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Abstract: - The vibration of self-propelled machinery must be controlled as a drawback of them. The goal 
of the present research was to assess the vibration of four-stroke single-cylinder diesel engine of an 
agricultural tiller under the effect of magnetized biodiesel-diesel fuel blends. Biodiesel was consumed as a 
renewable fuel which is recycled from agricultural and food industry wastes or as the main product of 
oilseeds. Fuel magnetizing was applied as a new method to enhance the combustion process. A factorial 
experiment based on completely randomized design by conducting 12 treatments at three replications was 
doen on the engine. Two main factors were tested including biodiesel fuel (B0, B5, B10, and B20) and 
magnetic field (M0, M5300, and M7000). Engine vibration was measured at Z direction using VB 8203 
accelerometer. The statistical analysis indicated that the main factors and their interactions had significant 
effects on vibration of the engine at 1% probability level. The root mean square of vibration was decreased 
by applying the magnetic fields. The data analysis in the frequency domain approved that the highest amount 
of vibration was observed in the tests without using magnetic field and the lowest root mean square was 
obtained for all blends with 5300 G magnetism intensity. 
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1. INTRODUCTION  
 

The fuels’ impact on the engines is one of the 
occupational and environmental concerns. One of the 
unwanted effects of machinery on the operators is 
vibration. So, the vibration characteristics of 
machineries are analyzed to reduce that [1]. 
Determining the root mean squire of the vibration 
acceleration is vital in vibration analysis [2-3]. Some 
attempts are done to reduce the vibration. Fuel 
magnetizing is one of the methods that have been 
recently considered to reduce emissions and fuel 
consumption of the internal combustion engines by 
applying an external magnetic field on the engines 
fuel line before the combustion chamber [4]. 
Magnetic fields affect non-polarized molecules of 
fuels to polarize them via changing the molecules’ 
orientations. Also, the magnetic fields decrease the 
attraction forces between fuel hydrocarbon molecules 
and so allow establishing strong links between the 
fuel and oxygen molecules based on the Van der 
Waals law. This phenomenon causes to optimize 
combustion process in engines’ combustion 
chambers and consequently reduces fuel 
consumption [5-6]. In this regard, Tao and Xu [7] 
applied magnetic fields on gasoline and diesel fuel 
and crude oil with different intensities and time 

durations. They observed that the viscosity of 
gasoline and diesel fuel was reduced by 10 and 4% 
respectively. They stated that the magnetic field 
changes the molecular surface properties and thus 
increases the internal energy of the fuels, separates 
the fuel molecules, and consequently increases the 
fuel reactivity with oxygen. This causes to improve 
the combustion process.  

El Fatih and Saber [8] investigated the effects of 
magnetized fuel on a gasoline engine and reported 
that the applied magnetic field decreased the fuel 
consumption and CO, NO, and CH4 emissions of the 
engine. Salih and Raheem [9] emphasized that 
magnetized gasoline causes a reduction in fuel 
consumption. Habbo et al. [10] used different 
magnetic intensities as 1000 and 2000 G to magnetize 
fuel and assessed their effects on an engine 
performance. They reported that the magnetized fuel 
improved the engine performance in point of engine 
power, thermal efficiency, and fuel consumption. 
Also, they stated that the effect of magnetic intensity 
of 2000 G was higher than that of 1000 G.  

Patel et al. [11] in a research on magnetized diesel 
fuel, stated that it improves engine performance and 
decreases engine emissions. Kumar et al. [12] after 
conducting an investigation expressed that 

https://en.wikipedia.org/wiki/Van_der_Waals_force
https://en.wikipedia.org/wiki/Van_der_Waals_force
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magnetized diesel fuel causes an increase in engine 
thermal efficiency and reduces engine emissions. 

