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Abstract: A validity of necessity of decrease of fuel
consumption in transport and agricultural machines is
accomplished. The problems of energy efficiency are
analyzed. Methods for measuring of fuel consumption are
examined. It is established that direct methods must use
with a using of relevant sensors. Possible schemes of
connection of sensors and problems, which may decide
through the receive data are examined. Flow-meter type
RTG-2 as a sensor for measuring the consumption is
suggested.
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INTRODUCTION
Necessity, problems and validity

During the last years the humanity has stood an
exceptionally great consumer of different kind of energy. It
is necessary each aggregate to use up smaller energy per
unit done work at each activity. This main requirement at
design and using of modern machines is connected
mainly with necessity of decrease of the consumptions,
conservation of the environment and keeping for longer
period of time the limited energy resources on the Earth.

In the field of agricultural and transport technique the
liquid fuels are main source of the energy. That is why the
decrease of liquid fuel consumption is main problem
during production and using of mobile self — moving
machines. During the last years the prices of the liquid
fuels decrease considerably and the expenses for
different kind of activities already are considerable part of
common expenses in results of increase consumption of
liquid fuels and of continuous decrease of natural
reserves of petroleum. That is why more and more
producers of agricultural and transport vehicles and
companies try to find possibilities for decrease of the
liquid fuel consumption.

At this stage the determination of the exhausted fuel-
quantity of agricultural and transport machines is made
according to different methods, coufirmed by relevant
offices. In European Union directive for determination of
the norms for liquid fuel consumption of the vehicles is
included.

Reading of the inaccuracies at using of the subsisting
methods for determination of the liquid fuel consumption
of different kind mobile machines, the means try to find for
improvement of these methods. Independently of wide
variety of methods and documents with consumption
norms for different kind of mobile self — moving machines,
the actual exhausted fuel do not be able to determine
enough exactly. Conditions of subjectivism are created
and problems of energy efficiency do not be solved [5].
This approach is spending its possibilities and now other
ways in search for determination of real exhausted fuel
from agricultural and transport machines.

The problem with energy efficiency is put especially
sharply now. It is necessary exact determination of
exhausted fuel with the purpose of it decrease. The
solving of this problem may reach enough exactly through
of directly measuring.

71

Pe3stome: VzebplueHo e obocHogagaHe Ha Heobxodu mocmma
om HamarisisaHe pa3xoda Ha 20puso 8 mpaHc rnopmHama
u 3emeldesicka mexHuUKa. AHanuaupaHu ca rnpobrnemume Ha
eHepauliHama eghekmusHocm U ce paernexdam memodume
3a usMepeaHe Ha pa3xoda Ha 20pugo. YcmaHOB8€EHO e, 4e
mpsibea da ce u3rionssam OUPeKmHU Memodu 4pe3 U3ron3saHe
Ha CbOMEeemHU MbP8UYHU rpeobpa3ysamernu. PasznedaHu
ca 8b3MOXHUME CXeMU Ha C8bp3saHe Ha Mbp8UYHUME
npeobpasysamenu u npobnemume, Koumo mMo2am 0a ce
pewam 4pe3 GaHHUMe rosyYyeHu om msx.

Knroyoeu dymu: eHepzuliHa eghekmusHocm, pa3xod Ha
20puso, MbpeuYHU rpeocbpasosamernu

BBHBEOEHUE
HeoGxoaumocT, npobnemu n o60ocHoBKa

lMpes nocreaHuTe roayHM YOBEYECTBOTO CTaHa UBKIOYUTESTHO
rornsiM NOTPEOUTEN Ha pasnuyHN BUaoBe eHeprvsi. Heobxoauvo e
BCEKM arperar W Mpu BCsika AEMHOCT Ja Cce m3pasxodsa no-Marko
€HepIViA 33 eaMHMLA M3BbPLLIEHA paboTa. ToBa OCHOBHO M3VICKBaHE
MpY NPOEKTUPAHE W M3MON3BaHe Ha CbBPEMEHHUTE MaLUMHU €
CBbP3aHO NPEAUMHO C HeOBXO0AMMOCTTa OT HaMansBaHe Ha
pasxoauTe, ornassaHe Ha OkorHaTa cpefa 1 3anassaHe 3a Mo-ObTbr
repumop OT BpeME Ha OrpaHHeHVTe EHEPUHW PECYPCH Ha 3eMsTTa.

B oGriactTta Ha 3emeenckara 1 TpaHCTopTHaTa TexHWKa OCHOBEH
M3TOMHUK Ha eHepus ca TedHuTe ropvea. ETo 3allo HamansieaHeTo
Ha pasxoda Ha TE4HM ropyiBa € OCHOBHA 33424 Mpu MPOVIBBOACTBOTO U
M3ron3BaHeTo Ha MOBUMHM caMoxodHW MalmHK. [pes nocreaHvTe
TOOVHW LIEHUTE Ha TEYHUTE ropuBa Ce MOBULLMXA 3HAYUTENTHO U
pasxogute 3a pasnuMYHWTE BUOOBE OEWHOCTU Beve
NPeOCcTaBnsBaT 3HaUMTENHa YacT OT OOLLMTE pasxoau B pesyrnTar
Ha yBenW4eHOTO noTpebneHne Ha TeyHu ropvBa Ha
HEMPEKbLCHATOTO HamarnsiBaHe Ha NPUPOAHWUTE 3anack OT HedoT.
ETo 3aLL0 npes nocreaHnTe roauHn Bce No-Beye NpousBoauTeni
Ha 3eMedenckM W TPaHCMopTHU CpeactBa M MpMK, KOWUTO
M3ronseaT Te3n MalUMHU TbPCAT Bb3MOXHOCTW 3a HaMarsiBaHe
Ha pa3xofa Ha TEYHM ropviBa.

