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Abstract: This paper is aimed to analyze vibrations from engines fueled with two different fuels,

Brazilian commercial diesel (B8) and Biodiesel (B100). Consumption, level of particulate
matter emissions and engine temperature were also analyzed. The experiments were
performed considering noninvasive tests in a diesel engine, taking into account three
different speeds: 800 rpm, 1800 rpm and 3600 rpm. Results showed that the engine energetic
loss from vibration signals collected allowed a quantitative assessment of how each fuel
influenced the engine vibration level. In the three analyzed speeds, B8 diesel fuel showed
be more energetic when compared to B100 biodiesel fuel. Although the consumption using
B100 biodiesel fuel presented higher values than B8, the level of particulate matter emissions
was lower than commercial diesel B8. It was also noted that the vibration increased in
both cases when the engine speed increased. B8 diesel presented a total vibration varying
according to speeds range, from 4.5% to 21% higher than B100 biodiesel. Therefore, the
dissipated vibration energy using B8 diesel was higher (10% to 45%) than B100 biodiesel. It
is concluded that combustion is one of the item that generates higher level of vibration in

diesel engines and it depends on the kind of fuel used.

Index terms: Internal combustion engines, Biocombustible, Oscillation.
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INTRODUCTION

Biodiesel is an alternative diesel fuel which is
derived from vegetable oils or animal fats. It has
been the focus of a considerable amount of recent
research because it is renewable and reduces the
emission of some pollutants (Monyem and Van
Gerpen, 2001). According to Brazilian National
Petroleum Agency (ANP, 2019), Brazil must achieve
the goal established by the Treaty of Paris COP
21 (2019) which represents a reduction of 37% in
greenhouse gas emissions by 2025 and 43% by 2030.
Based on that, it will be necessary to increase the
percentage of biodiesel added to fossil diesel, which
could reach 15% by 2023 (Figure 1). The increase in

the use of biodiesel fuels should therefore overcome
this value in order to achieve the goals established in
the Treaty of Paris (COP 21, 2019).
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Figure 1: Percentage of biodiesel in fossil diesel.
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In this context, researchers have developed
works related to the use of alternative fuels,
in which the advantages and disadvantages of
them, in terms of both consumption and gas
emission, have been presented and discussed.
Volpato et al. (2009) performed measurements
on a multi-cylindrical engine, fueled with B100
biodiesel fuel. It was verified that the engine
obtained a torque gain and had a lower specific
consumption when compared to the use of fossil
diesel. This study also showed that a diesel cycle
engine may perfectly work with B100 biodiesel
fuel without problems in terms of torque and
consumption. Perinetal. (2017) performed test on
eleven different kinds of biodiesel fuels. Results
indicate that the increase of biodiesel in mineral
diesel reduces torque and power, increases the
specific fuel consumption and does not change
consumption. Yusop et al. (2018) stated that
B100 biodiesel fuel showed lower engine power
at higher brake-specific fuel consumption
when compared to other biodiesel fuels. Wei,
Cheung and Ning (2018) compare effects of
biodiesel-ethanol and biodiesel-butanol blends
on combustion, performance and emissions of a
direct-injection diesel engine.

Uludamar et al. (2016) investigated the
vibration effect of canola, sunflower biodiesel
and their blends with low Sulphur diesel fuel
in a four cylinder four stroke diesel engine at
different engine speeds. Heywood (1988) stated
that vibration results from combustion vary
according to the kind of fuel used. Usually,
vibration index is higher in diesel engines as
result of the compression ratio which varies
from 17:1 to 23:1, while Otto cycle engines varies
from 9:1 to 14:1. Engine vibrations are normally
generated by the combustion process from
cylinder walls and valves. The engine is therefore
the main source of vehicles vibration and it can
be felt by the occupants of the vehicle. Engine
vibrations are also originated from mechanical
loads and it may compromise the structural
integrity of the components.

