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Abstract. Titanium alloy, as a material with high specific strength, is prone to severe tool wear during ma-
chining, leading to deterioration in the surface quality of the workpiece and presenting significant machining
challenges. Therefore, to improve the machining quality of titanium alloy thin walls, the PCD (polycrystalline
diamond) micro-end mill with straight peripheral and end cutting edges has been designed and fabricated for this
specific task, and the key process factors relating to micromilling of Ti-6Al-4V thin walls have been studied in
this paper. A method of identification of specific cutting force is proposed for a customized PCD micro-end mill
using a mechanistic force model. Micromilling experiments have been carried out considering different cutting-
edge rake angles and cutting fluids to identify the specific cutting force through a linear regression method. The
surface roughness, tool wear, and thin-wall dimensional error have been also evaluated. Experimental results
show that the specific cutting force has an approximately linear correlation with the cutting-edge rake angles.
But the surface roughness, tool wear, and dimensional error have obvious nonlinear relations with the rake an-
gles. Oil mist is the better processing fluid compared with dry cutting and jet cold air, which produces not only
the smallest specific cutting force but also the smallest surface roughness value and dimensional error. When
machining titanium alloy thin walls with a −45° cutting-edge rake angle tool, the oil mist lubrication process
reduces the relative dimensional error from 7.1 % (observed under a dry-cutting process) to 4.5 %. This study
provides theoretical and technical guidance for the machining of titanium alloy and other difficult-to-machine
material components in the aerospace industry.

1 Introduction

Titanium alloys demonstrate exceptional overall properties,
including high specific strength, good corrosion resistance,
and superior high-temperature performance. These charac-
teristics make them widely utilized in the production of crit-
ical components within the aerospace industry (Wang et al.,
2025). However, machining titanium alloys is not an easy
task since the low heat dissipation causes very high cutting
temperatures near the cutting edge (Machai et al., 2013).

A series of cutting-force modeling and solving methods
were proposed. Gonzalo et al. (2010) introduced an inverse
method to determine specific cutting coefficients for mecha-
nistic milling-force prediction using constrained least-square

fitting to solve the system equations based on instantaneous
cutting-force values. The influence of rake angle and chip
thickness on cutting forces and coefficients was also ana-
lyzed. Denkena et al. (2014) developed a cooperative force
model coupled bidirectionally with a multi-dexel material
removal model, representing nonlinear specific forces as
polynomials of uncut chip thickness. This model accom-
modates arbitrary tool shapes and kinematics, with coeffi-
cients identified via least-square minimization and validated
under varied cutting conditions. Zhang et al. (2020) estab-
lished a mechanical milling-force model, validated through
high-speed milling experiments, and reported a size effect
in specific milling-force coefficients whereby increases in
feed per tooth, axial depth, and radial width reduce the co-
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efficients. Rubeo and Schmitz (2016) compared two coef-
ficient identification methods – average force linear regres-
sion and instantaneous force nonlinear optimization – and
observed nonlinear relationships between specific force coef-
ficients and process parameters such as feed per tooth, spin-
dle speed, and radial immersion. Gradisek et al. (2004) de-
rived semi-empirical expressions for specific cutting-force
and edge force coefficients in general helical end mills, ap-
plicable to arbitrary radial immersion and verified through
simulations and tests. Sabkhi et al. (2016) proposed a cou-
pled thermomechanical-force model based on an arbitrary
Lagrangian–Eulerian formulation for finish hobbing, incor-
porating strain rate, hardening, and thermal effects to predict
specific force coefficients, offering an efficient alternative to
experimental methods. Grossi et al. (2015) compared tra-
ditional average force and genetic-algorithm-based instanta-
neous methods for identifying force coefficients across spin-
dle speeds, demonstrating superior accuracy and efficiency
of the latter. Farhadmanesh and Ahmadi (2021) evaluated
recursive least squares (RLS) and Kalman filter (KF) algo-
rithms for online monitoring of specific force coefficients,
with RLS formulating forces as linear functions of unknown
coefficients and KF treating coefficients as state variables in
a stochastic state space model. Aydın and Köklü (2020) pro-
posed a unified numerical and analytical approach to predict
flat-end milling forces considering the chip morphology and
cutting force in high-speed cutting of Ti-6A-l-4V. The behav-
ior of the milling forces can be effectively analyzed through
the proposed approach based on the chip formation process.