Ha To3n eTan onpefensiHeTo Ha M3pa3xoABaHOTO KO-
YECTBO FOpPMBO Ha 3eMederiCKUTE U TPaHCMOPTHU CPeacTBa
ce M3BbPLUBA MO PasnUYHN MEeTOOUKU, YTBbPAEHU OT CbOT-
BETHUTE BegomcTea. B EBponeiickusi cbio3 e BbBefeHa
cboTBeTHa [MpekTMBa 3a onpegernsiHe Ha HopMuTe 3a
pa3xof Ha TEeYHM ropvBa OT TpaHCNopTHWUTE cpeaCcTBa.

OTumTaliki HETOHHOCTUTE MW U3MOMN3BaHE Ha CLLLIECTBYBALLWTE
METOIVKV 33 OMPEeAErsHE Ha pasxoda Ha TeYHN TopyBa Ha PaaNMiHUTE
BIOOBE MOBWUIHW MaLLMHW, NPe3 NOCreaHUTe FOaVHW Ce ThPCAT
METULLA 33 TSIXHOTO YCBBBPLLEHCTBaHE. HE3aBNCMMO OT FOnsIMOTO
pasHooGpasvie OT METOAVIKMA M AOKYMEHTM 3a pa3XofHV HOPMU 3a
paanuMyHUTE BUOOBE MOOWMIHM CaMOXOAHW MalUMHW, BCUMKA Te
[ared He OTpasiBaT [OCTATHHHO TOMHO JEMCTBUTENTHOTO M3pasxaaBaHo
rOpMBO, Cb3AaBaT YCIoBUS 3a CYDEKTVBM3bM M He crioMarart 3a
peLLaBaHe Ha npobremuTe Ha eHepHaTa edeKTVBHOCT [5]. Toau
MOOXOZ, € U34epnan CBOUTE BLAVMOXHOCTU U BeYe Ce ThPCAT APy
METULLA 3a OnpeersHe Ha OeViCTBUTENHOTO 13pasxoaBaHo ropuBO
OT 3eMefeNCKUTE N TPaHCTIOPTHUTE CPEACTRA.

MpobrnembT ¢ eHepMiiHaTa ecpeKTUBHOCT Ce MOCTaBs 0CODEHO
OCTPO U 33 3eMeerncrATe U TPaHCOopTHX cpencTea. HeobxomymMo e
TOMHOTO OnpedersiHe Ha M3Pa3XoBaHOTO OPMBO C LIEN HEMOBOTO
HamarnsisaHe. PeluaBaHeTo Ha npobrieMa Moxe Aa ce MocTUrHe

A0CTaTHHHO TOHHO €OMHCTBEHO Hpe3 HEerNnoCpeaCTBEHOTO My U3vViepBaHe.
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Essence of the problems of energy efficiency in
agricultural and transport machines
The decrease of the liquid fuel consumption on this
stage for Republique of Bulgaria is connected with solving
of the following main problems:
= limitation to minimum of out —
diversion;
= optimal management of the work regimes of the
machines and its aggregates, ensuring a decrease of
the exhausted fuel of engine per unit done work;
= continuous assessment of the technical condition of
the machines and of its aggregates with the purpose
with  maintenance of optimal regulation and
accomplishing of timely repairs, insuring the smallest
fuel consumption;
= optimal management of technological, organizational
and management processes at accomplishing of
agricultural and transport activities, having influence
of the fuel consumption directly or indirectly (selection
of agricultural and transport machine, depending on
the kind of operation, selection of the load and of the
route, movement organization, travelling infrastructure);
= training of the drivers and of the leader with the
purpose of decrease the influence of subjective factor
on energy efficiensy of transport vehicles.

of — control fuel

MATERIAL AND METHODS
Essence of decision. Methods

For measuring of the fuel consumption, which is one of
basic indexes for optimal management direct and indirect
methods may use.

On this stage the indirect methods are used in more
cases. According to the fuel consumption these systems
have information character in more cases and give
possibility mainly for quality assessment of economical
indexes.

Evaluating these problems during the last years the
leading companies in the area of agricultural and transport
machines try to find a way of direct measuring of the fuel
consumption with build in of different sensors for fuel
consumption by means of build in of different kind of
sensors for fuel consumption.

The problems of indirect methods are connected with
the accuracy. They are based on indirect indexes, which
at insignificant changes in technical state of the elements
of the feed system, may exercise a considerable influence
on the error of measuring fuel quality [7].

That is why the using of indirect methods may
consider only as temporary decision while the problems
with using of direct methods be solved.

The problems of direct methods are connected with:

- the availability of suitable cheap and exact sensors;

- the selection of the connected scheme for the
sensors in engine feed system;

- the reliability and the resources of sensors.

On this stage of assessment of fuel economy of
agricultural and transport machines piston membrane,
turbine and oval sensors find wide application.

The piston and membrane sensors have high
accuracy, but they are more expensive and have smaller
recources and reliability than the turbine and oval
sensors. The turbine and oval sensors are cheaper and
have bigger resources and reliability, but they have
considerably bigger error. Indicated problems prevent the
large scale building of the flow — meter.

