of high
depths of cut with worn tools and in the absence of a lubricant,
residual stresses tend to be tensile. However, they can become
compressive when machining at shallow depths of cut with
sharp tools and in the presence of a lubricant (Ref 13).

Residual stresses can be generated due to the inhomoge-
neous plastic deformation resulting from mechanical and
thermal phenomena associated with chip formation and the
contact between the tool nose region and the freshly machined
workpiece surface (Ref 14). However, there is currently no
precise understanding of how changes in cutting conditions
during milling of compacted graphite iron affect the character-
istics of the residual stress distribution in the surface region.

The objective of this study is to examine the residual stresses
in compacted graphite cast iron following the casting and milling
processes, as well as to analyze the impact of various cutting
parameters on the residual stresses on the surface of the
component. To achieve this goal, the non-destructive x-ray
diffraction method was selected. This method has been widely
used formeasuring residual stresses in crystallinematerials and is
based on the principle of measuring changes in lattice spacing
caused by residual stresses through the diffraction of an x-ray
beam with a single wavelength (k) in polycrystalline materials.
Details of this method are given in Section 2.2.

2. Materials and Methods

The material used for the workpieces in this study was GJV-
400 (EN 16079), cast at the Doktas iron casting plant. The
chemical components and properties of the material are
provided in Table 1 and 2, respectively. Each specimen was
individually cast, ensuring uniform cooling conditions and
consistent microstructure and mechanical properties. Prior to
the experiments, the workpieces were subjected to rough
machining on the top, bottom, and sides to obtain rectangular
blocks measuring 100 mm (length) 9 30 mm (width) 9 30
mm (height). This machining step was performed to remove the
hardened cast skin and achieve optimal clamping conditions.

2.1 Milling Experiments

The cutting tests were conducted using a vertical CNC
machining center, specifically the Spinner VC-650 model, with

a maximum spindle speed of 8000 rpm. The machining center,
with a power rating of 16.5 kW, features an SK40 taper where a
milling cutter was mounted. The selected face milling cutter for
this study had a diameter (D) of 50 mm, with the specification
R365-050Q22-S15H. The cutter was equipped with 5 evenly
distributed CVD (TiCN + Al2O3)-coated cemented carbide
inserts, each having the specification R365-1505ZNE-KM
K20D.

Due to the complex geometry of many industrial parts, the
tool enters the part at different entry and exit angles during
machining. In addition, the difference in cooling rates after
casting in CGI results in strength differences between thick and
thin sections within the part. This causes load variations during
machining. Considering such different scenarios, it was decided
to perform center-face milling, which covers more scenarios,
instead of up or down milling. A schematic representation of
the center-face milling process is shown in Fig. 1. Here, f is the
feed (mm/rev) and is calculated according to Eq 1, where ft is
the feed per tooth (mm/tooth) and z is the number of teeth of the
tool, in our experiments the tool has 5 teeth (inserts) as
mentioned before. n is the spindle speed and is used to calculate
the cutting speed according to Eq 2.

f ¼ ft � z ðEq 1Þ

Vc ¼ p � D � n ðEq 2Þ

The axial cutting depth was maintained at a constant value
of 1 mm throughout the study. For the experiments, three
different cutting speeds (Vc) and two different feeds per tooth
(ft) were selected as parameters.

The specific milling parameters used in the experiments can
be found in Table 3.

While cutting fluid is commonly employed during the
milling of cast iron, primarily to bind graphite particles and
clear away chips from the cutting area rather than extending
tool life, it is advised to refrain from using cutting fluid when
milling compacted graphite iron (CGI). Instead, alternative
methods such as vacuum equipment should be utilized to
manage the generated dust (Ref 15). Consequently, all cutting
tests in this study were conducted under dry conditions. The
experimental setup for milling CGI workpieces is illustrated in
Fig. 2. Each specimen underwent a single pass during the
milling process.

