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This study examines the vibration and noise levels produced by two different tractor
engines made of different specifications such as varying horse power capacity, number of
cylinders, cubic capacity of engines etc. Readings of sound level were taken at an arm’s
length, 10m and 30m from the engines and the vibration levels on tractor at different
engine speeds on surfaces of different tractor components in X, Y and Z directions. A
digital Vibration meter VB-8201HA and digital sound level meter SL 4001 was used to
measure vibration and noise levels produced by the tractors. As engine speed (RPM)
increased, the noise levels also increased in all engines. The changes in the noise and
vibration levels were similar during speed change from 1000 to 1500 RPM but during
speed change from 1500 to 2000 RPM noise levels continued to increase while vibration
levels were observed as reducing during speed change from 1500 to 2000 RPM. On bonnet
of Tractor-1, maximum vibration levels recorded in velocity (mm/s) were 16.05, 63.42,
81.77 and in acceleration (m/s2), 11.03, 21.23, and 32.40 in longitudinal (X) i.e. front to
rear direction at all engine speeds. On front axle on tractor-1, maximum vibrations were
recorded in the vertical direction (10.07, 51.89, and 89.29 mm/s) at engine speed of 1000
and 2000 RPM which increased with increase in engine speed of the tractor. While at 1500
RPM, maximum vibrations were observed in lateral direction () i.e. side to side direction.
But on front axle of tractor-2, maximum vibrations were recorded in the horizontal
(longitudinal) direction (60.78, 136.36 and 121.54 mm/s) at all engine speed. This
increased with increase in engine speed of the tractor followed by lateral (side to side)
vibrations at second place. On seat of the tractor, maximum vibrations were recorded in
the longitudinal direction on tractor-1 followed by vibrations in vertical (top to bottom)
direction at second place. On seat of the operator, maximum vibrations were recorded in
the longitudinal direction on tractor-1 followed by vibrations in lateral (side to side)
direction. While on the seat of the tractor-2, maximum vibrations were recorded in the
longitudinal direction followed by vibrations in vertical (top to bottom) direction at second
place. Noise levels in the units of dBA are recorded at ear level on both the tractors which
were 89.4 and 86.3 on tractor-1 and tractor-2.
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Introduction

Agricultural machinery operators are exposed
to many negative influences and implications
during their everyday activities on agricultural
farms that can cause very complex and
harmful impact on the humans. Common
measuring units of vibration are Acceleration,
Velocity and Displacement. Low-frequency
tractor ride vibration, the resultant problem of
driver discomfort and the possibility of spinal
injury, Although the majority of agricultural
tractors incorporate design features that
attempt to reduce WBV levels experienced by
the operator 1 minute to 12 hours over the
frequency range in which the human body has
been found to be most sensitive, namely 0.5
Hz to 80 Hz. (I1SO, 1997; ANSI, 2002).

In some countries, especially in the developed
ones, noise levels in general environment
increase dangerously. For instance, in USA,
increasing in noise level is 1 dBA per year. A
research done in Ankara, the capital of
Turkey, on Noise level showed that an
increase of 8-10 dBA was measured within 9
years from 1970 to 1979.The prohibition of
noise is possible at three stages. Some
precautions must be taken in the source of
noise, in the environment that it spreads and
at the target affected.

The experiment was conducted to study of the
noise and vibration characteristics of an
agricultural tractor” was undertaken with a
view to find the existing noise and vibration
levels on the agricultural tractors with specific
influences of different tractor components
namely the front axle, bonnet, seat, foot rest
and steering wheel. The levels of noise
generation were also recorded at different
engine speeds of the tractor. Two tractors
were selected for conducting the tests of
measuring noise and vibrations at three
engine speeds i.e. 1000, 1500 and 2000 RPM.
Griffin,

(1998), stated that occupational

exposures to whole-body vibration mainly
occur in transport but also in association with
some industrial processes and generally
exposures to hand vibration are associated
with vibration of hand-held tools and work
pieces.

Celen and Arin, (2003), The noise level
measured at whole agricultural measurement
taken for experiment were determine over
90dBAaccpted as danger limit.

Matthews, J., (1973), stated that To maintain
constant foot pressure and deterioration of
visual acuity. Performing tasks that require
steadiness or precision of muscular control is
likely to show decrement from vibration.
Points out that vibration between 3.5 and 6.0
Hz can have an alerting effect on subjects
engaged in boring vigilance tasks.

American national standards institute [ANSI]
(1988), reported that the normal human ear
can hear frequencies from about 20 Hz to
about 20,000 Hz. It is most sensitive to
sounds in the 1,000 to 4,000 Hz range. When
measuring community response to noise, it is
common to adjust the frequency content of
the measured sound to correspond to the
frequency sensitivity of the human ear.

