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The effect of fuel mixture on engine vibrations

In the article, the authors analyze the effect défiel mixture (iso-octane, butanol and ethanol)tbe generation of engine vibra-
tions. The paper presents the results in the fdrfineguency response (using the Fast Fourier Tramsf— FFT) for three mixtures of
different proportions. The measurements were maithetiae use of accelerometers and data acquisitémas, conditioning the received
signal. The vibration component, in the form ofederation, will be subjected to a FFT and preseritedraphical form (periodogram).
The authors put a special emphasis on a comparanatysis, indicating changes in harmonics, whicilyrbe a potential cause of
engine degradation.
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1. Introduction: fuel mixture

From the beginning of the introduction of the comstbu
tion engine, as the most popular method of suppgires,
engineers sought optimal fuels. The direction &f $karch
was multivariable (the extent of the influence afiables
was mainly dependent on “political factors”). Ialty,
when the fuels were underdeveloped, they triedbtain
the most energy-efficient fuel, without taking irdocount
the effects of such an operation. Today, reseascton-
ducted to maintain power while reducing toxicity e-
haust gases (unfortunately this is usually doneeolyicing
one toxic factor, at the expense of increasing heert In
addition to the energy and environmental aspects,aan
notice and other problems resulting from the usexgleri-
mental fuel mixtures, such as changing the vibrosio
deviation map of the engine. The article presdms¢sults
of tests of vibration changes in relation to thateat of
individual components of the fuel mixture.

Due to the fact that fuels available on the macketain
an admixture of biofuels (alcohol) in researchydts deci-
ded to use iso-octane as a reference fuel to deterthe

octane number, RON (Research Octane Number) octane

number equal to 100.

Ethyl alcohol is one of the most available altermeat
fuels obtained in the treatment of biological wadteis
characterized by a higher octane number relativeoto-
mercial gasolines equal to 130 (RON), for gasofiie99,
and a lower calorific value equal to 26.8 MJ/kgldcéic
value of gasoline 42.6 MJ/kg) Due to the high hafagva-
poration (0.92 MJ/kg, gasoline 0.36 MJ/kg) the &ddiof
ethyl alcohol causes the cooling of the fuel amdraxture,
increasing the density, thus increasing the fittda. Buta-
nol is one of the fuels that can be an alternativéossil
fuels. It is obtained in the biomass fermentationcpss.
Physicochemical properties are similar to gasdiaadorific

of the engine's ecological parameters can be exghaiie
to lower temperatures achieved in the combustiatgss
(reduction of NQ[3]).

2. Research object

The object of the research was the Fiat 1,2 sparied
engine (capacity 1242 dimpower 44 kW (60 horses), max
torque 102 Nm, four-stroke engine, 8-valve, sparition,
powered by multipoint injection) [6]. The enginesalacat-
ed on the test bench of the electro-dynamic testtne
allowing it to control its parameters. The follogifigure
shows the unit under test.

Fig. 1. Research object: Fiat 1.2 spark-ignitiogiea [3]

Fiat created a unit of 1.2 Fire in 1993. Over mibian
two decades, the motor has gained, among othenglié
head and was produced in four power versions. Byive
were dealing with a 60, 75, 80 or 86-horsepowerkspa
ignition versions. The engine usually suffers fronmor
failures, well tolerates gas supply, and 8-valvelei® have
collision-free timing. 1.2 Fire was mounted undez hood
of two generations of Punto, Grande Punto, Bravd an

value 36 MJ/kg, evaporation heat 0.43 MJ/kg, RON 96g,5,0 Palio, two generations of Panda, Stilo, Jdeente-

Butanol can be used as a replacement for gasolthewy
modifying engine components [1-3].

The mixtures were composed based on the experime
design for ternary mixtures. Due to the lower déowalue
of alcohols relative to the reference fuel, fuehsamption
with the use of mixtures is higher, while the imgment

cost and Lancia Ypsilon and Y. This is a real shieshat
is really common in the aftermarket [4].