Table 1 Chemical compositions of the GJV-400 material

Element C Si Mn S P Cr Ni Cu Mg Sn Ti

Content, % 3.79 2.26 0.27 0.022 0.012 0.06 0.014 0.38 0.014 0.04 0.022

Table 2 Physical and mechanical properties of the GJV-400 material

Ultimate tensile
strength, MPa

Yield
stress,
MPa

Elongation,
%

Young�s
modulus,

GPa
Hardness,
HBW

Thermal
conductivity, W/

(m K)

Thermal
expansion, lm/

(m K)
Specific heat

capacity, J/(kg K)

400 310 2 145 210 39 11 475
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2.2 Principles of XRD Method and XRD Measurements

During elastic deformation of a polycrystalline material,
where strain is evenly distributed over a considerable distance,
the lattice spacing within individual crystals undergoes a
change from its stress-free value to a new value determined by
the magnitude of the applied stress. This phenomenon is
governed by Bragg’s law (Ref 16), which states that the new
spacing (dhkl) remains consistent across crystals for specific sets
of crystal planes (hkl). However, as a result of the uniform
strains, the lattice spacing experiences alterations, leading to a
corresponding shift in the angle (2h) between the incident and
diffracted beams (Ref 17).

Understanding the behavior of lattice spacing changes
during elastic deformation is crucial for comprehending the
material’s response to external forces. It provides insights into
the internal structural modifications occurring within the
material’s crystalline structure. These changes in lattice spac-
ing, induced by the applied stress, can influence various
material properties, such as mechanical behavior, electrical
conductivity, and thermal expansion. Therefore, the study of
lattice spacing alterations plays a vital role in understanding the
mechanical and physical properties of polycrystalline materials.

Figure 3 shows the interaction between incident and
diffracted beams on a crystal lattice, providing insights into
lattice spacing changes and diffraction angle shifts. This
information helps understand internal stress distribution and
lattice distortion in polycrystalline materials. Plastic deforma-
tion causes distortion in lattice planes and variations in lattice
spacing. The x-ray diffraction (XRD) technique focuses on
beams with uniform strain-induced shifts, allowing calculation
of strain along specific crystallographic planes. Figure 4
illustrates the distribution and orientation of principal stresses
within a stressed polycrystalline material.

To measure the stress (r/) along an arbitrary direction on the
surface, which forms an angle (/) with the direction of the
principal stress (r11), the x-ray diffraction (XRD) method can
be employed, allowing measurements to be taken at any chosen
angle (as shown in Fig. 4).

According to Noyan and Cohen (Ref 19), Eq 3-11 represent
the fundamental equations of x-ray strain determination and
stress analysis.

The strain e3 can be expressed as a function of the principal
stresses, considering the Poisson�s ratio:

e3 ¼ e/; w ¼ 0 ¼ � m
E

r11 þ r22ð Þ ðEq 3Þ

The value of e3 can be found using Eq 4:

e3 ¼
dn � d0

d0
ðEq 4Þ

The unstrained interplanar spacing is represented as d0,
while dn (also denoted as d/,w=0) corresponds to the spacing
between (hkl) planes parallel to the surface. This value, dn, can
be determined experimentally by measuring the peak position
(2h) and solving for dn according to Bragg’s law given in Eq 5.

nk ¼ 2dhklsinh ðEq 5Þ

When Eq 3 and 4 are equated:

e3 ¼
dn � d0

d0
¼ � m

E
r11 þ r22ð Þ ðEq 6Þ

In order to obtain the value of r/, it is essential to acquire
two strain measurements: e3 along the surface normal and e/w
at an angle w with the surface normal, as depicted in Fig. 4. By
employing the principles of Hooke�s elasticity theory, the strain
in the desired direction can be determined.

e/w ¼ 1

E
r/ 1þ mð Þsin2w� m r11 þ r22ð Þ
� �

ðEq 7Þ

Equation 7 is a form of the traditional x-ray residual stress
equation and has been in use for over 90 years (Ref 20). It
provides the lattice strain along a line inclined to the angle w
with respect to the Phi angle / and predicts a linear variation of
d versus sin2w. The determination of stress in the / direction

