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Abstract: The paper presents an efficient idea to 

control hand vibration in tractors.. Vibrations results in 

low efficiency and quality of work. There is no 

regulation for maximum vibration limit for hand and 
whole body vibration of an agricultural tractor. 

Following techniques were used to reduce the vibration 

in steering wheel (a) Increasing the stiffness (b) 

reducing the weight (c) Use of elastomeric dampers.  

        The present steering wheel and column are one of 

the lightest in its range and hence significant weight 

reduction is not possible.  Increase in stiffness of the 

steering parts leads to increase in weight, which in 

turns reduces the natural frequency of the system. 

Hence use of elastomeric dampers is is the most 

appropriate solution. Five concepts were generated for 

steering wheel. Then by using the assessment matrix, 

the most efficient and cost effective concept was 
selected, namely Rubber grommet for further 

processing. The new design was modeled as a two 

degree of freedom system with support motion with 

engine vibration as input. The coding was done in 

MATLAB. Analysis was found to be satisfactory and 

rubber foam were developed and tested on tractor. 

Vibration in steering wheel was found to be reduced 
and found within limits. 

 

Index terms: Exposure limit value, Exposure action 

valve (EAV), Rubber grommet, Degree of freedom . 

 

1. Introduction 

 
Exposing the fingers and hands to vibration can result 

in various symptoms of disorder. One of the major 

reasons for low adoption of hand tractors in the 

drudgery involved in its operation. The interrelation 

between the symptoms though are not fully understood, 

5 types of disorders are identified as  Circulatory, 

Bones and joints, Neuro ,Muscleand other general 

disorders (Griffin, 2001 [1-5]). Over  exposing the 

hands, transmitted vibration induces disturbances in 

blood flow .(Goglia et al., 2002[6]). The term “H-A 

vibration” is commonly used to refer to the complex 

combination of one or more disorders. ISO 5349:2001 

[6-9] standard shows the term h-a vibration syndrome 
also the standard outlines the methodology to correlate 

the measured vibration from steering wheel to hand-

arm vibration syndrome. Dewangan and Tewari (2009) 

[5] explained that the discomfort and pain due to hand 

transmitted vibration leads to fatigue. As a cascading 
effect, operators take rest .They have presented the 

results of vibration transmitted from the handle of a 6.7 

kW hand tractor. Sugita and Asai (1987) [10-15] 

explained an experimental method for the reduction of 

steering wheel vibration. It was demonstrated that the 

vibration can be reduced by increasing the resonant 

frequency of the steering system by accomplishing one 

or more of the following actions: (i) Increasing the 

stiffness of steering column, (ii) Reducing the mass of 

the steering wheel boss and (iii) Increasing the stiffness 

of the steering wheel spokes. Shim and Shin (1999) 

[16-19] explained the exercise done on reducing the 

steering wheel vibration by weight reduction of the 
steering system. They have indicated that the 

fundamental solution for idle vibration is the separation 

of steering column natural frequency from resonance of 

body Structure and emphasized the importance of high 

stiffness steering system for achieving the same. They 

reduced the weight of the steering wheel by 17% by 

replacing steel-aluminium wheel with a redesigned 
magnesium alloy wheel. But the results were not 

encouraging as the weight reduction had little effect in 

pushing up the resonance frequency of steering system. 

Goglia et al. (2002) [6] indicated that the vibration 

transmitted from the steering wheel of agricultural 

tractors was already recognized as a problem. They 

have presented the results of the vibration transmitted 
from the steering wheel of a 22 kW 4-wheel drive 

tractor to the driver’s hand. Although the vertical 

vibration is predominant in tractors, they have 

emphasized the need to measure the vibration in all 

three mutually perpendicular axes. Thomson et al. 

(2008) [20-21] explained that when a dynamic system 

is excited by the motion of the support point instead of 

a direct force, it is understood that increasing the 

damping coefficient will reduce the vibration 

amplification significantly around resonance[22-30]. 

Gowri Shankar et al. (2009) [7] demonstrated a 

systematic approach towards reducing the steering 

wheel vibration of an agricultural tractor. Study of 
tractor vibration in parked condition (engine induced 
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vibration).Based on the literature survey following 

objectives are established: 1) Experimentation on one 

representative tractor.2) Concept design, detailed 

design and development of prototype parts for vibration 

reduction based on above experimental data.3) 

Comparison of present and improved design as per ISO 

5349 [16-17] standard. 4)Comparison of computed and 

measured vibration 

 

2. Base Tractor Measurement 
 

The tractor used for testing is powered by a 56kW 

inline four cylinder diesel engine The test setup 

consists of a vibration transducer, data acquisition front 

end hardware, personal computer and software for data 

analysis. In a typical vibration test setup as shown in 

Fig. 2.2, the accelerometer mounted on the vibrating 
body converts the acceleration into voltage which is fed 

to a signal conditioner. [18-19]Then the signal is 

filtered and amplified as required and passed on to the 

personal computer. This signal is then properly 

processed by appropriate software to obtain the output 

in the required format.   

