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Abstract

Machining of Ti-6Al-4V titanium alloy poses significant challenges, mainly due to its low thermal conductivity and tendency to form
a built-up edge (BUE), which can lead to high surface roughness (Ra) and rapid tool wear. In this context, the trochoidal milling
strategy emerges as a promising solution, as it can reduce thermal and mechanical loads by using a spiral-shaped tool path with
intermittent contact between the tool and Ti-6Al-4V. Therefore, this research aims to evaluate the effectiveness and optimise the
machining parameters, specifically, cutting speed (vc) and feed rate (vy), when using the trochoidal strategy for machining Ti-6Al-4V,
with the primary objective of minimising Ra. The methodology used is Response Surface Methodology (RSM) with a Central
Composite Design (CCD) to model the nonlinear relationships among v., vs, and Ra. The experiment was conducted using a 3-axis CNC
machining centre with carbide cutting tools. Based on the optimisation results, the optimal parameter combination to minimise Ra
is 155 m/min for vc and 124 mm/min for vs. Experimental validation tests of the predicted optimal parameters yielded an Ra value of
0.118 um, with an error of 2.47% relative to the RSM-predicted value, confirming the model’s applicability. In conclusion, this research
confirms that targeted parameter optimisation using RSM is highly effective in improving the surface quality of Ti-6Al-4V, further
proving the potential of the trochoidal strategy as an efficient method for critical applications in the aerospace and biomedical sectors
where surface integrity is a prerequisite.
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Introduction

Titanium Ti-6Al-4V (also known as Grade 5) is the most used titanium alloy, characterised by high strength, low weight,
and excellent corrosion resistance. This alloy contains approximately 6% aluminium (A/) and 4% vanadium (V), providing
an ideal balance of properties and making it suitable for critical applications in the aerospace industry (engine
components and aircraft structures) and in medicine (biocompatible implants) (Wu, 2022). It can be heat-treated to
increase its strength and maintain its mechanical properties even at high temperatures (Jin et al., 2023). To achieve
product quality in machining Ti-6Al-4V, the use of computer numerical control (CNC) is critical for precise control of
cutting parameters such as vc, v, and axial depth of cut (ap).

Manufacturing Ti-6Al-4V via CNC milling presents significant challenges due to the material’s unique properties,
particularly regarding Ra. Compared to conventional milling, CNC milling is essential because it enables more precise
and consistent control of cutting parameters, thereby reducing vibration and heat buildup and minimising Ra in this
difficult-to-machine titanium alloy (Patil et al., 2024; Asalekar & Rama Sastry, 2024). Ti-6Al-4V is known for its high
strength, light weight, and excellent corrosion resistance, making it essential in aerospace and medical applications.
However, its low thermal conductivity and high hardness make it difficult to machine. These characteristics cause
intense heat generation in the cutting tool, which cannot be efficiently dissipated through the chips or the workpiece,
thereby increasing the tool wear rate and, consequently, the Ra of Ti-6Al-4V (Cagan & Buldum, 2023). Therefore, the
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machining process requires optimised cutting strategies, such as low vc, high vy, and effective high-pressure cooling, to
aggressively manage the cutting zone temperature, ensure workpiece integrity, and extend tool life. It is also necessary
to effectively manage the high temperatures in the cutting zone, which can exceed 550°C due to the material’s low
thermal conductivity (Hoyne et al., 2015; Ueda et al., 2020). Other than conventional cutting methods (linear cutting),
trochoidal strategies can help significantly reduce the thermal and mechanical loads on the cutting tool when machining
Ti-6Al-4V (Deng et al., 2020). This is achieved by using an arc-shaped cutting path that maintains a consistently slight
radial contact angle, allowing for longer cooling times and better heat dissipation, thereby increasing the material
removal rate. Furthermore, trochoidal machining tends to produce lower Ra because it reduces vibration during
machining (Jézwik, 2019; Lin et al., 2020). Ultimately, this improved final surface quality is critical for aerospace and
biomedical components, where surface integrity directly affects fatigue performance and product reliability.

