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ABSTRACT

Article

The assessment of ride comfort consists of the domains like seat vibration, steering
wheel vibration, interior noise, general handling and motion of the vehicle. Measuring
and quantifying ride comfort will help in meeting the necessary standards and regulations
and will gives the required insight to troubleshoot, understand and improve off road ride
comfort of the vehicle.

This paper focuses on the factors which affect on the quality of the ride comfort. Also
this chapter covers the elements of suspension system of vehicle and basic classification
of suspension system. The vibration characteristics of off-road vehicle also mentioned

here. The outline of the work carried out is presented at the end.

I. INTRODUCTION

In recent years, the ride comfort is the main
performance parameter in the vehicle design.
Ride Comfort is the general sensation of noise,
vibration and motion inside a driving vehicle,
experienced by both the driver as well as the
passengers. Comfort is the first impression during
a test drive and is an important criterion when
buying a new vehicle, and therefore it represents
the first appreciation of the brand while safety is
essential parameter. The ride characteristics affect
not only the work performance and physical
health of the driver, but also affect the vehicle's
power, economy and handling performance. Ride
comfort optimization goes beyond the pure ISO
2631 whole body vibration certification testing as
it affects the comfort, safety and health of the

II. Literature Review:

In this paper, the literature review of the research
publications relevant to subject area of dissertation
work. This includes the types of off-road vehicle
suspension systems, theoretical, experimental and

passengers subjected to it.

Ride comfort is one of the most critical factors to
estimate the automobile performance and has
been an interesting topic for researchers for many
years. The ride characteristics affect not only the
comfort of the crew, work performance and
physical health, but also directly or indirectly
affect the vehicle's power, economy and handling
performance. A greater need to improve comfort
characteristics during vehicle design process has
recently forced the manufacturers to develop
simulation- based approaches instead of costly
prototyping manufacturing. Therefore, in recent
years, the number of studies on developing the
techniques to optimize the vehicle ride comfort
characteristics is gradually increasing to meet the
customer requirements.

simulation analysis related for providing off- road
vehicle like tractor ride comfort. Overall papers
from international, national journals, conferences
and periodicals are referred and following is the
brief review of the literature review.
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II1. Problem Statement:

To analyze and to assess the ride comfort
characteristic  and  vertical bounce
characteristics in particular of various
farm tractors. This has been carried out
by providing and generating a dynamic
tractor as input and analyze the vertical
vibrations transmitted to the driver using
ride comfort testing with the help of FFT

analyzer and data acquisition system.

IV. Experimental Analysis:

Kumar et al. [9] introduced that
occupational  health  problems of
agricultural workers have not received
significant attention in low-income
countries (LICs). This is particularly true
for tractor drivers who operate the tractor
in extreme temperatures, high level of
suspended  particles and  without

vibration attenuating designs of tractors

1 (1997) in all farm and non-farm
terrains working time of 3 h exceeded
the upper limit of health guidance
caution zone. A tractor-operator model
was adapted for prediction of the rms
accelerations on the ISO 5008 track.

Patil and Joshi [10] described an
experimental analysis of 2 degree-of-
freedom (DOF) quarter-car passive
suspension system and hydraulic active
suspension system (QC- H-ASS) for ride
comfort as shown in fig. 2.3. A hydraulic
actuator has been considered as one of

provide better ride comfort to the

© 2021, IJSREM | www.ijsrem.com

and tractor seats. Tractors in high-
income countries (HICs) have become
very complicated and almost all have
enclosed environment controlled
suspended cabins and well-designed
instrumentation and controls. These
designs are not likely to become
common in countries such as India in the
near future because of economic reasons.
Measurements of  vibrations were
conducted on tractors of different sizes
under varying terrain  conditions.
Analysis has been done in terms of root
mean square (rms) accelerations in one-
third-octave band and International
Standard Organisation (ISO) weighted
overall rms. The values were compared
with ISO 2631-1, 1985 and 1997
standards. In the overall ISO-weighted

rms acceleration procedure of ISO 2631-

the most feasible choices for an active
suspension system due to its high power-
to-weight ratio and low price. The results
showed considerable improvement in
ride comfort over the passive system.
The details of the quarter-car model
improvement with the test set-ups for the
passive and hydraulic active suspension
systems, suspension elements employed,
experimental analysis and results are
presented. The focus of the work was on
the development of an active suspension

system  for  such  vehicles to

occupants of the vehicle and ensure
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reliable operation by incorporating

design features for better road holding,

stability and maneuverability.

village road 8-11 km/hr. The off-road
ride comfort analysis tests were carried
out by considering the vertical bounce
characteristics i.e. rms displacement, rms

velocity and rms acceleration as the

performance parameters. The same

strategy is applied for remaining tractors

{ Accelerometerz
‘

“‘ﬂs

V. Strategy of Off-Road Ride Comfort Testing:

and tests are carried out accordingly. The
rms displacement, rms velocity and rms

acceleration  response curves  are

obtained on FFT analyzer. The results
from FFT analyzer are then exported to
the DDS 2011 software. The results

. . . obtained from off-road ride comfort
After selection of different categories of

testing are then plotted with respect to
tractors, test track has been selected. The & p P
) . frequency. According to the results, the
FFT  analyzer @ with  appropriate q Y 8
. . . . comparison is made between all the
instrumentation is used for the ride
. . selected tractors for different
comfort analysis. The metal plate is
i . instruments. The tractor operation and its
placed and fixed on the driver seat upon P
) . recommended speed are given in table
which an accelerometer is mounted.

