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ABTOMATHYHE PETYJIIOBAHHSI TEILIOBOT'O CTAHY KJIAITAHHOTO BY3JIA
MIBUIKOXIHOTO JA3EJIS

O. B. Tpunwvos, /. I'. Cisux, €. B. Cunaecokuii, O. IO. [lununenxo

Po3pobiteHa eeKkTpoHHa cHcTeMa aBTOMaTHYHOTO PETYITIOBAaHHS TEIUIOBOTO CTaHy KJIAITAHHOTO BY3J1a (JOPCOBAHOTO MIBH-
KoxizmHoro mmsens. [IpoBeaeHa mepeBipka alropuTMy poOOTH CHCTEMH Ta HaIiHHOCTI poOOYMX €IEeMEHTIB B yMOBax 0e3MOTOp-
HOTO eKCTIepUMEHTY. )1 OXOIOKEHHS KIIAITaHHOTO BYy3Ja i MIDKKJIAIIAHHOI IIEPETHHKN BUKOPHCTOBYETHCS CTHCHEHE TTOBITPSL.
[Nepen6avaeThCst BIPOBAKEHHSI CHCTEMH PETYITIOBAaHHS Ha (DOPCOBAHMX JH3ENISIX BAHTAXKHUX aBTOMOOLITIB.

AUTOMATIC CONTROL OF THE THERMAL STATE OF THE VALVE UNIT IN
HIGH-SPEED DIESEL ENGINE

A.V. Trinjov, D.G. Sivyh, E.V. Sinyavskii, O.Y. Pylypenko

Developed an electronic system of automatic control of the thermal state of the valve unit of the high-speed diesel engine.
The algorithm of the system and the reliability of the work items in a non-motorized experiment was audited. For cooling the
valve unit and the arch between the valves a compressed air was used. It is expected to use such controll system at high-load
lorry diesels.

VK 621.43.052
A.P. Marchenko, D.E. Samoilenko, Omar Adel Hamzah

THE PROBLEMS OF UTILIZATION OF FLARE GASES IN INTERNAL
COMBUSTION ENGINES

The problem of flare gases utilization in internal combustion engines is considered. Flaring associated gas from oil
drilling sites is the most promising fuel for such purpose. Also the problems of detonation arising during the opera-
tion of internal combustion engines on flare gases are also studied. It is shown that the only independent parameter
that affects the occurrence of detonation during operation of a gas engine is methane number which is a physical
characteristic of the gas. The new conception of the internal combustion engine with on-board steam reformer to
avoid the problem of detonation is offered in present study.

Introduction emissions of carbon dioxide. For example, oil refinery
Flare gases such as flaring associated gas from oil flare stacks may emit methane and other volatile or-
drilling sites can be utilized in Internal Combustion ganic compounds as well as sulfur dioxide and other
Engines. At present, such gas is just flaring in gas sulfur compounds, which are known to exacerbate
combustion devices that is harmful for human health, asthma and other respiratory problems. Other emis-
and is a contributor to the worldwide anthropogenic sions include, aromatic hydrocarbons (benzene,
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toluene, xylenes) and benzapyrene, which are known to
be carcinogenic.

As of the end of 2011, 150 billion cubic meters
of associated gas are flared annually. That is equivalent
to about 25 per cent of the annual natural gas consump-
tion in the United States or about 30 per cent of the
annual gas consumption in the European Union [1].

The top ten leading contributors to world gas flar-
ing at the end of 2011, were (in declining order):
Russia (27%), Nigeria (11%), Iran (8%), Iraq (7%),
USA (5%), Algeria (4%), Kazakhstan (3%), Angola
(3), Saudi Arabia (3%) and Venezuela(3%) [2].