It is necessary the building of the sensors for fuel
consumption in feed system do not change the
characteristics of the feed, which may change the engine
indexes. It is desirable the building elements do not complicate
and do not make more expensive the building.
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CbLWHOCT Ha npo6GrnemMuTe Ha eHeprurMHata edek-

TUBHOCT B 3eMeAesICKUTe U TPaHCNOPTHU MaLUUHU
HamansBaHeTo Ha pa3xoda Ha TEYHM ropuBa Ha TO3n

etan 3a P.Bbnrapusi e cBbp3aHO NpeauMMHO C peluaBaHeTo

Ha crnefHUTE OCHOBHU Npobnemu:

= OorpaHM4yaBaHe [0 MWHWMYM Ha HEKOHTPOSIMPaHOTO
OTKIIOHSIBaHe Ha ropuvBa;

=  OMVMarHo YrpaBneHvie Ha pexvMnTe Ha paboTa Ha MaLLMHVTE
W Ha TEeXHWTe arperaTtii, OCUrypsiBallo HaMansBaHe Ha
M3pasxo[4BaHOTO OT ABMUraTens ropueso 3a eguHuua
n3BbpLIeHa paboTa;

= HenpekbCHaTa OLEeHKa Ha TEXHUYECKOTO CbCTOsIHWE Ha
MaluMHaTa M Ha HelHWTe arperaty ¢ Lien nogabpkaHe Ha
OMMUMANHA PEryrvpoBKA U U3BbPLIBAHE HA CBOEBPEMEHHU
PEMOHTH, C Haii-Manbk pasxof Ha ropueo;

= ONTMMasnHoO YNpaBreHWe Ha TEeXHOMOMMYyHuTe, opra-
HU3ALMOHHN W YMPABMEHCKU MPOLIECU MPU M3BBbPLLBAHE
Ha 3eMeerncKu U TPAHCMIOPTHW OEAHOCTU, KOUTO MPSIKO Ui
KOCBEHO BIMSISIT BbpXy pasxoja Ha ropuea (13bop Ha
3emMeericka WM TpaHCnopTHa MallMHa B 3aBUCUMMOCT OT
B/AOA Ha oOfepauvsita, Ha ToBapa W Ha MapLupyTa,
opraHusaLyisiTa Ha ABWKEHUETO, MbTHA MHAPPaCTPYKTYPa;

= 0OyyeHve Ha BogauuTe M Ha pbkoBoaUTENUTE C LEen
HamMarnsiBaHe BMUSIHUETO Ha CYyGeKTUBHUS ¢hakTop BbpPXY
€eHepriHaTa edpeKTMBHOCT Ha TPaHCMOPTHOTO CPEACTEO.

METOOONOrmnA
CblHOCT Ha peweHuneTo. MeToanku

3a u3mepBaHe pas3xoda Ha ropuBo, KOWTO € eauH OT
OCHOBHWTE MoOKasaTenu 3a ONTUMAsHO ynpaBreHue morat
[a ce u3nonsear Npeku 1 KOCBEHU METOAMU.

Ha TO03n etan Hal-4ecTo ce W3NON3BaT KOCBEHWTE
meTtoamn. [lo oTHoweHMe Ha pasxoda Ha ropuBO Te3n
cMcTeMM B TMOBEYETO Cryyan wumaTt WHGOPMaUMOHEH
XapakTep 1 AaBaT Bb3MOXHOCT NPEeAVMMHO 33 KavyecTBeHa
oLEeHKa Ha MKOHOMUYECKUTE NoKasaTenu.

OueHsBankm Te3n npobnemu npes nocnegHUTe roanHU
BogewmTe dupmu B obractta Ha 3emefenckara wu
TpaHCMOPTHa TEXHWKA TbPCAT MbTUWLA U 32 NpSsiKO
u3MepBaHe Ha pasxoa Ha ropuMBO Ype3 BrpaxgaHe Ha
pasnuyHn BUAOBE MbPBUYHM NpeobpasyBaTeny 3a pasxosd
Ha ropveo.

MpoGnemnTe Ha KOCBEHUTE METOAN Ca CBbP3aHW BCUYKO C
TOyHOCTTa. Te ce GasvipaT Ha KOCBEHV MokasaTenu, KOUTO Mpu
HE3HAYNTENHW MPOMEHM B TEXHUHECKOTO CbCTOSIHME Ha ereMeHTUTE
Ha XpaHWUTernHaTa CyCTeMa MoraT [a OKaXKaT 3HaYMTENHO BIUsIHVE
BBbPXY rpeLlkaTa Ha U3MepPBaHOTO KONMUYECTBO ropuBo [7].

ETo 3alo 13non3BaHeTo Ha KOCBEHUTE METOAU MOXe [a
ce pasmexga caMO KaTo BPEMEHHO peLleHVe JoKaTo ce
peluat npobriemnTe € 13NOoN3BaHETO Ha ANPEKTHUTE TaKMBa.

MpobnemunTe Ha NpekuTe MeToan ca CBbpP3aHu C:

- Hanu4yueTo Ha NOAXOASLM €BTUHM U TOYHU MbPBUYHU
npeobpasysaTtenu;

- n3bopa Ha cxema 3a CBbpP3BaHETO UM B XpaHUTENHa-
Ta cuctemMa Ha gBurartens;

- HagexXgHocTTa M pecypca Ha MbpuYHUTE NpecbpasysaTenu.

