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ABSTRACT

The wide use of fossil fuel in internal combustion engine cause reduction 
in these fuel resources and also increase in greenhouse gasses and 
environmental pollution, for conquering these problems, so many researches 
have done for finding the renewable herbaceous fuel. Between these different 
kinds of fuel, biodiesel seems to be appropriate because of the nonexistence 
of air pollutions and the existence of similar trait with diesel fuel. In this 
research, vibration of 13hp power tiller in 5 levels of engine speed and 6 
levels of consuming fuel blends for investigating the power tiller engine 
vibration behavior and the vibration transmissibility. Results showed that 
vibration transmissibility is decreased by increasing the engine speed. The 
maximum of the vibration transmissibility is happened in B20 and B5 and 
minimum of  it is happened in B15 and D respectively. Also it is observed 
that the amount of vibration acceleration in longitudinal axis is much more 
than other two axes. The vibration acceleration value, in the frequency 
range of 8 to 100 Hz was higher than a dangerous frequency range of 
hand-arm vibration transmission and the total weighted acceleration has 
the maximum value at the frequency of 20, 31.5, 40 and 63 Hz with the 
vibration amplitude reach up to 20, 12.6, 18.6 and 40 m/s2 respectively. 
The best engine speed are 1400, 1600 and 2000 rpm, in this Engine speed 
using the B20 and B5 seems appropriate. 

KEYWORDS: Vibration, Power tiller, Fuel, Diesel and Biodiesel blends, 
Vibration Transmissibility  

1.0 IntroDUCtIon

The wide use of fossil fuel in internal combustion engines causes reduction the 
available reserves of oil resources, increase in greenhouse gasses, ozone layer 
destruction, high environmental pollution, different outbreak disease and 
respiratory disease in big cities. For conquering these problems many research 
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works  have been carried out  to find alternative energies which have being 
renewable, non-toxic, safe and reduce environmental pollutions. Biodiesel as 
an alternative liquefied biofuel has made significant progress and access to 
it is possible. The biodiesel could be produced by natural resources such as 
plant oils, animal fats, waste oils and algae (Carratto et.al., 2004; Ghobadian 
and Khatamifar, 2006). The specifications of biodiesel are similar to diesel fuel 
but it has not some disorder such as sulfurs, nitrogen and aromatic polycyclic. 
The biodiesel can be used pure or blend with diesel fuel in transportation 
systems, heating buildings and factories, and also in industrial processes 
without any change in fuel supply systems (Zenoozi., 2007; lee et.al., 2004). 
Biodiesel during combustion produces less pollution compared to fossil fuel 
(Dorado et.al., 2004).

Power tillers are agricultural machines which are fitted with small diesel 
engines. Economical features and user capabilities of power tillers in various 
conditions have caused these machines are used as a main source of power in 
small and medium size farms (Sam and Kathirvel, 2006; Hassan-Beygi et.al., 
2005). Single cylinder diesel engine of power tiller has not a good balance. The 
forces acting on the piston during compression and power strokes transmitted 
to the crankshaft and engine block. Due to lack of using vibration dampers 
between engine and power tiller chassis the engine forces entering to the 
tractor chassis as shocks and then through the chassis transmitted to the power 
tiller handle. Power tiller handle also acts like cantilever beam so that one end 
is attached to the tractor chassis and free vibration of the other end is high 
(Salokhe et.al., 1995). Operators of the walking type power tillers are exposed 
to high levels of noise and vibration because these machines are guided 
entirely by operator hands. Long time working with these machines might 
be caused damage to various organs of the body including hearing loss, spine 
and gastrointestinal disorders and even neurological disorders. Furthermore 
it causes decrease in work efficiency and quality (Goglia et.al., 2006). In order 
to reduce the risks of working with these machines the regulations have been 
developed by international organizations to limit working hours and duration 
of vibration exposure. 