Fig. 1 Schematic representation of the center-face milling

Table 3 Milling parameter set

Experiment # Cutting speed, m/min Feed per tooth, mm/tooth

1 150 0.15
2 150 0.3
3 300 0.15
4 300 0.3
5 450 0.3

Fig. 2 Experimental setup for the CGI milling process
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can be directly obtained by analyzing the slope of a least-
squares line fitted to experimental data collected at various w
angles, given that the elastic constants E and m, along with the
unstressed plane spacing denoted as d0, are available. This
methodology is referred to as the ‘‘sin2w’’ technique (Ref 21),
named so due to its utilization of multiple w-tilt measurements.

By subtracting Eq 4 from Eq 7, we find;

e/w � e3 ¼
r/
E

1þ mð Þsin2w ðEq 8Þ

The x-ray diffraction technique is based on a fundamental
principle described by the equation mentioned above. This
equation highlights that the variation in strains caused by
different stress components is determined solely by the
orientation of the respective planes. By rearranging Eq 8 in
terms of plane spacing, we can establish the following
relationship:

d/w � d0
d0

� dn � d0
d0

¼ d/w � dn
d0

¼ r/
E

1þ mð Þsin2w ðEq 9Þ

Equation 10, a rearrangement of Eq 9, allows us to calculate
the stresses in any arbitrary directions employing the inter-
planar spacing measurements that made in a plane normal to the
specimen surface and in the direction of the stress to be
measured.

r/ ¼ E

1þ mð Þsin2w
d/w � dn

d0

� �
ðEq 10Þ

The 2h–sin2w graph is a graphical representation that
illustrates the relationship between the diffraction angle (2h)
and the square of the sine of the tilt angle (sin2w) in x-ray
diffraction measurements. It is commonly used in XRD
analysis to investigate the behavior of diffraction peaks and
to determine various properties of the material being studied,
such as lattice spacing, crystal orientation, and residual stress.
By analyzing the 2h–sin2w graph, valuable information about
the residual stress distribution and its effects on the material can
be obtained.

In this study, the sin2w method was employed to assess the
residual stresses. This method involved measuring the lattice
spacing (d/w) at various positive and negative w-tilt angles.
Through the use of the least square method, a linear regression
model of the form y = mx + dn was fitted to the measured inter-
planar spacing values (d/w or 2h peak position) plotted against
sin2w. By calculating the slope of the fitted line (m) and
incorporating the elastic properties of the material, such as the
Poisson�s ratio (m) and Young�s modulus (E), the stress can be
determined. It is assumed that the stress is zero at d = dn, where
d represents the y-intercept when sin2w = 0. By substituting the
slope and y-intercept values into Eq 10, the residual stress
values can be calculated for the desired direction (/).

r/ ¼ E

1þ mð Þ
m

d/;w¼0
ðEq 11Þ

For the x-ray residual stress measurements, a Rigaku
SmartLab diffractometer with a Cu Ka source

Fig. 3 Diffraction of x-rays by a crystal lattice (Ref 18). Source: M.E. Fitzpatrick, A.T. Fry, P. Holdway, F.A. Kandil, J. Shackleton, and L.
Suominen, Determination of Residual Stresses by x-ray Diffraction —Issue 2, NPL, 2005

