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1. Introduction 
The development of manufacturing technology is currently experiencing rapid progress [1]–[3], 

especially in the process of working or feeding the surface of workpieces for the manufacture of 
manufactured, components [4]. One of the machines that is often used in this process is a milling 
machine especially a horizontal milling machine [5]–[8]. This machine has the ability to perform various 
cutting operations, such as working on flat surfaces, irregular shapes, to making gears [9]–[12]. 

However, the workpiece feeding process on a milling machine often produces vibrations, which can 
affect the quality of the cutting results [13], [14]. These vibrations affect tool wear, cutting temperature, 
and the surface quality of the workpiece [15]–[19] . In gear manufacturing, variations in the size of the 
cutter module are one of the main factors that affect the level of vibration and cutting results [12], [20], 
[21]. The cutter module itself has various sizes and shapes that directly affect the performance of the 
machine and the quality of the resulting gears [22], [23]. 
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 This study examines the effect of vibrations on the horizontal milling 
machine type 1216 during gear manufacturing using cutter modules with 
diameters of 50 mm and 55.25 mm, each at a cutting depth of 1 mm. 
Measurements of displacement, velocity, and acceleration were conducted 
in vertical, horizontal, and axial directions using a VM-6370 vibration 
meter, with the average vibration amplitudes analyzed. The results revealed 
that the 55.25 mm cutter produced the highest vibration amplitude in the 
horizontal direction, reaching 353.270 mm/s², while the lowest was in the 
vertical direction at 171.293 mm/s². For the 50 mm cutter, the highest 
amplitude occurred in the vertical direction at 0.1336 mm, and the lowest 
in the horizontal direction at 0.0583 mm. These findings demonstrate that 
larger cutter modules generate higher vibration amplitudes, significantly 
affecting the precision and surface quality of gear manufacturing. The study 
emphasizes the importance of selecting appropriate cutter sizes to minimize 
vibrations, thereby optimizing the manufacturing process and improving 
product quality. By providing a detailed analysis of the relationship between 
cutter size and vibration levels, this research serves as a valuable reference 
for enhancing the efficiency and accuracy of gear cutting in industrial 
applications.  
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This study aims to analyze the impact of vibrations generated during the gear cutting process using 
a milling machine. Testing was carried out by varying the size of the cutter module, namely 1 mm and 
1.5 mm, to understand its effect on vibration characteristics, cutting quality, and gear precision levels. 
The results of this study are expected to contribute to optimizing the gear cutting process, especially 
regarding the effect of cutter module variations on vibration and production quality. 

2. Method 

2.1. Research Methods 
This study uses an experimental approach to analyze vibrations on a horizontal milling machine 

during the gear cutting process using a cutter module size of M 1 and M 1.5. The design of this study 
includes determining the independent variables in the form of the cutter module size, namely M 1, and 
M 1.5, with the dependent variable in the form of vibration levels measured through displacement, 
velocity, and acceleration. Control variables include the machine feeding speed of 19 mm/minute, the 
workpiece feeding depth of 1 mm, steel material with a diameter of 31.75 mm as the workpiece, and the 
use of a horizontal milling machine as the main tool in the study. 

The tools used in this study include a horizontal milling machine, a cutter module M1 with a 
diameter of 55.25 mm, a cutter module M1.5 with a diameter of 50 mm, steel workpiece material, and 
a VM-6370 vibration measuring tool equipped with a probe to detect vibrations on the milling machine 
head. In addition, a workpiece clamping tool, a speed control system, and software for data analysis are 
used. 

The research procedure begins with the preparation of the experiment, including checking the 
condition of the milling machine, installing the workpiece on the machine table with a clamping tool, 
and installing the cutter modules M1 and M1.5 alternately. Furthermore, testing was carried out by 
operating the machine at a feeding speed of 19 mm/min and a feeding depth of 1 mm to cut the 
workpiece material. Vibration was measured using a VM-6370 tool on three main parameters, namely 
displacement (mm), velocity (mm/s), and acceleration (m/s²), and in three measurement directions: 
vertical, horizontal, and axial. 