Regarding to fossil fuel limitations  application of renewable energies would 
be  a necessity. Change in kind of fuel cause for changing in combustion 
process of internal combustion engines. Since the main portion of power tiller 
vibration is due to the diesel engine, so using the diesel-biodiesel fuel blends 
could be varied   the vibration behavior of this type  of tractors. Literature 
survey showed that some researchers were evaluated  sound and vibration of 
power tillers by using  conventional fossil fuel (Hassan-beygi and Ghobadian, 
2005; Taghizadeh-Alisaraei, 2007; Sam and Kathrivel, 2006; Dewangan and 
Tewari, 2009; Sam and Kathrivel, 2009). However,  the vibration behavior of 
power tiller fuelled by  diesel-biodiesel fuel blends did not yet investigate . 

In this study, the vibration of a power tiller was measured on stationary mode 
for  various engine speeds and diesel-biodiesel fuel blends at the power tiller 
handle position and vibration transmissibility to operator hand was evaluated. 
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The data obtained from this research could be used for choosing appropriate 
diesel-biodiesel fuel blends in order to reduce vibration harmful effects on the 
operator.

2.0 materIals anD metHoDs 

The power tiller used for this research study was fitted with a single cylinder, 
four-stroke, naturally aspirated, water-cooled, indirect injection diesel engine, 
providing 13-hp power at rated engine speed of 2200 rpm. The vibration of the 
power tiller was measured on stationary conditions on asphalt surface in open 
area. The instruments used in this study, consisted of three accelerometers, 
a tachometer, a lap-top computer and a few other devices. The detailed 
specifications of the instruments are given in Table 1.

TABLE 1
Specifications of the used instruments

TABLE 1
Specifications of the used instruments.

Name of instrument Model Accuracy/ 
Resolution Range

Accelerometer CTC-AC102 ±3 dB 0.4 to 14000 Hz
Tachometer Lutron DT- 2268 1 rpm 1-20000 rpm

Laptop computer Sony VPC-F12-LGX -
A/D converter Advantech 4711 12 bits 150000 Hz-
Signals capture 

software Lab View 2009 - -

In this research the selected variables were engine speeds, diesel-biodiesel fuel blends and 
directions of vibration measurement. The range of variables considered to perform the test could 
cover the normal and safe operating range of the power tiller during operation. Table 2 shows the 
test matrix for this study.  All of the experiments were replicated three times.

TABLE 2
Matrix of experimentations.

Parameters Levels of parameters
1 2 3 4 5 6

Engine Speed (rpm) 1400 1600 1800 200 22000 -
Diesel-biodiesel 

fuel blends
B0 (0% 

biodiesel) 
B5 (5% 

biodiesel) 
B10 (10% 
biodiesel) 

B15 (15% 
biodiesel) 

B20 (20% 
biodiesel) 

B100 (100% 
biodiesel) 

Position of sensors - Handle Chest of 
operator - - -

Orientations of 
measurement Lateral Longitude Vertical - - -

Vibration occurs in lateral, longitudinal and vertical translational axes so in order to measure the 
vibration of the power tiller at positions in front of engine, handle grip and chest of operator, 
three accelerometers were screwed on a steel cube with dimensions of 2×2×2 cm3 according to 
ISO 5349 standard directions (Fig. 1). The cube was installed on the power tiller handle by a 
strong metallic grip, also it glued on a wide leather belt, which was fastened on the user chest so 
tightly with a little pain and upset in user (Fig. 2). The required power for the accelerometers was 
supplied from a 24-volt power supply and an electronic circuit. Using an A/D converter which 
was recognized and controlled by LABVIEW software program, the accelerometer analog output 
voltage was converted to digital ones with 40000 Hz sampling rate and recorded on laptop
computer hard disk for each accelerometer separately. The equipments that used for this research 
was shown in Fig. 3.

Human response to vibration is dependent on the frequency of vibration so for a detailed 
investigation of the vibration signals, the recorded time domain digital signals were converted to 
frequency domain narrow band signals by Fast Fourier Transform (FFT) algorithm using 
MATLAB software program. Due to sudden change and uncertainty of the narrow band signals 
as well as complication of comparing the independent parameters, as shown in Table 2, on the 
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user chest so tightly with a little pain and upset in user (Fig. 2). The required 
power for the accelerometers was supplied from a 24-volt power supply 
and an electronic circuit. Using an A/D converter which was recognized and 
controlled by LABVIEW software program, the accelerometer analog output 
voltage was converted to digital ones with 40000 Hz sampling rate and 
recorded on laptop computer hard disk for each accelerometer separately. The 
equipments that used for this research was shown in Fig. 3.