Wu et al. (2022) reported that cryogenic minimum-
quantity lubrication (CMQL) significantly reduces cutting
loads and deformation in titanium thin-wall machining due
to enhanced cooling and lubrication, especially at higher
speeds. Gang (2009) and Yi et al. (2019) developed finite-
element models for predicting milling-induced deformations
in titanium thin-walled parts, incorporating tool stiffness,
elasto-plastic material behavior, and micro-tool geometry.
Han et al. (2020) demonstrated superior performance of
PCD (polycrystalline diamond) slotting tools over carbide
micro-end mills in micromilling Ti-6Al-4V, with improved
tool life and surface quality and reduced cutting forces.
Venkata et al. (2025) developed a biodegradable coconut-
oil-based cutting fluid (COGCF), showing environmental
and performance benefits comparable to commercial flu-
ids in micro-end milling. Jin et al. (2025) observed that
ice-covered milling increases residual compressive stress by
46 %–57.14 % in Ti-6Al-4V thin-walled parts, with opti-
mal performance at −15 °C. Rauf et al. (2024) identified
minimum-quantity lubrication with low cutting parameters
and high ultrasonic vibration amplitude as optimal for reduc-
ing forces and tool wear in meso-scale ultrasonic vibration-
assisted milling of Ti-6Al-4V. Shanmugam et al. (2023) eval-
uated the helical milling for hole processing in Ti-6A-l-4V.
The results exhibit a lower machining temperature during
helical milling than during drilling. In addition, the helical

milling helped to lower the surface roughness and size of the
exit burrs.

There are a few models of the cutting force of titanium
alloy thin wall in the literature. Therefore, it is meaning-
ful to study the cutting force of titanium alloy thin wall be-
cause titanium alloy is a kind of difficult-to-machine mate-
rial, and the cutting force is the main reason for the elas-
tic deformation of thin wall. In this study, customized PCD
tools are used for cutting experiments of titanium alloy thin
wall. Since the traditional cemented carbide tools wear faster
when machining difficult-to-machine materials such as tita-
nium alloy and super-alloy and because PCD tools have good
thermal conductivity and extremely high hardness, the ther-
mal conductivity of diamond is several times higher than that
of cemented carbide, and more cutting heat can be conducted
out of the cutting area through the tools. The extremely high
hardness ensures the wear resistance of the tool, and the tool
durability of cutting titanium alloy with a PCD tool can reach
dozens of times that of a cemented carbide tool. Therefore,
PCD tools show excellent cutting performance.

Therefore, to address the research gap in the system-
atic study of the micromilling process for Ti-6Al-4V thin
wall, this study employs a self-developed straight-edge PCD
micro-end mill. It focuses on two key process factors – the
cutting-edge rake angle and the cutting fluid – to conduct mi-
cromilling experiments on Ti-6Al-4V thin wall. By combin-
ing mechanistic modeling with experimental verification, the
study aims to systematically analyze multiple critical perfor-
mance indicators, including specific cutting force, tool wear,
thin-wall dimensional error, and surface roughness, and to re-
veal the complex relationships between these indicators and
the cutting-edge rake angle, as well as the cutting fluid. The
outcomes of this research are expected to provide direct pro-
cess guidance and a theoretical basis for the high-quality,
high-precision milling of high-performance titanium alloy
micro thin-wall structures.

2 Experimental preparation

2.1 Experimental tool and workpiece

Based on previous studies on micromilling and micro PCD
end mills, a micro-end mill is designed as shown in Fig. 1
(Cheng et al., 2018, 2008, 2011). For the PCD end mill with
straight peripheral and end cutting edges, in order to ana-
lyze the influence of the geometries on the machining effects,
three different rake angles are selected, which are−30,−45,
and −60°, respectively. The main PCD cutter properties are
shown in Table 1, and the material properties of the PCD ma-
terial used in this study are shown in Table 2.

