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Abstract:Vibration analysis is one way that industrial machine maintenance can be done quickly and conveniently. 
A pattern of sound is produced by engine vibrations in which the sounds of several engines are mixed together. Engine 
component damage is indicated by excessive vibration levels in the engine. The machine will sustain more significant 
harm if nothing is done about this high vibration. The machine has to be maintained in order for it to function at its 
best. In order to prolong machine life, machine maintenance systems are crucial in the industrial sector. Vibration-
signal-based predictive maintenance is one often employed maintenance technique. One form of maintenance that 
can be performed by keeping an eye on the vibration conditions the machine is producing is called predictive 
maintenance. Predictive maintenance based on vibration cues is one often employed maintenance technique. One 
kind of maintenance that can be done is predictive maintenance, which involves keeping an eye on the vibration 
conditions that the machine produces. Analyzing the machine's vibration level as represented by the vibration speed's 
amplitude value is one technique to prevent damage to the device. By using the vibration signals that arise, this 
technology can predict machine damage and prevent major damage. The research combined the two outputs of 
vibration detection and process optimization to create a prototype Wire-Electrochemical Discharge Machining (W-
EDM) machine. The goal of this study is to identify and ascertain the parameter values that yield the best possible 
result. Full factorial, orthogonal array, and response surface approach are the experimental designs employed, and 
back propagation neural network and particle swarm optimization algorithm are the optimization techniques. 
Keywords: Wire-Electrochemical Discharge Machining, material variation, vibration, detector, algorithm  
 
Introduction: 
The term Wire-Electrochemical Discharge Machining (W-EDM) refers to a hybrid/hybrid machining 
process that consists of two parts: the electrochemical machining (ECM) and the listrik machining (EDM) 
[1]. Research on the Wire-Electrochemical Discharge Machining (W-EDM) process has been conducted 
by a few researchers, with an emphasis on the material/work bend type, electrochemical machining, 
machining quality, and electrode/paper characteristics [2]. The Wire-Electrochemical Discharge 
Machining (W-EDM) process is a complex procedure that yields numerous significant process parameters 
[3]. The process parameters, tool, material, and electrochemical silica maintain an important role in the 
quality characteristics of the Wire-Electrochemical Discharge Machining (W-EDM) process [4]. The 
permeation parameters are feed rate, polarity, duty cycle, current, voltage, and gaps between electrodes. 
Material properties of chisels and electrolytes consisting of chisel material, geometry chisel, electrolyte 
type [5-6]. Emphasis is placed on the qualitative aspects of the study, including material properties, surface 
roughness, tool wear ratio, and research on the application of Wire-Electrochemical Discharge Machining 
(W-EDM) to understand the development and creation of W-EDM setups based on Arduino [7-8]. 
Drawings in two dimensions are created using AutoCAD software, while three-dimensional models are 
created using CATIA software [9]. The Wire-Electrochemical Discharge Machining (W-EDM) prototype 
is manufactured accurately using 2D and 3D models, and experimental work is done on the material-
processing process using micro-hole drills on non-conductive materials [10]. The results indicate that the 
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length of time spent on material preparation and finishing increases with the increase in volt and electron 
density [11]. Industrial machinery with a rotating function frequently vibrates [12]. The sound of one 
engine blending with the sound of another is a pattern of sound that is produced by engine vibrations 
[13]. Variations in engine vibration will lead to variations in the engine's sound signature [14]. High 
engine vibration levels are a sign of engine component damage. The machine will sustain more significant 
damage if nothing is done about this high vibration [15]. Maintenance is necessary for the machine to 
function at its best. To increase a machine's lifespan in the industrial setting, the machine maintenance 
system is crucial. Predictive maintenance based on vibration cues is one often employed maintenance 
technique . One form of maintenance that can be performed by keeping an eye on the vibration 
conditions that the machine is producing is called predictive maintenance . Predictive maintenance based 
on vibration cues is one often employed maintenance technique. One kind of maintenance that can be 
done is predictive maintenance, which involves keeping an eye on the vibration conditions that the 
machine produces. Analyzing the machine's vibration level as represented by the vibration speed's 
amplitude value is one technique to prevent damage to the device. It is possible to determine whether or 
not the machine's bearings are suitable for usage by monitoring the vibration level readings . Vibration 
signals can be used to identify issues or types of machine damage, such as imbalance, looseness, 
misalignment, and bearing damage. By using the vibration signals that arise, this technology can predict 
machine damage and prevent major damage.A computer directly controls the program that is used by the 
W-EDM operating system. Generally speaking, the mechanic and computer work in tandem to construct 
Wire-Electrochemical Discharge Machining (W-EDM) machines and their operating system [16]. This 
machine tool, called Wire-Electrochemical Discharge Machining (W-EDM), operates on the X, Y, and Z 
axes. This Wire-Electrochemical Discharge Machining (W-EDM) machine is outfitted with a system 
control and will operate in accordance with the workpiece drawing pattern [17]. This Wire-
Electrochemical Discharge Machining (W-EDM) machine is controlled by a number of interconnected 
components that are connected to one another via cables [18]. The computer, breakout board, motor 
driver, stepper motor, and other crucial parts of the Wire-Electrochemical Discharge Machining (W-
EDM) control system are The computer, breakout board, motor driver, stepper motor, and power supply 
are all part of the control system. increased wear rate with load application [19]. 
 
