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Abstract: This paper describes about the practical measurement of vibration occurring on two wheeler vehicle which is very 
dangerous when it is transmitted to human body through thigh, footrest, seat & handle.  So finding the level of vibration 
occurring in vehicle will be helpful and we can take some steps to reduce it. So I have done measuring at IIT KGP campus 
and I found the result that was very astonishing. In this paper we will come to know that every aspect of riding vehicle in 
smooth road and uneven road from vibration point of view. 
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I. INTRODUCTION 
 
Whole-body vibration occurs when man/women or 
any kid is supported by a surface that is shaking and 
the vibration affects body parts remote from the site 
of exposure. For example, when a forklift truck drives 
over a bumpy surface, vibration is transmitted 
through the vehicle to the seat and footrest, and also 
to the body which are the surfaces that support the 
driver. The vibration is then transmitted through the 
body of the driver to the head, which will move. This 
transmission path includes the seat; the surface of the 
driver in contact with the vehicle including the 
driver’s nervous system; the skeleton, including the 
spine where an injury might occur; and ultimately the 
skull, which might have its own dynamic responses to 
the transmitted vibration. 

 As we all know that we have five different 
sense organs to sense, but none of these sense organ 
are meant to sense vibration directly but if we study 
deeper then we get to know that each and every sense 
organ help us to sense the vibration. By combining 
the results of all sense organs our mind can predict 
about the vibration occurring in near surrounding. For 
high-displacement and therefore low-frequency 
oscillation, one can clearly see movement by changes 
in the relative position of objects on the retina. The 
visual system might also sense vibration by observing 
motion of other objects in the vibration environment. 
For example, a rear-view mirror of a car might 
vibrate, blurring the image; drapes and lights might 
swing in response to movement; the surface of a 
drink might show ripples. Finally, the eyeball itself 
can resonate at frequencies between 30 to 80 Hz, 
blurring vision. 

 The somatic system can be subdivided into 
three elements: kinesthetic, visceral, and cutaneous. 
Kinesthetic sensation uses signals from 
proprioceptors in the joints, muscles, and tendons to 
provide feedback to the brain on the position and 
forces within segments. Similarly, visceral sensation 
uses receptors in the abdomen. Cuta-neous sensation 
consists of a combined response of four types of 
nerve endings in the skin. Ruffini endings are located 

in the deep layer of the skin (the dermis) and respond 
not only to high-frequency vibration (100 to 500 Hz) 
but also lateral stretching and pressure. Pacinian 
corpuscles are also located in the dermis but respond 
to vibration in the 40 to 400 Hz frequency range. 
Merkel’s disks are located closer to the surface of the 
skin (the epidermis) and respond to perpendicular 
pressure at frequencies below 5 Hz. Meissner’s 
corpuscles are also located close to the skin surface 
and are sensitive to vibration between 5 and 60 Hz.  
The final sensory system for whole-body vibration is 
the auditory system. In most vehicles, exposure to 
transients and shocks can be heard by radiation 
through the structure of the vehicle. At higher 
frequencies (above 20 Hz), vibrating surfaces can 
also act as loudspeakers, directly driving the air, and 
this can result in auditory perception. Also, there is 
some evidence that skull-conducted vibration can be 
“heard” at approximately one tenth of the magnitude 
required for cutaneous feeling. 
 
II. PROBLEM IDENTIFICATION 

 
Exposure to whole-body vibration causes motions 
and forces within the human body that may:  
• Cause discomfort,  
• Adversely affect performance.  
• Aggravate pre-existing back injuries, and  
• Present a health and safety risk.  
Low-frequency vibration of the body can cause 
motion sickness. Epidemiological studies of long-
term exposure to whole-body vibration have shown 
evidence for an elevated risk to health, mainly in the 
lumbar spine but also in the neck and shoulder. Some 
studies have reported evidence of effects on the 
digestive system, the female reproductive organs and 
the peripheral veins. 

 
While this revelation may surprise most people who 
have only heard about the numerous benefits of 
vibration therapy, healthcare professionals such as 
chiropractors & orthopaedists have for years 
generally considered WBV to be harmful to the 
structure & integrity of the body. Exposure to WBV 
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in the workplace has been commonly reported to be a 
leading cause of injury & long-term disability 
 
III. METHOD FOR MEASURING 

VIBRATION 
 

From all above discussion I come to know that the 
most important objective is to measure the 
vibration .So I kept searching on the different 
technique to measure the vibration because after all 
my project a lot depend upon the fact that how 
effectively and efficiently I can figure out the 
vibration occurring on the body of vehicle. 

