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Abstract— Today Noise, Vibration and Harshness (NVH) are 

the concern of every human being in life. The vehicles 

meeting all technical specifications are also bound to satisfy 

NVH norms as one of the important ‘Unique selling 

Proposition’ (USP). Hence vehicle manufacturers are 

focused to provide improved product performance regarding 

NVH. In India ‘Three Wheelers’ are main ‘Public Transport’ 

used in urban areas and also used for carrying goods as well. 

These three wheelers are subjected to extreme vibrations due 

to its engine, structural design and the poor suspension 

combined with bad road condition. It is reported that 

vibrations over certain value are most hazardous to health. 

For vibration analysis of automotive vehicle and sub-

assemblies under different operating conditions requires 

special transducers and instrumentation. Fast Fourier 

Transform is the effective tool which provides spectrum of 

signals with frequency as an independent variable and plays 

an important role in the process of vibration measurement 

and analysis. In this project work evaluation whole body 

vibration exposure of passengers in three wheeler is done. 

Key words: Noise, Vibration, Harshness, Vehicle Comfort, 

USP, FFT Analyzer 

I. INTRODUCTION 

The Three wheelers are light weight transport vehicles 

commonly used in developing countries like India, Srilanka, 

Pakistan, Myanmar, Thailand, etc. They are form of ‘vehicle 

for hire’ which is used for carrying passengers in these 

subtropical countries. In India they are used for 

transportation of not only passengers but also goods 

although for small distances. ‘Auto Rickshaw’ or just 

‘Rickshaw’ is the most common name used for three 

wheelers in India. Hence, here driving the three wheeler is 

accepted as profession by many. Bajaj RE, Piaggio Ape and 

TVS King hold the majority of share in three wheeler’s 

market here. 

NVH (Noise, Vibrations and Harshness) is an 

important USP of Automotives industry, because these days 

every customer is concern about NVH levels of vehicle 

which he or she intent to buy. Since better NVH levels 

implies overall better quality of product. Although 

experiencing vibrations is common in almost all kinds of 

automotives. Engine, transmission and bad road surface are 

major sources of vibrations in vehicles. In case of three 

wheelers we came across more vibrations because of its 

dynamic nature, chassis, unrefined engine and transmission 

along with poor suspension systems. 

Study shows that automobile passengers are 

vulnerable to musculoskeletal disorders due to various 

factors like postural stress, exposure to vibrations, etc. as 

they spend much more time in vehicle health risk increases. 

Exposure to vibration for long duration can cause hazardous 

effects on health of human being. 

Musculoskeletal disorders represent largest 

category of illness for three wheeler drivers in India. Variety 

of external factors leads to postural stress in three wheeler 

drivers that affects the functioning of musculoskeletal 

system. Vibration, studied extensively among various risk 

factors causing ill effects on human health. 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. 

Hence, in three wheelers it is necessary to evaluate 

the influence of vibration on the human body and to take 

appropriate measures to control them. 

Though the sources of vibrations in three wheelers 

are more than one but most of them are transferred to the 

driver through seat only. Hence introducing a suspension 

system within the driver’s seat to damp the vibration, if not 

completely but within certain limit will definitely going to 

reduce ill effects of vibration on health of driver. 

II. LITERATURE REVIEW 

Stephan Milosavljevic et al. [1] examined the whole body 

vibration was measured in 12 farmers during their daily use 

of all-terrain vehicles (ATVs). The vibrations were 

measured in accordance with the ISO 2631-1 guidelines for 

whole body vibration. All those who participated in the 

experiment were asked to ride their ATV for around 20 min 

on a typical daily work route of their choice with helmet 

mounted on their head. The farmers asked to ride when each 

farmer was sitting on the seat pad containing a tri-axial 

accelerometer. The exposure vibration data were digitally 

stored in a 6 channel data logger. Filtering of vibration data 

and weighted accelerations, VDV calculations were done 

with the help of Lab View software. The questionnaire 

survey method was used, whether the participants had 

suffered with low back pain, neck back or neck pain within 

the past 7 days or within past 12 months and concluded Low 

back pain was the most usual sicknesses for both 7-day 

(50%) and 12-month (67%), followed by the neck (17% and 

42%) and the upper back (17% and 25%), respectively. 