In this paper, the aim is to determine an optimal set of machining parameters (vc and vf) to achieve the minimum Ra
using a trochoidal strategy during the machining of Ti-6Al-4V alloy. This involves implementing a detailed experimental
design using the Response Surface Method (RSM), in which the interactive effects of vc and vs on surface quality
parameters are statistically analysed. This optimisation aims to reduce thermal and mechanical stresses, a significant
challenge in titanium machining, while also achieving superior surface integrity, essential for critical applications in the
aerospace and biomedical sectors.
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This research differs from most previous research, in which researchers used simpler statistical methods, such as
complete factorial Design of Experiments (DOE) or Taguchi methods (Mgherony et al., 2020; Li et al., 2021). This method
can be improved by using RSM to model the nonlinear relationship between the input and output parameters to obtain
the minimum Ra. This paper uses RSM, which enables researchers to model and optimise the combined effects of
multiple variables (vc and vy) in greater detail. It is very effective at finding the exact optimal point rather than simply
identifying the most critical parameters. Some researchers prioritise parameter optimisation for material removal rate
(MRR) or tool wear in conventional cutting (linear cutting), without considering the effects on surface quality (Amaro et
al., 2018). Additionally, other studies have focused on optimising machining processes for simpler materials such as mild
steel or aluminium (Deng et al., 2020; Javidikia et al., 2021).

While this study focuses on Ti-6Al-4V, it directly addresses the Ra problem in critical engineering applications (e.g.,
aerospace and medical), where this alloy is commonly used. This approach is critical because the trochoidal strategy,
which better manages heat, shifts the focus from preventing tool failure to improving final surface quality. Future
research recommendations would focus on dynamic measurements of cutting temperature. Given that conventional
instability may result from inefficient thermal management at high vc, research should focus on temperature
measurements at the cutting zone of Ti-6Al-4V for both methods. This needs to be investigated to confirm the
hypothesis that trochoidal milling, with its alternating engagement/release cycles, results in lower average cutting zone
temperatures or more favourable thermal cycling that extends tool life. Further studies focus on tool life and failure
modes. While the Ra data indicate process stability, in-depth studies of tool life and failure modes (e.g., flank wear
versus crater or chip wear) under high vc parameters are important. This will confirm whether the trochoidal Ra stability
directly translates into reduced operating costs and downtime.

Materials and Methods

Ti-6Al-4V (Grade 5) titanium alloy, available as a 200 mm x 200 mm x 50 mm block, is a frequently used choice for
machining studies. This alloy, which has an excellent strength-to-weight ratio, corrosion resistance, and high-
temperature resistance, is often used in critical applications such as aerospace and medical ones. However, its intrinsic
properties, especially low thermal conductivity and tendency to work harden, make it very difficult to machine. Table 1
shows the mechanical properties of the Ti-6Al-4V used in this study.
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Table 1 Ti-6Al-4V physical properties

Hardness (HRC) Melting point Yield strength Tension strength Elongation at
(°C) (MPa) (MPa) break (%)
41 1649 483 550 15

The CNC vertical milling machine was used in this study to evaluate the machinability of materials, such as titanium,
under various cutting parameters. This high-precision machine allows researchers to consistently and precisely control
key variables such as vc and vs. With the CNC machine, researchers can conduct controlled experiments to study the
effects of varying vc and vr on surface quality using the trochoid. Figure 2 shows the movement of the trochoid in CATIA
V5 software. Machining was performed using a 10 mm diameter tool with an axial depth (ap) of 5 mm and a cutting
width (ae) of 13 mm, with a 15% (1.5 mm) stepover of the tool diameter per trochoid cycle. To optimise the surface
quality measured as average Ra, a comprehensive experimental design was established. This study focused on the
effects of varying vc and vr as the main parameters, while holding ap constant. Based on the initial suggestion from the
cutting tool packaging box, this parameter range was expanded to include several levels of vc and vf(as detailed in Table
2) to effectively evaluate the full influence of each parameter on Ra.
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Figure 2 ‘ Endmill @ 10 mm ‘

CNC Milling machine (Hwacheon model), and (b) Trochoidal method.