Ha Toav eTan 3a oLeHka Ha ropVBHATa MKOHOMMHOCT Hal 3eMeAericUTE
W TPaHCTIOPTHWTE CPEACTBA LLMPOKO MPUNoKEHVe Hamypar OyTarnku,
MeMOPaHHK, TyPOUHHY 11 OBaITHN MbPBIYHM Npeobpasysatern (M)

BytanHute 1 memGpaHHWTe NpeobpasyBaTeny uMat BUCOKa
TOYHOCT, HO Ca MNO-CKbMM M WMMAaT Mo-ManbK pecypc U
HafeXaHOCT OT TypOuHHUTE K oBanHuTe. TypOWHHUTE K©
OBarHUTE ca No-eBTVHMW, UMAT NO-TONSM PECYPC Y HAAEXOHOCT,
HO MMaT 3HaYMTENTHO Mo-forsiva rpeLuka. NocodeHuTe Npobnemm
Bb3MpensATcTaBaT MacoBOTO Brpax[aHe Ha pasxodoMepu
3a TeYHM ropvea.

[Mpn BrpaxkgaHe Ha MM 3a pasxoa Ha ropyBO B XpaHUTeNHaTa
Q/CTeVa Ha [RAETEN 1 € HeoOXQOyIMO TORa 1A HE MPOMEHA XapeKTEpVCTVIATE
Ha rop1BONoAaBaHETO, KOUTO MOraT 4a MPOMEHSIT NoKasaTenuTe Ha
npuvratens. XXenartenHo € eneMeHTUTe Ha BrpaXKaaHeTo [a He
YCIOXHSIBAT U HE OCKBLMSIBAT CAMOTO BIpaXkaaHe.
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At a scheme with a sensor, the problems are
connected with the manner and the place of feeding away of
redundant fuel, with insurance of necessary temperature
of the fuel and with the deaerating of the system.

At using a sensor the returned fuel from engine feeds
after sensor. In this case the error is minimum, it do not
depends on work engine regime and it is equal to the
Sensor error.

The team of specialists in the area of transport and
agricultural machines work in the education and research
laboratory of transport vehicles of the University of Ruse.
This team has a considerable gained experience over
elaborating and building of the devices for measuring of
the fuel consumption [11]. The flow-meter RTG-2 is
elaborated (fig. 2), which use for periodical measuring and
for long building in agricultural and transport machines
(fig. 1). Possible schemes for building are created with the
purpose of not to change the characteristics of fuel feed.
In result of that, this type of flow-meters is used in practice
for measuring the consumption of agricultural and
transport machines. The results of theirs using confirm the
made above conclusion for application of the direct
methods for assessment of the fuel consumption.

The direct measuring of the fuel consumption with
sensors with acceptable price and with sufficient for the
practice accuracy and reliability is in conformity with the
tendencies in other spheres of the economics and the
society, where analogous approaches are found mass
application. If the sensor is used, its data may use
simultaneously for:

- reading of the summary fuel quantity exhausted for
accomplishment of definite volume of work or for
definite period of time [5];

- creating of conditions for optimal management of the
engine, of the transmission and of other aggregates
with the purpose of decrease the fuel consumption for
unit accomplishing work [2,3,4];

- on the base of the fuel consumption methods for
assessment of the technical state of separate
aggregates and/or of the machine may use with the
purpose preventive gauges to be taken for carrying
out in normal technical state or factory regulation;

- elaborating of the system for investigation on the
base of which assessment for subjective influence of
the driver over the quality management of the machine
and for reached level of energy efficiency may make.

2410912008
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Fig. 2 — lllustration of a flow-meter type RTG2 and of a sample location for inbuilding it in the fuel-feeding system of the engine / Obw;
8u0d Ha pasxodomep mun PTI2 u Ha npuMepHO Msicmo Ha 82paxk0aHe 8 xpaHumesiaHma cucmema Ha dguzamerisi
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Mpwn cxema c MM ocHoBHMTE Npo6remMu ca CBbp3aHu C
HayMHa N MSACTOTO Ha OTBEXAaHe Ha W3MULLIHOTO ropuvBO,
ocurypsisaHe (noaabpaHe) Ha Heobxogvmara Temnepartypa Ha
ropuBoTo 1 06e3Bb3AyLLIaBaHETO Ha cucTeMaTa.

Mpy n3nonssaHeTo Ha M1 BpBLLAHOTO OT ABUraTENs MOPYBO Ce
nojasa cre Mepeu4HUS NpeobpasyBaten. B To3u criyvait rpeLukara
€ MUHMMArHa, He 3aBYCK OT pexymMa Ha paboTa Ha asuratens n
€ paBHa Ha rpeLukata Ha [1r1.

B O6pasoBaTtenHarta v macnegoBarescka nabopatopusi no
TpaHCMopTHW cpeacTsa Ha PyceHckus yHuBepcuteT “A. KbHyes”
paboTuy KONEeKTVB OT CreLmanvucT B obrnacTTa Ha 3eMegerckara
W TpaHCropTHa TEXHWKA W € HaTpynana 3HaudTeneH OonuT no
pa3palboTBaHETO W BrpaXdaHETo Ha cpeacTBa 3a M3MepBaHe
pasxoda Ha ropuso [11]. PaspaboTeH e pa3xogomep 3a TeYHU
ropuBa PTI-2 (dur. 2), KOWTO ce u3non3sa 3a NeproanyHO
u3vepBaHe M 3a NPOOLIMKUTENHO BrpaKdaHe B 3emedenckv v
TPaHCMOPTHU MaLumHK (cour. 1). OTpaboTeHn ca  Bb3MIOXKHM CXEMMU
3a BrpakgaHe C Len Aa He ce NPOMEHST XapaKTepucTUkMTe Ha
ropvBonogasaHeTo. B pesynrtat Ha ToBa TO3u TVIN pasxodoMepu
Cce M3Mon3eart B NpakTukaTa 3a M3MepBaHe pasxoa Ha ropyBo Ha
3eMeernckv U TPaHCTOPTHV MalLHW. Pe3yrraTuTe OT U3MomaBaHeTo
UM MOTBLPKOABAT HaNpaBeHUTE Mo-Tope M3BOOM 3a MpuraraHeTo
Ha OVIPEKTHUTE METOAM 3a OLieHKa Ha pa3xoa Ha ropyeo.