Fig. 4 Stress in the biaxial system and definition of angles / and
w (Ref 18). Source: M.E. Fitzpatrick, A.T. Fry, P. Holdway, F.A.
Kandil, J. Shackleton, and L. Suominen, Determination of Residual
Stresses by x-ray Diffraction—Issue 2, NPL, 2005
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(k = 1.541862 Å) was utilized. To eliminate diffractions other
than Cu Ka, the Cu Kb filter was used. The device was
operated at a voltage of 45 kV and a current of 200 mA for all
measurements. The experimental setup can be seen in Fig. 5. To
obtain the slope and intercept for the 2h versus sin2w graph, 12
different Psi tilt angles ranging from � 5� to + 45� were
utilized. Parallel beam (PB) optics were used in the goniometer
and the PSA mirror angle was 0.5 degrees. When the diffraction
angle is evaluated according to the measurement direction, the
side-inclination method was used in our study. In this method,
the diffraction angle is measured by setting the detector
scanning plane perpendicular to the psi plane. The Young�s
modulus and Poisson’s ratio used for GJV-400 were taken as
145 GPa and 0.26, respectively, according to ISO 16112–CGI
classification standard (Ref 22).

Some features of the XRD device used are given below
(Ref 23):

• High-flux x-ray source: PhotonMax
• HyPix-3000 high energy resolution HPAD (hybrid pixel

array detector)
• 9 kW rotating anode x-ray source with semiconductor

detector supporting 0D, 1D or 2D x-ray diffraction mea-
surement modes.

• High-resolution h/h closed loop goniometer drive system
with in-plane diffraction arm.

• Fully computer-controlled alignment system that can be
operated with different measurement modes.

Prior to commencing the analysis of residual stress, it is
advantageous to determine the peak angle values of the
material. This can be achieved by examining the ‘‘2-theta –
intensity’’ graph obtained for the material. By substituting the
angle into Bragg’s law formula, the spacing distance between
the lattice planes of the material in its stress-free state can be
calculated. Figure 6 illustrates the ‘‘2-theta – intensity’’ graph,
which represents the XRD pattern of GJV-400.

In order to improve the resolution of the peaks, the scanning
speed was set to 0.2 deg/min, the step width to 0.06�, and the
incident slit to 1 mm to match the width of the analysis zone.
Due to the high texture in the material, it was observed that the
peaks disappeared in the residual stress measurement according
to different w angles at high peak angles such as 117.5�, and

99�. Generally, the intensity is expected to be more than 1000
counts in residual stress measurements. As a result of the
experiments, it was observed that the most reliable results were
realized at 82.5� and the intensity did not fall below 1000
counts at all w values.

The important parameters considered during XRD measure-
ments are listed in Table 4.

3. Results and Discussions

The XRD residual stress data were analyzed using different
tilt (psi) angles in the (211) diffraction plane, and the detection
was performed at approximately a diffraction angle of 82.5�.
Figure 7 presents the 2h–sin2w graphs for both the cast
specimen and the milled workpieces, corresponding to the
parameters specified in Table 3. These graphs provide valuable
insights into the types of residual stresses present on the
surfaces of the parts, their magnitudes, and the corresponding
residual stress equations.

When Fig. 7(a) is examined, compressive residual stress was
detected on the surface of the cast specimen. When Fig. 7(b) to
(f) are examined, tensile residual stresses due to the machining
effect were observed on the surface of the GJV-400 specimen
milled with different cutting parameters. The residual stress
values obtained from the casting surface and milled surfaces are
listed in Table 5.

The effects of cutting parameters on residual stresses are
given in Fig. 8. While the residual stress increased with
increasing feed, there was no linear correlation between cutting
speed and residual stress. In the literature also, some
researchers found that the residual stresses increased with
cutting speed (Ref 24-26) while others found the opposite
outcome (Ref 27-31). In a related study, Sun and Guo (Ref 32)
found that increasing the feed leads to an increase in the
magnitude of residual tensile stresses on the workpiece surface.
Wu et al. (Ref 33) observed that the effect of feed exceeds the
effect of milling speed, while Prakash et al. (Ref 34)
highlighted that feed has the most significant effect on residual
stress generation.