The workpiece used in the experiment is Ti-6Al-4V ti-
tanium alloy. The material properties and composition are
shown in Tables 3 and 4, respectively.
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Table 1. PCD cutter properties.

Diameter Cutting-edge Cutting-edge Cutting-edge Cutting-edge Matrix
(mm) length (mm) rake angle (°) radius (µm) number

1 1 −30/−45/−60 3.2/4.5/5.3 2 PCD

Table 2. Material properties of PCD.

Density ρ Elastic modulus Poisson’s Transverse rapture Grain size
(kg m−3) E (GPa) ratio v strength Kc (GPa) (µm)

500 850 0.08 2.5 1

Figure 1. The geometric shape of the PCD tool: (a) front view, (b)
side view.

2.2 Experimental setup

The CNC micromilling machine tool CarverPMS23_A8 is
used to conduct the experiments, the programming resolu-
tion for each linear axis is 0.1 µm, and the maximum rotation
speed of the spindle is 36 000 min−1. The cutting force is
measured by Kistler 9257B dynamometer. Micromilling pa-
rameters of Ti-6Al-4V thin wall are selected and shown in
Table 5. Based on the previous micromilling experiments for
thin walls made of H59 Brass material, the layered cutting
method is used in the experiments. Based on the literature
(Li et al., 2021a, b) the down-milling process is selected in
this study.

2.3 Experimental processing method

The CNC milling machine cutter CarverPMS23_A8 is used
to conduct the experiments, as shown in Fig. 2. The program-
ming resolution for each linear axis is 0.1 µm. The maximum
rotation speed of the spindle is 36 000 min−1. Dry cutting, jet
cold air (temperature:−5 °C), and oil mist cutting fluid (flow
rate: 0.25 L min−1) are applied to the micromilling process.
The system schematic of jet cold air and oil mist lubrication
is shown in Fig. 3.

3 Specific cutting-force modeling

The micro-element method is used to model the milling
force; that is, the tool is discretized into a finite number
of axial disks along the axis of the tool. Figure 4 shows

Figure 2. Experimental setup.

the schematic view of milling-force modeling of the tool by
means of the micro-element method. The cutting situation of
the straight-edge tool is different from that of the spiral one.
It can be considered to be the case that the cutting state of
the tool along the axial direction is consistent. As shown in
Fig. 4, any position on the same cutting edge is simultane-
ously cut in from the cutting angle θst and cut out from the
cutting angle θex.

In micromilling, the cutting force generated by the tool in
the cutting process mainly includes shear and plow cutting
forces. It is assumed that the tangential force Ft and radial
force Fr are proportional to the instantaneous cutting area,
which can be expressed by Eq. (1).{

dFt(θ )= ap[Ktsh(θ )+Ktp]dθ
dFr(θ )= ap[Krsh(θ )+Krp]dθ

(1)

In the above, dFt(θ ) and dFr(θ ) are tangential and radial
components of milling forces, Kts and Krs are tangential
and radial specific shear forces, and Ktp and Krp are tan-
gential and radial specific plow cutting forces. θ is the po-
sition angle. h(θ ) represents the instantaneous cutting thick-
ness, which is represented by Eq. (2).

h(θ )= fz sinθ (2)
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Table 3. Material properties of Ti-6Al-4V titanium alloy.

Density ρ Elastic modulus Poisson’s Thermal conductivity Specific heat capacity Thermal expansivity
(g cm−3) E (GPa) ratio v λ (W m−1 K−1) c (J kg−1 °C−1) α (m °C−1)

4.43 105 0.31 6.7 586 9 000 000

Figure 3. Schematic view of jet cold air and oil mist applied: (a) components of the jet cold air system, (b) components of the oil mist
lubrication system.

Table 4. Material composition of Ti-6Al-4V titanium alloy (wt %).

