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Summary Method of calmlation of exces s fuel experdinies at mecharical cord ihon change of Topdrai ie dnves
of agrioalhiral mackines is wotked out according o open and closed schemes.
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INTRODUOCTION

Cime of the main conditions of agricultura] production efficie newy assurance is the efficient use
and reduction of fuel and enegy resource s conswraption. Regulatory gronnds and work divections
In resource saving are provided by the law of Ukraine “About the Enerey Saving™ [1] and national
standards [2, 4].

Lipplication of the hydraulic drive [11-17] endbles to enhance operational pararneters and
technical level of agieultural machinery and erergy raeans. Mecharical condition of hydranlic
dirve significantly deterrnives the technical and econormic indices of machines on the whols, becanse
hyrdranlic drives nsed inagreuloral mackines consume 50-60 % of the engine’s power transmithng
it to the worling elernents during the technology processes. Change of the mechanical condition of
bydranlic ditves leads to unproductive energy e xpenditures

Unproductive energy expenditures during hydraulic dive operation are the result of eneigy
losses for mechanical friction in arbcwlation joints and service finids as well as volonetic losses
fromm outer and irmer leaks of service fluids. Ilechanical losses and losses for fhiction in service
fuids dwring hedranlic drive operation remain approxitoate by stable. Funning walue of agrieultaral
machines” hydranlic drive s ave solumetic losses which are deterrnined byrthe volumetric coefiicient
of efficiercy (coe ficients of delmvery rate, hydranlic units and fmid power motors losses). The coef-
ficient of efficiency walue in real operation condifions depends on kinematic pairs wear intensity
which is essentially effected by the mode of load during operation, service fiuid guality; leseel of
tnaitte nance and stuctural peculiavities of hydraulic units.
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Beduetion of volunetic coeficient of efficiency and geveral coefficient of efficierey lead to
the losgses in the form of unproduc tive energyexpe nditare s and excess fuel consmnption ine rease.

Coefrient of delbety rate livnit walue and general coefficient of efficiency for fuid power
taotors are determined by regulatory docurments and do not exceed 20 % of the initial value [3].
Howewver, in real operation conditions and in case of more significant fall of the feed and consurap-
tiory, hywdranlic urdts are not sorted ont. Significant growth of energy carriers costs and reguire rments
of energy resowree s saving prec obdition the necessity of the reviewing of approache s to establishing
the allowed walne s of volurnetric coefficient of e ficienc ¥

REVIEW OF PUBLICATIONS AND REZEARCHER

Besults of research on self-propelled roachines mechanical, voluraetic and full coefficient
of efficiency depending on operating modes, kinermatic parameters and service fuid are given in
taonograph [7]. The effect of hydraulic difve’s maechardcal condition on its furnctiordng and pex
formance is shown,

Besults of research on hydranlic drive operating ternperatire ave given in the works [14-15],
hyrdraulic drives operating temperatore graphoanalytical forecasting methodology depending on
operational conditions is developed Researches on deterynivation of optirnal and livit allowances of
hrdranlic driwe wolhwnetic coefficient of e feieney are performed in works [2-9, 13]. In the process
of devee lopene tit of the pne thodologyr of defirang the mirdnal avd liwmit allowanees of the volumetric
coefficient of efficiency of hyadraulic dives, as an interroediate result, the calewlations of fiuel ovex
expenditores at lowering of the coefficient of efficie ney of agricultural machines hedranlic diives
hive been considered. But the separate method of caleulation of fuel excess expenditures in case
of hydranlic drives” recharical condiion change has not been developed.

DEFINITION OF THE RESEARCH PROEBLEM

Urgeneyof the resomree and energy srving as well as the efficlent consurning of fuel problern
shows the necessity of developrae nt of the separate maethod of excess fuel expenditure calculation
in cage of hydraulic units” mechanical condition change.