So after reading lots of research papers on 
vibration measurement I came to know that there few 
techniques available to measure the vibration should 
be discussed here and why I choose a particular 
technique to last extent is discussed here in this 
chapter On the basis of technique used I found four 
different techniques to measure the vibration. They 
are as follow: 
o Optical method 
o Ultrasonic method  
o Interferometer method 
o Accelerator with FFT method     

         
A) Optical Method.  
The availability of high speed digital cameras has 
enabled three-dimensional (3D) vibration 
measurement by stereography and digital image 
correlation (DIC). The 3D DIC technique provides 
non-contact full-field measurements on complex 
surfaces whereas conventional modal testing methods 
employ point-wise frequency response functions. It is 
proposed to identify the modal properties by utilizing 
the domain-wise responses captured by a DIC system. 
This idea will be illustrated by a case study in the 
form a car bonnet of 3D irregular shape typical of 
many engineering structures. The full-field measured 
data are highly redundant, but the application of 
image processing using functional transformation 
enables the extraction of a small number of shape 
features without any significant loss of information 
from the raw DIC data. 
 
B) Ultrasonic Method 
The ultrasonic torsion converter transforms the 
sinusoidal power signal into mechanical twist 
oscillations and injects torsion waves into one end of 
the load train. Such converters are commercially 
available and consist of ferroelectric ceramic layers in 
the centre and solid aluminum alloy cylinders at both 
ends. The ferroelectric ceramic layers generate shear 
oscillations of sufficient magnitude, if the stimulation 
frequency is equal to the resonance frequency of the 
converter, i.e. if half wavelength of the generated 
torsion waves coincides with the length of the 
converter. All components of the load train must be 
designed appropriately to allow the formation of a 
standing wave at the resonance frequency of the 

ultrasonic torsion converter, which is 20 kHz in the 
present case. The design of the ultrasonic torsion load 
train is based on principles described by Mori and 
Uno and the actual realization using titanium alloy 
Ti6Al4V to manufacture the components. 
 
C)  Interferometery Method 
 Digital speckle pattern interferometry (DSPI) 
technique is a full field, non-contact, non-evasive and 
almost real time method to measure the vibrations of 
structures subjected to various kinds of loading. DSPI 
is faster in operation and less sensitive to 
environmental perturbations than holography. In 
DSPI, the speckle pattern is formed by illuminating 
the surface of the object by laser light. The object 
wave is imaged on the photosensitive part of the CCD 
camera where it is allowed to interfere with an in-line 
reference beam. The interferograms of two different 
states of the object are grabbed and subtracted. The 
speckle correlation fringes are thus displayed on 
computer monitor using digital techniques. 
 
D) Accelerometer with FFT 
The purpose of this system is: 1. To gather real-time 
field vibration data for the future use in the seat 
suspension system simulation research. 2. To have 
the means to analyse the seating dynamics 
concurrently in three mutually perpendicular axes. In 
this way, the various interactions could be analysed in 
each vehicle. The research effort could then focus on 
the vibration mitigation in the axis of the highest 
influence (acceleration value). 
 
IV. METHODOLOGY 
 
The transducer (almost always an accelerometer) 
converts the mechanical oscillation into an electrical 
property. For example, acceleration might cause the 
electrical resistance of the accelerometer to change. 
Some meters can measure more than one direction of 
vibration simultaneously; others are restricted to 
making multi-axis assessments by sequentially 
measuring each direction. Standards require tri-axial 
assessments to be made for both hand transmitted and 
whole body vibration. Therefore, a multichannel 
meter capable of measuring at least three axes 
simultaneously can substantially reduce the time 
required to test.  
 

If a system more flexible than a vibration meter is 
required, then a modular data acquisition system can 
be assembled. Within a modular system, the output 
from the accelerometer is converted to a voltage 
signal using appropriate signal conditioning. This 
voltage is the property that the system can measure 
and analyze. Data-acquisition systems are usually 
computer based, although some stand-alone data 
loggers are available. These have the capability of 
sampling a voltage (i.e., the conditioned acceleration) 
at discrete time intervals such that the waveform of 
the voltage  
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can be stored on a computer. The stored waveform 
can then be analyzed using any compatible software. 
Signal conditioning converts the output from an 
accelerometer into a voltage that can be measured by 
a data acquisition and analysis system. The output of 
the signal conditioning must be compatible with the 
data-acquisition system. Once reliable and calibrated 
signals from the accelerometers have been acquired, 
they must be processed to generate numerical 
indicators suitable for the purpose of the assessment. 
A frequency weighting will almost always be 
required, as will basic statistical descriptors. 
Depending on the application, frequency analysis 
might be carried out. 
 