That amount of flaring and burning of associated
gas from oil drilling sites is a significant source of
carbon dioxide (CO2) emissions. Some 400 million
tons of carbon dioxide are emitted annually in this way
and it amounts to about 1.2 per cent of the worldwide
emissions of carbon dioxide. That may seem to be in-
significant, but in perspective it is more than half of the
Certified Emissions Reductions (a type of carbon cred-
its) that have been issued under the rules and mecha-

nisms of the Kyoto Protocol as of June 2011 [1, 3].
Satellite data on global gas flaring show that the

current efforts to reduce gas flaring are paying off.
From 2005 to 2010, the global estimate for gas flaring
decreased by about 20%. The most significant reduc-
tions in terms of volume were made in Russia and Ni-
geria [1,4].

From the other side flare gas can produce energy
by using it in internal combustion engines.

The problem of utilization flare gases is solved in
Ukraine at mine named after Zasjadko [5]. In 2004 at
mine named after Zasjadko started designing powerful
cogeneration plant using coal mine gas as a motorfuel.
The first phase of the station with electrical capacity of
36 MW and 35 MW was equipped with 12 pre-
chamber gas-powered GE Jenbacher engines. The
station was commissioned in 2006 on the eastern in-
dustrial area of the mine.

To study the possibility of using flare gases in In-
ternal Combustion Engines it is important to know the
properties and fuel characteristics of such gases. The
major flare gas fuel properties are: Specific Gravity &
Density, Moles and Molecular Weight, Heat Value.

The major physical properties of Gases are shown
in Table 1[6].

Table 1: Physical Properties of the main components of flare Gases (Metric Units)

Gas Density, 0°C, 101,31 kPa Heat Value: At 0°C
‘ ‘Air Required Flammability Limits
wer 3
- o SRR Gy | e et N N | Lo P e e
’ (Air = 1) (LHV) (HHV) (LHV) (LHV)

(Vol/Vol) Lower Higher
Methane CHa -161,51 0,5539 1,3997 | 0,4180* | 0,2994~ 35,746 39,700 50,034 14,980* 9,53 5,00 15,00
Ethane C:zHs -88,59 1,0382 0,7468 0,2656 0,3556 63,626 69,558 47,516 16,897 16,67 2:90 13,00
Propane CaHs -42,07 1,5226 0,5119 0,2578 0,5082 90,992 98,900 46,579 23,578 23,82 2,00 9,50
iButane CaH1o -11,79 2,0068 0,3864 0,2171 0,5619 117,937 | 127,823 | 45,571 25,606 30,97 1,80 8,50
nButane CaHio -0,51 2,0068 0,3864 0,2253 0,5831 118,346 | 128,231 45,729 26,665 30,97 1,50 9,00
iPentane CsHiz2 +27,83 2,4912 0,3112 0,1940 0,6234 145,397 | 157,264 | 45,248 28,208 38,11 1,30 8,00
nPentane CsHiz +36,05 2,4912 0,3112 0,1961 0,6301 145,589 | 157,578 | 45,307 28,548 38,11 1,40 8,30
Hexane CeH1a +68,72 2,9755 0,2606 0,1728 0,6630 173,104 | 186,940 | 45,111 29,909 45,26 1,10 7,70
Heptane CrH1s +98,37 3,4598 0,2241 0,1539 0,6869 200,478 | 216,287 | 44,927 30,860 52,41 1,00 7,00
Octane CaHis +125,65 | 3,9441 0,1966 0,1387 0,7056 227,831 | 245,626 | 44,792 31,605 59,55 0,80 6,50
Carbon Monoxide co +156,44 | 0,9670 0,8018 + + 12,598 12,598 10,101 + 2,39 12,50 74,20

Carbon Dioxide CO: +42,91 1,5196 0,5103 0,4167 0,8167 o] o] (o] 0 + + +
Hydrogen H +217,17 | 0,0696 11,1651 + + 10,766 13,451 120,203 + 2,39 400 74,20
Hydrogen Sulphide 3 ES -60,27 1,1767 0,6589 0,5272 0,8001 23,065 25,043 15,198 12,160 7,20 4,30 45,50

Oxygen 02 -182,95 1,1048 0,7018 0,8002 1,1403 o] o] (o] 0 + + +

Nitrogen Nz -195,80 0,9672 0,8016 0,6478 0,8081 [o] 0 (o] [o] + + +

Air -194,34 1,0000 0,7754 0,6771 0,8733 (o] (o] (o] o} + + +

The most important flare gas characteristics are
stoichiometric air/fuel ratio and methane number
(MN). All these properties and characteristics have a
core influence on detonation of the engine.