Human response to vibration is dependent on the frequency of vibration so 
for a detailed investigation of the vibration signals, the recorded time domain 
digital signals were converted to frequency domain narrow band signals by 
Fast Fourier Transform (FFT) algorithm using MATLAB software program. 
Due to sudden change and uncertainty of the narrow band signals as well as 
complication of comparing the independent parameters, as shown in Table 2, 
on the narrow band signals of vibration acceleration, the narrow band signals 
were converted to 1/3rd octave frequency band signals by using a subroutine 
computer program. Different parts of Fig. 5 shows a recorded vibration signal 
of the power tiller in time domain (part a) and corresponding narrow band 
frequency domain signal (part b) as well as 1/3rd octave broadband frequency 
signal (part c). 

Human perception of vibration is the most at low frequency and the perception 
greatly decreases with frequency, so the weighting factor for vibration varies 
with frequency. The 1/3rd octave frequency band weights were defined on ISO 
5349 standard. The 1/3rd octave spectra of the power tiller vibration signals 
were weighted in accordance with ISO 5349 standard (Dewangan 2009, Goglia 
et.al. 2006, Griffin1996). The weighted acceleration value, ahw, was calculated 
as: (ISO 5349, 2001; Dewangan 2009, Goglia et.al., 2006)
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Where: kj is the weighting factor for j-the frequency according to ISO 5349 standard factors, ah,j 
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Where: arms are the root mean square of vibration acceleration (m/s2), a(t) is measured vibration 
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Where: eve is the total rms value of vibration acceleration (m/s2), ahwx is total weighted 
vibration acceleration in x axis (m/s2), ahwy is total weighted vibration acceleration in y axis 
(m/s2) and ahwz is total weighted vibration acceleration in z axis (m/s2) (Mansfield, 2005). 

Vibration transmissibility is defined as the ratio of the vibration measured on the hand–arm 
system to the input vibration on the handle of power tiller. It can be represented as (Dewangan 
2008):
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Where: arms are the root mean square of vibration acceleration (m/s2), a(t) is 
measured vibration acceleration amplitude (m/s2), and T is the duration of 
measured vibration acceleration (s). 
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The evaluation of vibration transmissibility in accordance with ISO 5349 
standard is based on three axes vibration combination named total weighted 
vibration acceleration, ahv. The vibration total value, ahv, was determined as: 
(ISO 5349, 2001; Dewangan, 2009; Goglia et.al., 2006)
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FIGURE 1
Orientation of the axes for the vibration measurement on the power tiller (ISO 5349, 2001).

FIGURE 2
Monitoring of accelerometers and Orientation of measurement axes.

FIGURE 3
Equipments used for the vibration measurement.

The reason of investigating of vibration acceleration in stationary mode was its stability, this 
mode could be used for investigating and comparing with other modalities, furthermore it could 
be used as a basis of vibration assay.

The total weighted vibration acceleration (eve) was calculated and vibration transmissibility was 
calculated by 6 levels of fuel blends and 5 level of engine speed by relation 3 and in different 
frequencies in relation 4. The vibration transmissibility were analyzed statistically by using 
factorial tests with completely random design in SAS and EXCELL software, for obtaining the 
effect of speed and fuel blends.
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The reason of investigating of vibration acceleration in stationary mode was 
its stability, this mode could be used for investigating and comparing with 
other modalities, furthermore it could be used as a basis of vibration assay.

The total weighted vibration acceleration (eve) was calculated and vibration 
transmissibility was calculated by 6 levels of fuel blends and 5 level of engine 
speed by relation 3 and in different frequencies in relation 4. The vibration 
transmissibility were analyzed statistically by using factorial tests with 
completely random design in SAS and EXCELL software, for obtaining the 
effect of speed and fuel blends.