V. DETAILS OF INSTRUMENT 
 
The instrument I used to measure the vibration in the 
campus of IIT KHARAGPUR is human vibration 
analyzer Instrument manufactured by the Bruel & 
kjaers. I found this instrument very user friendly, very 
easy to give output readings. A small relative study of 
some stuff related to this instrument makes me 
familiar to do experiment by my own.  So I am 
putting that much stuff about the instrument & its 
accessories with their specification and features. 

 
With an easy-to-understand control panel, comprising 
four pushbuttons and a colour LCD display, the 
instrument can be operated with minimum learning 
time. The 124 × 124-pixel colour display shows 
details of the instrument’s configuration and the 
resulting vibration parameters during and after 
measurement. This hand-sized instrument is battery 
powered and has a lightweight yet rugged design, 
making it the ideal tool for measuring human 
vibration in the working environment. Instrument 

supports individual triaxial and single-axis 
measurements as well as simultaneous triaxial and 
single-axis measurements. Furthermore, all 
measurements can be carried out as logging 
measurements, where RMS, MTVV, Peak and VDV 
are logged at 1 second intervals. 
 
A) Uses & Features 

. Hand-arm vibration measurements 

. Whole-body vibration measurements 

. Assessment of vibration exposure 

. SEAT (Seat Effective Amplitude Transmissibility) 
factor measurements 

. Compact, rugged, battery-powered instrument. 

. Four-button operation: Easy to use, ideal for field 
work, and can be operated using      gloves. 

. Minimal cable connections: Only one transducer 
cable connection in the basic setup. 

. RMS, MTVV, VDV (Whole-body) and Peak with 
1 s interval logging. 

. Several hours of logging capacity. 

. Triaxial, single-axis and 3+1 measurements. 

. EU Directive parameters measured and displayed/ 

. In-field assessment of vibration exposure . all 
necessary data are displayed. 

. Simultaneous display of X, Y and Z axes. 
vibration, as well as total value 

. USB connection allows battery charging and data 
transfer to a computer for post-processing and 
archiving. 
. Included PC software, 4447 Vibration Explorer BZ-
5623, for data transfer, management and calculations 
on a PC 
B) Display parameters on Instrument 

• Measurement status (Measure, Pause, Stop) 
• Frequency weighting (measurement type) 
• Battery status 
• Units 
• Time or elapsed time (during measurement) 
• Status indication: 
• Green: CCLD mode 
• Red: Open- or short-circuit or overload 
• Yellow: Under range 
• Purple: Applying new settings 
• Axes 
• Display of results 

     • Parameter symbols 
 
VI. EXPERIMENTAL WORK 
 
First of all, I want to describe that what and how I 
done the experiment. I have selected the super 
splendor two wheeler model of Hero Honda 
Company for the execution of my project work. 

 So I come to the point that we will run the 
bike in 5 speeds that will be 10Km/Hr, 15Km/Hr, 
20Km/Hr, 25Km/Hr & 30Km/Hr. these are the four 
speed points on which bike was driven. 

 Now the second prospective was that in all 
four speeds, first bike has to run on simple and road 
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and after the completion of four rounds in the smooth 
road we have to move on road with one bumper. 

 Here third prospective of my project come 
into scene. In all the four speeds and in both (smooth 
and bumper) road the vibration was measured first on 
seat and then on handle and after that foot vibration 
as well as whole body vibration measured by running 
the bike in road which consist of smooth and as well 
as three bumper in the ways. 

 In this my experimental data is recorded in 
m/sec2 .in this way I got lots of data which is 
approximately around million in numbers. So all 
these data represents the experimental characteristics 
of vibration of human body. 

 After these experimental results with the 
help of FFT I will transform this data from time 
domain to frequency domain. So that my reading will 
reveal more details. 
  
VII. RESULTS & DISCUSSION 
 
As I have discussed earlier that even small amount 
for vibration if happening for a long period of time 
than it is more dangerous than the vibration with a 
relatively large amplitude with a small span of time. 

 As I have done my experiment on new 
SUPERSPLENDOUR of Hero Honda in very well 
maintained condition and it was not very old. So the 
riding on that vehicle up to few Kilometers is 
definitely not a giving us sick feeling or any other 
type of nausea or something as it is mentioned in 
above written pages. So probably it is unfair to 
comment on the any two wheelers manufactured by 
the one of the most esteemed company in the field of 
automobile of the world. But by observing the 
readings what I get is quite astonishing and helpful 
for us while keeping vibration in mind. 