Mow mainly two types of hydraulic dimves are used in agriculhoral machines. Thes are con-
structtvel v rnade in ace ordance with the open or clossd scherne. In hydranlic drives rmade ancording
to the open schetne mostly gear type hydraulic pampes, regulator vabees, hydranlic cylinders and
gear type or gerotor type hydranlic motors are nsed. Hydranlic dimves with hydranlic cylinders are
characterize dbyroyelic operation, while hydraulic drrves with hydranlic motors — by incessant wods
0,02 room mesh size filters are used for the cleaving of service fuids. Containers with service flmid
are equipped with airbreather filters, through which the dust frorn the alr can penetrate into service
flmid. Wbtor oils are used as service fuid and they contain mechanical rnpurities.

In hydranlic ditves, made according to the closed schere, axial-plunger wariable delneery
biyrdranlic machines with superchaige paraps are used. &1 domestic machines are equipped with
hydranlic drives G5T-33, GAT-T1, G3T-90 and G3T-112. 0,01 ron mesh size filters are used for
service fluds clearing. Heatsinks are provided for service fmds cooling. Hydraulic drives are
equipped with ternperature gages. Service flwd ternperature can rise ill B0°C. At this teraperature
the alarm systern is actbeated. Evsdronment factors do not significantly influence the mechanical
cordition of the hydranlic rachines. High fineness of filters and absence of mechanizal irnparities
in service fluid at the stage of supply peovide the operation of hydraulic drives without significant



METHOLDS OF CADLCTLATION OF EXCESS FUEL EXPFENDITURES 227

change of a rnachine’s wechanical condition. The change of mecharieal condifion and verease of
leaks result from maintenance recuirernents violation or loweguality repair that leads to a lowwalue
of the wolone tric coefficient of efficiency

Te peculiarity of hydraulic drtves made according fo the closed schere is the fact that the
leakage from the high pressure enclosures is cormpensated by the supercharge parops. In case of
togchardcal condition change in the hydraulic dives of hydranlic rmachines, the walue of leakage
cab increase only to the walue of supercharse parap feed, as in case of a further leakage increase
the condition of service flmid confinmityis violated.

It is expedient o develop the method of excess fuel expenditores calenlation for hydranlic
ditves during the operating shift that is at the fixed current value of the solunetic coefficient of
efficiency and for the long-term operation in case of hydraulic unite” rnechardeal condition change
and lowering of the wolunetic coefficient of efficierc v as a result of kinenatic pairs wear and
leakage increass.

BAZIC MATERIAL PREZENTATION

Hymdraulic drives nsedin agriculhiral machine s differ in power, pre ssure, functioring durabil-
ity and rureber of hedranlic motors connected to the pampe et

Ponaer wvalue spent in hydranlic dimve due to service flmd leakage at the initial walue of the
volunetic coefficient of efficiency is deterrnined by the formala [6]:

N =Nil-n) (1)

where: N - power, consurne dby the hydraulic drive, KWt #, - initial coefficient of efficiency
of hydranlic driwe.

In order to calculate excess fuel expenditores it is necessary to substitute the fension coef-
ficient of the purap rated pressure by the tension coeflcient K at reairoor pressare P

where: N - power consured by the hydvanlic duve, Fowt, 1 - ivdtial hydvanlic dive ef-
fielent factor.

In order to caleulate excess fuel expenditures condifioned by the initial coefficient of = {8-
cilency, it is necessary to deternine energy expenditures during operation tiree, which are projpozx
tioral to the power.

Complex assesament of the factors, determining the hodraulic units load mode, naraely op-
eration duration under load, frequeney of switching on, pressure in the system, is made by the
coefficient of tersion K [7, 10]:

'Pi fl«

TP 300 @

where: P, pressure in the systern, WPa; F, - pump rated pressure IiPa; { - technologyoyele
duration (operation under load); n rnrnbet of cyrles (switthing ong per hour,

To caleulate the excess fuel expenditures it is necessary to substitote the coefficient of ten-
sion of rated purap by the coefficient of tension K| at maxiraur pressure P, from load power in
hrdranlic systern.

