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Abstract

In the manufacturing industry, aluminum alloy 7075-T6 is increasingly popular due to its high strength, excellent 

stress resistance and lightweight properties. To achieve precise and ef�cient machining, optimizing cutting 

parameters is crucial. iMachining technology, with its ability to optimize tool paths and intelligently adjust cutting 

speed and feed rate, has introduced a new approach to milling aluminum alloy 7075-T6 on CNC milling machines. 

This paper investigates the effect of cutting speed and feed rate on surface roughness during the milling of 

aluminum alloy 7075-T6. By utilizing iMachining technology in SolidCAM software, cutting parameters are 

automatically optimized through the “Controlled Step Over” algorithm. Practical experiments on the Xmill-M900 

CNC milling machine were conducted to determine and analyze surface roughness. Through these experiments, 

a regression equation was established to evaluate the impact of cutting speed and feed rate on surface roughness. 

The optimal cutting speed was determined to be 72m/min, and the feed rate was 313mm/min, achieving a 

minimum surface roughness of 0.27µm. Experimental results con�rmed the accuracy of the regression model, 

with actual surface roughness achieving 92.6% of the predicted value. These �ndings serve as a reference for 

cutting parameter optimization in CNC milling of aluminum alloys.

Keywords: Aluminum Alloy; iMachining; milling; optimization; cutting conditions; surface roughness.

Tóm tắt

Trong ngành công nghiệp chế tạo máy, hợp kim nhôm 7075-T6 ngày càng phổ biến nhờ độ bền cao, khả năng 

chịu lực tốt và trọng lượng nhẹ. Để gia công chính xác và hiệu quả, việc tối ưu hóa chế độ cắt là rất quan trọng. 

Công nghệ iMachining với khả năng tối ưu hóa đường chạy dao và điều chỉnh vận tốc cắt và lượng chạy dao 

thông minh đã mở ra hướng tiếp cận mới trong việc phay hợp kim nhôm 7075-T6 trên máy phay CNC. Bài viết 

này nghiên cứu ảnh hưởng của vận tốc cắt và lượng chạy dao đến độ nhám bề mặt khi phay hợp kim nhôm 

7075-T6. Sử dụng công nghệ iMachining trong phần mềm SolidCAM, các thông số cắt được tối ưu hóa tự động 

qua thuật toán “Controlled Step Over”. Thí nghiệm thực tế trên máy phay CNC Xmill-M900 được thực hiện để 

xác định và phân tích độ nhám bề mặt. Qua các thí nghiệm, phương trình hồi quy được thiết lập để đánh giá tác 

động của vận tốc cắt và lượng chạy dao đến độ nhám bề mặt. Thông số vận tốc cắt tối ưu là 72m/phút và lượng 

chạy dao là 313mm/phút, đạt độ nhám bề mặt thấp nhất là 0.27µm. Kết quả thí nghiệm xác nhận độ chính xác 

của mô hình hồi quy với độ nhám bề mặt thực tế đạt 92,6% so với giá trị dự đoán làm cơ sở cho việc tham khảo 

tra chế độ cắt khi gia công hợp kim đồng trên máy phay CNC.

Từ khóa: Hợp kim nhôm; gia công thông minh; phay; tối ưu hóa; chế độ cắt, nhám bề mặt.

1. INTRODUCTION

The iMachining module in the SolidCAM software 

utilizes the intelligent algorithm “Controlled Step Over” 

from DKSH Technology, Israel. This technology is 

patented by the SolidCAM software company [1]. The 

iMachining module employs advanced technology in 

CNC (Computer Numerical Control) programming 

optimization. iMachining allows for the automatic 

programming of toolpath based on input parameters 

such as material pairings, cutting tools, and machining 

levels [2]. This minimizes machining time by limiting 

the non-cutting toolpath to a maximum, extends the 

tool life through automated cutting mode calculations, 

ensures high machining accuracy and signi�cantly 

reduces cutting forces. This technology also permits 

machining with a cutting depth of up to 90% of the Reviewers: 1. Assoc.Prof.Dr. Tran Quoc Ve

                   2. Dr. Vu Van Tan
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cutting tool length and reduces heat generation during 

the machining process.

