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Abstract -- Vibration on End Mill Feeds will occur due to friction between the workpiece and end mill.  
The friction which occurs will cause tool wear in the insert blade. At this point, the tool wear experienced 
by the end mill can be seen from the imperfect feed of the workpiece that is resulted. Therefore, it is 
necessary to find out a method that can quickly and accurately detect tool wear at the end mill. The one 
that was experimented in this study was the vibration method. The vibration response was measured at 
their x, y, and z axes with rotation speeds of 2500 rpm, 3500 rpm, and 4500 rpm. At the broken end mill, 
it was shown that frequencies resulted did not affect the rotation while in the standard end mill. The 
initial frequency was highly influenced by spindle rotations treated on it. 
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INTRODUCTION 

The use of a CNC machine can be found in 
various industries ranging from big to medium 
scale. Those industries produce components that 
can be remanufactured for several times with high 
accuracy and precision [1]. High Speed 
Machining, tool breakage prevention, thin wall 
deflection, tool geometry, and chatter monitoring 
are studied in relation to the five performance 
indicators, respectively [2]. 

Vibration feeding at the end mill frequently 
causes friction between the object and end mill, 
which leads to the occurrence of tool wear at the 
insert parts. The tool wear of an end mill can be 
detected from the imperfect feed that it results in. 
Therefore, a quick and accurate method is 
needed to find to identify the tool wear at the end 
mill.  

One of the methods widely utilized to 
identify the tool wear at the end mill is the vibration 
method. Vibration in a workpiece and chisel is a 
dependent variable that refers to the vibration 
resulted from the feeding process during the 
machining process taking place. Vibration 
resulted from the machining process in milling is 
highly influential on the product quality, like 
sometimes it will produce rough surfaces. 
Wijayanto conducted a study to identify the effect 
of feed rate on surface hardness in CNC Router 3 
axis machining on Teflon material [3]. Sutanto et 
al. utilized the Frequency Response Function 
(FRF) method to study the damage at the endmill 
based on the vibration response [4]. The material 

removal changes the natural frequency and 
modal shape of the system, which causes the 
variation of the limit on cutting depth [5]. 

Preliminary cutting tests show that the 
cutting forces are reduced by over 30% with the 
ultrasonic vibration assisted milling and drilling 
operations [6]. Studies on FRF have been widely 
carried out at Mercu Buana University, especially 
at the vibration laboratory. This method has the 
purpose of finding some non – linear signals [7]. 
In that study, he obtained a global vibration mode 
frequency from a cylindrical piston motor with 
some dynamic characteristics. Subekti using the 
FRF method, also said there is a natural 
frequency in diesel engines that appears in more 
than one measurement point [8]. This frequency 
shows the existence of a global vibration mode. A 
year later, those dynamic characteristics were 
then applied by Efendi et al. at a disc brake 
utilizing bump test and discovered two types of 
frequencies, global and local [9].  

Furthermore, this research continues to 
study the characteristics of damage to the disc 
brake [10].   The frequency is smaller than the 
natural frequency at the FRF point. With the 
bearing house, there are differences in the three 
axes of the test results. On the X and Y axis, there 
are two vibrate modes, namely at the natural 
frequency 8 and 35 Hz [11]. 

CNC milling is a machine that is controlled 
by the CNC program with the movements in the X 
and Y axes and spindles in the Z-axis or cutter 
house based on the instruction from the user [12]. 
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This machine uses a Cartesian coordinate 
system, as can be seen in Figure 1. 

At the end milling, the tooth cutter of a 
chisel is located in sheet and at the end of a body. 
The axis rotates perpendicular to the surface of 
the workpiece and can move at an angle [12]. 

 

 
Figure 1. The coordinate system of the CNC 

milling machine 
 

MATERIAL AND METHOD  
The velocity of feeding is the distance of 

movement of the workpiece with forwarding 
motion stated in millimeters per second or feeds 
per second. Feeding velocity and chopping 
velocity have different purposes. Cutting speed 
(Vc) is used to identify the speed of machine 
rotation or RPM while the table feed (Vf) 
emphasizes the velocity of Frais table feeding 
when cutting the workpiece [13]. The feed velocity 
can also be referred to as chisel feeding, which is 
identified by comparing the distance of workpiece 
per time unit and the number of teeth in cutter [14]. 

The feeding velocity is stated in millimeter 
and calculated by considering the number of 
blades and the speed of each Frais (fz) blade 
feeding. Feed per tooth, which is stated in 
mm/tooth, is the value of the milling process to 
calculate the feed table using the following 
Equation (1). 