Biodiesel is a fuel that is produced from plant 
sources, the waste of agricultural products and food 
industries, or obtained as the main product of oilseeds 
[13-17]. Despite the energy demand in the industrial 
world, the problems related to environmental 
pollutions and greenhouse gases are expanding due to 
high consumption of fossil fuels. Therefore, 
renewable energies attracted more attention in recent 
years due to their lower negative impacts on the 
environment. Biodiesel is a clean renewable fuel that 
is well known as an alternative fuel or is consumed in 
combination with diesel fuel [18]. Biodiesel causes to 
increase exhaust oxygen fraction and reduce the 
equivalence ratio, water temperature, and oil 
temperature in diesel engines [19]. Besides its 
undesirable effects such as reducing engine brake 
power and increasing fuel consumption, it increases 
thermal efficiency [20]. Several studies have 
demonstrated that biodiesel has more positive effects 
on the engine such as reduction engine emission and 
vibration [21-23]. But, specialized literature 
highlights that there is still a need to further 
investigations on the performance, emission, 
vibrations, and sound characteristics of engines 
fueled by biodiesel blends. Samadi and Heidarbeigi 
[24] evaluated the sound emitted from a single-
cylinder diesel engine using different percentages of 
the magnetized biodiesel-diesel fuel blends. They 
reported that the analysis approved significant 
differences between the effects of non-magnetized 
and magnetized fuel blends on the sound pressure 
level of the engine. Also, no research reported to 
examine the effect of magnetized biodiesel on engine 
vibration. So the present research aimed to examine 
the effects of magnetized biodiesel-diesel fuel blends 
by different magnetic intensities on the vibration of 
an agricultural tiller. 
 
2. MATERIALS AND METHODS 
 

An agricultural tiller with four-stroke single-
cylinder MITSUBISHI engine, model ND75, was 
considered to be evaluated in the present research. 
Biodiesel fuel extracted from waste oils was brought 
from Mechanical Engineering of Biosystems 
Department, Tarbiat Modares University, Tehran, 
Iran. Different blends of biodiesel-diesel fuels were 
prepared with volumetric ratios of 0, 5, 10, and 20% 
biodiesel named B0, B5, B10, and B20, respectively. 

Six neodymium magnet grips with 20×40×50 
dimensions were brought to magnetize the biodiesel-
diesel fuel blends. The two wooden boxes with inner 
diameters of 40×150 mm was used to avoid the 
fragility and adhesion of the magnets. The intensity 

of magnetic fields has a reverse relation with the 
distance of the magnets from each other. So, to 
provide the magnetic intensities of 5300 and 7000 G, 
two distances were considered as 10 and 5 cm, 
respectively.  

An auxiliary fuel tank and fuel line were 
prepared and implemented on the studied tiller. Then 
the magnets were installed on the fuel line of the tiller, 
between the fuel tank and engine (Figure 1). 

 

 
Figure 1. Implementing a magnet on the tiller fuel 

line. 
 

The effective acceleration of vibration was 
determined based on IEC 1010, CE, and ISO 9001 
standards. For measuring vibration of the tiller 
engine, a vibrometer device, model VB-8203, Lutron, 
Taiwan, with an accuracy of 0.1 m.s-2 and the 
frequency range of 0.01-10 kHz was used. After 
calibration of the vibrometer, the vibration 
acceleration of the engine was measured at the Z 
direction. The time duration of each test was 2 min 
and each vibration signal was recorded in 2 s. The 
output signals of the vibrometer sensor were 
transferred to a personal computer by RS232 cable. 
To record the vibration signals, the device software, 
Lutron 801 model SW-U801-WIN, was used.  

The most commonly used quantity for the analysis 
of vibrations is the root mean square (RMS) because 
the most important property of vibration is energy 
content [2-3]. The energy has a direct relationship 
with the amplitude so that an average based on the 
second power is a better idea to compare the 
vibrations. The RMS value for the engine vibration 
was calculated using Eq. 1.  

 

χ RMS = � 1
𝑁𝑁

  �  𝑥𝑥  2(𝑡𝑡𝑘𝑘) 𝑁𝑁
𝑘𝑘= 1                      (1) 

 
χ RMS: The root mean square of vibration 

amplitude 
𝑥𝑥(𝑡𝑡𝑘𝑘): The vibration magnitude at the time 𝑡𝑡𝑘𝑘  
N: The total number of vibration data [25]. 
 



 

RJAV vol 20 issue 2/2023                                          169                                                        ISSN 1584-7284 

Statistical analysis in the time domain was done as 
a factorial experiment based on the completely 
randomized design. A factorial experiment was 
conducting two factors: biodiesel at four levels and 
magnetic field intensity at three levels. So, twelve 
treatments were considered to be examined at three 
replications, so that totally 36 tests were done. The 
biodiesel levels were B0, B5, B10, and B20 and 
magnetic field intensity levels were 0, 5300, and 7000 
G. The statistical analysis of the acquired data as well 
as drawing diagrams was done in SAS 9.1 and Excel 
2013 Software.  

