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Abstract— Concept of vibration measurement in order to examine the working condition of complex machinery is not new. 
Practically it is impossible to analyze each and every component for vibrations, Condition monitoring approach focuses on 
measuring the vibrations from a distance in cases where the access is limited, and also it considers the difference in 
vibrations at different operation speeds. In this research influence of sensor location and operating conditions of the vibration 
signal have been investigated on a gearbox and its associated assembly for vibration related faults. Accelerometer located on 
the gearbox casing was used to record vibration signals. Reference baseline vibration signals at different speeds were 
recorded from a healthy worm gearbox and were compared to corresponding vibration signals at faulty conditions. Vibration 
data were examined using conventional methods in time and frequency domain. Gearbox and crowner column Assembly 
errors were isolated and identified based on their RMS vibration levels using the developed setup. 
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I. INTRODUCTION 
 
Vibration measurement is often used to analyze 
machines rotary components, such as shafts, Gear 
boxes, bearings, etc. [1,2]. By analyzing the behavior 
of different mechanical components while in motion 
Condition Monitoring specialist often identifies the 
machine health and its life cycle [4,14]. Past analysis 
focus on Condition of Machine under constant 
loading & speed with transducer devices sometimes 
situated on the gearboxes upper casing, whereas 
others don’t embody information about the positions 
of the measurement or conditions [5,7]. This research 
was attempted to use the collected vibration from the 
helical gearbox and crowner column at different 
speeds to identify the current condition of the gearbox 
and its assembly. The effect of transmission path on 
the vibration estimations can be examined by logging 
and looking at the sign which changes with mount 
positions and areas. As a part of a condition 
monitoring system a vibration measurement allows 
machine maintenance and repair to be pre-planned, 
that ought to cut back potential emission harmfulness 
and to improve economical operations. Several 
technologies want to enhance the accuracy, relevancy 
& reliability of Condition Monitoring systems [8]. To 
make sure low price operations of business facilities 
and reliability machine vibration response can help. 
Therefore, earlier machine fault detection will be 
possible and thus, any desirable action can be taken 
before possible breakdowns. Now a days in 
manufacturing process and operations people 
eliminate the Run-to-failure strategy as it is 
completely uneconomical. Development of flexible 
Condition Monitoring system helps to ensure the 
unpredicted breakdowns and critical failures earlier 
and thus minimize the overall machine downtime. 

II. VIBRATION MEASUREMENT 
TECHNIQUES 
 
An electrical Signal generated by transducer will be 
directly equivalent to physical change in the machine 
or other quantity. Vibration signal captured by a 
transducer device gives raw data which gives time 
domain information. That is not enough for further 
research and in depth analysis. To identify a fault of 
the gearbox and its associated components, several 
methods are being used. Time domain analysis and 
frequency domain analysis are the most common 
techniques that used to determine fault and vibration 
behavior of machine components. 

 
2.1. Time Domain Analysis 
Conventional time domain technic used to detect the 
amplitude and the temporal information contained in 
the machine components to detect its associated fault 
or condition [6]. This technique is also one of the 
simple and economical method to identify faults in 
condition monitoring system. Time domain analysis 
is recommended in cases when periodic vibration 
occurs and produces appropriate frequencies due to 
periodic impulses. Any defect can be identified by 
time domain analysis of raw signatures, but 
corresponding source of vibration cannot be 
identified. 