Vf  = n x fz x zn (1) 

Annotation:  
Vf = table feed (mm/minute) 
n = spindle rotation speed (rpm) 
fz = feed per tooth (mm)  
zn  = the number of blades 

Feed per revolution stated in mm/rev is 
exclusively used to calculate the feed and the 
finishing ability of a cutter.  Feed per revolution is 
a complimentary scale to indicate how far the 
chisel moves when rotating based on Equation 
(2). 𝑓𝑛 = 𝑉𝑓𝑛  

(2) 

Annotation: 

fn  = feed per revolution (mm/rev) 
Vf  = table feed (mm/minutes) 
n = rotation speed (rpm)  
While calculating the cutting time, we used 
Equation (3). 𝑡𝑐 = 𝑙𝑡𝑉𝑓   (3) 

Annotation: 
lt = cutting length (mm) 
tc  = cutting time (minutes) 

Feed per tooth (fz) is the score of the milling 
process to calculate the table feed. If the cutter 
milling has more than one blade, the value of fz 
must be included in the calculation. The value of 
feed per tooth is calculated based on the 
thickness of the chips, which are recommended. 
The determination of the feeding rate should be 
calculated and adjusted with the size of the chisel 
and the number of blades. Following is a feeding 
movement table per tooth recommended for the 
milling process using HSS chisel [15].  

The thickness of feed or cut depth is 
determined based on the difference between the 
depths of the workpiece before and after treated. 
It can be selected based on the material of the 
workpiece, knife, machine, throttling system, and 
cutting time [16]. The damping alloy can reduce 
machining vibration regardless of workpiece 
materials or the form of it, and the sleeve type tool 
holder improves the surface roughness 
significantly in an end-milling process for both 
workpiece materials [17]. In the milling process, 
we normally design five different depths, which 
are 0,2 mm; 0,4 mm; 0,6 mm; 0,8 mm and 1 mm 
[18]. Firmansyah et al. determine the effect of 
variations in the depth of burial (0.4 mm, 0.6 mm, 
0.8 mm) and speed feeds on the workpiece 
surface roughness in aluminum 2036 CNC milling 
machine TU-3A with absolute program G01. The 
study is for knowing the effect of variations in the 
numbers of slice chisel cutter endmill two flutes 
and four flutes [19].  

The present investigation suggests that 
when face milling a workpiece, the over a vice 
height of the workpiece should not exceed 1.5 
times its width [20]. The influence of the 
geometrical parameters and cutting parameters 
on the cutting forces, and give various information 
to establish next to the optimal trajectories of the 
tool during plunge milling operations on titanium 
alloys, according to the type of workpieces [21]. 
The impact of the damping system used is 
effective in decreasing tool vibration, and the 
bigger the spheres used in the damper, the higher 
is their effects to damp the system [22].  

The cutter body geometry has a significant 
impact on mode shapes. The cutting performance 
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tests show that the milling cutter with a diameter 
of 125 mm performs the best in terms of static 
force and maximum dynamic force in the Z 
direction and wear resistance [23]. Variation in 
surface roughness was within 0.20 to 0.50 μm for 
experimentation irrespective of the variables and 
tool condition [24]. Variation in amplitudes and 
displacements is identified as the minimized 
vibration levels for varying cutting conditions [25]. 
In this paper, we are to discuss the effect of feed 
rate on the breakage of blades at insert using 
vibration analysis.  

The milling system of vibration analysis is 
predictive maintenance employed to supervise 
and analyze the critical condition of the machine 
by paying attention to particular components and 
parts based on the vibration it produces. This 
analysis approach has some advantages, e.g., it 
can identify problems in a machine before there is 
a severe malfunction occurring. Besides that, the 
analysis can identify if there is a component of the 
machine experiencing failure by looking at the 
data of time and frequency of vibration.  The 
vibration system at the end mill can be seen in 
Figure 2. Postela et al. carried out the 
investigation on vibration and force at the end of 
a chisel using a low-cost accelerometer installed 
in stationary spindle houses with a higher speed 
of CNC machine [24]. 

 

 
Figure 2. Vibration System at The End Mill 

 
To measure the tool wear of the end mill, 

we use CNC 4 axis machine as depicted in Figure 
3. The CNC 4 axis machine was produced by my 
students of Vibration Laboratory, Mechanical 
Engineering, Mercu Buana University, Jakarta 
with specifications as listed in Table 1. 

The identification of damage that occurred 
at the end mill was carried out by varying the 
spindle rotations into 2500 rpm, 3500 rpm, and 
4500 rpm.  The G-code program, which was 
developed in the CNC 4 axis machine, had some 
spindle rotations, as presented in Table 2. 