The purpose of this paper is to analyze the
problems of detonation arising during the operation of

internal combustion engines on flare gases, and finding
possible ways to overcome it.

Detonation and Pre-ignition

Detonation and pre-ignition are two forms of ab-
normal combustion that involve uncontrolled burning
of the fuel-air mixture in the cylinder. Pre-ignition is
the term used to describe premature ignition of the
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fuel-air mixture before the spark plug has fired. Deto-
nation describes the scenario where the fuel-air mixture
is ignited at the proper time by the spark plug and a
second ignition event takes place in the unburned fuel-
air mixture before the normal combustion sequence can
go to completion. Both events are potentially damaging
to the engine due to their potential to produce localized
high temperatures and sharp rises in pressure.

Pre-ignition is typically a result of a “hot spot” in
the combustion chamber. Such hot spots may occur at
sharp edges on the engine parts (such as valves or
spark plugs) if they get too hot, or from carbon depos-
its in the combustion chamber. If these hot spots can-
not cool between combustion cycles, they can get hot
enough to serve as an ignition source themselves and
will light the fuel-air charge before the spark plug gets
the chance. Detonation is the result of a more complex
set of circumstances, involving the combined influence
of fuel quality, engine design, engine set-up, site con-
struction, ambient conditions, and engine loading. If
enough of these inputs stray from their proper ranges
during engine operation, combustion that begins nor-
mally can suddenly see a portion of the unburned gas
self-ignite before it has been met by the primary flame
front. The flame fronts from these two combustion
sources will eventually collide, creating a sharp metal-
lic “ping” sound that is the audible evidence of detona-
tion.

Detonation is the event often called “knocking” in
car’s gasoline engine.

Normal combustion

Burning of the fuel-air mixture is started by the
spark plug. The flame front progresses uniformly
across the combustion chamber until the entire fuel-air
charge is burned. Heat released by combustion pro-
duces a rise in pressure that pushes the piston down in
the cylinder, producing useful work at the crankshaft.
Refer to Fig. 1.

"W

Fig. 1. Normal combustion

Detonation

The advancing flame front compresses the un-
burned fuel-air mixture, pushing its temperature be-
yond the auto-ignition point. The unburned portion of
the mixture self ignites, creating a sharp rise in pres-
sure and localized high temperatures. Refer to Fig. 2.

1)

Fig. 2. Combustion with detonation

As described earlier, detonation results from one
of several factors being out of range either at the start
of, or during, the combustion sequence. The basic
driver for detonation is the temperature of the un-
burned gas, or “end gas”, before it is ignited by the
flame front. Because of this, the list of direct causes for
detonation can be pretty well defined (although the
root causes for those conditions can sometimes be
more difficult to establish).

Direct causes of detonation include:

Fuel-air charge temperature too high: High start-
ing temperature of the fuel-air mixture results in tem-
perature rise in the end gas beyond the auto-ignition
threshold.

Low fuel MN: Fuel gas does not have sufficient
resistance to detonation. The fuel autoignition tempera-
ture is low compared to the standard fuel resulting in
auto-ignition under normal combustion pressure rise
conditions.

Focusing just on engine attributes that directly
play into detonation sensitivity, four design issues
come to the forefront:

e Compression Ratio

e Ignition Timing

e Aftercooler Temperature
e Power Rating

e Methane number.

In the next investigation will be studied how sev-
eral of the factors are directly related to one another.

Compression Ratio

The compression ratio of the engine and the fuel
MN go hand-in - hand when searching for the proper
engine for a given flare gas fuel. High compression
ratios tend to increase in-cylinder pressures, making
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factors sensitive to the pressure rise critical with regard
to detonation. Low MN fuels burn faster than higher
MN fuels, creating steeper pressure rise rates that are
not well matched to high compression ratios. In gen-
eral, low MN fuels require low compression ratio en-
gines.