Rebecca Wolfgang, et al. [2]studied the haul truck 

drivers at surface mines are exposed to whole-body 

vibration for extended periods. Thirty-two whole-body 

vibration measurements were gathered from haul trucks 

under a range of normal operating conditions. 

Measurements taken from 30 of the 32 trucks fell within the 

health guidance caution zone defined by ISO2631-1 for an 8 

h daily. 

Hsieh-Ching Chen et al.[3] Considered with riders 

of twelve motorcycles, comprising 6 full- scale motorbikes 

and 6 motor-scooters, and 5 sedan vehicles, performed test 

runs on a 20.6 km paved road composed of 5 km, 5 km, and 

10.6 km of rural, provincial and urban routes, respectively. 

Each test run of motorcycle was separately performed under 
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speed limits of 55 km/h and 40 km/h. Tri-axial accelerations 

of whole-body vibration (WBV) were obtained by using a 

seat pad and a portable data logger, and the driver’s view 

was videotaped with a portable media recorder. The data 

compares the predicted health risks of motorcycle riders 

according to ISO 2631-1 and ISO 2631-5 standards. 

Experimental data suggest that the vibration dose value of 

ISO 2631-1 and daily dose of equivalent static compression 

stress of ISO 2631-5 have roughly equivalent boundaries for 

probable health effects. 

Gourav.p.sinha, p.s.bajaj [4] examined 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. 

Ghuman Kuljit Singh [5] studied that operators of 

on road and off-road vehicles have been associated with 

discomfort and a number of musculoskeletal disorders (low 

back pain as well as long term health degradation) due to 

regular and long-term sitting during operation. These 

problems become more severe when exposed to whole-body 

vibration (WBV) that encountered on the seats of industrial 

and agricultural vehicles, platforms of moving and heavy 

machinery. With the increase in the duration of exposure of 

a operator to whole-body vibration, the risk of 

musculoskeletal disorders have also been increased. The 

most commonly reported musculoskeletal disorder from 

exposure to whole body vibration is low back pain. Studies 

have also shown degeneration of the lumbar spine with 

long-term exposure to whole-body vibration. If the exposure 

of human body to the vibrations exceeds a certain limit, that 

may be hazardous to the health of driver. The measurements 

of whole body vibration are commonly expressed in terms 

of the frequency weighted acceleration (measured on the 

vibrating surface which is in contact with the body), the 

frequency and the exposure time as per ISO 2631-1 standard 

and work carried out by various researchers in the field of 

effect of WBV on vehicle operators has been reviewed and 

presented. 

III. SOURCES OF VIBRATIONS IN THREE WHEELERS 

A. Road Roughness 

Depending upon cause, the vibration may be free or forced, 

the free vibration may occur when the vehicle passes over 

an isolated irregularities in the road surface, on the other the 

forced vibration may result when disturbances occur 

persistently such as passing over obstacles on a proving 

road. The road roughness, causes vertical acceleration of 

vehicle because of which passenger gets the proving and this 

adds to their discomfort, when a vehicle is being driven over 

the road, the oscillations of its spring have frequencies 

which has not only dependant on the frequency at which 

road impulses or bumps are encountered but also on the 

relation between the spring stiffness and the mass of the 

spring part of vehicle, the real description of road is random 

in nature. Therefore the statistical description of the track 

will be more appropriate. 

B. Vibration due to Engine Unbalance 

The reciprocating parts of the engine may cause vibration of 

an automobile due to the mass in vehicle and if not properly 

designed it will cause vibrations and transfer to the 

supporting structures ride comfort, driving stability and 

drivability are important factors for the performance of a 

vehicle and are affected by the engine vibrations. Because of 

the environmental considerations, as well as changes in 

consumer preferences regarding vibration induced must be 

reduced. Vibration behavior of an IC engine depends on 

unbalanced reciprocating and rotating parts, cyclic variation 

in gas pressure, shaking forces due to the reciprocating parts 

and structural characteristics of the mounts. Engine 

vibrations are caused due to the reciprocating and rotating 

masses of the engine. 