 
 

 

Table 1. Specifications of CNC machine 
engineer 

Table Size 270 mm x 300 mm 
X, Y, Z over travel 226 mm x 324 mm x 60 mm 
Stepper Motor Jk57HS56-2804, 

57HS7630A4-11 
Power Supply 24 V, 20 A 
Spindle Motor 220 V, 500 W DC 
Max. Spindle Speed 12000 rpm 
Collet ER11 
Software 
Compatibility 

Mach3 

Driving System  1204 Ball Screw 
Controller BL-UsbMach-V2.0 
Chuck Rotary 4 Axis BL-UsbMach-V2.0 

 

 
Figure 3. CNC 4 Axis Machine 

 
Table 2. G-code of spindle rotation variations 

Spindle rotation 

2500 rpm 3500 rpm 4500 rpm 

M3 S2500 
G0 X0 Y0 Z5 
G1 Z-1 F100 

G1 X25 
G0 Z5  

G0 X0 Y5 

M3 S3500 
G1 Z-1 F100 

G1 X25 
G0 Z5  

G0 X0 Y10 
 

M3 S4500  
G1 Z-1 F100 

G1 X25  
G0 Z20 

G0 X0 Y0  
M5 
M30 

 
The vibration response measurement was 

carried out on three axes (x, y, and z axes, 
respectively), as shown in Figure 4.  
 

 
(a)               (b)                      (c) 
Figure 4. Vibration of measurement  
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In this study, the measurement of vibration 
was carried out with a frequency range of 1 - 1200 
Hz. While a photo set up of testing to obtain 
experimental data can be seen in Figure 5. The 
vibration response read by the vibration analyzer 
was analyzed using MATLAB.  

 

 
Figure 5. Photos of Setting-up the vibration 

testing 
 
In Figure 5, it can be seen the equipment 

used that is listed as follows: 
- The accelerometer sensor serves to measure 

response vibrations 
Type: Piezoelectric accelerometer 
Conversion sensitivity ratio: pCs2 m 5.0- 7.0 
Frequency range, Hz: 2 -10000 Hz 
Resonance frequency:> 28 kHz 
Transverse sensitivity: <5% 
Accelerometer cable: 1.5 m 

- FFT portable type analyzer CF-3600A (4-ch) 
with a touch panel computer was utilized for 
simultaneous analysis and recording. The 
maximum frequency that can be analyzed is 40 
kHz. It was produced by Ono Japanese Sokki. 

- FFT was used as a spectrum analyzer and data 
acquisition. 

- The end mill, which was used, was Super hard 
end mill produced by NACHI type 4SE List6210 
with the size of 3 x 9 x 50 x 6. 

- Material that was used was Teflon or 
polytetrafluoroethylene (PTFE). The physical 
properties of the material can be seen in Table 
3.  
 
Table 3. Physical Characteristics of Material 

No Property Value 

1 Density  2200 kg/m3 
2 Melting point 327 oC 
3 Modulus young 0.5  GPa 
4 Yield strength 23 Mpa 
5 Friction coefficient  0.05 – 0.10 

 
 
 

RESULTS AND DISCUSSION 
Testing was conducted by observing the 

feed of workpiece (Teflon) with a thickness of 1 
mm and rotation speeds of 2500 rpm, 3500 rpm, 
and 4500 rpm.  

At the first stage, the treatment was applied 
in X-axis with the speed of 2500 rpm by using 
normal and broken end mills. The graph is shown 
below in Figure 6. 

Normal and broken Endmills were used in 
this study to compare frequency and amplitude 
rates that had been obtained. The normal end mill 
resulted in a frequency of 51 Hz and amplitude 
6,1062 m/s2 while the broken end mill had a 
frequency of 1431 Hz and amplitude 0,77681 
m/s2. 

The second trial was performed at the x-
axis with the rotary speed of 3500 rpm, which also 
used both normal and broken end mills. The 
results are shown in Figure 7. 
 

 
Figure 6.    Graph of end mill vibration with the 

speed of 2500 RPM in X-axis 
 

 
Figure 7.    Graph of End Mill Vibration at the 

Speed of 3500 RPM in the X-axis 
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It can be seen in the graph that the normal 
end mill showed frequency 13 Hz and amplitude 
2,2911 m/s2 while the broken one showed a 
frequency of 1431 Hz and amplitude 0,93468 
m/s2.  

Another experiment at the X-axis was 
performed with the rotary speed of 4500 rpm. The 
results are presented in Figure 8. It also tested 
both normal and broken end mills. 