Table 2 Parameter ranges

Cutting speed Feed rate Radial depth of cut Radial depth of cut  Stepover
(m/min) (mm/min) (mm) (mm) (%)
140-160 100-160 5 13 15

The 10 mm diameter cutting tool shown in Figure 3 is a solid-carbide end mill (four flutes) ideal for trochoidal machining
of difficult-to-machine materials such as Ti-6Al-4V. Table 3 shows the end mill specifications used. The multi-flute design
increases vy, and the solid carbide provides the hardness and wear resistance needed to withstand the high
temperatures and cyclic cutting forces encountered in trochoidal machining. The trochoidal cutting strategy uses this
tool with a small ae but a considerable ap, allowing for efficient chip removal and reduced thermal load on each tool
tooth. Figure 3

Iqi 70 mm pi¢| 40 mm H

< 910 mm

Carbide endmill.

Table 3 Specification of the four-flute cutting tool used

Parameter Value (angle)

Helix angle 350
Radial rake angle 100
Axial rake angle 10°

clearance angle 8°
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The vc and vrvalues presented in Table 4 were generated using RSM (Design-Expert 13 software). The simulation
adhered to the parameter range specified in Table 2 and incorporated a constant ap and the experimentally derived Ra.
The statistical methodology employed in this study is RSM, which facilitates modelling and analysis of interactions
between independent (explanatory) variables and dependent (response) variables. This study employed the Central
Composite Design (CCD) method using a face-centred option. This experimental setup involved two factors (vc and vy),
was based on a second-degree polynomial model, and included three centre points to boost model accuracy. This
resulted in 13 runs for the machining tests. To determine the statistical significance of the RSM model and assess the
influence of each machining parameter, an analysis of variance (ANOVA) was performed.

Table 4 Cutting parameters and Ra average results

Run Ve vs ap Ral Ra2 Ra3 AverageRa
(m/min) mm/min MM pm pm  pm Mm A
1 140 200 20 0.15 0.14 0.18 0.16
2 150 150 20 0.11 0.11 o0.12 0.11
3 145 200 20 0.16 0.17 0.17 0.17
4 140 150 20 0.15 0.16 0.15 0.15
5 150 200 2.0 0.2 0.21 0.2 0.20
6 145 100 20 0.12 0.13 o0.11 0.12
7 140 100 20 0.14 014 o0.11 0.13
8 150 100 20 0.11 0.13 0.12 0.12
9 160 100 20 0.13 0.15 0.12 0.13 5
10 150 150 20 0.12 0.11 o0.13 0.12 E
11 160 160 20 0.15 0.18 0.12 0.15 -
12 150 150 20 0.12 0.11 o0.11 0.11
13 160 200 20 0.19 0.18 0.19 0.19

Result

In the first phase, a comparison was conducted between conventional and trochoidal machining methods. The
comparison aimed to evaluate the effectiveness of each technique based on the minimum Ra value achieved with the
specified vc and vrparameters. The next phase involves conducting a trochoidal strategy. These parameters (focus to
trochoidal) are generated via RSM using a CCD with defined ranges. This method is essential for optimising the process
and finding the best parameter combination. The results from these experiments are then analysed statistically.