FFT (Fast Fourier Transform) analysis was done 
to transform the data from time domain to frequency 
domain and then 1/3 octave band of the data was 
calculated. According to the definition, the 1/3 octave 
band is equal to the range of frequencies in which the 
ratio or distance of the frequency of the upper band 
(f2) is 21/3 of the frequency of the lower band (f1). The 
frequency center (fc) of the 1/3 octave band is also 
defined as the geometric mean of the high and low 
frequencies. So, for the 1/3 octave band: 

𝑓𝑓𝑐𝑐 = �𝑓𝑓1×𝑓𝑓2 (2) 

𝑓𝑓2 𝑓𝑓1⁄ = 21 3⁄  (3) 
 
In the present study, the FFT was used based on 

N=217 [26]. To convert the acquired data from the 
time domain to the frequency domain by the FFT, the 
MATLAB R2010b Software was used to code a 
computer program based on Eq. 4-8.  
 

𝑋𝑋(𝑗𝑗) = �
1
𝑁𝑁
��𝑥𝑥(𝑘𝑘)

𝑁𝑁

𝑘𝑘=1

𝜔𝜔𝑁𝑁
−(𝑗𝑗−1)(𝑘𝑘−1) (4) 

𝑋𝑋(𝑘𝑘) = �𝑥𝑥(𝑗𝑗)
𝑁𝑁

𝑗𝑗=1

𝜔𝜔𝑁𝑁
(𝑗𝑗−1)(𝑘𝑘−1) (5) 

𝜔𝜔𝑁𝑁 = 𝑒𝑒(−2𝜋𝜋)/𝑁𝑁 (6) 
 

The result of Eq. 4 is a complicated number that 
for nth frequency in input signal can be:    
 

𝑋𝑋(𝑛𝑛) = 𝑎𝑎𝑛𝑛 + 𝑖𝑖𝑏𝑏𝑛𝑛 (7) 
   
That an is a real part and bn is imaginary part of the 
complicated number. Xn can be obtained by Eq. 8: 
 

𝑋𝑋(𝑛𝑛) = 𝑎𝑎𝑛𝑛 + 𝑖𝑖𝑏𝑏𝑛𝑛 (8) 
 

The value of X(n) indicates the nth frequency range 
in the frequency domain. The coded program then 
plotted these values versus the available frequencies. 
 

3. RESULTS AND DISCUSSION  
 
3.1. Time domain 

 
The effects of different levels of fuel blends and 

magnetic field intensities on vibrations of the tiller 
engine in a factorial experiment based on the 
completely randomized design were analyzed. The 
results of the variance analysis have been presented 
in Table 1. The results relieved the significant effects 
of the main factors on the root mean squire (RMS) of 
the tiller engine vibrations at 1 % probability level. 
Also, the effect of interaction between biodiesel and 
magnetic field intensity factors on the RMS 
vibrations was significant at 1% probability level. 
According to the significant effects of the main 
factors and their interaction, the mean of the tested 
treatments was compared based on the Duncan's 
Multiple Range Test.  

 
Table 1. The effects of the studied factors on the tiller 

vibration. 
F value Mean 

of 
squares 

Sum of 
squares 

DOF Source of 
variances 

9.64* 0.15 0.30 2 Magnetic intensity 

854.74* 13.39 40.19 3 Biodiesel 

15.30* 0.24 1.44 6 Magnetic intensity 
×Biodiesel 

- 0.02 0.38 24 Error 
- - 42.31 35 Total 

*Significant at 1% probability level. 
 

The results of the compare mean analysis of the 
RMS vibrations in the Z direction acquired from the 
tested treatments on the tiller engine have been 
presented in Table 2. The results approved the 
significant difference between all fuel blends without 
magnetic field (M0) and using a magnet with 7000 G 
(M7000) intensity at 1% probability level. Also, the 
analysis results in Table 2 showed the significant 
differences between the B0 and B5 fuel blends with 
the magnetic intensity of 5300 G (M5300).  