Combustion  process normally causes
horizontal vibrations from the engine block,
the axial vibrations from the engine crankshaft
and vertical vibrations from the combustion
chamber. Heidary et al. (2013) performed
vibration analysis of a small diesel engine using

diesel-biodiesel fuel blends and noted that the
magnitude of vibrations in vertical axis was
higher than axial vibrations. However, vertical
vibration analysis is more appropriate as result
of the combustion process.

Vibration originated from the combustion
process is caused by the explosion reaction of
the air fuel mixture under high pressure and
temperature inside the combustion chamber.
The kind of fuel used has influence on it, which
establishes particular characteristics for this
kind of analysis. Due to its high compression
ratio, diesel engine vibrations have higher level
than Otto cycle engines. Chum and Kim (1994)
analyzed an engine block vibration from a four-
cylinder engine. For this, a derivative third filter
method was used and authors confirmed that
vibration signals study can be used to avoid
resonant frequencies which may be harmful for
the machine.

Studies for fault diagnostics in combustion
engines through the analysis of vibrations
were performed by Wu and Chuang (2005). In
this study, vibration and acoustic signals were
analyzed. These signals were used to monitor
different speed ranges of a machine through
a digital comparison of images in which such
comparisons resulted in failure or not failure.

Changing parameters of the fuel injection
system can also affect the vibrations at different
points in the engine block. This was observed by
Carlucci, Chiara and Laforgia (2006), which used
accelerometers at different points of the engine
block varied parameters such as time, quantity
and fuel injection pressure and performed
time-frequency analyzes. Vibration states of
engine fueled with diesel fuel and biodiesel are
different and the advanced ignition of biodiesel
is the main cause of the nonlinear increase in
root mean square (RMS) of vibration response
(Yang et al. 2018).

It is known that lower is the engine vibration
as result of biodiesel fuel decreasing compared
to fossil diesel, but researches involving
intermediate percentages of biodiesel added
to fossil diesel, such as 8% in Brazil, is still
incipient. Based on that, this paper is focused
on analyzing vibrations from engine fueled with
two different fuels, commercial Brazilian diesel
(B8) and Biodiesel (B100). For this, three different
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speeds (800 rpm, 1800 rpm and 3600 rpm) were
used. Besides this introduction section, section
2 presents materials and methods used, results
and discussion are presented in section 3 and the
conclusions are presented in section 4.

MATERIAL AND METHODS

The engine used for the experiments was an
IVECO assembled on elastic supports, four stroke
diesel engine, 2.3-liter, 16 valves, standard 127
horsepower at 3600 rpm, 67.68 1b.-ft. maximum
torque at 1800 rpm, 19:1 compression rate, direct
injection turbocharged and electronic control.

Two different fuels were used in the
experiments: commercial Brazilian diesel (BS8)
which corresponded to 8% of biodiesel added
to fossil diesel and Biodiesel (B100) which
corresponded to 100% of castor oil biodiesel.
According to ASTM D7467 and ASTM D6751
(2019), B8 and B100 must follow physicochemical
specifications, respectively, which are presented
in Table 1.

Table 1: B8 and B100 main physicochemical
properties (ASTM, 2019).

Specification B8 B100
Flash Point, °C, min 52 130
Viscosity, mm2/s at 40°C 19-41 19-6.0
Cetane Number, min 40 47
Acid Number, max 0.3 0.5
Digiln Tempertre € 5 s
Oxidation Stability, hours, min 6 3

The engine chosen for the tests worked with
speeds ranges from 800 rpm to 6000 rpm and
followed the recommendations from NBR ISO
20816-1 (ABNT, 2016), which recommends a
range from 10 Hz to 1000 Hz. Three different
engine speeds were analyzed: 800 rpm which
corresponds to idle, 1800 rpm which corresponds
to the speed for the maximum engine torque and
3600 rpm which is the speed where the engine
develops its maximum power. According
to Arnone et al. (2009), speeds definition for
vibration analysis in diesel engine blocks should
follow individual criteria for each engine type,
taking in to account the combustion phases and
the individual characteristics of each engine.