Several scienti�c articles related to the use of the 

iMachining module in the SolidCAM software for CNC 

programming are as follows:

Article [3] investigates and applies the iMachining 

module in the SolidCAM software for programming 

cylindrical gear machining details. The entire machining 

program and cutting parameters are set up automatically 

and the machining program is generated in the form of 

G-code, which is used on CNC machines in practice.

Article [4] studies the SolidCAM iMachining technology 

for machining AISI 304 (SUS 304) steel on a 5-axis CNC 

milling machine, DMU60 MonoBLOCK. Cutting tools 

with diameters of 4mm and 16mm, coated with AlTiN, 

were used. The research results indicate that the tool life 

when machining with a program programmed using the 

iMachining module in the SolidCAM software reached 

up to 1000 minutes and increased by approximately 

70% compared to programming with other software.

Aluminum alloy 7075-T6 possesses numerous 

advantages, including high hardness (approximately 

150HB), excellent heat resistance, corrosion 

resistance, good mechanical properties, lightweight 

characteristics, and favorable cutting and shaping 

properties. Therefore, aluminum alloy 7075-T6 is 

widely used in various �elds such as aerospace, military 

industry, automobile manufacturing, maritime industry, 

sports and entertainment production, energy industry, 

aerospace, mechanical engineering and machinery 

manufacturing. According to [5], the physical properties 

of aluminum alloy 7075-T6 are presented in Table 1.

Table 1. Physical Properties of Aluminum Alloy 7075-
T6 [5]

Physical Quantity Unit Value

Density kg/mm3 2,81.10-6

Young’s Modulus GPa 71,7

Poisson’s Ratio 0,33

Yield Strength MPa 145

Ultimate tensile strength MPa 276

Thermal Conductivity W/(mmC) 0,173

Thermal Expansion Coe�cient /C 2,34.10-5

Speci�c Heat J/(kg C) 960

In relation to the cutting conditions during the machining 

of aluminum alloy 7075-T6, article [6] conducted 

research on the response surface regression method 

and a genetic algorithm was used to determine the 

optimal cutting conditions to minimize cutting forces 

during the machining of aluminum alloy 7075-T6. The 

research results evaluated the in�uence of cutting 

speed on cutting forces, with the largest impact, 

followed by the in�uence of feed rate and, ultimately, the 

effect of cutting depth on cutting forces. Experimental 

results identi�ed the optimal cutting parameters to 

ensure minimal cutting forces: Cutting speed V
c
 = 190 

(m/minute), tooth feed rate F
z
 = 0.09 (mm/tooth), and 

cutting depth a
p
 = 1.5÷2.5mm.

Surface roughness is one of the decisive factors 

affecting the quality of mechanical products. When 

machining metals in general, and aluminum alloy 

7075-T6 in particular, they are both in�uenced by 

cutting conditions. However, there is currently no 

research work on the impact of cutting conditions 

during machining; therefore, this article helps address 

the issue mentioned above.

2. EXPERIMENTAL CONDITIONS

2.1. Experimental equipment

- The CNC milling machine Xmill - M900 from Fanuc 

has the following basic speci�cations:

+ Axis travel: X/Y/Z = 1000/500/800mm.

+ Main spindle speed: 10,000 RPM.

+ Main spindle power: 7.5 kW.

+ Number of tool stations: 24.

+ Maximum cutting speed: 12,000mm/minute.

- The Mitutoyo SJ-201P surface roughness measuring 

machine.

- Measuring tools used for the workpiece setup process, 

such as Mitutoyo dial indicators with a precision of 

1/100 and Mitutoyo height gauges with a precision of 

1/100.