HenocpeacTBeHOTO u3vepBaHe Ha pasxoga Ha ropyBO C
MbPBUYHK MpeobpasyBaTeny C NpYemrnvea LieHa 1 AocTaTtbyHa
3a Mpaktukata TOYHOCT WM HafEeXOHOCT € B ChOTBETCTBUE C
TeHOeHUMUTE 1 B Apyrv cdepy Ha MKOHOMIKaTa 1 0bLLECTBOTO,
KbETO aHariomyH1 Noaxoav ca Hamepunii MacoBO MPUIICKEHME.
Axo uznonssame [ 3a pasxoq, AaHHATE OT HEro MoraT Ja ce
13ron3eaT e4HOBPEMEHHO 3a:

- OT4/TaHe Ha CyMapHOTO KOINMYECTBO FOPUBO, M3pPasxoaBaHo
3a u3BbpLUBaHe Ha onpegeneH obem paboTa wnm 3a
onpegeneH nepuog, ot Bpeme [5];

- Cb3gaBaHe Ha yCcroBuMs 3a ONTUMAarHoO yrnpasreHne Ha
OBuratens, Ha TpaHCMWUCKATa U Ha Apyru arperatv ¢
uen HamansiBaHe pas3xofda Ha ropuvBO 3a eduHuua
u3BbpLUEHa paboTa [2,3,4];

- Ha GaszaTa Ha pa3xofda Ha ropvBO MoraT [a ce u3rosnasat
METOAMKM 33 OUEHKAa Ha TEXHWYECKOTO CbCTOsSHME Ha
OTAErHM arperaT Umnm Ha MalLMHaTa KaTo Lsirno ¢ uen Ja
ce B3emaT MPEeBaHTUBHM MEpKM 3a MPUBEXOAHETO MM B
HOPMAITHO TEXHUHECKO CLCTOSIHVIE UM 38BOLCKA PETYTMPOBKY,

- pa3paboTBaHe Ha CMCTEMM 3a peXx1MOMETpUpaHe, Ha Gasara

Ha KOMTO MoraT [a Ce MpaBsT OLEHKA 33 CyOeKTVBHOTO

BNMsiHAE Ha BOOaYa BbPXy KA4YECTBEHOTO YMpaeneHue Ha

MalLmHaTa 1 MoCTUIHATOTO B pe3ynTaT Ha TOBa HMBO Ha



Vol. 33, No.1 /2011

In this way the driver may help and stimulate the
economical management of the machine.

The building of the flow-meters in self-moving
agricultural and transport machines, with which measuring
of the exhausted fuel quantity is accomplished, creates
practically exceptionally favourable conditions for optimal
management and improvement of the energy efficiency.

RESULTS
Analysis of the problems of energy efficiency

The possibilities for decrease of flow fuel consumption
are considerable [1,2,3,4,5,10].

Out — of — control fuel diversion may lead to increase
the fuel consumption from 15-20% to 40-50%. This is
observed practically in over 90% of the cases of
accomplishing investigation of concrete objects in
Educational and Research Laboratory on transport
vehicles at University of Ruse. In series of cases this out —
of - control fuel consumption passes over 100%.

Optimal management of the work regimes of the
machines and of the separate aggregates may lead to
considerable decrease of flow fuel consumption [4,5,7.9].
For example, if the machines is operated thus, that the
engine works at minimum specific fuel consumption or
near by this regime, the fuel consumption per unit done
work may decrease to 25-30%. Universal economic
characteristics of two internal combustion engines are
shown on fig.1. It is seen, that depending on the load and
on the frequency working regime of the engine, the specific
fuel consumption is varied in very wide boundaries.

In real conditions minimum fuel consumption at
concrete working conditions may read with control of the
rotation frequency of the engine and selection the number
of switched gear. It is possible the fuel consumption to
increase to 1,5-2 times as a result of an irregular selection
the number of the switched gear of the machine, of the
working regime of different aggregates and of the
subjective influence of the driver. Insurance of optimal
working regimes is not possible without availability of
systems for assesment of engine working regime because
the engine characteristics differ widely (fig.3).

The movement organization in the settlements may
exercise considerable influence on the fuel consumption.
It is established, that the variable work regimes,
connected with frequent setting of and acceleration lead to
a fuel consumption, which is about 1,6-1,8 time greater than
this, received for uniform motion at analogous conditions.
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eHepruiiHa edpekTrBHOCT. Mo TO3u HauMH BodaybT MOXe Aa
Ce nofriovara v CTVIMyrivipa Zia Yrpagrisisa MaLLVHATa MKOHOMUHHO.

BrpaxaaHeTo Ha pa3xo4oMepu 3a TEYHU ropuBa B MO-
OUINHWTEe 3eMefenckyu U TPaHCMOPTHU MaLUWMHU, C KOUTO
Ja ce M3BbpLIBA M3MEpBaHe Ha M3pa3xoOBaHOTO KOMU-
YecTBO TOPMBO, Cb3JaBa NPAKTUYECKU W3KITYUTENHO
6rnaronpusiTHU yCrnoBuWsi 3@ ONTUMArHOTO UM ynpaBneHne
1 nofobpsiBaHe Ha eHepruitHaTa UM ePeKTUBHOCT.