 
2.2. Frequency Domain Analysis 
Frequency domain analysis is the technique that 
extract the frequency information from the time 
domain. This method remolds the vibration signal 
from the time domain to its frequency domain. For 
determining gear box condition the spectral content in 
measured signal is more helpful than the time domain 
analysis. In time domain analysis signal gets 
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converted into multiple frequency elements. 
Therefore change occurring in vibration level within 
a selected waveband is associated with selected 
element of components.Relative vibration Analysis 
levels at totally different frequency bands and thus 
will offer some fault diagnostic data. Fast Fourier 
transform [3] (FFT) is an algorithm that derives the 
discrete Fourier transform (DFT). The number of 
calculation used for N data set can be reduced from 
2Nˆ2 to 2NlgN. Where lg is base 2 log. The DFT 
defined as, 
 

푋(푚) = 	
1
푁 푥(푛)푒  

 
And the Inverse DFT defined as, 
 

푥(푛) = 	 푋(푚)푒  

 
To convert the continuous-time signal to discrete-
signal, sampling process can be used. It may cause 
some undesirable effects. In this research FFT has 
been used to determine the assembly error of helical 
gearbox and its associated assembly. 
 
III. ISO10816 STANDARDS FOR VIBRATION 
 
Vibration standard ISO10816 gives preliminary 
guideline and information about any machines 
vibration severity in a range of 600 to 12000 RPM. 
Any machine coupled with heavy rotating parts, 
shafts, high torque, high RPM industrial motors and 
rigid foundation’s vibration limit can be classified. As 
figure 1 shows it divided into six machine class as 
discussed in table 1. Each class defines machine 
specifications and its minimum and maximum 
acceptable vibration level. 
 

 
Fig.1. Vibration standard ISO10816 

Table 1. Classification of machine according to 
ISO10816 

 
 
IV. VIBRATION CHARACTERISTICS OF 
GEARBOX 

 
In continuous operation, gears in gearboxes generate 
distinct patterns of vibration, each gear has its natural 
frequency and meshing frequency which are 
considered as normal vibrations. These meshing 
vibrations are periodic and continuous due to gears 
tooth impacts [9,10,11,12]. These vibrations are 
known as base line vibrations and often compared to 
identify gear defects and condition. Gears natural 
frequency and meshing frequency can be determined 
by calculation. Gear-meshing frequency can be 
estimated by, 
 

n * N * 0.166 
 
Where, n is rpm and N is number of teeth on gear, 
Any fault in gearbox or gear will cause a unique 
vibration pattern, If gear deviates from its tooth 
profile, it will alsoresult in a unique vibration pattern 
[15,16,17]. In this research output helical gear from 
worm gearbox (ratio 2/56) and crowner column 
assembly vibrations were investigated. Helical gear 
specification are as follows, 

 Gear pair 1: pinion teeth = 63, gear teeth = 
84, max. RPM = 20  

 Gear pair 2: pinion teeth = 70, gear teeth = 
91, max RPM = 20 

 
V. EXPERIMENTAL SETUP 

 
Mechanical bottle filler machine operates with a 
single motor. As shown in figure 2 main drive of 
machine consists of Belt pulley mechanism, Worm 
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gearbox and crowner column with helical gear 
pair.After the investigation of working of the 
machine,it 

 

 
Fig.2. Main drive of mechanical bottle filler machine 

 
was observed that mounting of helical gear pair on 
machine foundation was not aligned due to an 
assembly error. Therefore, every time a new machine 
was manufactured there were some offset in helical 
gear pairs tooth meshing, and due to this alignment 
error it produced unusual vibrations in the machine. 
This vibration causes tooth damage on gears as well 
as decrease the machine life cycle. At the top speed 
of machine these vibration are transferred to other 
nearby parts and resonate it as well. The noticeable 
vibration impact has been seen on crowner column 
shown in figure 3. 

 

 
Fig.3. Crowner column of mechanical bottle filler machine 

 
5.1. Development of Low Cost Wireless Vibration 
Measurement Setup 
A professional, fully flexible condition monitoring 
setup costs around 10Lacs and it also does not 
guarantee return of investment. In this research very 
low cost wireless setup based on core concepts of 
conditional monitoring has been developed to 
measure real time machine vibrations. This setup is 
capable to measure condition of the machine like a 
professional one and is robust and reliable. Hardware 
tools include several machine components as listed in 

table 2, where, vibration measurement needed to 
bedone. In this research worm gearbox and crowner 
column assembly have been investigated. 

