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Pe3ynbsrarsl 00padoTKH 3KCHEPUMEHTAIBHBIX TAHHBIX 10 HU3KOTEMIIEPATYPHOMY ITYCKY NpH
Oarapee, 3apskeHHON HA 75%

The experimental data on low-temperature start with a 75% charged battery

JvnanasoH Temnepartyp, °C ~18..—-19 _22..-24 -25...-26 Bcero / Total
Temperature range, °C

Non (Ny) | U Nogn (N) U Noon (N) | U Nyx Newa
1 2 3 2 3 2 3 4 5
CepuitHast 7(3) 0,43 6(1) 0,17 9(1) 0,11 5 17
Standard
OkcnepvMeHTansbHas 7 (4) 0,57 8(3) 0,38 11 (4) 0,36 11 15
Experimental

pe3yJIBTaThI MMycKa MPU MCTIOJIb30BAHUU CEPUTA-
HOW M 9KCEPUMEHTAIILHOM CUCTEM 3aKUTaHUSI
CTAaTUCTUYECKU HE Pa3IMYMMBbl (BEPOSITHOCTU
nycka JIBC onrHaKoOBEI).

ITpu ncrionb3oBaHmK 3apskeHHBIX Ha 100%
aKKyMYJISITOPHBIX Oarapeii mapamerp 1’ cocra-
Bui 0,147 (110 maHHBIM YETBEPTOU M TSATOM
KOJIOHOK Ta0nuupbl 1), a KpUTUYECKHUii mapa-

metp 7., , Ipu KOTOPOM €llie He OTBepraeTcs

HyJeBasl TunoTe3a (1o AaHHbIM [1] mpu 1oBe-
putenbHOi BepositHocTH 0,9), — 2,706. Cre-
nosarenbHo, T(T,,. DTo 03HayaeT, 4TO B CITyyae

MPUMEHEeHUST aKKyMYJISITOPHOI 0atapeu, 3a-
psexkerHoi Ha 100%, BEpOSITHOCTH YIa4HOTO
nycka JIBC ot cepuitHO# 1 3KCIEpUMEHTATb-
HOW CHCTEeM 3aKUTaHUsI CTATUCTUIECKU HE pa3-
JINYUMBI.

Jlutst Garapeii, 3apsokeHHBIX Ha 75%, cuTya-
umst vHas (tabmuna 2). Mapamerp T =15,57

1 0Ka3bIBaeTCSI MHOTO Gorbite, yeM 7, = 2,706 .
M3 3TOTO MOXHO ClIeaTh BBIBO, UTO HyJeBast

THUIIOTE3a OTBEPracrcda, TO €CTb BEPOATHOCTb
ITyCKa IMpU HUCIOJIb30BaAHUMN OKCIICPUMEHTAJIb-

HOM CHUCTEMBI 3aKUTaHW BbILIE, YEM TIPU UC-
MOJIb30BAHUY CEPUAHOM.

BbIBOAbl

[IpumeHeHe CUCTeMBbI 3aXKUTaHKS C AaarTH-
pyeMbIMHU Mpeodpa3oBaTesisIMU ITapaMeTpoOB
9JIEKTPUUECKOI SHEPIUM MO3BOJISIET YIyUIIUTh
ITyCKOBBIE XapaKTEePUCTUKK OEH3MHOBOI'O IBUTa-
TeJIs1 PY YaCTUYHO Pa3psKEHHOM aKKyMYyJISITOp-
HoIi 6aTapee 1 OTpUIIATEIbHBIX TeMIlepaTypax
OKpyKaroleii cpebl. 1151 MOTHOCTbIO 3apsKeH-
HOI aKKyMYJISITOPHOI1 Gataper MUCIOIb30BaHKE
9KCIIEPUMEHTATbHOM CUCTEMBbI 3aXKUTaHKsI 0071a-
JIaeT TeM IIPEUMYILIECTBOM, YTO UCKITIOYAET U30bI-
TOYHBIE TMIePErpy3KU IEMEHTOB CUCTEMBI [2].
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ABSTRACT

Starting of cold car internal combustion engine
often becomes a problem. To ensure a consistent
spark formation, certain conditions and efforts are
required, including the choice of optimal operation of
accumulator batteries, voltage indicators. This article
provides general approaches to solving related tasks
and evaluates the results of experimental studies of
the ignition system when itis powered by an adaptive
converter of electric energy pulse parameters at low
temperatures.

ENGLISH SUMMARY
Background. At low temperatures, start of cold
internal combustion engine is often difficult. At start
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a marked decrease in board voltage occurs that may
cause faulty operation of ignition system, and in the
absence of uninterrupted spark formation start of the
engine is not possible.