PE3YNTATU
AHanus Ha npo6nemMuTe Ha eHepruMHaTa e)eKTMBHOCT

Bb3MOXHOCTUTE Ha HamansiBaHe Ha pasxoda Ha
Te4Hu ropmBsa e 3HauuTeneH [1,2,3,4,5,10].

HeKOHTPONMPaHOTO OTKIOHABaHE Ha TeYHU ropyMBa MOXe
Oa foosefie [0 yBenu4yaBaHe pa3xofa Ha ropusa ot 15-20% Ao
40-50 %. Toea ce HabntogaBa npakTudeckn B Hag 90% ot
crnyyavTe Ha m3sbpLUeHuTe B OBpasoBaternHara uscreosarercka
naboparopusi Mo TPaHCTOPTHY CPEACTBA Ha PyceHok/s yH1BEpCUTET
n3cnenBaHus Ha KOHKpeTHU obektn. B pegwvua cnydam Tesm
HEKOHTPONMpaHW pasxoau Ha ropusa HagMmuHasart 1 100%.

OnTmanHo ynpaeneH/ne Ha pexumite Ha pabota Ha
MalLmMHaTa KaTo L[ro U Ha OTAernHUTe W arperatm Moxe aa
JoBefe 00 3HAUYMTENHO HamansiBaHe Ha pasxoda Ha TeuHu
ropuea [4,5,7,9]. Taka Hanpumep, ako MalumMHaTa ce yrnpaBrsBa
Taka, Ye gpvratensT ga paboTu npyv MUHMMarneH cneuvdmyeH
pasxof, Ha ropuBO UNM OfM3bLK OO TO3W PEXUM, MOXe Ja ce
Hamarm pa3xofja Ha ropuBo 3a eauH1LA U3BbpLLEHa paboTta 40
25-30 %. Ha dour.1 ca nokasaHu yHMBEPCasTHN UKOHOMMYECKU
XapaKTepucTvku Ha ABa ABuratens C BbTPELUHO ropeHe OT
KbAETO Ce BWXKOa, Ye B 3aBVCMMOCT OT TOBAPHUS M YECTOTHUSA
pexuM Ha paboTa Ha OBuratens crieLUdUYHUAT pasxod Ha
rOPUBO CE U3MEHSI B MHOTO LLMPOKU MpaHnLIn.

B pearnH ycrnoevs MyHAMAneH pasxar, Ha ropyiso Mpy ONpeaerieHn
ycrnosust Ha pabota MOXe Ja ce MOCTUrHe Ypes3 perynvpaHe
YyecToTaTta Ha BbpTeHe Ha Asurartenst u nogbupaHe Homepa
Ha BKMlOYeHaTa npedaska. BceregctBue Ha  HenpasuiiHO
noabupaHe Ha HoMeEpa Ha BKIKOYeHaTa npeaBka Ha MalLvHaTa,
Ha pexvma Ha paboTa Ha pas3nuyHATe arperatm M Ha
CyOEKTVMBHOTO BMSIHYE HA BOAayYa € Bb3MOXHO pas3xodbT Ha
ropuso ga ce yesenunum o 1,5-2 mbtn. OcurypsiBaHeETO Ha
ONTYManH1 pexvMM Ha pabota obade He e Bb3MOXHO 0e3
HanMM4MeTO Ha CUCTEMM 3a OLEHKa pexuma Ha paboTta Ha
apuratens, Tb KaTo XapakTepuCTVKUTE Ha Opuratenure ce
paznmyaBaT ChLLECTBEHO eaHa OT Apyra (cpvr.3).

OpraHmsauusata Ha [OBWXEHWe B HaceneHute MecTa
CbLLIO MOXe [a OKaXe 3HauUMTeNHO BMUSHWE BbPXy pa3xona
Ha ropuea. YCTaHOBEHO €, Ye MPOMEHNMBUTE PEXUMU Ha
paboTa, CBbp3aHW C YECTU MOTErNSHUS U YCKOPSIBaHWS
BOASAT A0 pa3xoA Ha ropyeo, KOWTO e okoro 1,6-1,8 nmbTK no-
ronsiM OT TO3M1, KOWTO Ce Noryvasa 3a paBHOMEPHO ABWKeHVe
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Fig. 3— Universal economic characteristics of intemal-combustion engine / YHugepcarHu UKOHOMUHYECKU XapakmepuCmUKU Ha Gsu2ameriu C 8bMpeLUHO 20peHer

It is seen from equation (1) and from implemented investigation
[10] the variable work regimes and intensity of
acceleration lead to a considerable increase of the fuel
consumption.

Q = geG(fcosa + sina + kSVZ/G + &, dV/dt) / (oV10),
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npy aHanorMyHu ycnoeusi. Kakto ce Buxkaa oT 3aBUCUMOCTTa
(1) v ot npoBeaeHnTe B [10] n3cnegBaHWs NPOMEHNNBUTE
paboTHN PEXUMU U WMHTEH3UBHOCTTA Ha YCKOPSIBAHETO
BOZSAT 40 3HA4YWTErHO yBeNnM4yaBaHe pasxoga Ha ropuBo.