 

 
 

Figure 1: Schematic diagram of vibration test setup 

 

2.1 Test Procedure 

 

The tractor was parked on a flat concrete surface and 

the engine was started. Measurements were taken with 

the gear in neutral position. Initially, the engine speed 

was increased from idle (800 rpm) to maximum speed 

(2400 rpm) slowly and steadily over a period of 1 
minute and the measurements were made. [21]The 

vibration was not significant at low speeds and it 

became significant only after 1800 rpm. Hence it was 

decided to take measurements at intervals of 250 rpm in 

the speed range where vibration is higher (1900 - 2600 

rpm) and to take fewer readings below 1700 rpm. 

 

2.2 Frequency Weighing And Calculations 
 

The daily vibration exposure is expressed in terms of 

the 8-hour energy equivalent frequency- weighted 

vibration total value as 

 
        If the work is such that the total daily vibration 

exposure consists of several operations with different 

vibration magnitudes, [12]then the daily vibration 

exposure, A(8) is obtained using: 

 
        The frequency spectra of the vibration 

measurements indicate that there exists a distinct peak 

in acceleration response at a frequency corresponding 

to second harmonic of engine speed. For example, in 
the steering wheel vertical vibration measurement at 

2200 rpm, a peak of 12.1 m/s2 was obtained at 65 Hz. 

The second order excitation frequency of the engine at 

2000 rpm speed is 2000 x 2 / 60 = 67 Hz. [13-14]These 

frequencies match, though with a small discrepancy, 

which could be due to the accuracy factor of various 

instruments involved in the measurement chain. This 

phenomenon of peak occurring at engine second order 

frequency happened in all the measurements done. 

Hence, as a preliminary measure, it was planned to 

analyses the second order acceleration values in all 

three directions at each speed. , the vertical vibration is 

predominant in this tractor, followed by transverse and 

then longitudinal directional values. The reason for 

vertical vibration being the maximum is that the engine 

secondary imbalance acts in the vertical direction.  

 

2.3 Concept Design and Development for vibration 

Reduction  

 
Vibration reduction techniques are limited to the 

following choices: 1) Increasing the stiffness of 

steering column and steering wheel. 2) Reducing the 

weight of steering column and steering wheel. 3)  Use 

of elastomeric dampers. The present steering system is 

one of the lightest in its range. Shim and Shin (1999) 

[12] demonstrated that the natural frequency of the 
steering system will not be sensitive to minute weight 

changes. Use of elastomeric dampers seems to be the 

appropriate choice. This is a cost effective solution, 

involves changes in a fewer parts and can be 

implemented in a shorter span of time. Also, as the 

dampers work best at resonance, this will reduce much 

of the vibration in the operating speed range. 

        Design Criteria : [21]The chosen damper should 

have a compressive load limit higher than the actual 

load on the damper. For dampers with shore hardness 

of 50 to 60 “A”, ideal loading (compressive stress) is 

around 350 kPa, but loading in the range of 70 kPa to 

700 kPa is acceptable. Softer elastomers should be 

loaded less than the stiffer ones. Elastomers are 

incompressible solids and hence should have sufficient 
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room to expand under loading.  

        A shape factor of 0.4 to 1.0 is recommended for 

most of the elastomers. Higher the shape factor, stiffer 

will be the damper and higher will be the vibration 

transmissibility. If the shape factor is too low, then the 

damper will buckle and become unstable. 

        Compressive stress and Shape factor for the 

designed Rubber grommets were 203kPa and 0.406 

respectively. It was planned to construct a simple 

mathematical model to predict the vibration steering 
wheel. This chapter details the theory behind the 

mathematical model, assumptions, derivation of the 

expression for transmissibility and the simulation 

carried out using Hypermesh-Radioss software. 

 

2.4 Measurement of stiffness and damping 

 
Stiffness =1144.44N/mm 

Damping ratio  =0.186 

 Damping coefficient = 1.866Ns/mm 

k ξ  

= 
 

= 

 c = 

A. Comparison of present and improved design as per 

ISO 5349 [2] standard 

 

Operator’s vibration comfort was reported in a 56 kW 

tractor. The base tractor was tested and it was  found  

that  the  vibration  levels  were  much  higher  than  the  

values recommended in2002/44/EC [1] directive. 

Maximum vibrations of 17.8 m/s2  was experienced at 
the steering wheel at engines speed of 2000 rpm. The 

total daily vibration A(8) worked out to be 5 m/s2 as 

against the ELV action value of 2.5 m/s2 for hand arm 

vibration. 

 

B.Comparison of Computed and Measured Vibration 
 

Upon detailed analysis, it was found that the resonance 

of the steering system with the engine second order 

excitation was the primary cause of this problem. 

Various alternate options were studied and the use of 

elastomeric damper was identified as the most 

appropriate solution in the given context. Great care has 

to be exercised in chosing an elastomeric damper. 

         The maximum steering wheel vibration of 10.9 

m/s2 occurred at the engine speed of 2000 rpm. The 

total daily vibration is reduced to 2.75 m/s2. With the 

Rubber Grommet concept, a peak steering wheel 

vibration of 8.1 m/s
2
 was obtained at the engine speed 

of 2300 rpm. The total daily vibration exposure is 
reduced to 2.38 m/s2.The vibration was found to be 

reduced and within limits. 
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