3.5.
After all this arrangement, the tractor
travels at an average speed of 3-6 km/hr
for plowing, 6-8 km/hr for rotor and 7-9 Table 3.5: Tractor operation and its recommended
speed
km/hr for stunted operation and fo
Sr.No Operation Speed
. km/hr
1 Plowing 3-6
2 Rotoring 6-8
3 Stunted 7-9
operation
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VI. Health Guidance Caution Zone

Limit

The overall root mean square
acceleration values and comparison with
ISO 2631-1 health guidance caution zone
limit (ISO 1997) are given in table 5.10
[9]. For the plowing operation upper
health limit 0.88, 0.99 and 1.01 for case
I, case II and case

III. For rotoring operation upper
health limit 1.08, 1.18 and 1.31 for case
I, case II and case III. And stunted
operation gives upper health limit 1.62,
3.22 and 3.44 for case I, case II and case
III. The result shows that maximum
upper limit of the health caution zone for
plowing operation case III tractor is 1.08
h, for rotoring operation case III tractor
is 1.31 h, for stunted operation case III

tractor is 3.44 h. For the village road

VII. Conclusion:

It is seen that for various farming

case II tractor upper health limit is 3.82 h.

Table 5.10: Health guidance
caution zone limit [9]

operations as shown in table 5.10 the
health exposure zone is found to be at
minimum zone is found to be at minimum
duration for the operation of plowing with
45 HP farm tractor with upper health limit
of 0.88 hours where in the maximum

health exposure zone is derived for the

operation of stunted with 60 HP

farmtractor with upper limit of 3.44

© 2021,IJSREM | www.ijsrem.com

Tractor Velocit R.M.S. Health limit, h
Power y Acceleratio
(HP) km/hr n m/s? Upper | Lower
45 3-6 2.33 0.88 0.11
55 3-6 2.25 0.94 0.11
60 3-6 2.18 1.01 0.12
45 6-8 2.10 1.08 0.13
55 6-8 2.01 1.18 0.14
60 6-8 1.91 1.31 0.16
hours.
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VIII. Future Scope:
With the health limit data derived with real time
experimentation for various farming operations
with different engine capacities. The data can be
further utilized for modifications in the farm
tractor and farm equipment design to enhance the

respective health limits.

2013, “Evaluation of whole-body

REFERENCE
1. Md. Shaha Nur Kabir, vibration risk 1in agricultural
Myong-Jin Ryu, Sun-Ok tractor  drivers”,  Bulgarian
Chung, Yong-Joo  Kim, Journal of Agricultural Science,
Chang-Hyun Choi, Soon- Vol.19, no.5, pp. 1155-1160.

Jung Hong, Je-Hoon Sung, 4. R. deboli, A. calvo, C. preti,

2014, “Research Trends for 2009, “Whole body vibration

Performance, Safety, and
5. (WBV): Comparison Among

Field Data and Standard Test

Comfort Evaluation of

Agricultural ~ Tractors: A

Review”, Journal of track (Iso 5008) in different
Biosystems Engineering, operative conditions”,
Vol.39, no.1, pp. 21-33 Technology and management
2. Yatih Nupur, Tewari V. K., to ensure sustainable
Thangamalar R.,  Sweeti agriculture, agro-systems,
Kumari, Ashok Kumar, 2013, foresty and sefty, pp. 1-5.

6. A. Calvo, R.Deboli, C. Preti,
G. Paletto, 2008, “Whole

“Translational vibration
evaluation of tractor seats for

ride comfort”, AgricEnglnt: Body  Vibration  (WBV)

3.

CIGR Journal, Vol.15, no.4,
pp. 102-112.

B. Cvetanovic, D. Zlatkovic,

7.

tires”, International
Conference of Innovation
Technology to  Empower

Safety, Health and Welfare in

© 2021,IJSREM | www.ijsrem.com

transmitted to the operator by

tractors equipped with radial

Agriculture and Agro-food
Systems pp.15-18.