The tangential force, power, and active work values varying
according to the cutting parameters in the milling operation are
also given in Table 5 and are considered to be useful in
interpreting the residual stress results. These values were
calculated according to the cutting force model proposed by
Kara et al. (Ref 35) for milling GJV-400 material. The active
work is expressed as the product of power and machining time.
In the same study, the relationship between the active work and
the temperature distribution in the workpiece after milling was
mentioned. They showed that the higher the calculated active
work, the higher the temperatures generated on the workpiece
and vice versa.

Plastic deformations and thermal loads on the part during
the milling process cause residual stresses. These mechanical
and thermal loads are affected by the workpiece material,
cutting parameters (cutting speed, feed, depth of cut), and tool
geometry (rake and oblique angle). When the residual stress
data of CGI material during milling are analyzed, it is seen that
the residual stresses are predominantly in the tensile region. In
general, mechanical loads cause compressive residual stresses
in the part, as found in the part after shot peening or sand-
blasting operations (Ref 36). However, mechanical loads

Fig. 5 Experimental setup of x-ray diffraction for residual stress
characterization
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caused by machining tend to produce tensile residual stress on
the part surface (Ref 37). This is mostly due to the ploughing
force between the workpiece and the tool (Ref 37). Residual
stress caused by the thermal effect is always tensile as far as
coolant is not used (Ref 37).

The experimental results presented in Table 5 provide
valuable information on the relationship between cutting
parameters and the resulting residual stresses, tangential force,
power, and active work.

Analyzing the data, it is evident that all the residual stress
values observed during the milling operations were positive,
indicating the presence of tensile residual stresses on the milled
surfaces. This finding indicates that the milling has a reducing
effect on the fatigue strength of CGI material.

Examining the specific experiments, Experiment 1, was
conducted with a cutting speed of 150 m/min and a feed of
0.15 mm/tooth, resulting in a residual stress of 111 ± 12 MPa.
This experiment exhibited the lowest residual stress among all
the milling conditions tested. This observation suggests a lower
feed contributes to reduced plastic deformation. Low cutting
speed, on the other hand, leads to heat accumulation and
elevated surface temperatures, resulting in delayed cooling and
higher residual stress. However, when the effects of mechanical
and thermal loads are considered separately, it is seen that
mechanical loads are more effective on the residual stress.

In contrast, Experiment 2, performed with the same cutting
speed of 150 m/min but a higher feed of 0.3 mm/tooth, showed
significantly higher residual stress of 224 ± 16 MPa. While it
is desirable that the high feed prevents heat accumulation on the
part, the significant plastic deformation caused an increase in
residual stresses on the part surface.

Moving on to Experiments 3 and 4, conducted at a higher
cutting speed of 300 m/min, but with feeds of 0.15 mm/tooth
and 0.3 mm/tooth, respectively, different effects on residual
stresses were observed. Experiment 3 resulted in a residual
stress of 196 ± 22 MPa, while Experiment 4 yielded a
considerably higher value of 283 ± 21 MPa. Increasing the
cutting speed from 150 to 300 m/min caused an increase in the
temperature during milling, resulting in higher residual stresses
compared to Experiments 1 and 2.

When the workpiece surface milled with 450 m/min cutting
speed and 0.3 mm/tooth feed was examined, it was observed
that although the high cutting speed caused an increase in
temperatures during milling, the shorter machining time limited
heat accumulation, and this resulted in lower residual stresses.
While the heat generated by the cutting speed was more
dominant in Experiments 3 and 4, the fact that the cutting
process was completed in a much shorter time in Experiment 5
prevented heat accumulation in the part, and a decrease in
residual stress was observed compared to Experiment 4.

The tangential force (N), power (W), and active work (J)
values listed in Table 5 indicate the mechanical energy involved
in the milling process for each experiment. Considering that the
tangential force represents the mechanical loads, and the power
and active work together represent thermal loads, the effect of
these two loads jointly on the residual stresses can be examined
in Fig. 9. Here, the residual stresses increase with thermal
effects, but it is seen that mechanical loads have a more
dominant effect than thermal loads. It was observed that power
at low cutting speeds and active work at high cutting speeds
were more effective in the generation of temperature-induced
residual stress.