 

 
Figure 8.    Graph of End Mill Vibration at the 

speed of 4500 RPM at X-axis 
 

The normal end mill resulted in a frequency 
of 36 Hz and amplitude 4.642 m/s2 while the 
normal one had a frequency of 1432 Hz and 
amplitude 1,1331 m/s2. 

The first experiment performed at Y-axis 
was at the speed of 2500 rpm using normal and 
broken end mills. The results are shown in Figure 
9 and Figure 10.  

 

 
Figure 9. Graph of End Mill Vibration at the 

Speed of 2500 RPM at Y-axis 
 

 
Figure 10.    Graph of End Mill Vibration at the 

Speed of 3500 RPM at Y-axis 
 
The normal end mill had a frequency of 26 

Hz and amplitude 1.9262 m/s2 while the broken 
end mill had a frequency of 1431 Hz and 
amplitude 0,77681 m/s2. 

Following that, another experiment was 
carried out at the y-axis with the rotary speed of 
3500 rpm of normal and broken end mills. The 
frequency and amplitude can be seen in Figure 
10. 

The normal end mill showed a frequency of 
26 Hz and amplitude 1,9262 m/s2, whereas the 
broken end mill had a frequency of 1431 Hz and 
amplitude 0,93468 m/s2. 

The last trial at Y-axis was with the speed 
of rotation of 4500 rpm. It was also performed at 
both standard and broken end mills. The results 
are depicted in Figure 11.  

 

 
Figure 11. Graph of End Mill Vibration at the 

Speed of 4500 RPM at Y-axis 
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The normal end mill obtained a frequency 
of 26 Hz. Its amplitude was 1,9262 m/s2. On the 
contrary, the broken one had a frequency of 1432 
Hz and amplitude 1,1331 m/s2. Similar to the 
previous axes, the experiment carried out at Z-
axis was begin with the implementation of the 
rotation speed of 2500 rpm using normal and 
broken end mills. The data are presented in 
Figure 12.   
 

 
Figure 12. Graph of End Mill Vibration at the 

Rotation Speed 2500 RPM at Z-axis 
 

At this rotation speed, the normal end mill 
showed a frequency of 38 Hz and amplitude 
0.59446 m/s2 while the broken end mill indicated 
the frequency of 1431 Hz and amplitude 0,77681 
m/s2. The next treated rotary speed was 3500 
rpm. It also occupied normal and broken end 
mills, as shown in Figure 13.  

 

Figure 13. Graph of End Mill Vibration with the 

The normal end mill had a frequency of 36 
Hz and amplitude 4,642 m/s2 while the broken one 
showed the frequency of 1431 Hz and amplitude 
0,93468 m/s2. 

Lastly, the experiment on the Z-axis was 
performed at the rotary speed of 4500 rpm using 
both normal and broken end mils. The results are 
presented in Figure 14. 

  

 
Figure 14. Graph of End Mill Vibration at a 

Rotary Speed of 4500 RPM at Z-axis 
 
The frequency of the normal end mill was 

34 Hz, while the broken one was 1432 Hz. The 
amplitudes of the normal and the broken end mills 
were 2,9037 m/s2 and 1,1331 m/s2, respectively. 
The data are summarized in Table 4. 

The data were based on the measurement 
carried out at CNC 4 axis machine at three 
different axes (X, Y, and Z) with a feed value of 
0.1 mm and three different rotary speeds (2500 
rpm, 3500 rpm, and 4500 rpm). One of the end 
mill blades occupied in this study was normal 
while another one was broken. The workpiece 
used was Teflon. This material was selected 
considering the properties it has, including low 
hardness and its ability to be utilized in any 
conditions.  

Damages on end mills generally occur as a 
result of frequent friction between end mill and 
workpiece so that the tip of blade experiences tool 
wear. Therefore, a regular check is necessary to 
carry out before using the tool.  
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Table 4. Data of Frequency and Amplitude at each Axis 

 
 
Test performed based on vibration results. 

Broken end mil produced significantly higher 
frequency compared to the normal one. It is 
because the broken end mill results in the 
unperfected feed so that the vibration is much 
stronger than the normal end mill.  
 
CONCLUSION 

Based on the finding and discussion 
presented above, there are some conclusions. 
The vibration method can detect damage at end 
mill by using a sensory put at X, Y, and Z axes at 
the rotary, as can be seen in the graphs. 
Frequency resulted from broken end mill was far 
higher than from the normal one due to the inability 
of the broken end mill to produce perfect feed 
causing it to experience much stronger vibration 
compared to the normal end mill.  
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