Coefficient of tension is caloulated on the basis of hydraulic dimves operation oscillograms.
For example, coefficient of tension for PEL-1H eFarpatets » loader (Fig. 1) 15 0,47, for WEZ-250
universal energetic weans aggresated with ¢ Poliseya -3000% mounted forager (Fig. 231t is 0,90,
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Fig. 2 VES-Z23lumversal ensrgetic means, azgmeg ated with ¢4 Polissva 3000 mowrted forage,
hydramlic dnve operabon cscillogiam

Excess fuel expendities by the machine’s engine for hydranlic drtve at the indtial walue of
the woluroetric coefficient of efficienc 7 is de terrnined by the forraala:

G =N_gk I al-n), {3

where: n - specific fuel expenditures by the engine, kglkWt hour, 5 - initial value of by
dranlic drvve wolunetic coefiicient of efficiency, o - density of diesel fuel kil

There ate no excess fuel expenditores at the irdtial walues of the wolunetic coefficient of
efficiency, though wrpeoductte expenditores happen. It is necessary o reduce such losses by way
of high quality marnmfacturing of hopdraulic ditves and especially of their sealing kinematic pairs.

It oughit to be noted that a roraber of dormestic hydranlic ditves and raotors have design pecu-
larities which allow to significantly exdance the initial vwalues of 5. For exaraple gear type hydraulic
prurnps with compensators, which were tested in their firne, had the initial walue of the wolumetne
coefficient of efficieney higher thaw 0, 96 azainst 0,90 specified by the standard [3].

Ilecharical condition change in the hydranlic ditve of hywdranlic urats leads to losses in the
forrn of unprodne tre excess fuel expenditores.

Lfter apaap drive’s engine is switched on, the perfonmance of the hydraulic didve is char
acterized by the gradual rise of the service fAuid ternperatore fror the arbient teraperatore walue
to the termperature at which the heat exchange balance betaeen the swrfaces of hyrdranlic drives in
byrdranlic urdts and the arbient medium is reached. With the ternperature rise of the service fimid
iteviscosity is weakened and, accordinglsy; the leakage iz increased and the voluretric coe ficient of
efficiency drops. Diagraras of the service fluid ternperatore changes T and the woluree tric coe fieient
of efficiency - 1, at the beginning of operation and atber rming hours t - T andm_accordingly;
are shown in Figure 3.
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Fiz. 3 Service fud tenperatnre changes, wohimety coefhment of effriency
and excess fliel expenditntes diagrans

Excess fuel expenditures are proportional to energy losses, which depend in theilr han on
service fluid teraperature [6]:

FuNtuAp=( vemAT, (4

where: O - service fluid leakage, r’lz; Ap - differential pressure in hydraulic drrve WW/ ",

Ap-volures weizght of the service fuid, Wim®, ¢ - Liquid heat capacity; kilks. degrre. m — raechand-
cal heat equivalent, kg woky, AT - ternperature difference in degrees.

Lt the interval of termperature growing from time t=0 to fime t,, energy losses change and
excess fuel e xpenditures arve de acribed by the power fanction and at the tire interval AF they make:

1
LG, =k, ()

where: k= N gk ! p(n,—n.); A, - current value of the hydraulic drive solumetric coef
ficient of efficiency.

The owerrns of fuel make:
ol
G, =k[ #idi= Lo (6)
1]
Excess fuel expenditures reach:
o Lo 2
T = .lr_[ itdi = E.i:fi,". )]
o

At the other time mterval from t, o t,, energy expenditures and, accordingly excess fuel
expenditores have the constant walue in time. Incloding the coefficient of tension of the hydranlic
drrve operation, the total excess fuel expenditores of mackine’s engine at the coefficient of e fiicieney
lowrering inhoth interwals during the operation tite § are equal to
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Currentvalue of the wolume tric coefficient of efficienc vy is dete rined after the measrernent
of the prarap o rate, service fluid flow rate throughre gulating vabee hodranlic engines byrformlas
ghven in the works [6, 11].