Nta The facility was located on a measuring stand, gpd

with an electrowirecbrake. The full schematic diagram of
the position is shown in Fig. 2.
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Fig. 2. Schematic diagram of the research place:fael tank, 2 — fuel

gauge, 3 — cooling system, 4 — exhaust systemesgine, 6 — brake, 7 — Fig. 4. Frequency response signal (periodogram)efdreme research
PEMS, 8 — accelerometer, 9 — driver values (blue — mixture of 0.3 izo/0.2 but/0.5 et — 0.3 iz0/0.5 but/0.2

eta, 2000 rpm, 40 Nm)
The measurements were based on proprietary diagnost

system based on single axis axial accelerometer3B8®8 Table 1. Amplitude values of 4 dominant harmonisly in the first case

(sensiivity 10.19 mV 5%, measuring range +491%m/s e T LRE TR MERECE SR O O 8 ethanol (red):

peak, frequency rangel to 4000 Hz +5%, frequenuyed.7 0.3/0.35/0.35 (green) and 0.3/0.5/0.2 (blue)

to 6500 Hz +10%, resolution (1 to 10 Hz) 0.0005MSRfor

1 to 10 Hz [5]). Accelerometer was connected toiddal

Instruments type 9215 data acquisition card wittBld8n-

nector (measuring range +10 V, 4 multiplexed chinne

max. sampling rate 100 kS/s/channel, 16 bit reiolUb]).

The accelerometer was mounted along the verti¢al(per-

pendicular to the ground) on the head housing (&E92-

ples, 0.5 sec).

Dominant harmonic no.
1 2 3 4
Engine’s f Mag Mag (abs) | Mag (abs) | Mag (abs)
load |[[Hz] | (abs) | f=1200 Hz| f= 3750 Hz | f= 7500 Hz

3. Results

Obtained signal (Fig. 3) is transformed to the i@y  [“5000 rpmy| 51 | 0.74 0.19 0.52 0.66
domain, using the fast Fourier transform with aebak?2. 40 Nm
The way in which the FFT algorithm is introduced theen | 3000 rpm/| 78 | 1.85 0.70 0.61 0.68
known since 1965 and it is widely described in litera- 60 Nm
ture [7-9]. The fast Fourier transform used forcrite | 4000 rpm/| 105 2.94 1.19 0.68 0.74
signals is expressed as follows: A

(1)

The time domain response is showed below is related
two extreme measured values. Below (Fig. 4) is shthe
frequency response of extreme values.

The following figure shows changes in the absolate
lue of dominant harmonics depending on the fueltanéx
(mix 1: 0.3 isooctane/0.2 butanol/0.5 ethanol, n2ix
0.3/0.35/0.35, mix 3: 0.3/0.5/0.2). The graph agplio all
applications used (Fig. 5: 2000 rpm/40 Nm, Fig.3600
rpm/60 Nm, Fig. 7: 4000 rpm/80 Nm).

Fig. 3. Time response signal for extreme reseaatieg (blue — mixture of
0.3iz0/0.2 but./0.5 eta, red — 0.3 iz0/0.5 butét2, 2000 rpm, 40 Nm)

The table shown below shows the normalized valties
magnitude as a function of frequency. The engimeeeo | : |
sponds to 4 has basic harmonics. The first onedsemt B
derivative of the_ motor engine load (it is 51, I85 Hz for F}gf 5.I AllgfchIut(je vzaglégs of ?zgniﬂant T)ellrr@ﬂg:rs n:gﬁieircgisHmixtur?S
the next 3 engine load states). Subsequent valibare ©f fue!. 1 zo(izo(o H2), red: harmonic 3 (3750 Hz)rptm(harmz)r?i? 4
monic dominant frequencies (which are further deiies (7500 Hz)

of the motor load) are: 1200, 3750 and 7000 Hz.
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3. Conclusions

The first dominant harmonic, which is a direct dafi
tive of the engine load, takes on the largest segardless
of the type of mixture used. The frequency valuethi$
harmonic is variable and depends on the load, hemev
regardless of the type of mixture.

The last dominant harmonic (represented in Figbr&s
in violet solid line), whose value is constant, aediess of
the composition of the mixture (7500 Hz) generdtigh
vibrations, but only for smaller load values.

The type of fuel mixture affects the fluctuatiomsthe

Fig. 6. Absolute values of dominant harmonics foeSearches mixtures of magnitude of the dominant harmonics, especiallysfoall
fuel, 2 load (3000 rpm/50 Nm), blue: harmonic 1 (51 Hzgem: harmonic 54 large loads.
2 (1200 Hz), red: harmonic 3 (3750 Hz), purpkerrhonic 4 (7500 Hz) The biggest magnitude of vibration (the first doami
harmonic) generates a blend with the highest etheomo
tent. This conclusion applies to all loads testeab(e 1).

The mixture consisting of 0.3 isooctane/0.35 bulfano
0.35 ethanol generates the highest vibration fataos.
This can be a potential cause of engine degradation
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Fig. 7. Absolute values of dominant harmonics fore8earches mixtures of

fuel, 3% load (4000 rpm/60 Nm), blue: harmonic 1 (105 Hggen: harmonic
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