Ignition Timing

Ignition timing is also directly tied to fuel MN
and pressure rise rate. Achieving peak combustion
pressure at the proper time in the piston’s movement in
the cylinder requires that the spark plug fire at a pre-
cise moment in advance of that point. The timing of
that “spark advance” depends heavily on the burning
rate of the fuel, which is closely related to the fuel’s
MN. Lower MN fuels require the use of less spark tim-
ing advance.

Aftercooler Temperature

The aftercooler serves as the final control over the
starting temperature of fuel-air charge. Because this
plays directly into the risk of detonation, any design or
installation issues that can compromise the after-
cooler's ability to achieve the appropriate temperature
in the inlet charge are critical detonation risk factors.
The aftercooler can fail to provide adequate cooling of
the inlet air by not being large enough to handle the
heat removal demand placed on it or by being fed af-
tercooler water at too high a temperature. High after-
cooler water temperatures can stem from improper
selection of the aftercooler water thermostat set point,
or an inadequately sized radiator, or by high ambient
air temperatures reducing the cooling capabilities of
the radiator.

Power Rating

Engine power output is the most challenging to
see how it contributes to detonation because it involves
the movement of the piston. Normal operation of the
engine uses the pressure rise in the cylinder to push the
piston and eventually drive the load attached to the
crankshaft. If the driven load on the crankshaft be-
comes too great it restricts the movement of the piston.
With the piston movement restricted, the pressure rise
in the cylinder gets steeper, eventually resulting in
detonation.

All previously mentioned factors have unequal
impact on the detonation during operation of the par-
ticular design engine. Thus, compression ratio is a de-
sign parameter that determines the efficiency of burn-
ing in the cylinder, and therefore can not be changed or
optimized. Thus, the only independent parameter that
affects the occurrence of detonation during operation
of a gas engine is methane number which is a physical
characteristic of the gas.

Methane number

The key property of flare gas as was mentioned

before is the ability of the fuel gas to resist detonation.
For this reason, having a measure of this detonation
resistance property provides a valuable tool for assess-
ing the suitability of a gas to use as engine fuel. Earli-
est attempt at a detonation resistance scale was using
the octane rating method, a tool long established for
use with gasoline engines. The octane rating method
uses a special test engine with variable compression
ratio to establish the critical compression ratio for a
fuel, the compression ratio at which detonation occurs.
Unknown fuels are tested in this engine and their re-
sults are compared to a baseline set of results for
blends of iso-octane and nheptane. The octane rating
number represents the percent of iso-octane in the
baseline blend. The problem with using the octane rat-
ing is that octane is not an effective reference point for
flare gases and methane-based natural gas. Flare gas
typically contains a high percentage of methane, the
smallest, lightest paraffin fraction. Octane is a much
heavier paraffin series molecule with very different
combustion properties, including the fact that it tends
to exist as a liquid under normal conditions -good for
gasoline engines, but not so good for natural gas en-
gines. To use the octane rating for gas engines, each
hydrocarbon fraction (methane, ethane, propane, and
so on) must be tested to establish its octane rating
number. These value are then used to compute a
weighted average octane rating for each gas mixture
being evaluated. This approach has two significant
drawbacks. First, it assumes a linear contribution by
each fraction to the overall average result. In fact, the
heavier fractions tend to have more impact than the
lighter ones on the behavior of the mixed gas. Sec-
ondly, the octane rating system provides no way to
take into account the beneficial effects of inert gases
like carbon dioxide or nitrogen. In certain blends, these
gases can help to cool combustion, allowing a small
improvement in resistance to detonation. The octane
rating method was acceptable when used with proc-
essed “pipelinequality” natural gas, but it usefulness
was limited when applied to the broad range of gas
compositions found at the well. These applications
needed a more reliable rating method.