2.2. Cutting tools, workpiece and coolant conditions

Cutting tool: In the experiment, a single HSS (High-

Speed Steel) end mill with a diameter of d=6mm from 

ZCC.CT was used, featuring Z=3 cutting edges, a helix 

angle of β=55o, a tool length of L=60mm, and a cutting 

length of L
1
=18mm.

Workpiece: Aluminum alloy 7075-T6 with dimensions 

of 100×60×60.

Coolant conditions: Epoxy coolant solution was used.

2.3. Application of machining module for programming

The programming steps were as follows:

- Step 1: Design the 3D model of the component.

- Step 2: Select the machining machine from Fanuc.

- Step 3: Set up the workpiece.

- Step 4: Determine the installation coordinates as 

presented in Figure 2.

- Step 6: Con�gure the geometric parameters for the 

cutting tool.

- Step 7: Establish the machining procedures using 

the Technology Wizard feature, and con�gure input 

parameters as demonstrated in Figures 1 and 2.
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Figure 1. Setting up the tooling material pair  
and workpiece

Figure 2. Selection of machining level

Machining levels are selected from levels 1 to 8 as 

default settings in the software, corresponding to 

the increasing rigidity and stability of the machining 

equipment. The cutting parameters and toolpath are 

automatically optimized when using the Technology 

Wizard feature, including automatic selection of cutting 

speed and feed rate. Regarding the depth of cut (in 

mm), it is chosen based on the speci�c conditions of the 

machining process, including the type of tool (end mill, 

ball mill), toolpath strategy (2.5D, 3D) and machining 

style (conventional, high-speed, roughing, �nishing, 

etc.). According to [6], to enhance productivity, a depth 

of cut of 2.5mm is chosen in this article and remains 

unchanged when machining different features in the 

experiments. The programming results of machining 

using the iMachining module in SolidCAM software 

show cutting speeds and feed rates for 8 different 

machining levels. The values of cutting speed and 

feed rate corresponding to each machining level are 

presented in Table 2.

Table 2. Machining Parameters Corresponding to 
Different Levels

Machining Level V(m/min) F(mm/min)

1 52 313

2 95 502

3 104 520

4 101 505

5 93 486

6 104 595

7 112 704

8 120 813

For the convenience of observing the correlation 

between cutting parameters corresponding to different 

machining levels, they are presented in Figure 3.

Figure 3. Graph of the correlation between cutting 
speed and tool feed rate corresponding to different 

machining levels

In Figure 3, it demonstrates that the variability of toolpath 

engagement is the highest, followed by the variability of 

cutting speed. 

+ Step 8: Simulate the toolpath (Figure 4).

Figure 4. Toolpath Simulation

In Figure 4, the lines are represented as follows: 

line 1 (yellow) represents the tool approach path, 

line 2 (blue) represents the cutting tool path and line 

3 (red) represents the tool retraction path. During 

the programming of the machining process using 

iMachining, the tool paths are not restricted to optimize 

machining productivity.

Step 9: Export the machining program and transfer 

it to the CNC milling machine in preparation for the 

experimental cutting and milling process.

3. EVALUATING THE INFLUENCE OF CUTTING 
PARAMETERS ON SURFACE ROUGHNESS 

3.1. Experimental machining and surface 

The workpiece was machined in the experiments using 

the CNC milling machine Xmill-M900 (Figure 5). The 

results of the machining process corresponding to 8 

experimental positions are presented in Figure 6. To 

conduct the experiments, we performed machining on 

2 workpieces, corresponding to 16 experiments, and 

measured the surface roughness (Ra) 5 times. The 
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average surface roughness results for the bottom and 

side in the measurements are as follows: 

Figure 5. CNC Milling machine Xmill-M900  
in operation 

Figure 6. Machined workpiece detail

Table 3. Results of machining experiments for the 
workpiece

Machining 
positionTop of 

Form

Machining 
Level

V
(m/min) 

F
(mm/
min)

Ra
(µm)