8. Niranjan Prasad, V. K.
Tewari, Rajvir Yadav, 1996,

| Page 5


http://www.ijsrem.com/

3
M
International Journal of Scientific Research in Engineering and Management (IJSREM)

M Volume: 05 Issue: 07 | July - 2021 ISSN: 2582-3930

IJSRE

“Tractor  ride  vibration,
Journal of Terramechanics”,
Vol.32, no.4, pp. 205-219.

9. Greg Schade, 2000, “Vehicle

Ride Analysis of a Tractor-

Chen, Ming Jiang, Yuliang Yang,
2007, “Study on ride comfort of
tractor with tandem suspension based
on multi-body system dynamics”,

Applied Mathematical Modelling,

Trailer”, International Vol.33, pp. 11-33.

ADAMS User Conference, 14. CR. Mehta, V.K. Tewari, 2000,

pp. 1-13. “Seating discomfort for tractor
10. CheeFai Tan, Ranjit Singh operators a critical review”,

Sarban Singh, Siti Aisyah
Anas, 2011, “Truck Seating

International Journal of Industrial

Ergonomics Vol.25, pp. 661-674.

Comfort: ~ Objectify  and 15. Prashant Raut, Dr. S.P. Shekhawat,
Subjectify Measurement 2016, “Experimental Analysis for
Approach”, International Vibration Reduction of Steering

Journal of Soft Computing

Wheel Assembly of Agricultural

and Engineering (IJSCE), Tractor”, International Conference on
Vol.1,no.5, pp. 1-6 Global Trends in Engineering,

11. Adarsh Kumar, Puneet Technology and Management, ISSN:
Mahajan, Dinesh Mohan, 2231-5381, pp. 179-182.

Mathew  Varghese, 2001,

“Tractor Vibration Severity

and Driver Health: a Study

from Rural India”, Journal of

agriculture Engineering
research, no. 755, pp. 1-16.

12. Suresh A. Patil and Shridhar

G. Joshi, 2014, “Experimental

17.

16. Maurizio Cutini,
Corrado Costa, Carlo Bisaglia, 2015,
“Development of a simplified method
for evaluating agricultural tractor’s
operator whole body vibration”,
Journal of Terramechanics, Vol.63,
pp. 23-32.

M. Cutini, E. Romano, C. Bisaglia,

analysis of 2 DOF 2012, “Assessment of the influence
of the eccentricity of tires on the
Systems  Science and  Control whole-body vibration of tractor

Engineering: An Open Access Journal,

Vol.2, pp.621-631.

13. Yong Yang, Weiqun Ren, Liping

© 2021,IJSREM | www.ijsrem.com

drivers during transport on asphalt
roads”, Journal of Terramechanics,

Vol.49, pp. 197-206.

Page 6


http://www.ijsrem.com/

3
M
International Journal of Scientific Research in Engineering and Management (IJSREM)

M Volume: 05 Issue: 07 | July - 2021 ISSN: 2582-3930

IJSRE

18. Patil S. and More I, 2016, “On-Road Symposium on Intelligent Control

Ride Comfort Test and Simulation (ISIC 2000) pp.85-90.
Analysis of Passenger Cars with 1. M. Thoresson, P.E. Uys, P.S.
Emphasis on Indian Suburban and Els, 2007, “Suspension
Rural Road Conditions”, SAE settings for optimal ride
Technical paper, pages 11. comfort of off-road vehicles

19. Ayman A. Aly, Farhan A. Salem, travelling on roads with
2013, “Vehicle Suspension Systems different  roughness  and
Control: A Review”, International speeds”, pp.1-27.
journal of control, automation and 2. C. H. Lewis, M. J. Griffin,
systems Vol.2, no.2, pp. 46-54. 1998, “A  comparison of
20. XueMei Sun, Yaxu evaluations and assessments
Chu, Jiuchen Fan, Qiuxiao Yang, obtained using alternative
2012, “Research of Simulation on the standards for predicting the
Effect of Suspension Damping on hazards  of  whole-body
Vehicle Ride”, International vibration and repeated
Conference on Future Electrical shocks”, Journal of Sound and
Power and Energy Systems Vol.17, Vibration Vol215, no.4, pp.
pp.145-151. 915 - 926.

21. Alireza Pazooki, Subhash Rakheja, 3. ISO 2631 (1997), Mechanical
Dongpu Cao, 2011, “Modelling and Vibration and Shock -
validation of Off-Road Vehicle Ride Evaluation of Human
Dynamics”, Journal of Mechanical Exposure to Whole Body
Systems and Signal Processing”, Vibration.
pp-1-29. 4. 1SO 8608 (1995), Mechanical

22. Matthew R. Stone, Michael A.

Demetriou, 2000, “Modelling and
simulation of vehicle ride and
handling performance”, International
5. quarter-car  passive  and

hydraulic
active suspension systems for

ride

© 2021,IJSREM | www.ijsrem.com

Vibration - Road Surface
Profiles - Reporting of
Measured Data.

comfort”,


http://www.ijsrem.com/