The methane number rating method was first de-
veloped in Austria in the mid-1960s by AVL company.
Instead of octane, it uses methane as the reference for
establishing resistance to detonation. The methane
number scale sets a value of 100 for pure methane and
uses hydrogen, with a value of 0, as the reference for a
very fast-burning gas prone to detonation. Caterpillar
adopted this method in the 1980s, continuing to refine
the system through extensive research and testing on a
wide range of fuels from field gas to landfill gas [6].
Calculating the methane number requires a set of com-
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plicated computations using computer program to per-
form these calculations and allow field determination
of the methane number. All these programs are com-
mercial ones.

Table 2. Methane numbers of some individual
component of flare gases

Component Methane
number
Methane (CHy) 100
Ethane (C,Hp) 46.6
Propane (C;Hy) 33
i- Butane (C4Hj) 15
n-Butane (C4Hj) 10

It can be seen from Table 2 that content of i-
butane and n-butane in flare gas will reduce methane
number and increase the risk of detonation in the en-
gine. So, these components should be removed or
cracked. In the word practice there are two ways of
solving mentioned problem. One is to remove butanes
with debutanizer and burn the rest of flare gas in Inter-
nal Combustion Engine. But this way is not good be-
cause of the low efficiency of utilization. Another way
is to reform heavier hydrocarbons to Methane and Hy-
drogen with no intermediate products. This process can
be implemented using steam reforming.

Steam Reforming

Steam reforming converts higher hydrocarbons to
Methane components with no intermediate products.
The typical operating temperature is from 400 to
550°C. The temperature is chosen to avoid hydrocar-
bon cracking which results in carbon precipitation.
Methane reforming is completed in a final stage at

Gas In

Cooler/Condenser

Condensate

Gas
Preheater

higher temperatures and higher steam to carbon ratios
are used to suppress carbon precipitation. Below are
the reactions that occur.

CoHpn + nH,0 — nCO + (n +1/2m)H, (-AH°298 = -
1108kJ/mol, n = 7) (1)

CO + 3H, «» CH, + H,0 (-AH°298 = 206,2 kJ/mol) (2)
CO + H20 < CO2 + H2 (-AH°298 = 41,2 kJ/mol) (3)

A detailed review of the process is given in a [7].
Reaction (1) is irreversible whereas the other two reac-
tions establish equilibrium, which is temperature de-
pendent. Carbon dioxide and water will be present in
the product as well as carbon monoxide and hydrogen
since reactions (2) and (3) are equilibrium reactions.
The reaction mechanism for steam reforming involves
the adsorption of the hydrocarbons onto the catalyst
surface, leaving of all the carbon-carbon bonds, and
leaving only single carbon components (i.e. methane,
carbon monoxide).

Experiments have shown that the higher hydro-
carbons slowly decrease through the catalyst bed and
that no intermediates are created. Because the rates of
reactions (2) and (3) are relatively fast, the kinetics of
the steam reforming of the higher hydrocarbons is the
rate determining step.

Steam reforming unit can be installed as part of
the power unit with internal combustion engine. All the
fuel will be burnt in the engine and this fact makes
such method of flare gas utilization much better than
method debutanization. In present study the next
scheme (Fig. 3) of internal combustion engine with on-
board steam reformer is offered.

, T.C. Compressor

I.C.

Engine Power

|

Out

T.C. Turbine

Steam

]

<—| Steam Generator/Superheater ‘

ﬁ}_ Feed Water

Exhaust

Fig.3. Internal combustion engine with on-board steam reformer
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Figures 3 showing how a steam reformer system
could be incorporated into the fuel delivery system for
reciprocating engine systems. A more efficient method
would be to use low temperature steam for some of the
engine cooling duty and to use the heat recovered for
superheating. The schemes in Figures 3 could be im-
proved by closer integration with specific engine sys-
tems.

Conclusions

From the wild rage of flare gases, flaring associ-
ated gas from oil drilling sites is most beneficial for
utilization in internal combustion engines.

Ukraine already has experience in the implemen-
tation of projects with flare gases. At mine named after
Zasjadko the powerful cogeneration plant running on a
mine gas was build with electrical capacity of 36 MW
and 35 MW.

The main problem for ICE running on flare gases
is detonation or “knocking”. It is established that the
most significant non-structural factors affecting the
detonation is Methane Number of the fuel.