In order to control the pre-defined speeds, a
device assembled close to the vehicle accelerator
pedal was developed in order to achieve a specific
engines speed (Figure 2). By using this device, it
was possible to adjust different pedal accelerator
positions, being possible to control the engine
speed. The right position of the accelerator pedal
was helped by a vehicle scanner, which provided
more accurate engine speed, allowing precision
and repeatability.

Figure 2: Screw for speed controlling.

Experiments were performed considering
three times at each speed (800 rpm, 1800 rpm
and 3600 rpm). For each fuel (B8 diesel and B100
biodiesel), an interval of 5 minutes between
each experiment was adopted for components
position and engine temperature stabilization.
Tests were carried out on two consecutive days
during similar periods of the day, which ensured
that the ambient temperature variation was the
lowest as possible. The ambient temperature at
the beginning of the first day test was 31.5 °C
and at the end of the tests was 32.5 °C. At the
second day, measured ambient temperature was
30 °C at the day beginning and 32.5 °C at the end
of the day of experiments.

The first phase of the experiments was
performed by using B8 diesel fuel and in the
second phase, B100 biodiesel fuel was used. The
exchange of fuels took place with the aid of an
electric pump, ensuring that B8 diesel fuel was
totally removed from the system before the
exchange for B100 biodiesel fuel.

The experiments performed for both fuels
were based on NBR 10082 standard ABNT
(2011), which deals with non-destructive tests
and vibration analyzes on machines working
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in fixed or variable speeds in a range up to
15000 rpm. This parameter was used due to
the fact that vibrations in frequency signals
can vary from 10 Hz to 1500 Hz. In order to
determine the vibration intensity, the highest
measured amplitude was used. Acceleration
was used to analyze high frequencies, which
stated that values used for measure vibration
index are directly related to the definition of its
magnitude.

Accelerometers were installed at the top
of the engine, where we have the highest
levels of vibration due to combustion, for
acquisition of vertical (perpendicular to the
engine main axis and aligned to the working
cylinders) and horizontal (perpendicular to
the main axis and working cylinders) Figure
3. The horizontally installed accelerometers
obtained vibration signals from the moving
parts of the engine and the vertical-mounted
accelerometers obtained vibration signals
from successive combustions, as suggested
by Arnone et al. (2009); Carlucci, Chiara
and Laforgia (2006). Vibration signals were
provided by a computer audio input. In
addition, a vibration analyzer was used to
validate vibration signal measurements.

Accelerometer

el
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Figure 3: Accelerometer installation position.

Calculation

The overall vibration index can be defined
as the total vibration energy dissipated and
measured within a given specific frequency
range in all directions (Rao, 2009). In
accordance with NBR ISO 20816-1 ABNT
(2016), vibration limits are specified taking
in to account values measured in RMS values
from the related vibration measurements,
Equation 1.

%=/%ﬂfamt 1)

where a  is the weighted acceleration and ¢
represents the measurement time.

The total acceleration is a vector expression
considering the resultant of vibration in the vertical,
horizontal and axial directions, Equation 2.

%=/%ﬁfamt 2

where A, H and V are, respectively, the vibration
in the axial, horizontal and vertical positions and
a, is the total vibration acceleration.

The index of energy vibration (IEV) was
calculated by the product of the engine mass, the
frequency of excitation and the squared vibration
speed, according to Equation 3.

ey "))
2

€)

where IEV is the energy index of vibration, m is
the engine mass, f is the frequency from engine
excitation and v is the vibration speed.

RESULTS AND DISCUSSION

Engine vibration signals considering vertical
(from combustion) positions at 800 rpm (idling
motor), 1800 rpm (higher torque) and 3600
rpm (maximum power) when fueled with B8
diesel and B100 biodiesel fuels are presented
respectively (Figures 4,5, 6,7, 8, 9).