Part 1

1-1 1 52 313 1,15

1-2 2 95 502 0,49

1-3 3 104 520 0,42

1-4 4 101 505 0,44

1-5 5 93 486 0,49

1-6 6 104 595 0,47

1-7 7 112 704 0,46

1-8 8 120 813 0,45

Part 2

2-1 1 52 313 1,17

2-2 2 95 502 0,51

2-3 3 104 520 0,44

2-4 4 101 505 0,46

2-5 5 93 486 0,52

2-6 6 104 595 0,47

2-7 7 112 704 0,49

2-8 8 120 813 0,46

3.2. Optimization experiment design for surface 
roughness (R

a
) 

Boundary conditions of the experiment: Due to the 

research conditions not being able to cover all factors 

affecting machining accuracy and surface roughness, 

this experiment omits factors such as vibration, tool 

wear and de�ection, the cutting performance of 

tool and workpiece materials, the adaptability of the 

working component to the machining control program, 

the properties of the coolant, tool wear, and the �xed 

number of experiments. 

According to [7], choosing the response surface 

method through a second-degree equation is the 

most ef�cient method for studying results obtained 

from experiments. This is a useful tool for modeling 

and researching manufacturing issues in general 

and mechanical machining in particular. This method 

provides more information with fewer experiments. 

In the current study, cutting speed and feed rate 

are important cutting parameters. The relationship 

between the objective function and the input variables 

is represented through a general equation (1).

Y = (X
1
,X

2
)↔ R

a
 = (V,F) (1)

In which: Y = R
a
 is the objective function; X1, X2 are 

the input variables.

X
1
 = V: Cutting speed (m/min).

X
2
 = F: Feed rate (mm/min). 

According to [7], with 2 input parameters and using 

second-degree regression, equation (1) is written in 

expanded form as follows:

R
a
 = a+b

1
.V+b

2
.F+b

3
.V2 +b

4
.F2+b

5
.V.F (2)

Where:

+ a: Degree regression coef�cient. 

+ b
1,2

: Degree regression coef�cients describing the 

in�uence of one cutting parameter on the objective 

function. 

+ b
3,4

: Degree regression coef�cients describing the 

in�uence of one cutting parameter on the objective 

function. 

+b
5
: Regression coef�cient describing the combined 

in�uence of two cutting parameters on the objective 

function.

+ b
5
: The regression coef�cient describes the 

simultaneous in�uence of two cutting parameters on the 

objective function.

- Using the NumPy library with the Python programming 

language, run with Visual Studio Code, to calculate the 

regression coef�cients:

import numpy as np

# Experimental data 

V = np.array([52, 95, 104, 101, 93, 104, 112, 120, 52, 

95, 104, 101, 93, 104, 112, 120])
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F = np.array([313, 502, 520, 505, 486, 595, 704, 813, 

313, 502, 520, 505, 486, 595, 704, 813]).

Ra = np.array([1.15, 0.49, 0.42, 0.44, 0.49, 0.47, 0.46, 

0.45, 1.17, 0.51, 0.44, 0.46, 0.52, 0.47, 0.49, 0.46]).

# Construct matrix X

X = np.column_stack((np.ones_like(V), V, F, V**2, 

F**2, V*F))

# Calculate the second-order regression coef�cients

coef�cients = np.linalg.lstsq(X, Ra, rcond=None)[0]

# Extract the coef�cients

a, b1, b2, b3, b4, b5 = coef�cients

# Print the coef�cients

print(f”a: {a}”)

print(f”b1: {b1}”)

print(f”b2: {b2}”)

print(f”b3: {b3}”)

print(f”b4: {b4}”)

print(f”b5: {b5}”)

From the regression coef�cient calculation results 

shown in Figure 7, substituting the regression 

coef�cients into equation (2) gives the regression 

equation to assess the in�uence of cutting speed and 

feed rate on surface roughness as follows:

R
a
=-0,4955−0,1315.V+0,0307.F

      +0,0024.V2+0,000037.F2-0,000685.V.F
(3)

- Evaluate the suitability of the regression model 

through, according to [7], the evaluation steps are as 

follows:

+ Calculate the error e:

(4)

R
ai
: Is the experimental value in Table 3; 

aiR̂ : is the predicted value calculated according to (3).