METHODS AND METHODOLOGY: 
The irregularity of the surface configuration on an object or plane is known as surface roughness. This 
happens as a result of different variations that arise throughout the machining process, making it 
impossible to generate a surface with an exact shape. Figure displays the location of Ra, the profile shape, 
the sample length, and the measurement length that the surface roughness measuring device read. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Profile roughness parameter [5] 
 
The unevenness of a surface configuration on a plane or object is called surface roughness. This is because, 
as a result of several irregularities that arise during the machining process, a perfectly shaped surface 
cannot be produced. Figure displays the location of Ra, profile shape, sample length, and measurement 
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length as read by the surface roughness measuring device.The mass and elasticity of all mechanical systems 
allow them to move relative to one another, which is why vibrations occur in practically all machine tool 
configurations. Back and forth motion within a predetermined time frame is called vibration. Periodic 
movement is defined as oscillating back and forth over a predetermined length of time. Because this 
periodic movement can always be represented as a sine or cosine function, periodic movement is also 
known as harmonic movement. Figure 1 depicts a harmonic periodic motion example in the time 
domain. Time is shown in the horizontal direction, whereas displacement is shown in the vertical 
direction. The W-EDM process can be seen in the following figure 2. 
 
 
 
                                         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                             
 
 
 
 
 
Figure 2 W-EDM process and Cutting Illustration 
 
RESULTS: 
Surface roughness measurement data and vibration level amplitude values are the outputs of the cutting 
test data. Experiments were conducted on aluminum material utilizing the W-EDM method and a carbide 
tool with six different diameters for spindle rotation and depth of cut. The vibration level amplitude data 
for the surface roughness data are displayed in Figure 1 as the results. The values for the rms (root mean 
square) vibration calculation data in the time domain will be the same as calculations in the frequency 
domain. The time domain is utilized to calculate the peak and peak to peak vibration values. The largest 
vibration value is known as the peak amplitude, and the overall amplitude value from the vibration's 
positive point to its negative point is known as the peak to peak amplitude. The accompanying figure 
shows examples of vibrations in the frequency and time domain during the flat grinding process, with 
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cutting depth parameters of 0.3.0.4.0.5 mm and spindle rotation of 2000, 3000, 4000, 5000, and 6000 
rpm. The amplitude display can be seen in the image  figure 3 and figure 4 