3.0  resUlts anD DIsCUssIon

This paper presents the results of hand-transmitted vibration in a stationary 
condition for engine position and handle and chest of user in three axes of 
vertical, longitudinal and lateral axes and in 6 levels of engine speed and 
6 levels of diesel and biodiesel fuel blends. These levels of parameter are 
independent variable, and the tests were carried out with 3 replications. Data 
was analyzed for vibration acceleration in rms (ah,j) at 1/3 octave band in the 
frequency range between 2.15 and 20000 Hz for each test fuel mixture and 
each axis.

For each axis the frequency-weighted rms acceleration (ahwx, ahwy and ahwz) 
was calculated using the filter suggested by (ISO 5349-2, 2001). An average of 
the three trials to test was calculated. Vibration total value (ahv) was calculated 
for each test fuel mixture. Vibration exposure during operation of the hand 
tractor was calculated for each test fuel blend as (ISO 5349-2, 2001). Finally an 
optimum percentage of biodiesel and diesel mixture was represented.

3.1 weighted vibration acceleration (rms)

The total weighted vibration acceleration (ahv) at the power tiller handle 
position is shown in Figure 4. It could be also observed from this figure that 
with increasing engine speed from 1400 to 2200 rpm, the weighted vibration 
acceleration was increased in the range of 7.44 m/s2 to 21.52 m/s2. The maximum 
of vibration acceleration was 21.52 m/s2 belongs to B15 in 1800 rpm and 15.39 
m/s2 belongs to B20 in 1800 rpm and 15.23 m/s2 belongs to B100 in 1800 rpm. 
The least of the vibration acceleration happened in B10, B15, B20 and B100 
respectively.
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3.0 RESULTS AND DISCUSSION

This paper presents the results of hand-transmitted vibration in a stationary condition for engine 
position and handle and chest of user in three axes of vertical, longitudinal and lateral axes and in 
6 levels of engine speed and 6 levels of diesel and biodiesel fuel blends. These levels of 
parameter are independent variable, and the tests were carried out with 3 replications. Data was 
analyzed for vibration acceleration in rms (ah,j) at 1/3 octave band in the frequency range 
between 2.15 and 20000 Hz for each test fuel mixture and each axis.

For each axis the frequency-weighted rms acceleration (ahwx, ahwy and ahwz) was calculated 
using the filter suggested by (ISO 5349-2, 2001). An average of the three trials to test was 
calculated. Vibration total value (ahv) was calculated for each test fuel mixture. Vibration
exposure during operation of the hand tractor was calculated for each test fuel blend as (ISO 
5349-2, 2001). Finally an optimum percentage of biodiesel and diesel mixture was represented.
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The total weighted vibration acceleration (ahv ) at the power tiller handle position is shown in
Figure 4. It could be also observed from this figure that with increasing engine speed from 1400 
to 2200 rpm, the weighted vibration acceleration was increased in the range of 7.44 m/s2 to 21.52
m/s2. The maximum of vibration acceleration was 21.52 m/s2 belongs to B15 in 1800 rpm and 
15.39 m/s2 belongs to B20 in 1800 rpm and 15.23 m/s2 belongs to B100 in 1800 rpm. The least of 
the vibration acceleration happened in B10, B15, B20 and B100 respectively.

FIGURE 4
The total weighted vibration acceleration (ahv).

As the Figure 5 shows, comparing the vibration acceleration values in three axes of vertical, 
lateral and longitudinal directions showed that the rms vibration acceleration in the vertical 
direction was the maximum and in longitudinal axis was minimum. In almost all the engine 
speeds the fuel blends B5 and D showed more vibration acceleration rms than B15, B20 and 
B100 and B10 respectively.

6

FIGURE 4
 The total weighted vibration acceleration (ahv).

As the Figure 5 shows, comparing the vibration acceleration values in three axes 
of vertical, lateral and longitudinal directions showed that the rms vibration 
acceleration in the vertical direction was the maximum and in longitudinal 
axis was minimum. In almost all the engine speeds the fuel blends B5 and 
D showed more vibration acceleration rms than B15, B20 and B100 and B10 
respectively.