 The bump which we consider for the 
experiment was on the road of 1.8 meters wide. The 
measurement of curve from starting of the slope to 
the end of the slope on the other side gives us the 
value of 0.9 meters and the vertical height of the top 
of the bump from the ground level was measured 
0.11meters & horizontal distance from one end of the 
bump to other end of the bump was measured as 
0.45meters. 

 To calculate the slope  
  Tan θ=vertical height\half of the 

horizontal distance  
           = 0.11/0.225 
By taking the inverse of tan we get θ=26.05 

In table.1 I am providing the reading of peak 
acceleration during the ride of the vehicle in all three 
directions without driving the bike over bump. the 
readings are available on five different speeds of 10, 
15, 20, 25 & 30 KMPH on seat.  By keeping each and 
every recording at these speeds as a standard 
benchmark for comparison with other readings with 
bump when bike crosses over the bump with exactly 
same speed gaps. In table.2 I have shown the reading 

of the peak acceleration (red) with all parameter same. 
The only difference is that this time a bumper is 
subjected through driving. So we can observe that the 
peak acceleration are much higher as compared to 
previous table, specially at higher speed i.e. 
@20,@25 & @30 KMPH the result we got is much 
higher then what we got in speed @10 , @15KMPH.  

Now in table.3 again the same parameter is 
considered but at this time instead of seat, handle is 
taken into account without driving the bike over the 
bump and in table.4 every parameter is parallel with 
table.3 except that this time bike is driven through the 
bumper. 

In table.5 I find out the percentage increase in 
vibration due to presence of bumper in the route of 
vehicle for both the conditions i.e. on handle and 
seats with and without bumper. I found that the 
lowest percentage increase is available at lower speed 
range on its all axes either we take the case of seat or 
it may be handle. It can be observed that as we 
increase the speed there is a large increase in the 
vibration. From the table.5 the data is taken that there 
is approx 90% increase in vibration when bike is 
driven through bump at the speed of 30kmph where 
as we found that at the speed of 10kmph the increase 
in vibration is very less i.e. sometimes it is 0% or 
maximum increase at the speed of 10kmph is just 
10%!!! 

Last section was written to describe the effect of 
speed on the nature of vibration but now I want to 
show the effect of presence of bumper on road 
through which our vehicle cross in our day to day life, 
for this I have plotted a graph to show how the 
behaviour of vibration changes with bumper or 
without bumper. From graph.1 to .2  the graph is 
drawn by taking X, Y, & Z axis at increasing speed 
showing their change in peak acceleration when the 
reading are taken at seat. In graph.3 &.4 every 
parameter is same only change is that instead of seat, 
handle is taken into account. 

 After comparing I found that there are very large 
differences at high speed in all three axes but at low 
speeds the differences are negligible as compared to 
the differences what we got on high speeds. The 
values at bumper are excessive enough to cause 
damage to human body as well as vehicle. 

Whole-Body vibration exposures are most 
damaging at lower frequencies - in the case of the 
spinal column, primarily from about 0.2 to 8 Hz. 

In table.6 I accumulated all the data from standard 
organisations and compiled in such a way so that we 
can easily compare it from the experimental data. 

So we have already discussed the problem occur 
due to vibration and with observing this reading 
carefully we came to know that what sorts of 
vibration are subjected to riders. 
I found that crossing bump at slow speeds i.e. 
@10KMPH & @15KMPH does not have any 
significant differences in their value of peak 
acceleration when comparing it to the reading of this 
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same speed without bumper. So crossing bumper at 
slow speed is the best solution I found. 
 

Table 1. Peak acceleration reading without bump of seat 

 
Table 2. Peak acceleration reading with bump of seat 

 
Table 3. Peak acceleration reading without bump of Handle 

 
Table 4. Peak acceleration reading with bump of Handle. 

 
 

Graph 1. Speed Vs Peak acceleration on three axes on seat 
without bump 

 
Graph 2. Speed Vs Peak acceleration on three axes on seat with 

bump 

 
Graph 3. Speed Vs Peak acceleration on three axes on seat 

without  Handle 

 
Graph 4. Speed Vs Peak acceleration on three axes on Handle 

with bump 

 
 
Table 5 Percentage Increment in Vibration 

 
Table 6 

 
 
CONCLUSION 
 
As from the results and from the discussion I came to 
a conclusion that whenever we are riding two 
wheelers and when it is subjected to uneven surface 
of the road ir containing bumper or broken road it 
should be advised to slow down the speed of the 
vehicle so that we as well as vehicle remain safe from 
hazardous effect of vibration. 
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