The new conception of Internal combustion en-
gine with on-board steam reformer is offered in present
study. Such concept solves the problem of detonation
by on-board reforming of heavier hydrocarbons (like
butane) and allows utilizing full energy of flare gases
and getting useful energy.
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MPOBJIEMBI YTUJIM3ALIUU MMOITYTHBIX 'A30B B JIBUT'ATEJISIX BHYTPEHHEI'O CTOPAHU S
A.II. Mapuenxo, /I.€. Camoiinenxo, Onap Adenv Xamsa

Paccmotpena npobiema yrunusanun nomyTHbIX ra3oB B JIBC. IlomyTHeIi HeTsHOM ra3 sSBISETCS OMHUM U3 HauOoiee IpHBIIe-
KaTeJIbHBIX MCTOYHUKOB SHEPTUH JUIS TAKOro poza yruiam3anun. PaccMorpena npobnema neronanuu B JIBC npu pabore Ha Ta-
kux raszax. [Ioka3aHo, 4TO €IMHCTBEHHBIM HE3aBUCHMBIM I1apaMETPOM, BIUSIONMM HAa BO3HUKHOBEHHUE JETOHALMU B Ia30BOM
JIBUTATEJIe TIPH €T0 IKCIUIyaTalluH ABJISIeTCs MeTaHoBoe uncio. [Ipeanoskena HOBast cxeMa yTHIIM3alUK MOITYTHBIX I'a30B Ha Oa3e
JIBC ¢ Momynem mapoBoif KOHBEPCHH MOIYTHOTO Ta3a, KOTOpast TI03BOJISIET PEIIUTh TPOOJIEMY IETOHAINH B BHTATEIE.
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MMPOBJIEMUA YTI/I.JIBAI_[Ii MNOMYTHUX I'A3IB B AIBUT'YHAX BHYTPILIHbBOT O 3TOPSIHHA
A.Il. Mapuenxo, /I.E. Camoitnenxo, Omap Adenv Xamsa

PosrisayTo mpobnemy yrumizarnii nomytaux rasis y JIB3. IlomyTHuit HadToBHI ra3 € OXHUM 3 HAWOLIBII MPUBAOIUBHX KEPET
eHeprii A Takoro poxy yrmitizarii. PosrisHyro npo6nemy neronanii y JIBC mpu poGoTi Ha Takmx rasax. [lokasamo, mo enu-
HUM He3aJIeXHUM [TapaMeTpoM, IO BIUIMBA€ Ha BUHUKHEHHS JETOHAMii B TA30BOMY ABHTYHI IIPU HOr0 eKCILTyaTallil € METaHOBE
9HCIT0. 3alpoIOHOBAaHO HOBY CXEMY YTHUII3allil MOITyTHUX Ta3iB Ha 6a3i JIB3 3 Momynem mapoBoi KOHBEpCii MOMyTHOTO rasy, ska

JI03BOJISIE BUPIMIATH POOIeMy JeTOHAMil B ABUTYHI.

VK 621.036.038

A.B. I'puyirox, A.H. Bpyoaeeckuii, A.A. O8uunHHUK06

ATIIPOBAIIMSA HOBBIX BO3MOKHOCTEM TOIIMBHOM CUCTEMBI
HENIOCPEJACTBEHHOI'O JEHCTBUS ITIPU ®OPMHUPOBAHUU BHEIIIHEN
CKOPOCTHOM XAPAKTEPUCTHUKHA ABTOMOBWJIbHOI'O JTU3EJIA