Ti Al V Fe C O N

Balance 6.1 4.1 0.12 0.01 0.14 0.01

Figure 4. Schematic of milling-force modeling.

The radial cutting depth is less than the tool radius. There-
fore, the cutting process is a single-edged intermittent cutting
process. Namely, there is no simultaneous cutting engage-
ment of two cutting edges. Therefore, only one cutting edge
can be considered in the cutting-force modeling.

In order to solve the equation conveniently, the tangential
force and radial force are converted into forces in each axis
direction in the Cartesian coordinate system by Eq. (3).

[
dFx(θ )
dFy(θ )

]
=

[
cosθ −sinθ
sinθ cosθ

][
dFt(θ )
dFr(θ )

]
= ap

[
cosθ −sinθ
sinθ cosθ

][
Ktsh(θ )+Ktp
Krsh(θ )+Krp

]
dθ (3)

Equation (3) is further simplified, as shown in Eq. (4).[
dFx (θ )
dFy (θ )

]
=

[
cosθ −sinθ
sinθ cosθ

][
dFt(θ )
dFr(θ )

]
= ap

[
cosθh(θ )Kts+ cosθKtp− sinθh(θ )Krs− sinθKrp
sinθh(θ)Kts+ sinθKtp+ cosθh(θ )Krs+ cosθKrp

]
dθ (4)

As shown in Fig. 4, the position angle θ lies between the cut-
in angle and the cut-out angle. The cut-in angle θst can be
expressed by Eq. (5), and the cut-out angle θex is π/2.

θst = π/2+ arcsin
R− ae

R
(5)

Fx (θ )=
θex∫
θst

dFx (θ )

= ap

θex∫
θst

[
cosθh(θ )Kts + cosθKtp − sinθh(θ )Krs − sinθKrp

]
dθ

= ap

θex∫
θst

[
fz cosθ sinθKts + cosθKtp − fz sinθ sinθKrs − sinθKrp

]
dθ

Fy (θ )=
θex∫
θst

dFy (θ )

= ap

θex∫
θst

[
sinθh(θ )Kts + sinθKtp + cosθh(θ )Krs + cosθKrp

]
dθ

= ap

θex∫
θst

[
fz sinθ sinθ + sinθKtp + fz cosθ sinθKrs + cosθKrp

]
dθ

(6)

Therefore, at a given position angle θ , the sum of instanta-
neous cutting forces acting on the tool in all directions can
be expressed by Eq. (6).
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Table 5. The cutting-parameter selection for Ti-6Al-4V thin wall.

Thin-wall Thin-wall Radial-cutting Axial-cutting Feed engagement Spindle
thickness (µm) height (µm) depth ae (µm) depth ap (µm) fz (µm z−1) (r min−1)

100 600 30 150 1.6 20 000

Equation (6) is expressed by Eq. (5) in matrix form:

F= X ·K, (7)

where,

F=
[
Fx(θ )
Fy(θ )

]
,

K =
[
Kts Ktp Krs Krp

]T
,

X=

ap


θex∫
θst

fz cosθ sinθdθ
θex∫
θst

cosθdθ
θex∫
θst

−fz sinθ sinθdθ
θex∫
θst

−sinθdθ

θex∫
θst

fz sinθ sinθdθ
θex∫
θst

sinθdθ
θex∫
θst

fz cosθ sinθdθ
θex∫
θst

cosθdθ

 .

The value of K can be solved through Eq. (8); however, X
is an irreversible matrix – it cannot be solved directly. There-
fore, the new matrices F(A) and X(A) are formed by expand-
ing the matrices F and X, as shown in Eqs. (9) and (10), re-
spectively.

Equation (11) is a singular linear equation set of instanta-
neous cutting force and feed engagement. The tangential and
radial specific shear forcesKtc andKrc and the tangential and
radial specific plow cutting forces Ktp and Krp of the singu-
lar linear equation set can be solved by means of the linear
regression method.