According to the graphs above, the engine
vibration speeds at800rpmin the vertical position
(from combustion) did not show significant
differences considering the fuel change, but the
valueswere close to the total vibration speed.
The vertical speed for B8 diesel was 14.24mm/s
and 3.65mm/s for B100 biodiesel (about 4%
higher). Considering the engine vibration speed
at 1800 rpm in an upright position with both
fuels resulted in a variation of around 11%.
Engine vibration speed with B8 diesel was 21.2
mm/s and engine vibration speed with B100
biodiesel was 18.96 mm/s. Remembering that in
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the vertical position is where we can capture the
speed of vibration from combustion.
Considering the engine vibration speed at
3600 rpm, B8 diesel and B100 biodiesel fuels had
similar behaviors. B100 biodiesel presented values
around 28.55 mm/s and B8 diesel presented 33.81
mm/s, which represents a difference around 18%
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(Figures 6 and 7). Figure 10 shows the variation
of the vibration velocity values in the vertical
position (from combustion) at the three revs
analyzed, while Figure 11 shows the variation of
the total motor vibration velocity, which is the
total resultant of the vibration velocity from all
exciter bodies in the system.
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Figure 4: B8 (800 rpm).
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Figure 5: B100 (800 rpm).
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Figure 6: B8 (1800 rpm).
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Figure 7: B100 (1800 rpm).

6 THEORETICAL AND APPLIED ENGINEERING - UFLA - LAVRAS - V4 - N3 - 2020 - P. 1-11



VIBRATION LEVEL EVALUATION OF ENGINES FUELED WITH BRAZILIAN COMMERCIAL DIESEL AND BIODIESEL

V [mm/s]

36 (116,00 / 33,81)
24 ] =

32
301
281
26 1
24
22
201
18

144
1219
104

84

44

F [hzl
Figure 8: B8 (3600 rpm).
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Figure 11: Total vibration speed.

The energy vibration index (IEV) was calculated By analyzing the IEV, at the pre-defined speeds
to observe the total amount of energy available (800 rpm, 1800 rpm and 3600 rpm), itis noted in Table
in the engine, fuel, fuel and vibration effect 2 that B100 biodiesel fuel dissipated less energy in

consumption during the same operation. terms of vibration in the three analyzed speeds.
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Table 2: Index of energy vibration.

B100 B8
IEV at 800 rpm 053 W 0.56 W
IEV at 1800 rpm 242W 315 W
IEV at 3600 rpm 943 W 13.72W
Taking into account that the engine

analyzed was designed to work with B8
diesel, which has lower density and viscosity
according to Carlucci, Chiara and Laforgia
(2006), it is noted in Table 2 that B100 biodiesel
fuel worked with lower energy of vibration
dissipation in both cases, around 25% lower
than B8 diesel fuel, varying according to the
analyzed speed.

It is also noted that at lower speeds, for
instance 800 rpm, B8 diesel fuel reached a
total vibration average of 15.04 mm/s and
the B100 biodiesel fuel reached 14.44 mm/s,
representing a difference of 4.5%. In the speed
of 1800 rpm, the variation was around 13%. The
B100 biodiesel fuel had a lower energy level of
vibration, reaching an average speed of 19.96
mm/s, while the B8 diesel fuel reached 22.53
mm/s.

At3600 rpm, B8 diesel fuel was more energetic,
with a mean vibration index of 35.71 mm/s
against 29.57 mm/s from B100 biodiesel fuel,
which means that B8 results were 21% higher
than B100 in terms of vibration index. However,
the energy difference from 1800 to 3600 rpm was
around 45%.

Vibrations variation from the piston
movement and the combustion pressure was
evidenced by means of the sensors position.
Sensors installed in the vertical position were
responsible for recording the acceleration
signals. Total vibration acceleration in the
three analyzed speeds for both fuels and

Table 3: Total speed and frequencies.

the respective frequencies are presented in
Table 3.

When speed values for both fuels were
compared, based on standard NBR ISO 20816-1
ABNT (2016), it is verified that the values are
within the unsatisfactory and unacceptable
ranges. A verification analysis was performed
on the vehicle and it was found that one of the
support brackets was damaged, which was the
probable cause of the increase of these values.