+ Calculate the surface roughness variation index SSE 

- Sum of Squared Errors.

 
n=16

2

i
i=1

SSE = eå (5)

+ Calculate the Total Sum of Squares (SST): This 

measures the total variation of the observed values 

(Rai) from the mean of Ra. SST is calculated as follows:

 
n=16

2

ai a
i=1

STT = (R  - R )å (6)

Where the number of experiments (number of 

observations) n = 16.

aR  is the mean value of R
a
.

+ Calculate the surface roughness variation index (R 

– squared (R2)). 

R – squared (R2) is calculated by determining the ratio 

between the explained variance (SST) and the total 

variance (SSE):

R2 = 1- (SSE/SST) (7)

Calculate the adjustment coef�cient based on the 

number of input variables (independent variables) in 

the regression model (Adjusted R-squares). Adjusted 

R-squares are computed using formula (8).

Adj R2 = 1-[(1-R2).(n-1)/(n-k-1)] (8)

Where the total number of input and output variables 

is k = 3 (R
a
, V, F).

Calculate the F-statistic The F-statistic is a statistical 

test to assess the contribution of independent variables 

to the experimental model and is computed using 

formula (9) as follows:

F = 1-[R2/(1-R2)/(n-k-1)] (9)

From formulas (3) to (9), using the NumPy and Pandas 

libraries with the Python programming language run in 

Visual Studio Code, the program calculates R-squared, 

Adjusted R-squared and F-statistic as follows:

import numpy as np

import pandas as pd

import statsmodels.api as sm

# Experimental data

data = {

‘V’: [52, 95, 104, 101, 93, 104, 112, 120, 52, 95, 104, 

101, 93, 104, 112, 120],

‘F’: [313, 502, 520, 505, 486, 595, 704, 813, 313, 502, 

520, 505, 486, 595, 704, 813],

‘Ra’: [1.15, 0.49, 0.42, 0.44, 0.49, 0.47, 0.46, 0.45, 

1.17, 0.51, 0.44, 0.46, 0.52, 0.47, 0.49, 0.46]}

df = pd.DataFrame(data)

# Regression equation

X = df[[‘V’, ‘F’, ‘V**2’, ‘F**2’, ‘VF’]]

y = df[‘Ra’]

X = sm.add_constant(X)  

# Add constant coef�cient

model = sm.OLS(y, X).�t()

# Calculate statistical values

n = len(df)

k = 5  # The number of independent variables in the 
regression equation 

# R-squared

r_squared = model.rsquared

# Adjusted R-squared

adjusted_r_squared = 1 - (1 - r_squared) * (n - 1) / 

(n - k - 1)
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# F-statistic

f_statistic = (r_squared / k) / ((1 - r_squared) / (n - k - 
1))r_squared, adjusted_r_squared, f_statistic

The results obtained after running the program:

R-squared: 99.8%

Adjusted R-squared: 99.7%

F-statistic: 890

The results obtained above evaluate equation (3) 

explaining 99.8% of the variation in Ra, indicating a 

strong relationship between V, F, and Ra.

The value of Adjusted R-squared is 99.7%, which is a 

very high value, suggesting that the equation remains 

suitable even after adjusting the number of variables.

The F-statistic value is 890, surpassing the threshold 

of con�dence (which is 1), demonstrating the statistical 

signi�cance of equation (3).

In conclusion, equation (3) is suitable for the 

experimental model.

Proceeding to optimize (3) with the objective Ra = 

Ramin and satisfying the conditions:

V
min

 ≤ V ≤ V
max

 và F
min

 ≤ F ≤ F
max

 (10)

The variables V
min

, V
max

, F
min

, F
max

 are determined from 

the input parameters of the experiment; therefore, 52 ≤ 

V ≤ 120 and 313 ≤ F ≤ 813.