Lines et al., (1995), stated that Low-
frequency vibrations, produced by the
agricultural vehicles, can be extremely severe,
depending upon the terrain that the
agricultural vehicle is crossing and the
forward speed of the vehicle. This explains
why the tractor.

Parsons, (2000), stated that the sensitivity of
ear is different for each frequency; the
distribution of frequency must be known to
examine the effects of noise. By studying the
obtained frequency distribution and the
sensitivity levels of ear, the noise’s effects on
human body can be assessed. Duration of
exposure is also a consideration as well as the
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frequency content and A-weighting curve is
used in practical applications denoted by
dB(A) and 85-90 dB(A) have been proposed
to be the limiting values for 8 h exposure.
Sabanci and Uz (1984), reported that the
effects of noise are hidden at 30-65 dBA.
Sounds at 65-85 dBA might cause physical
effects beside the physiological effects. These
adverse effects on autonomous nervous
system can be summarized as increase in
blood pressure decrease in heart pulses,
getting weak in muscles and withdrawal of
blood from skin. ANSI, (2002), Although the
majority of agricultural tractors incorporate
design features that attempt to reduce WBV
levels experienced by the operator 1 minute to
12 hours over the frequency range in which
the human body has been found to be most
sensitive, namely 0.5 Hz to 80 Hz. (ISO,
1997; ANSI, 2002).

Kumar et al., (2005), exceeded recommended
Tractor noise levels (safe limits) of OSHA
and NIOSH prescribed standards. TDFs had
higher high frequency hearing loss than
NTDFs. The mechanism of damage and
prevention needs to be studied further.
However, audiogram analysis showed higher
prevalence of abnormalities in TDFs. TDFs
(24) had more often high frequency hearing
loss when compared to NTDFs (14). The
noise levels observed on tractors in different
operations were in the range of 90 — 110 dB
(A).

Tendon and Nakra (1992) stated that vibration
in the time domain can be measured through
parameter such as overall RMS level, crest
factor, probability density and kurtosis.
Among these, kurtosis is the most effective.

Materials and Methods

Selection of tractors: Two tractors, one
medium sized tractor and one mini sized (Fig.
1) from College of Agricultural Engineering
and Technology (CAET) of Anand

Agricultural University (AAU) was used for
the purpose of measuring their vibration
levels and noise levels.

Units of vibration measurement:
Measurement of vibration levels was
conducted by recording velocity and

acceleration in mm/s and m/s2 respectively.

Use of digital vibration meter: Vibration
meter is used to measure the vibration levels
in the units of acceleration and velocity. The
Vibration meter VB-8201HA available at the
FMPE laboratory was used to measure the
different Vibration levels.

Vibration measurement on tractors: The
vibration level observations were recorded in
three directions i.e. horizontal front to rear
(X) direction, horizontal side to side (Y)
direction and vertical top to bottom (2)
direction (Fig. 7).

Observations were taken at different engine
speeds with different vibration isolated-pad.
viz 1000, 1500 and 2000 RPM at four
separate locations (front axle, bonnet, seat and
steering wheel) on the tractor in standstill
condition.

Use of digital sound level meter: Sound level
meters are used to measure the sound levels in
the unit of decibels. The sound level meter SL
4001 available at the FMPE laboratory which
was used to measure the different noise
levels.

Measurement of noise levels: The sound level
observations were recorded in decibel units.

Results and Discussion
Noise and vibration levels on Tractor-1
The graphical presentation depicts the

relationship between the noise levels recorded
at ear level and vibration levels measured on
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bonnet of the tractor- 1 in horizontal (side to
side) direction at three different engine
speeds, and assuming of any relationship of
tractor boy part shown in fig. 2 and table 1.

The graphical presentation depicts the
relationship between the noise levels recorded
at ear level and vibration levels measured on
bonnet of the tractor in vertical direction (top
to bottom) at three different engine speeds
shown in table 2 and fig. 3.

Noise and vibration levels on Tractor-2

The graphical presentation depicts the
relationship between the noise levels recorded
at ear level and vibration levels measured on
bonnet of the tractor in horizontal (side to
side) direction at three different engine speeds
shown in fig. 4 and table 3.

The graphical presentation depicts the
relationship between the noise levels recorded
at ear level and vibration levels measured on
bonnet of the tractor in vertical direction at
three different engine speeds shown in fig.5
and table 4.

At 1000 RPM, the average values of velocity
(mm/s) in front-rear (X) direction, side-to-
side () direction and top-to-bottom (2)
direction are found to be 33.64, 33.21 and
17.42 mm/s in tractor-1 Similarly tractor-2
found to be 60.78, 8.9 and 8.3 mm/s.