It is possible to provide continuous spark
formation, if the voltage to the ignition system is
increased to a level close to the nominal. When
selecting the voltage it should be taken into account
that at the time of starting the ballasting resistor is
removed from the circuit of the ignition coil. For this
reason, it is better to limit the voltage at 10 V.

Step-up converter of voltage helps to solve the
designated problem.

Objective. The objective of the authors is to
investigate different aspects of application of pulse
converters of electrical energy parameters.



Methods. The authors conducted field research,
used descriptive method, analysis and mathematical
calculations.

Results. If the voltage level at the output of
the scheme is below 5.5 V, the pulse generator,
assembled on an electronic chip, does not work due
to low voltage of this electronic chip.

Ifthe input voltage exceeds the above mentioned
level threshold, the generator runs at a frequency
of about 5 kHz and a pulse voltage from its output
periodically is commuted by high-current transistor.
During conductivity state of the transistor inductance
coil is charged by current, and when closing the
transistor stored energy in the inductor through the
opened diode charges the storage capacitor. The
process then repeats, and the capacitor’s voltage
increases.

Storage capacitor discharge occurs through the
ignition system (the primary circuit of the ignition coil
and the output pip of a switching unit). Through the
application of an up-converter, system is powered
by increased voltage as compared with the level
of on-board network voltage. If the output voltage
exceeds the level of about 10 V (12 V for onboard
network) converter turns off, which is provided by
Zener diode, after the breakdown of which generator
will stop generating the pulse voltage and the ignition
system is powered directly from in vehicle network
through the inductor and the diode, thus not only
increases reliability of the ignition system, but also
saves accumulator battery life.

In order to evaluate the effectiveness of the
ignition system with voltage converter experimental
studies were conducted. In this performance of the
system was estimated under the most difficult starting
conditions — without preheating. Start of the engine
was carried out using standard batteries (6ST-90
EMC). Variants of batteries’ condition: cold — 100%
state of charge; cold — 75% state of charge.

Tests consisted of comparison of cold starts of
the engine by means of experimental and standard
ignition systems at the same air temperature. The
main evaluation parameter was the number of start’s
trials. Duration of each trial was up to 10 sec with an
interval of 1 min. To avoid failures in the next start due
to spattering of spark plugs, the engine warm-up was
performed after each start when rotational frequency
of a crankshaft was 1500-2000 min'. With the same
purpose after each unsuccessful start spark plugs
were checked and cleaned. In addition, this operation
was carried out regularly after every three starts.

During tests 35 starts of the engine were
conducted at different temperatures below zero

temperature (for 100% state of charge see Table 1,
and for 75% state of charge — Table 2). Only by three
attempts start of the engine had not been committed
because of poor carburetion and intense spattering
of spark plugs.

For each temperature range in the second
column of tables 1 and 2 there are indications of the
number of trials of engine starts( N, ), in brackets —

the number of successful trials ( N,, ). The third

column gives the coefficient of u, equal to the ratio
of successful starts of internal combustion engine to
the number of trials. The closer to unity is the ratio,
the better are the starting properties of the engine.

The fourth and fifth columns of Tables 1
and 2 show the total number of successful and
unsuccessful trials of start. Due to the relatively
small amount of experimental data, statistical
processing of results is held for the entire
temperature range.

In processing the experimental data criterion
2 (chi-square) was used. [1] Under the null
hypothesis it was understood that the results of
start using standard and experimental ignition
systems are not statistically distinguishable
(probability of start of the internal combustion
engine is the same).

When using 100% charged batteries parameter T
was 0, 147 (according to the fourth and fifth columns of
Table 1), andthe critical parameter T,, was - 2,706, when

the null hypothesis has not yet been rejected (according
to[1]ataconfidence level of 0.9) - 2,706. Consequently,
T(T,, . tmeans thatwhen 100% charged batteryis used,

probability ofa successful start of the internal combustion
engine from the standard and experimental ignition
systems is statistically indistinguishable.

For 75% charged batteries the situation is
different (Table 2). The parameter T =1557 s

much greater thanT,, =2,706 . Thus, it is possible

to conclude that the null hypothesis is rejected,
i. e. the probability of start using experimental
ignition system is higher than when using the
standard one.

Conclusion. Application of the ignition system
with adaptable converters of electrical energy
parameters can improve the starting properties of
a gasoline engine with a partially charged battery
and negative ambient temperatures. For a fully
charged battery the use of experimental ignition
system has the advantage of eliminating redundant
overloads of system elements [2].

Keywords: internal combustion engine, car, ignition system, low temperatures, accumulator batteries,
field research, pulse adaptive converter of electric energy parameters.
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