Conventional Versus Trochoidal Strategy

Figure 4 shows a clear comparison of surface quality (Ra) between the conventional (linear) and trochoidal machining
strategies for Ti-6Al-4V, with vc and vf varied. Overall, trochoidal machining is far superior, producing consistently low
Ra values (0.11-0.15 um) and demonstrating high stability as vc increases, even reaching the lowest Ra (0.11 um) at the
highest vc (150 m/min). In contrast, the conventional method shows significant instability: although it achieves an Ra as
low as 0.17 um at 145 m/min, increasing vc to 150 m/min results in a dramatic degradation of surface quality to 0.50
pum. The difference between the worst Ra of Conventional (0.50 um) and the best Ra of Trochoidal (0.11 um) is a 355%
improvement in surface quality, confirming that Trochoidal machining is a more robust and high-performance strategy
for managing the challenges of machining Ti-6Al-4V at higher vc.

Figure 4

Conventional Trochoidal
0140 m/min @145 m/min @150 m/min

Comparison between conventional and trochoidal strategies.
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Trochoidal Optimisation

Figure 5 shows the effect of the combination of vc and vr on Ra achieved using the trochoidal machining strategy. In
general, the surface quality remains in an excellent range (0.11 um—0.20 u m), demonstrating the inherent stability of
the trochoidal method. However, two main trends stand out: First, Ra tends to increase with vf for most v. values,
especially at 200 mm/min (e.g., at vc = 150 m/min, Ra increases to 0.20 u m). Second, the most optimal surface quality

(Ra = 0.11 p m)is achieved at vc 150 m/min with 150 mm/min vrand also at 150 m/min vc with 100 mm/min vy (although
100 mm/min and 200 mm/min data are missing for some runs), suggesting that the combination of higher v. and
moderate vris the sweet spot for minimising Ra in trochoidal machining of Ti-6Al-4V. The study indicates that there is a
complex interaction among cutting parameters that must be balanced to avoid vibration or increased chip load, which
could affect quality. Therefore, for optimum efficiency and Ra quality, further research should focus on a vc range of
around 150 m/min while maintaining v at 150 mm/min.

Trochoaidal sfrategy parameters

02 015 515 0.17
g 015 0.1 011 0.11 0.13
=
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Comparison of cutting parameters on Ra result.

ANOVA Results for Responses

Verification in Table 5 indicates that the model’s residuals contain only pure error, thereby confirming the acceptability
of removing these terms. Analysis of Variance (ANOVA) showed that the overall regression model was statistically
significant (p-value = 0.0012 < 0.05), confirming that the independent variables considered had a significant effect on
the response. The significance of this model was supported by the high F-value of 14.2. Both individual terms in the
model, B-vs (p-value 0.0009) and B? (p-value 0.0275), were significant, indicating that both linear and quadratic effects
of the factors were important in explaining the response. In terms of fit quality, the model performed well, as the lack-
of-fit test was not significant (p-value = 0.0925 > 0.05), indicating that the model is well-suited to predicting and
explaining the relationship between variables within the experimental range. Furthermore, the coefficient of
determination (R?) of 0.7396 indicates that approximately 73.96% of the variation in the data is explained by the model.
In contrast, the Adeq Precision value of 6.8668, which exceeds 4, indicates that the model has a sufficient signal-to-
noise ratio and can be used for optimisation.

Table 5 ANOVA for the Ra - Quadratic Model.

Source Sum of df Mean F-value P-value Contribution
__________ squares square Independent
I Model 0.0079 2 0.0039 14.2 0.0012 significant : variable really
il : 5V Al VO06 """ TITT T 0.006 "~~~ 217767700009 T T T T TTTTTTT affects the output
B2 0.0018 1 0.0018 6.64 0.0275
Residual 0.0028 10 0.0003 ]
m e e e e e e e e e T e s e e e e T E e e e e s e e e e e e e e e e e e e e m = = = mm === The model is good
! Lack of Fit 0.0027 8 0.0003 10.18 0.0925 Not significant }
L o L e e o e e e e e o e e e e e e L e e e D T e e e e L e e e L L e T o 1| enough to explain
Pure Error 0.0001 2 0 the relationship
Cor total 0.0107 12 between variables
R? 0.7396 (p>0.05)
Adjusted 0.6876
R2
Predicted 0.5710
RZ
Adegq. 6.8668

precision
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Regression Mathematical Model

This regression model predicts Ra as a function of machining factors. Eq. (1) represents the general quadratic
mathematical model, where 8 is a coefficient to be determined by data analysis. Eq. (2) is the empirical expression
obtained from the analysis, using the coded factor B (a unit-independent scale). In Eq. (2), all coefficients are positive,
indicating a positive linear and quadratic relationship in the domain of the coded variable.