The data obtained were analyzed to compare the vibration levels generated by the M1 and M1.5 
cutter modules, assess the effect of vibration on the quality of the cutting surface and gear precision, and 
determine the relationship between the size of the cutter module and the vibration characteristics of the 
horizontal milling machine. This study was conducted at the Production Machinery Laboratory of the 
Caltex Riau Polytechnic, with the hope of providing information on the differences in vibration levels 
generated by the two cutter modules, their impact on the quality of gear cutting, and recommendations 
for optimizing the cutting process with a horizontal milling machine. 

2.2. Research Flow 
The flowchart show in Fig. 1 illustrates the steps in the vibration testing process on a milling 

machine. The process begins with preparing the materials and tools needed for testing. Next, the milling 
machine is adjusted so that it is ready for material feeding operations. After that, the material is installed 
in a vise to ensure the workpiece is locked safely and stably during the machining process. 

The next step is to turn on the machine to start the milling machine operation. After the machine 
is turned on, the vibration tester is installed at three main points, namely the axial, horizontal, and 
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vertical axes, to detect vibrations that occur during cutting. The vibration data obtained from the test is 
then recorded in the form of a table (tabular data) to facilitate the organization of the measurement 
results. 

The final stage is to analyze the collected data to understand the characteristics of the vibrations that 
occur and their effects on machine performance and cutting quality. After the analysis is complete, the 
vibration testing process on the milling machine is declared complete (finished). This flowchart provides 
a systematic overview of the testing stages, from preparation to final data analysis. 

 
Fig. 1. Data retrieval flowchart 

3. Results and Discussion 
After the text edit has been completed, the paper is ready for the template. Duplicate the template 

file by using the Save As command, and use the naming convention prescribed by your conference for 
the name of your paper. In this newly created file, highlight all of the contents and import your prepared 
text file. You are now ready to style your paper; use the scroll down window on the left of the MS Word 
Formatting toolbar. 
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3.1. Analysis of Measurement Result Data 
This research was conducted by the workpiece feeding process using two variations of the cutter 

module, namely the 1.5 mm cutter module with a diameter of 50 mm and the 1 mm cutter module with 
a diameter of 55.25 mm, and the measurement was carried out at a thickness of 1 mm with axial, vertical, 
and horizontal directions. The determination of the measurement point can be seen in Fig. 2 with time 
domains including (4 sec, 8 sec, 12 sec, 16 sec, 20 sec, 24 sec, 28 sec, 32 sec, 36 sec, 40 sec, 44 sec, 48 
sec, 52 sec, 56 sec and 60 sec), which were then processed with a data processing tool and the average 
price was taken. The data from the processing can be seen in the Table 1. 

Table 1.  The results of vibration data processing for the milling machine at point 1 mm (a=1mm, a=1.5mm) 

M 1 d= 50 a= 1 mm  
Rata Rata  Aksial  Vertikal Horizontal 

Displeacement ( mm) 0,0875 0,0307 0,1131 
Velocity ( mm/s) 1,1940 0,0700 1,9987 

Acceleration ( mm./s^2) 1786,6667 1827 2593 
M 1.5 d= 55,25 a= 1 mm  M 1.5 

Rata Rata  Aksial  Vertikal Rata Rata  
Displeacement ( mm) 0,0973 0,1336 Displeacement ( mm) 

Velocity ( mm/s) 1,7940 1,2000 Velocity ( mm/s) 
Acceleration ( mm./s^2) 10026,6667 3920 Acceleration ( mm./s^2) 

 

In harmonic vibrations, the general vibration formulas apply, namely: 

𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡: 𝑦 = 𝐴 𝑥 𝑆𝑖𝑛 ωt    () 

Velocity: 
y

= 𝐴 𝑥 ω x 𝐶𝑜𝑠 ω   () 

𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛: 𝑦̈ = 𝐴𝜔2 sin 𝜔𝑡   () 

Substituting equation 1 into equation 3 will yield 

𝑦̈ = −𝑦𝜔2   () 

The negative sign indicates that the direction of acceleration is opposite to the direction of its 
deflection. So we get the vibration frequency in the form of angular velocity. 