K = X−1
·F (8)

F(A)=
[
Fx(z1)Fy(z1)Fx(z2)Fy(z2)· · ·Fx(zn)Fy(zn)

]T (9)
X(A)=

ap



θex∫
θst

fz1 cosθ sinθdθ
θex∫
θst

cosθdθ
θex∫
θst

−fz1 sinθ sinθdθ
θex∫
θst

−sinθdθ

θex∫
θst

fz1 sinθ sinθdθ
θex∫
θst

sinθdθ
θex∫
θst

fz1 cosθ sinθdθ
θex∫
θst

cosθdθ

θex∫
θst

fz2 cosθ sinθdθ
θex∫
θst

cosθdθ
θex∫
θst

−fz2 sinθ sinθdθ
θex∫
θst

−sinθdθ

θex∫
θst

fz2 sinθ sinθdθ
θex∫
θst

sinθdθ
θex∫
θst

fz2 cosθ sinθdθ
θex∫
θst

cosθdθ

.

.

.

.

.

.

.

.

.

.

.

.

θex∫
θst

fzn cosθ sinθdθ
θex∫
θst

cosθdθ
θex∫
θst

−fzn sinθ sinθdθ
θex∫
θst

−sinθdθ

θex∫
θst

fzn sinθ sinθdθ
θex∫
θst

sinθdθ
θex∫
θst

fzn cosθ sinθdθ
θex∫
θst

cosθdθ



(10)

K = X(A)−1
·F(A) (11)

4 Experimental results and analysis

4.1 Specific cutting force

The specific cutting force can be obtained by substituting the
measured cutting force during the experiment into Eq. (11).

Figure 5 shows the change of specific cutting force with dif-
ferent cutting-edge rake angles. From Fig. 5a, with the de-
crease in cutting-edge rake angle, both tangential and radial
specific shear cutting forces show an increasing trend. From
Fig. 5b, with the decrease in cutting-edge rake angle, the tan-
gential and radial specific plow cutting forces also show an
increasing trend. With the decrease in cutting-edge rake an-
gle, the cutting edge of the tool becomes dull after being
sharp, which makes it difficult for the cutting edge to remove
materials. Therefore, the specific shear and the specific plow
cutting forces are constantly increasing. Therefore, choosing
a tool with a larger rake angle is beneficial to reduce the cut-
ting force generated in the cutting process, thus reducing the
thin-wall deformation caused by the cutting forces.

Figure 6 shows the change in specific cutting force with
different cutting fluids. From Fig. 6a, the specific shear force
produced by the oil mist cutting fluid is the smallest, and that
produced by the jet cold air is the largest. From Fig. 6b, the
specific plow cutting force produced by the oil mist cutting
fluid is the smallest, and that produced by the jet cold air is
the largest. Oil plays a lubricating role in the machining pro-
cess, which is beneficial in reducing the friction between the
tool and the workpiece. Thus, the cutting forces are reduced.
The jet cold air will make the workpiece in a low-temperature
environment, which will lead to an increase in the hardness
of the workpiece material, making cutting difficult and, thus,
leading to the increase in cutting forces.

4.2 Surface roughness

The surface roughness is measured by an Olympus-
DSX1000 ultra-depth microscope. Each feature is measured
three times, denoted as Ra1, Ra2, and Ra3, and the average
value of the three measurements is calculated to be the final
measurement value.

Figure 7 shows the change of surface roughness with dif-
ferent cutting-edge rake angles. From Fig. 7, the surface
roughness produced by the−45° tool rake angle is the small-
est, and that produced by the −60° tool rake angle is the
largest. Usually, the surface roughness is positively corre-
lated with the cutting force; that is, the smaller the cutting
force is, the smaller the surface roughness value will be.
However, the experimental results shown here do not con-
form to this rule. The reason may be that titanium alloy is
a kind of difficult-to-machine material, having low thermal
conductivity and large elasticity, and the cutting heat gener-
ated in the cutting process can hardly be quickly conducted
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Figure 5. The change in specific cutting forces with different cutting-edge rake angles: (a) specific shear force, (b) specific plow cutting
force.