TIpooondicen yuxn uccredo8anull, HaNPABIEHHbIX HA paspabomky "Mexanuueckoll anrbmepHamugnl” aKKymyassmopHou
monausHoti cucmeme Common Rail ¢ anexmpounvivm ynpagienuem Oiisi COBPEMEHH020 OMEHeCmEeHHO20 ABMOMO-
ounvroco ouzena 4/JTHAI. Onucanvt 06vémbl pabom no ompabomxe cuOPONHEBMOMEXAHUUECKO20 Pe2yamopa Ho-
801l cucmembl Ha mpedyembvle Napamempsl A0ANMUEHO20 3A0AHUSL MONIUBON00AYU U OATbHelds anpodayls HOBbIX
803MOJCHOCE 008€0eHHOU TMONIUBHOU CUCTeMbl NPU DOPMUPOBAHUL BHEUIHEll CKOPOCHHOU XAPAKMEPUCIUKU
(BCX) asmomobunvrozo ousens. [lpedcmasnenvl odxcudaemvie npu paspabomre ouzens 4/[THAI BCX u xapaxmepu-
CMUKU U3MeHeHUll 3()heKkmueno2o Kpymsauecocs MOMeHmMa U y0enbH020 3PPEeKmuUeHo20 pacxooa moniuea npu pa-

b6ome no 3motl xapakmepucmuxe.

Beenenune

CrpemuTenbHOE pa3BUTHE TOIUIMBHBIX CHCTEM
aBTOMOOWJIBHBIX JTU3EINIeH C 3JIEKTPOHHBIM YIPaBJICHH-
eM B mocineaHue roasl XX u B Havdane XXI Beka
c(hOpMHpPOBaAJIO yCTOHYMBOE MHEHHE 00 MX Oe3anbTep-
HaTHBHOCTH. HeGomnblioe KOJMYECTBO M3BECTHBIX 3a-
pyoexusix ¢upm, a umeHHo "R. Bosch" (I'epmanms),
"Delphi" (CILA), "Siemens" (I'epmanms), "Zexel"
(Amonus), "L'Orange” (I'epmanust), IepBEIMH OCBOUB-
IIMX ITPOM3BOJICTBO TOIUTMBOIIONAIOIICH anmapaTypbl
(TITA) axkKyMymATOPHOTO THNA C BIIEKTPOHHBIM
YIOPaBICHUEM, CTAIU "3aKOHOAATEISIMU MOABI' U MO-
HOIIOJICTaMHU B pa3paboTke KIIFOYEBOH CHCTEMBI aB-
TOMOOMIIBHOTO JTM3€EJIsl, B35IB TOJ KOHTPOJIb BCE Hajb-
Helllee pa3BUTHE IM3ENBHONW WHAYCTPUH B MHPpeE.

MOIIHOCTD JBHI ATe IS

OcobenHo mpeycreBaet gupma "R. Bosch".

IlepenaB Bce cBoum mnpousBoacTBa TIIA Hemo-
CpPE/ICTBEHHOT'O JIEHCTBHS C MEXaHUYECKUM DPEryIHpo-
BaHMEM B asmarckue ¢mmmana, ¢upma "R. Bosch”
(aKTHYeCKH TpeKpaTHia UX pa3BUTHE W cienana (1o
KpaifHeld Mepe It ce0si) BpEMEHHBIM CaMmoO SIBICHHE
COXpaHEHMs] Ha aBTOMOOWIISX "MEeXaHM4YeCKOH ajbTep-
HaTHUBBI" aKKyMYJSITOpHBIM cucremaM Thma Common
Rail (CR). HarmsiiHpIM TIONTBEP)KIEHUEM STOMY SIBIISI-
ercst uH(opManys, MpecTaBIeHHas] Ha OJHOM M3 I10-
cieHUX TeXHUYECKOM M JMarHOCTHYecKoM (opyme
Bosch (Munck, 22.11.2012 r.). Tak, mist au3enei BbI-
mycka nocie 2012 roma MomHocTEIO OT 37 1o 129
kBT, ¢upma Bosch He BHIMT anbTepHATHBBI CHCTEME
Common Rail (puc. 1).

37-55 kW

56 - 74 kW

75-129 kW

| 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017

Stage2 | Stoe3a  Stwge3s

| Stage 1

H
_Em— RS
— ]

T - b
L —

&
—

HHAMEHEYANEHELH PAacTpejeTHTEBHET — PASHLIH Common

THEJ
Puc. 1. I[Ipoenosuposanue gpupmoti Bosch nepcnexmuenocmu npumeHeHus MONIUGHbIX CUCTIEM

THBJ, THB/T Rail
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