 
Table 2. Setup tools 

 
 
In this setup, all data were grabbed by MCU will 
routed to display device wirelessly by Bluetooth 
communication [19,22]. Bluetooth module is serial 
interface device which communicates with MCU via 
serial ports and route it to another Bluetooth enable 
device at high speed 2.4 GHz radio frequency as 
shown in figure 4 &5. Data is then available for 
further computation from which information can be 
extracted and forwarded to feedback mechanisms.  
 

 
Fig.4. Implemented wireless setup 

 
As shown in figure 4 & 5 accelerometer sensors are 
communicating with Arduino micro controller via 
I2C communication protocols, all the samples were 
collected and formatted into one string which 
contains time stamp, X,Y and Z direction acceleration 
values[20,22]. Arduino then reroutes all data through 
Bluetooth wirelessly via high-speed serial 
communication.All the vibration data can be 
available wirelessly nearby 300feet area from the 
setup, it can be logged in to any Bluetooth enable 
device like laptops, smartphones etc. In this research 
by using Matlab script, data was logged wirelessly, 
and in the continuous vibration measurement data 
was logged using smartphone, then imported in 
Matlab. After successful data logging, further 
operations were performed in Matlab to determine 
vibration response of the machine. 

 
5.2. Data Acquisition System 
The vibrating body or machine structures produce the 
signal which will be measured by transducer devices 
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then after those will be converted to some standard 
unit for the display devices. These values will be used 
for further analysis. Figure 5 shows the block 
diagram of implemented data acquisition system 
which has been utilized. 
 

 
Fig.5. Implemented DAQ system 

 
Crowner column, helical gearbox pair and the worm 
gearbox assembly machine is the vibrating structure 
which needs to be investigated. A sensor device, 
accelerometer was mounted on gearbox surface to 
pick up vibrations. This vibration will be converted 
into equivalent electrical signal by a sensor. These 
values will be captured by MCU and converted to 
ISO standard units (Acceleration m/sˆ2) for further 
analysis. 
 
5.3. Baseline vibrations 
Vibration measurement was carried out on two 
different machines with the following specifications, 

 Machine 1: Mechanical bottle filler, 53 filler 
heads, max. Speed 36000 Bottle/hours. 
Helical gear pair specification: Pinion teeth: 
63 driven: 84, module 6 

 Machine 2: Mechanical bottle filler, 53 filler 
heads, max. Speed 18000 Bottle/hours. 
Helical gear pair specification: Pinion teeth: 
70 driven: 91, module 6 

Table 3 illustrates the baseline vibration data of 53 
head mechanical bottle filler machine 1 in ideal 
condition. It is an error free condition of machine 
assembly which was accepted and approved by expert 
advice.In table 3and figure 6, 7at the different 
operating speed of themachine,three axis vibration 
data has been shown with its amplitude. According to 
values of amplitude of different frequency, it is clear 
that the vibration occurs in Y direction of 
machine.For each speed three sampleswere taken, 
approximately 3min oftime each sample logged. 

 

Table 3. Baseline vibrations  

 
 
 

 
Fig.6. Y axis FFT waterfall diagram of machine 1 

 

 
Fig.7. Y axis waterfall diagram of machine 1 

 
Figure 6 represents the different machine speed FFT 
responses and Figure 7 shows the graphical 
representation as waterfall diagram of vibrations at 
different machine speed. 
 

Table 5. Acceleration data RMS 

 
 
The vibration level at varying speed were affected 
and gradually increased with increasing of the 
machine speed. At the speed of 4000 bottles/hour also 
known as jog speed has almost negligible vibration in 
x and z direction. While in y direction the amplitude 
of the signal is relatively higher than others. Thus, y 
direction vibrations were taken as base line vibration 
limits. 
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IV. RESULTS DISCUSSION 
 

To identify the natural frequencies of crowner 
column, Ansys analysis was carried out. The Natural 
frequency of Machine 1 is 109.8HZand the natural 
frequency of Machine 2 is 66.6 Hz respectively. For 
more precise result, the vibration measurement was 
occupied with constant reading with varying machine 
speed with respect to time. Figure 8 shows the 
vibration response of machine speed ranging from 
4000 to 18000 bottles/ hour. While investigating the 
continuous vibration signal it has been noted that 
resonance occurs in the machine at 7500 bottle/ hour 
machine speed. 
 