Figure 6. The change in specific cutting force with different cutting fluids: (a) specific shear force, (b) specific plow cutting force.

Figure 7. The change in surface roughness with different cutting-
edge rake angles.

out of the cutting area, resulting in tool wear being accel-
erated, thus affecting the surface processing quality of the
workpiece.

Figure 8 shows the change in surface roughness with dif-
ferent cutting fluids. From Fig. 8, the surface roughness pro-
duced by oil mist is the smallest, and that produced by dry

Figure 8. The change in surface roughness with different cutting
fluids.

cutting is the largest. Oil mist produces the smallest cutting
force, and so its surface roughness is the smallest. In the pro-
cess of oil mist spraying, it can also take away part of the
cutting heat generated in the cutting area, thus slowing down
the tool wear and improving the surface processing quality of
the workpiece. Although the cutting force produced by the jet
cold air is the largest, the cold air will effectively reduce the
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Figure 9. The measurement results of tool wear with different cutting edge rake angles: (a) −30° cutting-edge rake angle, (b) −45° cutting-
edge rake angle, (c) −60° cutting-edge rake angle.

temperature of the cutting area, thus slowing down the wear
of the tool and reducing the surface roughness value.

4.3 Tool wear

The tool wear is measured by the Quanta-250 scanning elec-
tron microscope (SEM). Figure 9 shows the measurement
result of tool wear by three kinds of PCD tools under dry
cutting. Figure 9a shows the −30° cutting-edge rake angle
tool wear measurement result, and it can be seen that the
main wear forms are rounded cutting edges and chipping.
Figure 9b shows the −45° cutting-edge rake angle tool wear
measurement result, and it can be seen that the main wear
form is a rounded cutting edge. Figure 9c shows the −60°
cutting-edge rake angle tool wear measurement result; it can
be seen that the main wear forms are rounded cutting edges
and chip bonding. All of the above three tools show the same
tool wear form of a rounded cutting edge. The main rea-
son for this is that the tool tip is the main cutting part, and
frequent participation in the cutting process leads to faster
wear, which is a normal wear phenomenon. The degree of
the rounded cutting edge of the three tools is inconsistent,
indicating that the geometric angle of the tool has an impor-
tant influence on tool wear. It was also found that the −45°
cutting-edge rake angle tool wear is the smallest, and the
−60° cutting-edge rake angle tool wear is the largest.

4.4 Dimensional error

The thickness of the thin wall is also measured by the
Quanta-250 SEM. The thickness of the thin wall is measured
by selecting six positions at equal distance along the height
direction of the thin wall. Then the average value is calcu-
lated as the thickness of the thin wall.

Figure 10 shows the measurement result of the thin wall
processed by three kinds of PCD end mills under dry cut-
ting. Figure 11 shows the measurement results of the thin
wall processed by three kinds of cutting fluids with the −45°
cutting-edge rake angle PCD end mill. The overall thickness
of the thin wall is uniform, and there are no obvious bending

deformations. However, there is a certain dimensional error
between the actual measured thickness and its nominal thick-
ness, which may be mainly caused by the elastic deformation
of the workpiece and the tool. In comparison to the thin-wall
thickness with a dimensional error of approximately 10 %, as
reported in the reference (Jia et al., 2021), this study achieves
a dimensional error as low as 4.5 % in terms of the thin-wall
thickness, demonstrating a significant improvement in ma-
chining quality.

Figure 12 shows the change in the dimensional error of the
thin wall with different cutting-edge rake angles, from which
it can be seen that the dimensional error of the thin wall ma-
chined by the PCD end mill with a −45° cutting-edge rake
angle is the smallest. However, the thin wall corresponding
to the minimum cutting force is not the one with the smallest
dimensional error, which is inconsistent with the previous re-
search conclusion (Li et al., 2022). A possible reason for this
difference is that PCD tools have different degrees of tool
wear, which leads to the reduction in their effective cutting
diameter, thus reducing the actual radial-cutting depth and
increasing the residual amount of thin-wall thickness.