 
Table 2. Compare mean results of the tested treatments 

on the tiller. 
Biodiesel Magnetic 

intensity 
B20 B10 B5 B0* 

5.75d 5.22f 5.88cd 7.70b** M0 
5.02fg 5.05fg 5.48e 8.10a M5300 
5.49e 4.98g 5.97c 7.59b M7000 

*B indicates biodiesel and M indicates magnetic field 
intensity. 
**Non-similar letters show a significant difference at 1% 
probability level. 
 

https://www.google.com/search?rlz=1C1GCEA_enIR900IR900&q=fast+fourier+transform&spell=1&sa=X&ved=2ahUKEwi5peW0mPXzAhWLMewKHbxVAz8QkeECKAB6BAgBEC4
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3.1.1 Effect of biodiesel on vibration  
The RMS vibrations of the tiller engine 

corresponding to the different biodiesel levels have 
been shown in Figure 2. The results showed that the 
maximum amount of vibration was related to pure 
diesel fuel (B0) for all studied magnetic field 
intensities. By increasing the biodiesel percentage in 
the studied fuel blends to 10%, the vibration 
acceleration values decreased for all magnetic field 
intensities. 

 
Figure 2. The mean values of vibration of tiller 

engine.  
 

3.1.2 Effects of magnetism on vibration 
As seen in Figure 2, the vibration values also 

decreased by increasing the magnetic intensity. The 
vibration reduction by increasing the magnetic field 
intensity is due to breaking the structure of the 
hydrocarbon clusters of the fuel blends, increasing 
penetration of oxygen into the inner part of the 
clusters, and hence increasing the numbers of 
molecular links with carbons [27]. Darvishi et al. [3] 
stated that the existence of the magnetic field 
increases the uniformity of combustion process and 
so decreases the engine vibration. 

 
3.2 Frequency domain 
 

The recorded data was transformed from the time 
domain to the frequency domain and the 1/3 octave 
band spectrum of vibration acceleration of the tiller 
engine was obtained. 

Figures 3a-d show the effects of magnetic field 
intensity on the vibration of the tiller engine fueled by 
B0, B5, B10, and B20 fuel blends, respectively. As 
observed in Figure 3, the amount of vibration 
acceleration for all fuel blends and magnetic field 
intensity had an increasing trend at frequencies 
between 31.5 to 100 Hz. In this range, the vibration 
values corresponding to M5300 and M7000 magnetic 
field intensity were highest for all the studied fuel 
blends. 

According to Figure 3, all blended fuels without 
using a magnet (M0) had the maximum value and 
magnetic field intensity of 5300 G had the minimum 
amount of vibration. In the figure, can be observed 
that the frequencies between 31.5 to 200 Hz had an 
increasing trend and the vibration reached the 

maximum values at the engine stimulation 
frequencies. At the higher frequencies, the vibration 
acceleration values are reduced by the greater slope 
due to the lack of engine acceleration components in 
those frequencies [28 - 30]. 

 

 

 

 

 
Figure 3. The 1/3 octave band frequency for A) B0, B) 

B5, C) B10, and D) B20. 
 

4. CONCLUSIONS 
 
The influences of magnetized biodiesel-diesel fuel 

blends on the engine vibration of an agricultural tiller 
at Z direction were studied. The effect of magnetic 



 

RJAV vol 20 issue 2/2023                                          171                                                        ISSN 1584-7284 

field intensity was significant at 1% probability level. 
There were observed significant differences between 
all studied fuel blends (B0, B5, B10, and B20) with 
all magnetic intensities (M0, M5300, and M7000) 
except for B10 and B20 with the magnetic intensity 
of 5300 G (M5300). By investigation on tiller 
vibration in the frequency domain and 1/3 octave 
band, there was specified that the highest amount of 
vibration belonged to the frequencies from 31.5 to 
200 Hz and it decreased after 100 Hz. For all 
magnetic field intensity, the highest amount of 
vibration was related to pure diesel fuel and it 
decreased by increasing biodiesel percentage but the 
lowest amount of that has belonged to 10% biodiesel 
blended with 90% diesel fuel (B10). The lowest 
vibration value was obtained by B10 with the 
magnetic field intensity of 7000 G as 4.98 m.s-2. The 
vibration value of B20 was higher than that of B10 
due to the effect of biodiesel increasing on the 
decreasing thermal value of the blended fuel.  
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