Fig. 6 Peak values obtained from the GJV-400 by XRD measurements

Table 4 XRD setup parameters

Parameter Type/value

Mode sin2 w
w positions Between � 5� and + 45�
Radiation Cu Ka
Wavelength 1.541862 Å
Voltage and current 45 kV, 200 mA
Peak, h,k,l 82.5� (211)
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These findings highlight the intricate interplay between
cutting parameters, such as cutting speed and feed, and their
impact on residual stress generation. The results demonstrate
that different combinations of cutting speeds and feeds can lead
to varying levels of plastic deformation, temperature changes,
and heat accumulation, ultimately influencing the magnitude of
residual stresses in the milled workpieces.

4. Conclusions

The study and detection of residual stresses are critical for
the selection of cutting parameters to avoid or minimize tensile
residual stresses, which are detrimental to the fatigue perfor-
mance of the machined part, especially for CGI, the material of
choice for engine blocks and cylinder heads.

Fig. 7 The 2h degree vs. sin2w plot: (a) for the cast specimen; for the machined specimen with parameters (b) Vc = 150 m/min,
ft = 0.15 mm/tooth; (c) Vc = 150 m/min, ft = 0.3 mm/tooth; (d) Vc = 300 m/min, ft = 0.15 mm/tooth; (e) Vc = 300 m/min, ft = 0.3 mm/tooth; and
(f) Vc = 450 m/min, ft = 0.3 mm/tooth
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The analysis of residual stress using x-ray diffraction
revealed that the cast specimen exhibited compressive residual
stresses on its surface, while the milled workpieces displayed
tensile residual stresses. This observation suggests that the
milling process induces both mechanical and thermal stresses
that contribute to the generation of tensile residual stresses,
which are known to have a negative effect on the fatigue
strength of the material.

The investigation of different cutting speeds and feeds
highlighted the intricate interplay between these parameters and
their impact on residual stress generation. Lower feeds were
found to contribute to reduced plastic deformation, resulting in

relatively lower residual stresses. On the other hand, high feeds
induced more plastic deformation, leading to higher residual
stresses. The cutting speed also played a role, as higher speeds
increased temperatures during milling. However, the reduced
machining time limited heat accumulation, resulting in varying
levels of residual stresses. The study also showed that the effect
of feed on the residual stresses in CGI material is more
dominant than the cutting speed.

It is shown that residual stress can be predicted by
interpreting tangential force, power, and active work values,
which are mechanical energy indicators in milling operations. It
is observed that the tangential force representing mechanical

Table 5 Residual stress measurement results obtained from surfaces by x-ray diffraction

Sample #

Milling parameters

Residual stress, MPa Reliability ± , MPa Tangential force, N Power, W Active work, JVc, m/min ft, mm/tooth

Cast surface … … �107 17 … … …
1 150 0.15 +111 12 340.7 852 594.7
2 150 0.3 +224 16 614.6 1536 536.3
3 300 0.15 +196 22 337.0 1685 588.2
4 300 0.3 +283 21 659.9 3300 575.8
5 450 0.3 +257 58 672.5 5043 580.4

Fig. 8 The effects of (a) cutting speed and (b) feed on the residual stress in the milling operation of GJV-400

Fig. 9 The effects of tangential force, power, and active work on the residual stress in the milling operation of GJV-400
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loads has more effect on the residual stresses generated on the
workpiece surface after CGI milling than the power and active
work representing thermal loads.

These findings emphasize the importance of carefully
selecting cutting parameters to control residual stress levels in
the milled workpieces. By optimizing cutting speed and feed,
manufacturers can manage plastic deformation, temperature
changes, and heat accumulation, thereby influencing the
magnitude of residual stresses. The knowledge gained from
this study can aid in improving the machining processes for
CGI, allowing for the production of components with enhanced
fatigue strength and performance.
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