FIGURE 5
The weighted vibration acceleration in 2000 rpm engine speed for different fuel blends.

3.2 Vibration Transmissibility

In considering the effect of engine speed and fuel blends variants at vibration transmissibility 
(year), the variance analysis in SAS software is done and the results are shown in Table 3. The 
parameter of engine speed and fuel blends and the interaction of engine speed and fuel blends are 
prominent in 1% level as has been shown in Table 4. Comparing the mean squares is shown in 
Table 4 and Figure 6 and 7.

It is observed that the least of the vibration transmissibility from handle to the hand and body of 
user happened in b5, b10 and b20. The vibration transmissibility is decreased by increasing the 
engine speed, just one exception exists and that was 1800 rpm engine speed, the reason was 
intensification that happened at this speed and the handle has severe vibration but it had no effect 
on transmitted vibration. Also it is observed that vibration transmissibility is most in vertical and 
longitudinal axes.

TABLE 3
Intraction of fuel blends and engine speeds.

Sl. 
No.

Variant source Freedom 
degree 

Mean square

1 Replication 2 0.00182529ns

2 Engine speed 4 0.00757560*
3 Fuel blend 5 0.00322901*
4 Engine speed * fuel blend 20 0.00020926*
5 error 58 0.00013761ns

*means significant at 1% level
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on transmitted vibration. Also it is observed that vibration transmissibility is 
most in vertical and longitudinal axes.

TABLE 3
 Intraction of fuel blends and engine speeds

FIGURE 5
The weighted vibration acceleration in 2000 rpm engine speed for different fuel blends.
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TABLE 4

Vibration Transmissibility on different fuel blend at various engine speed
TABLE 4

Vibration Transmissibility on different fuel blend at various engine speed
Fuel blends

DB5B10B15B20B100speed(rpm)
0.05

30.0470.0520.0730.0430.062
1400

0.06
40.0480.0520.0820.0640.059

1600

0.11
60.070.0790.1310.0990.112

1800

0.120.0850.0760.1070.0930.0952000
0.08

40.0520.0560.1040.0720.085
2200

Figure 6 and 7 show that the vibration transmissibility is decreased by increasing the engine 
speed, and it is decreased significantly in 1400, 1600, 2000 and 2200 respectively. Just in 1800 
rpm engine speed the vibration transmissibility decrease severly and the reason was vibration 
intensification that happened in this speed and the handle has severe vibration but the hand of 
operator damp the vibration so no change in vibration were observed at the hand and chest of 
operator. The maximum of vibration transsmissibility happened in engine speed of 1400 rpm 
and the minimum happened in 1800 rpm. The maximum of vibration transmissibility in 1400 
rpm engine speed happened in B20 and B5. The minimum of vibration transmissibility in 1800 
rpm of engine speed happened in B15 and D respectively but the magnitude of vibration 
acceleration in this engine speed was high on engine and handle of powertiller. it shows that the 
body of operator damp this vibration and so using the engine speed of 1800 rpm may damage to 
operators health and put them in to high risk of inducing white finger and vascular disease. The 
best engine speed are 1400, 1600 and 2000 rpm, in this Engine speed using the B20 and B5 
seems appropriate. Also it is observed that the amount of vibration acceleration in longitudinal 
axis is much more than other two axes and in there is no difference between vertical axis and 
lateral axis.

The results of this research were corresponded with the results of (Dewangan,et al., 2008) 
research were corresponded the results of this research, he measured the acceleration at 
metacarpal, wrist, elbow and acromion, in transportation and rota-puddling. He showed the 
maximum transmissibility was observed during the rota-tilling operation with the mean values of 
0.91, 0.47, 0.30 and 0.21 at the metacarpal, wrist, elbow and acromion, respectively. He also
showed the resonance at the metacarpal was observed in the frequency range of 31.5–100 Hz 
High-frequency vibration (100–1250 Hz) was primarily localized to the hands. He showed with 
increasing in engine speed transmissibility increased and he also showed the maximum 
transmissibility was occurring in X-axis.
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The results of this research were corresponded with the results of (Dewangan, 
et.al., 2008) research were corresponded the results of this research, he 
measured the acceleration at metacarpal, wrist, elbow and acromion, in 
transportation and rota-puddling. He showed the maximum transmissibility 
was observed during the rota-tilling operation with the mean values of 0.91, 
0.47, 0.30 and 0.21 at the metacarpal, wrist, elbow and acromion, respectively. 
He also showed the resonance at the metacarpal was observed in the 
frequency range of 31.5–100 Hz High-frequency vibration (100–1250 Hz) was 
primarily localized to the hands. He showed with increasing in engine speed 
transmissibility increased and he also showed the maximum transmissibility 
was occurring in X-axis.