At the three revs analyzed (800, 1800 and
3600 rpm), the engine running on B8 diesel
had a higher vibration speed index than B100
biodiesel. Verify that the biggest difference
occurred at the speed of 3600 rpm. With B8
diesel, use a vibration rate 17.5% higher than
B100 fuel vibrations.

According to Carlucci, Chiara and Laforgia
(2006), B100 fuel has viscosity higher than BS.
Higher B100 biodiesel fuel viscosity may also
cause delay in the combustion point. When the
fuel was injected into the combustion chamber
with a slight delay, the optimum point for
the best use of the combustion has already
happened. This phenomenon may cause a
decrease in engine power resulting in a lower
vibration index due to the atomization of the
fuel being harder.

Considering the energy dissipation in terms
of vibration, it was noted a low wvariation
between the B8 diesel and B100 biodiesel fuels.
This variation may have occurred as result of
the mechanical part of the fuel injection system,
which was not suitable for the high B100 biodiesel
viscosity.

In addition, B100 biodiesel fuel presented
lower vibration index, and, consequently, a
lower energy loss. Results obtained from the
experiments, considering the two fuels tested
(B8 and B100) are presented in Table 4.

Fuel B8 B100
Speed (rpm) 800 1800 3600 800 1800 3600
Speed (mm/s) 15.04 22.53 35.71 14.44 19.96 29.57
Frequency (Hz) 27.00 67.22 116.33 27.66 65.67 116.66
Variation at 800 rpm 4.5%
Variation at 1800 rpm (%) 13%
Variation at 3600 rpm (%) 21%
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Table 4: B8 and B100 fuels results comparison.

Fuel B8 diesel B100 biodiesel

Speed (rpm) 800 1800 3600 800 1800 3600
Consumption average (mm?/cycle) 9.32 6.31 8.36 10.46 7.47 9.82
Atmospheric pressure (mbar) 901 901 901 903 904 903
Turbine pressure (mbar) 901 914 1041 899 911 1031
Pressure average (bar) 431 644 921 443 656 943

Pressure diff. particulate filter (mbar) 0 1 8 3 4 13
Exhaust soot (%) 7242 71.6 72.5 65.86 68.54 68.96

EGR position (mm) 0 0 1 1 2

Lambda sensor (V) 3.2 3.6 2.45 2.33 2.32

Water temperature (°C) 92 89 93 90 90 94
Horizontal vibration speed (mm/s) 3.75 471 8.67 3.36 3.24 5.68
IEV (W) 0.56 3.15 13.72 0.53 242 9.43

Looking at Table 4, we can see that the
engine had an average consumption of 16%
higher when using B100 fuel compared to
B8 diesel per duty cycle, in contrast to the
previous observation that the amount of
energy dissipated by vibration is lower when
used or B100 fuel. Table 4 also shows that the
exhaust system exhaust filter reading is slightly
higher when using the B100, which allows for
lower fuel consumption than the fuel but can
observe the total amount of clearance released
by the system. relatively lower, values that can
be confirmed by reading the oxygen sensor
present in the exhaust system at the three revs
analyzed that indicate lower values, or that
means a greater amount of free oxygen in the
exhaust.

CONCLUSIONS

When analyzing the experiments carried
out, taking as main the analysis of vibration,
specific consumption and level of emission
of pollutants, the latter of which were
obtained through readings performed by the
automotive scanner, it can be concluded that
the engine had a average consumption of 16%
higher using b100 biodiesel fuel compared
to B8 diesel fuel. The particle emission level
was lower for the B100 biodiesel fuel, due to
its chemical characteristics, which provided
different combustion rates. The level of
polluting particles present in exhaust gases
can be observed through data collected by the

10

scanner, noting that with the use of biodiesel
B100 we obtained a greater amount of free
oxygen, resulting in an amount around 7%
higher than particles when B8 diesel fuel was
used. The amount of oxygen free in the exhaust
gas was higher when the B100 biodiesel fuel
was used. It turns out that B8 diesel fuel has
greater operational stability, which can be
verified through the data collected by the
automotive scanner when compared to the
B100 biodiesel fuel.
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