@
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where Q is fuel consumption in [/100km;

ge — specific fuel consumption of the engine g/kW.h;

G - weight force of the machine, kN;

f - coefficient of moving resistance;

- incline angle;

0a - coefficient of conditional increase of the mass,
reading the influence of the rotation masses of the
engines, of the transmissions and of the wheels;

. glV/dt - acceleration of the machine at irregular motion,
m/s*;

V — travelling speed of the machine, km/h;

p — density of the fuel, kg/l;

k - coefficient of stream—llned kg/m®

S - frontal area of the machine, m*.

If the machine moves on horizontal terrain and at low
travelling speed in settlement, it is accepted that the parts
of addends in bracket of equation (1), characterized
inertia resistance, are comparable with moving resistance.
When the movement is on the road with concrete
encasement, depending on the terrain and type of
machine, may accept that coefficient of moving resistance
is varied from 0,012 to 0,06, and at nominal intensity of
accelerating the magnitude of dV/dt is in boundaries 0,1-
1,0 m/s®. This means, that at accelerating the necessary
power may increase considerably and will be 2 time
greater than this at uniform motion. That confirms from the
implemented objective investigation for fuel consumption
at process of setting off and accelerating with different
intensity [10]. From showed data on fig.4 for the car Reno
Clio 1,4 it is seen that the hour fuel consumption for this
regime achieves to 10-14l/h at acceleration at 2,3,4 and 5
transmissions. For comparison at uniform motion the hour
fuel consumption is varied from 2-3 to 6-8 I/h, and at
engine work at minimum rotation frequency at idle running
is about 0,7 I/h. That is why it is important to create such
movement organization in settlement, that movement at
constant speed to be realized (at “green wave”).

INMATEH - Agricubtutal Engineering

KbAaeTo Q e pa3xoabT Ha ropueo B [/100km;

0e — CNeumdmyeH pa3xoa Ha ropueo Ha asuratens, g/kw.h;

G — cvna Ha TexecTTa Ha MawnHaTa, kN;

f — Koe(pMUMEHT Ha CHLNPOTMBNEHNE OT NPUABWMKBAHE;

O — BB Ha HaKIOHa;

0a — KOEULIMEHT Ha YCINOBHO YBENUYEHNE HA MacaTa,
KOWTO OTYMTa BIUSHMETO Ha BBPTALWIWTE CE Macu Ha
OBUraTensi, Ha TpaHCMUCKSTa U Ha Konenara;

dV/dt — yckopeHue Ha MawmHaTa NpyM HEPaBHOMEPHO
[BWXeHue, m/s”:

V — CKOPOCT Ha ABWXeHMe Ha MawnHaTa,km/h;

p — NABTHOCT Ha ropusoTo, Kal/l;

k — koedunumneHT Ha obTekaeMocT kg/m

S — YenHa nrnoLy Ha MaluMHaTa,m”.

AKO MallMHaTa ce OBWXM BbpPXY XOPU3OHTareH TEPEH
W MPU HACKN CKOPOCTU Ha ABVIKEHVE B HACENeHN MeCTa, MOXe Aa
Ce MpveMe, Ye YacTTa OT ChoupaemmTe B axodara (1), xapakrepma/palLia
VHEPLWIOHHTO CLIPOTVIBIIEHNE, € CBITOCTaBMMA CEC CHITPOTVRMEHVETO
OT npuaBwkBaHe. KoraTo OBWKEHWETO € BbpXy MbT C TBLPAO
MOKPUTUE B 3aBMCVIMOCT OT TEPEHa M TUMa Ha MalLiMHaTa Moxe [a
Ce npueme, Ye KOEMLIMEHTLT Ha CHMNPOTVBIEHWE OT NPUOBVKBAHE
ce mameHsi ot 0,012 go 0,06, a npu HopmasiHa MHTEH3MBHOCT Ha
CKQPSIBAHETO rorieMHaTa Ha dV/dt e B mpanuumTe Ha 0,10-1,0
m/s ToBa o3HauaBa, Ye Npu yckopsisaHe He06xo,qmmaTa MOLL-
HOCT MOXe Ja HapacTHe 3HA4YUTENHO W Ja CTaHe Hag 2 MbTY Mo-
rorsivMa Ot Tasu NMpy paBHOMEPHO ABVDKeHWe. ToBa ce NoTBLPXKAABa
1 OT NPOBEAEHUTE LIENEBN EKCNIEPUMEHTAITHW M3CneaBaHUs Ha
pasxofa Ha ropvBO B MPOLIEC Ha MOTEISIHE U yCKOpsBaHe C
pasnuyHa nHTeHamBHocT [10]. OT npyBegeHuTe Ha ur.d gaHHW
3a nek astomooun PeHo Knvo 1,4 i ce Bwxoa, Ye 4acoBusT
pasxoq Ha ropveo 3a To3u pexim goctura o 10-14 h npu
yckopsiBaHe Ha 2,34 u 5-Ta npepaBkv. 3a CpaBHEHWE Mpu
PaBHOMEPHO [ABWKEHWE YaCOBUSIT pa3xop Ha ropyBO Ce M3MEHS
ot 2-3 go 6-8 I/h, a npu pabota Ha gBuratens npu MUHUMasHa
YecToTa Ha BbpTeHe Ha npaseH xop e okorio 0,7 I/h. ETo 3awo e
Ba)XHO [a Cce Cb3[ade TakaBa opraHuMzauusiTa Ha OBWKEHUE B
HacereH/Te MecTa, Ye Ja Ce pearmavpa [ABWKEHUE Npu
MOCTOSIHHA CKOPOCT (Npu «3ereHa BbITHa»).