 
Fig.8. Continuous vibration data of machine 2 

 
As per Ansys simulation at this speed  range between 
7000 to 8000 bottle/hour machines vibrations were 
matching with crowner column natural frequency 
therefore, resonance occurs and it also deviates and 
damages the worm gearbox due to the huge weight 
difference between crowner column and worm gear 
box assembly. 

 
6.1. Worm gearbox assembly error 
After investigating RMS level of worm gearbox and 
crowner column assembly it has been seen that any 
upset in gearbox mounting on foundation directly 
affects the machine vibrations. 

 
Table 6. Worm gearbox assembly vibrations 

 
 
Table 6 shows the vibrations of worm gearbox and 
crowner column assembly with respect to different 
mounting positions (Errors). In this case, there is no 
need for FFT analysis to diagnose the vibration level 
because all the readings were taken on fault free 
assembly, therefore, the RMS value gives satisfactory 
information to identify the change in vibration 
level.Here RMS values dramatically change with 
respect to an assembly error. The true assembly can 
be easily identified by comparing and monitoring the 
RMS level as noted above in table 6. While 
investigating the assembly error it has been seen that 
direction of vibrations was in Y coordinates, which is 
enough to identify the assembly condition of 
machine, X and Z direction vibration data were not 
taken into consideration.  

 
Fig.9.Y direction vibration of gearbox assembly in ideal 

condition 
 

 
Fig.10. Y direction vibration of gearbox assembly in 2mmUpset 

condition 
 

Figure 9shows the vibration of assembly in ideal 
condition and Figure 10shows the frequency 
components present in the faulty condition of gearbox 
assembly.In this case as compared to figure 9 
sidebands seems more amplified which does not give 
any proper frequency to associate it with any errors 
therefore as mentioned above FFT analysis is not 
required to investigate assembly condition.Overall 
RMS values were satisfactory to analyze assembly 
condition. 
 
6.2. Crowner column assembly resonance 
The crowner column vibration level should be in the 
range which is shown in table 3 & 4 which describe 
the baseline limits. Any deviation will directly be 
considered as fault or assembly error.In Machine 1 
the crowner column natural frequency 109.8 Hz 
matches with the experimental result in range of 7000 
to 8000 bottles per hour machine speed as shown in 
figure 6 and figure 7.It has been noticed that At 7500 
Bottles/hours operating speed crowner column was 
resonated and produced undesirable vibrations. 
Similarly, in case of machine 2 as shown in figure 11 
and 12 resonance occurred at the speed of 7000 to 
8000Bottles/hourswhich also matchescrowner 
columns’snatural frequency 68.6 Hz derived from 
Ansys analysis. 
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Fig.11.Y axis FFT waterfall diagram of machine 2 

 
 

 
Fig.12.Y axis Waterfall diagram of machine 2 

 
At the higher speed of machine above 8000BPH 
vibrations will decrease again and getting normalized. 
In this research vibration in Y direction were chosen. 
 
CONCLUSIONS 
 
A very low cost wireless vibration measurement 
setup has been successfully developed and utilized in 
this research. Gearbox and crowner column assembly 
error was identified and isolated based on its RMS 
vibration level. The machine resonance at 7000 to 
8000 bottle per hours were investigated by analyzing 
natural frequencies using Ansys analysis and were 
compared to practical results. It is clear that the 
crowner column’s natural frequency matches with 
machine’s vibrations and thus to avoid machine 
resonance, the crowner column design must be 
improved according to vibration responses and 
natural frequencies discovered in this research. 
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