Figure 13 shows the change in the dimensional error of
the thin wall with different cutting fluids. The dimensional
error of the thin wall machined by oil mist cutting fluid is
the smallest. Jet cold air is also an effective cutting fluid to
improve the thin-wall dimensional accuracy compared with
dry cutting.

4.5 Discussion

Based on the above experimental results and analysis, it can
be seen that the specific cutting force produced by the −30°
rake angle is the smallest, but the surface roughness, tool
wear, and dimensional error produced by the −45° rake an-
gle are the smallest. There is no obvious correlation between
specific cutting force and surface roughness, tool wear, and
dimensional error. Therefore, the PCD micro-end mill with
a −45° rake angle is more suitable for cutting high-quality
thin walls made of the Ti-6Al-4V titanium alloy.
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Figure 10. The measurement results of the thin wall with different cutting-edge rake angles: (a) −30° cutting-edge rake angle, (b) −45°
cutting-edge rake angle, (c) −60° cutting-edge rake angle.

Figure 11. The measurement results of the thin wall with different cutting fluids: (a) dry cutting, (b) jet cold air, (c) oil mist lubrication.

Figure 12. The change in dimensional error with different cutting-
edge rake angles.

Oil mist cutting fluid produces not only the smallest spe-
cific cutting force but also the smallest surface roughness
value and dimensional error. Therefore, oil mist cutting fluid
can be used for cutting high-quality thin walls made of the
Ti-6Al-4V titanium alloy.

The results of this study indicate that, in addition to opti-
mizing cutting parameters, improving the machining qual-
ity of titanium alloy components can also be achieved by
modifying tool geometry, applying auxiliary machining pro-
cesses, and integrating these strategies. This multifaceted ap-

Figure 13. The change in dimensional error with different cutting
fluids.

proach demonstrates how machining quality can be enhanced
through coordinated adjustments across several factors. Fur-
thermore, this research provides theoretical and technical
guidance for the high-quality machining of other difficult-
to-machine materials in the aerospace industry.

5 Conclusions

In this study, the micromilling process for thin walls made of
the Ti-6Al-4V titanium alloy is studied using the customized
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micro PCD end mills with straight cutting edges and different
cutting fluids. The following conclusions are drawn:

1. The specific cutting force has a negative correlation
with the cutting-edge rake angle. Both specific shear
and plow cutting forces increase with the decrease in
cutting-edge rake angle. This means that the larger the
rake angle of the tool, the smaller the cutting force re-
quired to remove the unit volume of material. However,
the surface roughness, tool wear, and dimensional error
have no linear relation with the cutting-edge rake angle.

2. The oil mist is the better cutting fluid compared with dry
cutting and jet cold air, producing not only the small-
est specific cutting force but also the smallest surface
roughness and dimensional error. Therefore, oil mist is
beneficial to micromilling of thin walls made of the Ti-
6Al-4V titanium alloy by PCD end mills.

3. In the actual aerospace industry, components often fea-
ture complex curved surfaces. The theories and tech-
niques developed in this study for micromilling straight
thin walls can be extended to guide the high-quality ma-
chining of such complex curved components in subse-
quent work. The findings of this study can directly guide
the manufacturing of titanium alloy precision parts, in-
cluding aerospace micro heat sinks, medical porous im-
plants, and optical microcavities. At the same time,
key indicators such as stability, efficiency, and cost-
effectiveness, which require focused validation during
the transition from laboratory processes to industrial ap-
plication, have been identified.

4. Future research can expand the current research
paradigm to other difficult-to-machine material systems
and explore adaptive machining strategies to address
the dynamic changes in thin-wall stiffness during pro-
cessing. Simultaneously, efforts can focus on develop-
ing functionalized PCD tools (with micro-textures or
coatings) and integrating online monitoring technolo-
gies to enable intelligent prediction and compensation
of the machining process. Furthermore, moving beyond
traditional oil mist, the performance of advanced media
such as nanofluids and supercritical CO2 can be evalu-
ated, accompanied by comprehensive sustainability as-
sessments.
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