Using the scipy and numpy libraries with the Python 

programming language run in Visual Studio Code, the 

optimization program is as follows:

from scipy.optimize import minimize

import numpy as np

# De�ne the Ra function

def Ra(VF): V, F = VF

return -0.4955 - 0.1315*V + 0.0307*F + 0.0024*V**2 + 

0.000037*F**2 - 0.000685*V*F

# Set bounds for V and F

bounds = [(52, 120), (313, 813)]

# Use the minimize function to �nd the minimum value

result = minimize(Ra, np.array([52, 313]), 

bounds=bounds, method=’L-BFGS-B’)

# Extract the results

minimum_value = result.fun

V_optimal, F_optimal = result.x

# Print the results

print(“Minimum value of Ra:”, minimum_value)

print(“Optimal value of V:”, V_optimal)

print(“Optimal value of  F:”, F_optimal)

The results obtained after running the optimization 

program: Ramin = 0.27µm; V = 72m/min; F = 313mm/
min. Comments: The calculated values for V and 
F meet the conditions speci�ed in equation (10). 
Proceeding with the experimental machining at V = 
72m/min and F = 313mm/min. The machine, cutting 
tools, and other conditions remain unchanged as 
described in section 2.1. The experimental machining 
results in a surface roughness on the detail of R

a
 = 

0.28µm, achieving 92.6% accuracy compared to 
the prediction. The remaining 7.4% discrepancy in 
the prediction is attributed to speci�c experimental 
conditions, as constrained by the boundary conditions 
outlined in section 3.2.

3.3. Calculation of cutting parameters based on the 
given R

a

Using the SymPy library with the Python programming 

language run in Visual Studio Code, calculate V and 

F with Ra as speci�ed values while satisfying the 

conditions in equation (10). The program calculates as 

follows:

from sympy import symbols, Eq, solve

# Declare variables

V, F = symbols(‘V F’)

# Reformulate the regression equation

equation = Eq(-0.4955 - 0.1315*V + 0.0307*F + 

0.0024*V**2 + 0.000037*F**2 - 0.000685*V*F, 0.32)

# Calculate the derivative of Ra with respect to V and F

dRa_dV = equation.lhs.diff(V)

dRa_dF = equation.lhs.diff(F)

# Create a system of equations

equations = (Eq(dRa_dV, 0), Eq(dRa_dF, 0))

# Solve the system of equations

solutions = solve(equations, (V, F))

# Print the results

print(“Value of  V:”, solutions[V])

print(“Value of  F:”, solutions[F])

From the above calculation program, the results for 

calculating V and F for various roughness levels are 

as follows: 

Table 4. Results for calculating V and F when R
a
 is 

known

Roughness 
level

R
a

(µm)
V

(m/min)
F

(mm/min)

6 2,5 90 487

7 1,25 101 465

8 0,63 91 463

9 0,32 80 532

Commentary: When increasing V beyond the optimal 

cutting speed value (72m/min), deformation of the metal 

and increased vibration occur, resulting in increased 
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surface roughness. As the tool feed rate (F) increases, 

the surface roughness also increases. However, the 

degree of in�uence of the tool feed rate is expressed 

through the regression coef�cient in equation (3).

4. CONCLUSION 

By utilizing iMachining programming technology, we 

have automatically calculated the parameters V and F 

for 8 sets of experiments. This allowed us to establish 

the regression equation (3) to assess the impact of 

cutting speed and tool feed rate on surface roughness 

during the milling of aluminum alloy 7075-T6 on a CNC 

milling machine. By employing the Python programming 

language in conjunction with mathematical libraries, 

we evaluated the regression model and determined 

the optimal values for cutting speed (V=72m/min) 

and tool feed rate (F = 313mm/min), resulting in a 

calculated surface roughness of R
amin

= 0.27µm. This 

regression equation was also applied to calculate 

cutting parameters for roughness levels ranging from 6 

to 9, providing a reference basis for the milling process 

of aluminum alloys in general and aluminum alloy 

7075-T6 on a CNC milling machine.
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