<8 “t '|| o

Fig. 4 — Alteration of the rotation frequency of the engine of the rate of movement of the car Reno Clio 1.4 and of the hour fuel
consumption of the engine at accelerating and stopping / /3meHeHue Ha Yecmomama Ha 8bpmeHe Ha dgueameris, Ha CKopocmma Ha
dsuxXeHuUe Ha niek asmomobun PeHo Knuo 1,4 i u Ha Yacoeusi pa3xo0 Ha e2opuso Ha 08ueamerisi fpu ycKopsigaHe U criupaHe

Uninterrupted assessment of the technical states of
the machine and its aggregates creates conditions fol
preventive diagnostics and decrease of the fue
consumption. The breaking control, the altered technica
indexes of the aggregates and their protection from greatel
damages and the repairs expense lead to an increase of
the fuel consumption to 15-25%. Accounting this during
the last years in considerable part of agricultural anc
transport vehicles systems for control, diagnostics,
information and optimal management has been built in.

Analogous data can be shown for remaining
problems of energy efficiency of the machines.
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HenpekbcHaTaTta OueHKka Ha TEXHUYECKOTO CbCTOsSHUE Ha
MallMHaTa M Ha HenHuTe arperatu cb3fgasaT YCroBus 3a
npeBaHTMBHA OMarHOCTMKa U HamansiBaHe Ha pasxoamTe Ha
Te4HM ropusa. HapyLLieH1Te peryrvpoBKU, MPOMEHEHNTE TEXHMHECKN
nokasaTtenu Ha arperatvte W nNpeanasBaHeTo UM OT Mo-
roriemm rnoBpeav 1 pasxoay 3a PEMOHT, BOAAT [0 MoBYLLIaBaHe
Ha pa3xofda Ha TeuHu ropvea Ao 15-25 %. OtuuTarikm ToBa
npe3 nocrneaHUTe roayHN B 3HAUUTESNHA YacT OT 3emMeaerckuTe 1
TpaHCMopHUTE CpeacTBa ce BrpaxaaT CUCTEMU 3a KOHTPOI,
[AviarHocTuka, MHpopMaLms U ONTUMarnHo yrnpasrieHune.

AHarnom4H1 JaHH1 MoraT da ce NpuBeAaT U 3a ocTaHanuTe
npobnemu Ha eHepruiHaTa edPeKTMBHOCT Ha MaLUNHUTE.
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It is seen, that many and different factors exercise
influence on energy efficiency of the agricultural and
transport self-moving machines. Indicated examples
show that the possibilities for a decrease of the fuel
consumption are large and they must be used. In
conformity with this the program and possibilities for
solving of the different aspects of the energy efficiency
are suggested on national and European level.

CONCLUSIONS

1.The offered on the market and distributed in
practice systemes for control of energy efficiency in
mobile machines are analysed. The main options have
being summarized as trends in the development and
their usage, too.

2. The analysis shows that regardless of the type,
the systems for control of the energy efficiency should
be based on the momentary fuel consumption, which
suggests its direct measurement.

3. The accomplished analysis gives ground for
further work according to the implementation of different
systems for control of the energy efficiency and for
appropriate theoretical, experimental and applied
researches to be carried out.
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Bwxga ce, Ye MHOro 1 pasnuyHM hakTopy OKkaseaT BIMSAH(
Ha eHepI'I/IVIHaTa e(*)eKTIABHOCT Ha 3emMenerckute 1 TPaHCMOPTHI
CaMOXO04HM MalmHU. [locoyeHnTe nNpumepun nokaseaT, Ye
Bb3MOXHOCTUTE Oa Ce HaMalln pa3xXxoabT Ha TEYHU ropuB:
ca ronemm wmn Te TpﬂsBa na Ovbaat wusnonseanHu. [
CbOTBETCTBME C TOBA HA HaLUMOHAITHO U eBpOI'IeVICKO HUB:
ce npeanarat nporpamMn n Bb3MOXHOCTU 3a pellaBaHe H:
pas3nnM4yHNTE acnekTn Ha eHeprMMHaTa e(beKTVIBHOCT.

n3sogun

1. AHanuaupaHu ca npepgfiaraHuTe Ha nasapa U
pasnpocTpaHeHn B NpakTuMKaTa CUCTEMU 3a KOHTPON Ha
eHepruiHata edeKTMBHOCT Ha MOOMIIHM  MalUuWHK.
O606LleHN ca OCHOBHUTE BBL3MOXHW BapuaHTM KaTo
TEHAeHLMM 3a PasBUTUETO M U3MON3BAHETO UM.

2. AHanusbT nokasBa, Ye HEe3aBMCUMO OT BWAA,
CUCTEMUTE 3a KOHTPOJS Ha eHepryiHaTa egeKTMBHOCT e
HeobxoayMo aa ce Gas3vpaT Ha MOMEHTHUS pasxop Ha
ropvBo, KOWTO npegrnornara AUPEKTHOTO My U3MEpPBaHe.

3. V3BbpLUEHVAT aHanu3 AaBa OCHOBaHWE Aa Ce MPOLLIHKM
paboTaTa no peanuavpaHeTo Ha pasnuyHWU BapuaHTu Ha
CUCTEMM 33 KOHTPOST Ha eHeprunHata edgeKTUBHOCT U
N3BbPLUBAHETO Ha HeOGXOANMUTE 3a LieSiTa TEOPETUYHM,
eKCnepuUMeHTanH1 1 NPUIOXHU U3CTeaBaHus.
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