Ra= B0 + B1B + B11B2 (1)
Ra =0.1280 + 0.0275 * B + 0.0245 * B2 (2)

Eg. (3) isthe most important operating model because it uses the real factor vy, making it useful for practical applications.
The negative coefficient of -2.390000 in the linear term vy indicates that, initially, increasing the value of vy will reduce
Ra. However, the presence of a significant coefficient of +9.8000 in the quadratic term v¢2 indicates that the relationship
is strongly curved upwards. This combination of a strong negative linear term and a strong positive quadratic term
indicates that there is a minimum-optimum point for Ra. When the value of v passes this optimum point, the quadratic
effect will dominate, causing Ra to increase rapidly again, providing a clear guide for machining operations.

Ra =0.266000 — 2.390000 v + 9.8000 vy? (3)

The equation in terms of actual factors can be used to predict the response for given levels of each factor. Here, the
levels should be specified in the original units for each factor. This equation should not be used to determine the relative
impact of each factor, because the coefficients are scaled to the units of each factor, and the intercept is not at the
centre of the design space.

Predicted vs Actual

Figure 6 shows a plot of predicted versus actual values to assess the quality of the regression model. Most of the data
points on the left fall reasonably close to the line; there is significant scatter and error on the right. These points lie well
above or below the line, indicating that the model tends to predict these values with greater error. This scatter indicates
a moderate-to-poor model fit at higher values, suggesting the model may not adequately capture the full variation in
the response or that the data have high error variance. Technically, this shows that the model’s R? value is low (73.96%).
The data also show that the model is better at predicting low Ra than high surface roughness.

Predicted vs. Actual

0.18 —

0.16 —

Predicted

0.14 —
Figure 6

0.12 —

T T T T T T
0.1 0.12 014 0.16 0.18 02

Actual

Predicted versus actual experiment.

Confirmation

In this analysis, the optimisation goal was set to “in range", with the target to minimise the output response, as shown
in Figure 7. The desirability function follows the “smaller-is-better” rule. From Figure 8, the best cutting parameters
were vc = 155.884 m/min and vy= 124.056 mm/min, yielding a Ra of 0.1186 um and a desirability of 90.1%. These
conditions were then tested in an actual machining process to confirm the results.
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Optimal process parameters using RSM.
Figure 7

The Ra model validation was rerun using the proposed vc and vs with the optimal process parameters, and the average
Ra value across three runs is reported in Table 6. The predicted and experimental values were compared, and the
percentage error was calculated at 2.47%, indicating an error of less than 10%. The validation results showed that the
measured Ra value was within the optimal confidence range (>97%) at vc = 155 m/min and vf= 124 mm/min, confirming
the model’s accuracy. The actual machining parameters to produce the minimum Ra differ from the validation
parameters suggested by RSM because the RSM model is only a mathematical approximation of a complex physical
machining system, which is always subject to experimental errors and random variations that the regression equations
do not fully account for. RSM is a statistical and mathematical technique that approximates physical phenomena that
are challenging to capture accurately through first-principles modelling (Pathapalli et al., 2021; Suhaimey et al., 2025).
Although initial machining experiments found the absolute lowest Ra (0.11 um at vc = 150 m/min and vf= 150 mm/min),
RSM has recommended statistically optimised settings (vc = 155 m/min and vf = 124 mm/min) which, when validated,
produce a very close Ra (0.12 um). This small difference of 0.01 um demonstrates the RSM model’s effectiveness as a
predictor. More importantly, the RSM prediction successfully confirmed that reducing vsto a lower value (124 mm/min)
was the main determining factor for achieving optimal surface quality, consistent with the finding that v was the
dominant factor. Therefore, the RSM model provided a more stable and reproducible operating point to achieve low Ra
within the tested experimental range.