For the lasting period of operation, at hydraulic wite” mechanical condition change, the
volunetic coefficient of efficiency is de terrained by the following fune ions [16]:

no=at’ +hf+e, (£

where: g, b,e - coefficients; § - nirmdng hours.
Progressing excess fuel expendibore s conditions d by the drop of the volurnetric coefficient of
efficiency during the inferval Af taking into account thatat £ = 0 ¢ =5 _ are:

AT =Ngk foln —af* —b-c), (=]

From here: .
&, =MNagk, IpI [~at* - bt )dt.
u (10

L frerintegration we obtain the final forreola for the caleulation of the excess fiel expenditures

for the lasting period of operation at changed mecharnical condition of hydraulic drrves:
att bt
G,—I'-.E‘gKNIp[ TS ] {11}

Let us consider the calculation of the excess fuel expenditures of «Farpatetsy loader during
the operating shift at the hydrvanlic drmee wolure tie coe feient of' e ficlereywalue 0,7 by the forzmula
(7 and for the lasting period of operation by the forranla (113

Leecording to the tests data the power, consmred by the loader™s howdranlic drive, iz 276
EWt, temsion coefficient K = 047, specific power expenditures g is 0,225 kg/kWirh, diese] fiel
density — 0,85 kgll. According to the measure ments results of purap fuel rating coefficient du-
ing testing, the approximate function cosfficients are deterrained and they are: @ = - 46x10° o™

=-21x10° ¢y e = n = 0,967, Excess fuel expenditures during the operation shift reach 7,0 1
Calenlation results are given in Fig. 3.

Caleulation results of excess fuel expenditures for the lasting period of operation at hydranlic
ditves mechanical condition charge to hydraulic units® border condition are shown in Figure 4 as
a diagram. Secording to the caleulations at the hyrdranlic drive woluretric coefficient of efficiency
value 0,9 excess fuel expenditores reach 75,6 1, at walue 0,6 unproductie fuel expenditures reach
dad.4 1,
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Fig4. Deperdence of excess fliel expenditores O on the whuretric coefhiment of efhimency
and norvure hoars of ¢ Earpatets » loader lodrmlic drive

The power, corsmrned by YE2-250 hodranlic drive when aggresated with «Polissya -3000:
combine at com harvesting, amounts to 36,0 KW, tension coefficient K = 0,90, at hydraulic drrve
the wolarretric coefficient of efficiency reaches the value of 0,7 | the excess fuel expernditores dux
ing the operating shift reach 12,2 1. The excess fuel expenditures during the season at characteristic
load 600 howurs are 957 1.

CONCLUSIONZ

To provide resomrce and energy saving during the operation of agricultural mackines and
efficient fuel expenditares it is necessary to use service fluids free of roechardeal irmprities, filters
of high fineness of filtration and air breather-filters of high quality

& significant growth of energy production cost conditions the necessity of reviewing of ap-
proaches to establishing the limit walues of the woluee tic coeffcient of efficiency. It is expedient
to choose the o on the basis of miniroum syecific expenditures provision, at which the owner of the
machine will have ramimmal expenditires related to operation tire unit. It is necessary to review
DETT 2192 [8] clauses concerning the reguirernents in order to it the walues of the volumetne
coefficient of efficiency

To preseent the operation of hyrdranlic drtves with the low walue of the wolune tie coeffieient
efficiency it iz nece ssary to test the operation of hydrmulic drives” hydraulic anits in due firne and
change thern if necessary.
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METODY OBLICZANIA HADMIERNEGO ZUZYCIA ENERGII
PO ZMIANIE STANUT MECHANICZNEGO
NAPEDOW HYDREATLICENYCH W MASEYHACH ROLNICEYCH

Streszeende, Cpracovwrano retode obhezarta nadnuermego mudyria enersii prey snmarme stam mechariczmeso
naped dor Iyd ez h maszm raliwesyehwedhyz schematy obarartezo 1 zamlonetezo.

Showa khweawe: naped bydmnhiesny, stan mecharmesny, ohjetodcioaryarspatemmrnk wdajnodel, palrero, nad-
nuerte mEyrle paliva