At 1500 RPM, the average values of velocity
(mm/s) in front-rear (X) direction, side-to-
side (YY) direction and top-to-bottom (2)
direction are found to be 68.35, 68.88 and
66.58 mm/s in tractor-1 Similarly tactor-2
found to be 55.1, 50.56 and 52.88 mm/s.

Table.1 Noise and vibration levels (in horizontal direction) at different engine speeds

Engine speed Noise level at ear

(RPM) Level (dBA)
1000 80.0
1500 83.1
2000 89.4

Vibration level on tractor bonnet

Velocity Acceleration
(mm/s) (m/s?)
10.28 7.65
14.98 9.97
55.10 21.80

Table.2 Noise and vibration levels (in vertical direction) at different engine speeds on tractor
bonnet

Engine speed = Noise level (dBA) at

(RPM) ear level
1000 80.01
1500 83.12
2000 89.39

Vibration level on tractor bonnet

Velocity Acceleration
(mm/s) (m/s?)
14.11 7.35
39.09 16.10
47.37 18.40
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Table.3 Noise and vibration levels (in horizontal direction) at different engine
speeds on tractor bonnet

Engine speed Noise level Vibration level on tractor bonnet
(RPM) (dBA) at ear Velocity Acceleration
level (mm/s) (m/s?)
1000 78.61 33.21 13.40
1500 83.26 68.88 21.09
2000 86.28 50.56 23.70
Table.4 Noise and vibration levels (in vertical direction) at different engine speeds on tractor
bonnet
Engine speed Noise level Vibration level on tractor bonnet
(RPM) (dBA) at ear Velocity Acceleration
level (mm/s) (m/s?)
1000 78.61 17.42 10.86
1500 83.26 66.58 22.29
2000 86.28 52.88 18.55
— - ~
L,

Fig. 3.1: Tractor model 5900 DI TAFE Tractor model 215 YUVRAJ

Fig.2 Noise and vibration levels (in horizontal direction) at different engine speeds on tractor-1
bonnet Noise, level (dBA) and Velocity (mm/s)

a2 ()
90

. S0
. 88
% 86 a0 T
- 4 E
s B 0 =
&2 352 )
- -1
£ 80 20 5
H
= 78
10
7o
74 0
1000 1500 2000

RPM

—#— Noise level —a— vibrationin velocity(mm fsh

3191



Int.J.Curr.Microbiol.App.Sci (2020) 9(7): 3187-3194

Fig.3 Noise and vibration levels (in vertical direction) at different engine speeds on tractor-1
bonnet, Noise, level (dBA) and Velocity (mm/s)
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Fig.4 Noise and vibration levels (in horizontal direction) at different engine speeds on tractor-2
bonnet, Noise level (dBA) and Velocity (mm/s)
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Fig.5 Noise and vibration levels (in vertical direction) at different engine speeds on tractor-2
bonnet, Noise level (dBA) and Velocity (mm/s)
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At 2000 RPM, the average values of velocity
(mm/s) in front-rear (X) direction, side-to-
side (YY) direction and top-to-bottom (2)
direction are found to be 55.1, 50.56 and
52.88 mm/s. mm/s in tractor-1 Similarly
tractor-2 found to be 121.54, 66.81 and 27.72
mm/s.

As anticipated, the noise levels on Tractor-1
have increased with increase in the engine
speed. At 1000 RPM, the noise levels
recorded at ear level, at 10 m and 30 m
distance are observed as 80.0, 67.9 and 58.1
dBA. At 1500 RPM, the noise levels recorded
at ear level, at 10 m and 30 m distance are
observed as 83.1, 72.4 and 63.4 dBA. At 2000
RPM, the noise levels recorded at ear level, at
10 m and 30 m distance are observed as 89.4,
76.7 and 67.4 dBA. None of the noise level
recorded at ear level crossed the limiting
range of 85-90 dBA for 8 h exposure.

As expected, the noise levels on Tractor-2
have increased with increase in the engine
speed. At 1000 RPM, the noise levels
recorded at ear level, at 10 m and 30 m
distance are observed as 78.61, 63.76
and56.78 dBA. At 1500 RPM, the noise
levels recorded at ear level, at 10 m and 30 m
distance are observed as 83.26, 60.92 and
63.26 dBA. At 2000 RPM, the noise levels
recorded at ear level, at 10 m and 30 m
distance are observed as 86.28, 71.21 and
63.26 dBA. None of the noise level recorded
at ear level crossed the limiting range of 85—
90 dB(A) for 8 h exposure.
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