𝜔 = √
𝑦̈

𝑦
   () 

A as the maximum deviation price has the same price for displacement, velocity, and acceleration, so 
the following relationship applies: 

𝐴1 = 𝐴2 = 𝐴3   () 

So that it is obtained: 

𝑦

𝑠𝑖𝑛 𝜔𝑡
=

𝑦̇

𝜔 𝑐𝑜𝑠 𝜔𝑡
=

𝑦̈

𝜔2𝑠𝑖𝑛 𝜔𝑡
   () 
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𝑦

𝑦̇
=

𝑠𝑖𝑛 𝜔𝑡

𝜔 𝑐𝑜𝑠 𝜔𝑡
=> 𝜔𝑡 = 𝑎𝑟𝑐 𝑡𝑎𝑛

𝑦𝜔

𝑦̇
   () 

The values of y, and are obtained from the measurement results. These prices are a function of 
frequency (frequency domain) and time (time domain). The results of these calculations can be displayed 
in Table 2 as follows: 

Table 2.  The results of calculating ωt and amplitude from measurements in the time domain 

M 1 d= 50 a= 1 mm  
arah Axial Vertical Horizontal 
ω 142,868 244,060 151,447 

ωt(rad) 10,474 106,921 8,568 
ωt(deg) 84,546 89,464 83,343 

A 0,088 0,031 0,114 
M 1.5 d= 55,25 a= 1 mm 
arah Axial Vertical Horizontal 
ω 321,067 171,293 353,270 

ωt(rad) 17,408 19,071 33,309 
ωt(deg) 86,712 86,998 88,280 

A 0,097 0,134 0,058 

3.2. Measurement Results using a Cutter Diameter of 50 mm with a feed process of 1 mm 
In the vibration measurement process using test specimens. In this study, a 50 mm milling cutter 

was used, with a thickness variation of 1 mm. Measurements were carried out in three different 
directions, namely vertical, horizontal, and axial directions. 

 
Fig. 2. Measurement process with a cutter diameter of 50 mm 

The calculation results obtained can be seen in Table 3 below: 

Table 3.  Calculation results at the measurement point with a cutter diameter of 50 mm, with a thickness 
variation of 1 mm 

Axial Vertical Horizontal 
142,868 244,060 151,447 
10,474 106,921 8,568 
84,546 89,464 83,343 
0,088 0,031 0,114 

 

Next, it can be seen in Column Chart form in Fig. 3 below: 
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Fig. 3. Calculation results at the measurement point with a cutter diameter of 50 mm, with a thickness variation 

of 1 mm 

From Fig. 3., it can be seen that the largest amplitude occurred in measurements with a feed thickness 
of 1 mm in the horizontal direction, namely 0.1131 mm. Meanwhile, the smallest occurred in the vertical 
direction with a value of 0.0307 mm, and in the axial direction, namely 0.0875 mm. 

3.3. Measurement Results using a Cutter Diameter of 55.25 mm with a feed process of 1mm 
In the vibration measurement process using test specimens. In this study, a 55.25 mm milling cutter 

was used, with a thickness variation of 1 mm. Measurements were carried out in three different 
directions, namely vertical, horizontal, and axial directions. Measurements process show in Fig. 4. 

 
Fig. 4. Measurement process with cutter diameter 55.25 mm 

The calculation results obtained can be seen in Table 4 below: 

Table 4.  Calculation results at the measurement point with a cutter diameter of 55.25 mm, with a thickness 
variation of 1 mm 

Axial Vertical Horizontal 
321,067 171,293 353,270 
17,408 19,071 33,309 
86,712 86,998 88,280 
0,097 0,134 0,058 

 

Next, it can be seen in Column Chart form in Fig. 5 below: 
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Fig. 5. The calculation results at the measurement point with a cutter diameter of 55.25 mm, with a thickness 

variation of 1 mm 

From Fig. 5, it can be seen that the largest amplitude occurred in measurements with a feed thickness 
of 1 mm in the vertical direction, namely 0.1336 mm. Meanwhile, the smallest occurred in the horizontal 
direction with a value of 0.0583 mm, and in the axial direction, namely 0.0973 mm. 