FIGURE 6
The engine speeds and fuel blends intraction.

FIGURE 7
The engine speeds and fuel blends intraction.

The envelope curve of total weighted acceleration (m/s2) of the power tiller handle at different 
engine speeds was illustrated in Figure 8. According to this figure, the vibration acceleration 
value, in the frequency range of 8 to 100 Hz was higher than a dangerous frequency range of
hand-arm vibration transmission according to Figure 1 the total weighted acceleration has the 
maximum value at the frequency of 20, 31.5, 40 and 63 Hz with the vibration amplitude reach up 
to 20, 12.6, 18.6 and 40 m/s2 respectively (Figure 8). According to this figure, the vibration 
acceleration value, in the frequency range of 12.5 to 125 Hz was higher than exposure limit, 2 
m/s2, for hand-arm vibration exposure for 8-hour working per day. However, the mean value of 
total vibration acceleration in low frequencies, which is the most sensitive frequency of hand-
arm system, has considerable values. At frequencies above 40 Hz for all of the fuel blends and 
engine speeds, the acceleration value is less than 1 m/s2. The frequency less than 1 Hz is 
approximately negligible so the motion sickness doesn’t appear in operators of 13 Hp power 
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FIGURE 7
 The engine speeds and fuel blends intraction

The envelope curve of total weighted acceleration (m/s2) of the power tiller 
handle at different engine speeds was illustrated in Figure 8. According to this 
figure, the vibration acceleration value, in the frequency range of 8 to 100 Hz was 
higher than a dangerous frequency range of hand-arm vibration transmission 
according to Figure 1 the total weighted acceleration has the maximum value 
at the frequency of 20, 31.5, 40 and 63 Hz with the vibration amplitude reach 
up to 20, 12.6, 18.6 and 40 m/s2 respectively (Figure 8). According to this figure, 
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the vibration acceleration value, in the frequency range of 12.5 to 125 Hz was 
higher than exposure limit, 2 m/s2, for hand-arm vibration exposure for 8-hour 
working per day. However, the mean value of total vibration acceleration in 
low frequencies, which is the most sensitive frequency of hand- arm system, 
has considerable values. At frequencies above 40 Hz for all of the fuel blends 
and engine speeds, the acceleration value is less than 1 m/s2. The frequency less 
than 1 Hz is approximately negligible so the motion sickness doesn’t appear in 
operators of 13 Hp power tiller. In this study it was found that hand-arm acts 
like a low pass filter and high frequency range of vibration energy, decreased 
by the fingers and wrist joints and the amplitude of vibration is reduced. This 
trend is also observed by Sam and Kathirvel (2006), while they were studding 
13 Hp power tiller with an empty trailer on transportation.

tiller. In this study it was found that hand-arm acts like a low pass filter and high frequency range 
of vibration energy, decreased by the fingers and wrist joints and the amplitude of vibration is 
reduced. This trend is also observed by Sam and Kathirvel (2006), while they were studding 13 
Hp power tiller with an empty trailer on transportation.

FIGURE 8
Frequency ranges and magnitudes of hand-transmitted vibration.

5.0 CONCLUSIONS

The following major conclusions can be drawn from the present study:

1. Vibration transmissibility is decreased by increasing the engine speed. 
2. It shows that the body of operator damps this vibration and so using the engine speed 

of 1800 rpm may damage to operator health and put them in a high risk of inducing 
white finger and vascular disease. 
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vibration transmission.
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frequency of 20, 31.5, 40 and 63 Hz with the vibration amplitude 
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