 
Figure 3 Vibrations in the Time domain 

 
Figure 4  Vibrations in the Frequency Domain 
 
Three different cutting depths (0.3, 0.4, and 0.5 mm) and four different spindle rotations (2000, 3000, 
4000, 5000, and 6000) were used in the research tests. The surface roughness is measured and vibration 
is tested using these machining process factors. Using mathCAD, the accelerometer's measurement data 
are computed using the following formulas for rms, peak, and peak to peak on each x- and y-axis. An 
accelerometer, power supply, computer, Picotech ADC (analog to digital converter), Wire-
Electrochemical Discharge Machining (W-EDM), and surface roughness test comprise the experimental 
apparatus. The carbide SKD 11 tool, measuring 300 x 60 x 1 mm, is the workpiece that was utilized. The 
spindle rotation, which is calculated to be (2000, 3000, 4000, 5000) (rpm), is the process variable. Cut 
depths: 0.3 mm, 0.4 mm, and 0.5 mm. Average surface roughness (Ra) (μm) and vibration level (g.rms) 
are the response variables. In order to monitor vibration during cutting tests, two accelerometers (sensors 
at positions A and B) are installed on the workpiece in the x- and z-axis directions (channels A and B), 
and they are connected to an ADC (Analog to Digital) Converter and a power source.Adjust process 
variables such cross feed speed and cut depth. After that, a cutting test is run on every possible 
combination of process variables, yielding cutting data that is saved on the computer as an amplitude. 
After the data is processed in mathCAD software to produce the time domain, the fast Fourier transform 
(FFT) formula is used to turn the FFT into a frequency domain. It is possible to observe the cutting test 
plan used to determine vibration amplitude values. The display of the trial schema can be seen in Figure 
5 below. 
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                                                               Figure 5 experimental scheme 

 

Table 1. Data      

voltage current 
Amplitude 

R
a 

m
ax

. A
xi

s 
di

re
ct

io
n 

x 

R
a 

m
ax

.A
xi

s 
di

re
ct

io
n 

z 

 axis  x (A) axis z (B) 
(voltage) (ampere) m/s2 m/s2 
6 A = 2 183,7417 188,1417 0,33 0,36 
 A = 4 286,0418 266,6726 0,43 0,40 
 A= 6 346,4123 337,6609 0,52 0,48 
8 A = 2 242,8280 246,7232 0,55 0,53 
 A = 4 339,6239 316,7831 0,63 0,64 
 A= 6 385,3925 403,2435 0,71 0,74 
10 A = 2 297,4235 291,2057 0,67 0,69 
 A = 4 427,7960 360,5500 0,78 0,81 
 A= 6 459,7460 454,2341 0,89 0,98 
12 A = 2 337,6735 325,4557 0,76 0,73 
 A = 4 492,2763 432,9695 1,05 1,05 
 A= 6 577,0734 531,1888 1,19 1,16 
14 A = 2 422,4194 414,0373 0,96 0,99 
 A = 4 586,2794 561,3089 1,35 1,22 
 A= 6 650,0344 592,1781 1,41 1,42 
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Figure 6 The relationship between amplitude, voltage, and surface roughness at peak amplitude on the 
x-axis for a current of 2 A 

 
Figure 7 The relationship between amplitude, voltage, and surface roughness at peak amplitude on the z-
axis for a current of 2 A 
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Figure 8 The relationship between amplitude, voltage, and surface roughness at peak amplitude on the 
x-axis for a current of 4 A 

 
Figure 9 The relationship between amplitude, voltage, and surface roughness at peak amplitude on the z-
axis for a current of 4 A 
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Figure 10 The relationship between amplitude, voltage, and surface roughness at peak amplitude on the 
x-axis for a current of 6 A 
 

 
Figure 11 The relationship between amplitude, voltage, and surface roughness at peak amplitude on the 
z-axis for a current of 6 A 
 
CONCLUSION 
The difference in the magnitude of the strong current and voltage has a greater influence on the amplitude 
and surface roughness. The magnitude of the smallest vibration amplitude in a 6-volt block is 183.717 
m/s2 and the largest amplitude in a 14-volt load is 650.0344 m/s2. The greater the voltage and electric 
current, the greater the amplitude and surface roughness produced so that the vibration is also greater. 
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