3.4. Comparison of Measurement Results for Making Gears Using Cutter Modules M1 and M1.5 
After carrying out measurement calculations in making gears using cutter modules M1 and M1.5, 

Fig. 6 is a comparison of the measurement results produced by cutter modules M1 and M1.5. 

 
Fig. 6. Comparison graph of vibration results using the M1 and M1.5 cutter modules 

Based on the vibration measurement results displayed on the graph, significant differences can be 
seen in the vibration amplitudes produced by the M1 and M1.5 cutter modules in the three vibration 
directions (horizontal, vertical and axial). In the horizontal direction, the M1 module produces a greater 
vibration amplitude than the M1.5 module, indicating that the M1 module is more dominant in 
producing vibrations in this direction. In contrast, in the vertical direction, the M1.5 module has a much 
larger amplitude than M1, indicating that vertical vibrations are more significant when using this 
module. In the axial direction, the vibration amplitude produced by M1.5 is also greater than M1, 
although the difference is not as big as in the vertical direction. Overall, the M1 module is more suitable 
for use if you want to maximize horizontal vibrations, while the M1.5 module is more dominant in 
producing vibrations in the vertical and axial directions. The choice of cutter module should be adjusted 
to the application needs and the direction of vibration to be controlled. 
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4. Conclusion 
In carrying out vibration measurements in the manufacture of gears using cutter modules M 1 and 

M1.5, data was collected with a focus on 3 points divided into horizontal, vertical and axial. In collecting 
data for making gears, there are several important things in the process, such as placing the vibration 
meter in a good position and the vibration meter holder must be stable. 1) Amplitude Measurement 
Results (The largest horizontal position amplitude is found when using the M 1 eye with a figure of 
0.11383 mm, The largest vertical position amplitude is found when using the M 1.5 eye with a figure of 
0.13378 mm, The largest Axial position amplitude is found when using the M 1.5 eye with a figure of 
0.09743 mm, The highest amplitude of the two types of eyes used is in the vertical measurement position 
with the M 1.5 eye of 0.13383 mm). Data obtained from vibration measurements in the manufacture of 
gears obtained the largest amplitude data in the vertical position using the M 1.5 module cutter eye and 
the figure was 0.13378 mm. while the smallest amplitude is found in the measurement section in the 
vertical position using the cutter module M1 with a figure of 0.030668 mm. From all the measurements 
that have been carried out, the results show that the largest amplitude occurs in the manufacture of 
gears with an M 1.5 module cutter type. 2) Measurement Process (Using two cutter modules; 1.5 mm 
module with a diameter of 50 mm, 1 mm module with a diameter of 55.25 mm. Measurements were 
carried out at a thickness of 1 mm in three directions: axial, vertical and horizontal); 3) Data 
preprocessing ( Data is taken at certain time intervals (4 seconds to 60 seconds), Data is processed using 
a data processing tool, then the average is calculated to produce the final result). Based on the 
measurement and analysis results which show significant differences in vibration amplitude between the 
M1 and M1.5 cutter modules in three vibration directions (horizontal, vertical and axial), it is 
recommended that the cutter module selection be adjusted to the specific needs of the machining 
process. If the main priority is to minimize vibrations in the horizontal direction, the M1 module may 
be a more appropriate choice as it produces larger horizontal vibration amplitudes, which may be useful 
for certain applications. On the other hand, for needs that prioritize stability in the vertical or axial 
direction, the M1.5 module is recommended because it produces a higher vibration amplitude in both 
directions. In addition, it is important to consider other aspects such as material type, cutter geometry, 
and cutting parameters (spindle speed and feed rate) in order to optimize the quality of machining results 
while reducing the potential for tool wear or damage to machine components. Further studies are also 
recommended to evaluate the long-term effects of vibration on tool life and cutting process efficiency. 
By selecting the appropriate cutter module and optimizing operating parameters, the machining process 
can be more efficient and produce more consistent quality 
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