Table 6 Parameter confirmation.

Machining parameter Experimental value
ve vy Actual value, Ra 1 3 3 Mean % Error
155 124 0.118 0.121 0.119 0.123 0.121 2.47

Effect on Chip Formation

Figure 8(a) shows the chip formation at vc = 150 m/min and vf = 200 mm/min, which produces the highest Ra (0.2 um).
Figure 9(b) shows 150 m/min at 150 mm/min vf, producing the minimum Ra (0.11 pm) and displaying a collection of
small, broken, segmented chip fragments, a direct result of the serrated roll formation process. The lower vf results in
a rapid temperature increase in the shear zone, and because of the low thermal conductivity of titanium alloys, this
thermal stress cannot be relieved. As a result, although the original chip segments may have been thinner than in Figure
8(b), the roll has completely broken apart and is no longer connected. This morphology is ideal for chip management,
as it avoids long scrolls that can cause warping or damage to the machine. However, it inherently leads to instability in
cutting force and high peak temperatures in the cutting zone, increasing the risk of accelerated Ra (Bui et al., 2023;
Kraynev et al., 2023).
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Chip formation at (a) 200 mm/min vrand (b) 150 mm/min v,

Figure 8

Discussion

Trochoidal machining has proven to be a very robust strategy compared to conventional (linear cutting). The arc-shaped
tool path pattern used in trochoidal machining, with a variable tool contact angle and shorter cutting engagement
duration, effectively reduces thermal and mechanical loads on the cutting edge. Trochoidal machining uses a smooth,
circular-arc tool path, enabling high material removal rates with consistent cutting forces, in which continuous
movement and frequent changes of direction effectively suppress chatter (Altintas et al., 2020; Grim et al., 2021).
Overall, the results show that Ra does not depend on a single parameter but results from the interaction between vc
and vy. The effectiveness of trochoidal machining depends on the interaction of various parameters, which can enhance
or reduce the stability gain (Korpysa et al., 2024). The interaction between vc and vrgoverns the effectiveness of
trochoidal machining, as these parameters directly influence instantaneous chip thickness, variation in cutting force,
and thermal load during the process’s intermittent engagement. Their combined effect not only determines the
achievable stability gain through force modulation and vibration suppression but also significantly affects the resulting
Ra, since unstable cutting conditions or excessive vrcan amplify surface irregularities despite the inherent stability
advantages of the trochoidal toolpath. When both parameters are increased simultaneously, there is a tendency for
surface quality to deteriorate, indicating increased cutting energy and higher vibration. However, there is an optimal
operating zone in which moderate vc and vy yield the lowest Ra. This suggests that the trochoidal strategy requires a
balance of cutting loads so that its main advantages involving heat load removal, smooth tool trajectory, and friction
reduction can be fully exploited. If the parameters are too high or too low, these advantages are lost, and the surface
quality’s repeatability is compromised.