C. Whirling of Shafts  

In actual practice, a rotating shafts carries different 

mountings and accessories in the form of gears, pulleys etc. 

The center of gravity of pulley or gear is at a certain 

distance from the axis of rotation and due to this the shaft is 

subjected to centrifugal force. This force will bend the shaft, 

which will further increase. The distance of center of gravity 

of pulley or gear form the axis of this correspondingly 

increases the value of centrifugal forces which will further 

increase the distance of center of gravity from the axis of 

rotations. This effect is cumulative and ultimately shaft fails. 

D. Age, Condition, Maintenance of Vehicle 

Many older vehicles have little if any suspension and 

transmit most of the vibration from road surfaces through to 

the driver, operator or passenger. Sometimes poor 

suspension can exaggerate roughness especially if the 

machine bottoms out. Most suspension systems can reduce 

damaging vibration but they deteriorate over time especially 

in a rough mining environment. For instance, in a survey of 

four-wheel drive personnel transport and maintenance 

vehicles it was found that vehicle suspension and therefore 

ride roughness deteriorated marginally after 40,000 km. 

older vehicles were much rougher than the newer vehicles in 

terms of their vibration dose values. However, one of the 

newer vehicles gave a ride that was as rough as the older 

vehicles due to its stiff suspension, which was intended for 

heavier loads. Planned vehicle maintenance schedules may 

not include assessment and/or overhauls of the suspension 

systems early enough. 

IV. EXPERIMENTAL ANALYSIS 

A. Experimental Setup and Procedure 

 
Fig. 1: Schematic of Experimental setup 
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Figure1: gives the schematic layout of the setup. 

FFT (Fast Fourier Transform) analyzer is used to carry out 

experimental analysis. Accelerometer is placed on passenger 

seat as shown in fig. signal from accelerometer is given to 

the data acquisition system where signal conditioning is 

done. The output of data acquisition system is provided to 

the Display/Recorder. 

For analysis two roads were selected, one with 

good surface condition and other with bad surface condition. 

Readings are taken for acceleration of vehicle from 10 - 30 

kmph and at constant velocity of 30 kmph for duration of 5 

seconds on both the road surfaces with stock seat. 

B. Results  

 
Fig. 2: Graph for Acceleration (m/s2) vs. Speed (kmph) for 

good road surface  

 
Fig. 3: Graph for Acceleration (m/s2) vs. Speed (kmph) for 

bad road surface  

 
Fig. 4: Graph for Acceleration vs. time for good road 

surface condition at constant speed of 30 kmph. 

 
Fig. 5: Graph Acceleration vs. time for bad road surface 

condition at constant speed of 30 kmph. 

Figure 2 and 3 show the acceleration values of 

vibration with respect to vehicle speed for good road 

condition and bad road condition respectively for vehicle 

speed variation in the range of 10 to 30 kmph. 

Further figure 5 and 6 show the effect of road 

condition on acceleration values of vibrations with duration 

in the range of 0 – 5 seconds at constant vehicle speed of 30 

kmph. 

It is observed that in all cases the vibration 

acceleration values are lower for good road surface than bad 

road surface. 

Vibration 

(m/s2) 
Effect on Health 

Less than 

0.315 
No such effect 

0.315 to  

0.63 

Very low probability of adverse effect on 

health 

0.5 to 1 Caution with potential health risk 

0.8 to 1.6 Health risk are likely 

1.25 to 2.5 High probability of serious health risks 

2.5 and above Extremely hazardous for health 

Table 1: Health risk evaluation using ISO 2631 

V. CONCLUSION 

The experimentation is carried out to study effects of vehicle 

vibration on humans through vibration analysis. The 

vibration Spectrum obtained for different speed are 

presented in results and based on acceleration level 

following conclusion are drawn 

1) As road condition varies from rough to smooth the 

acceleration level decreases, 

2) For bad road condition the acceleration levels are 

higher therefore health risk is likely. 
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