Figure 9(a) shows a 3D response surface plot of the apparent relationship between two key cutting factors, namely, vr
and vc, against Ra. In general, Ra values increase when either vc or vris increased, indicating that both factors negatively
affect surface quality. Increasing vc tends to increase tool temperature and wear, while increasing vsdirectly leaves
coarser feed marks (Faiz et al., 2019; Paengchit & Saikaew, 2018; Rashidi et al., 2025). In particular, the highest Ra
values, approaching 0.2 um, are achieved at parameter combinations where both vfand vc are at their highest values.
This suggests that, to minimise Ra, more aggressive (higher) cutting settings should be avoided. Aggressive feed and
depth accelerate material removal but create instability, leading to tool marks, chatter, and excessive heat, which, in
turn, increase Ra (Osman et al., 2018; Bakar et al., 2018; Khelfaoui et al., 2023). Figure 9(b) shows a contour plot with
the axes reversed compared to the previous figure. This plot clearly shows that vf is the dominant factor affecting Ra.
This is evidenced by the colour contours moving almost vertically, indicating that Ra will remain low or high, depending
mainly on vf rather than vc. Contour and response surface plots are graphical tools derived from quadratic regression
models that illustrate how combinations of two or more input variables affect the response variable (Kumar & Reji,
2023; Datri et al., 2023). The contour and response surface plots derived from the quadratic regression model depict
the combined effects of vc and vs on the predicted Ra, revealing a predominantly increasing trend in Ra with increasing
vr. In contrast, vc exhibits a comparatively moderate influence within the investigated range. The nearly vertical contour
lines indicate that Ra is more sensitive to variations in vsthan to variations in vc, demonstrating that higher vysignificantly
degrades surface quality. In contrast, adjustments in vc produce smaller incremental changes in the output Ra under
the studied conditions.
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Figure 9 3D surface model of (a) response surface plot and (b) contour plot.

Analysis of the chips shows a long, thin, and irregularly twisted shape, characteristic of a ribbon chip with cracks or tears
in the area that produces the maximum Ra (as shown in Figure 8(a)). The formation of shiny colours on the chips
indicates the occurrence of very high cutting temperatures during the machining process, causing oxidation of the chip
surface because the heat generated cannot be efficiently dissipated to the environment or workpiece, thus creating
coloured oxide layers (tempering colours) that give a rainbow-like lustre effect on the chip surface. The elongated,
curved chip structure indicates semi-continuous chip cutting, which commonly occurs when high vfor vc is used on
ductile materials such as stainless steel or nickel alloys. This morphology arises from the localisation of partial shear and
strain hardening in the main deformation zone, leading to curled chips without complete segmentation (Grguras et al.,
2019; Sramhauser et al., 2024). This feature also suggests a lack of control over chip formation, which can lead to twisted
chips that disrupt the cutting process or damage the workpiece surface (Olt et al., 2016; Nie et al., 2022).

Conclusion

This study systematically investigated the effectiveness of the trochoidal milling strategy for machining Ti-6Al-4V, with
a primary focus on Ra and process efficiency. The findings demonstrate that trochoidal milling significantly outperforms
conventional machining methods by achieving lower, more stable Ra values and increasing efficiency by up to 355%.
This improvement is largely attributed to the intermittent strategy’s tool engagement, which reduces mechanical and
thermal stresses, thereby enhancing surface quality and minimising the BUE formation. To refine the process, RSM
optimisation using a Central Composite Design (CCD) identified vf as the dominant factor affecting Ra. The resulting
optimal parameters yielded a remarkable Ra of 0.118 um, with an experimental error of only 2.47%. The statistical
significance and high R? value of the developed RSM model ensure reliable predictions for optimal cutting parameters.
Ultimately, trochoidal milling offers a cost-effective and efficient solution for machining difficult-to-cut alloys, including
Inconel-based superalloys. Given that superior surface quality directly enhances fatigue life and wear resistance, this
method is highly recommended for critical aerospace and biomedical applications.

Future studies could focus on evaluating the performance of trochoidal milling using cutting tools made of alumina-
based ceramics with optimised sintering temperatures to study the synergistic effects of the microstructural properties
of the ceramics on the surface roughness quality of Ti-6Al-4V alloys. The thermal stability of alumina-based ceramics
makes them a potential candidate for high-speed machining of titanium alloys. However, performance is largely
determined by the tool microstructure, with optimised sintering temperatures increasing grain boundary strength
(Jalaluddin et al., 2024), thereby directly affecting the surface integrity and roughness of Ti-6Al-4V workpieces.
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