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Biodegradable hydraulic liquid of vegetable origin decreases the contamination
of life environment. This paper shows the scope of the diagnostic following
the alterations of influencing these liquids during the operation and the design
methodology of optimal administration for their recovery.
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INTRODUCTION

The replacement of crude oil products by other materials is currently mo-
tivated above all by the search to acquire materials with better ecological
character and utilize a part of The Agricultural Fund for non-agricultural
objects. One of the obstacles to wide usage and application of biodegradable
hydraulic liquids are currently the undefined and unclarified questions con-
cerning its utility and effectiveness.

The use of hydraulic equipment in tractors, mobile technology, agricultural
and construction machines, etc. presents a serious threat to the environment
because of oil losses in the fields which lead to the contamination of water
an‘d soil (Po¥ta, 1995; Chrast et al, 1995). In the same way thousands
of tons of fossil oil products enter the soil and water annually. This leads,
logether with construction solutions, to look for an alternative method of
reduction of harmful effect, acceptable biodegradable hydraulic liquid that
“?eer?t not, in case of leakage, cause large damage and protects the environ-
0?:223 WiEh the use of(u biodegradable hydraulic I.iquid i'n the h)_/draulic system
itis pogs;}l)llm togethq* wnll1 the p.rcscnlly used classical mmcr;ﬂ oil as a QO]I)lvlcx

*the dnt[e to prcdl.ct'(-/#cwd ie, 1997; Hartweg, Keilen, 1989):
2, d; fCl‘cnilem acquisition costs ‘ o
technical life of both types of hydraulic oils
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3. possibly different life range of hydraulic elements in hydraulic systemg
4. different degrees of contamination of the environment
5. the use of surplus agricultural land for technical aspects, ecology, employ.
ment, etc.
The objective of this contribution is to adapt the theorelical.and n‘xf:th«:\;aiicm
analysis of a given problem concerning total techno-economical effectivity.

MATERIAL AND METHOD

To reach the established objective of the work it is necessary to:
I. elaborate and compile the theoretical part of the problem
2. elaborate all methodologies including essential method for realization of
the experiment
. execute the verifying experiment
4. apply the result of the experiment to the methods required to analyze the
effectivity of Biodegradable Hydraulic Oil.

The renewal (replacement) of liquids in a hydraulic system could be un-
derstood as an optimization normative for a renewal, extension or a reduction
of the interval in which the exploited liquid has an impact on the total
effectiveness. The contribution analyzes this problem from techno-economi-
cal point of view which includes all influences connected with the dig(:!':111'ged
liquids, due to different wear out intensity of elements of hydraulic aggre-
gates and with respect to ecological requirements.

w

THEORETICAL PRINCIPLES OF SOLUTION

Professional literature substantiated that the effectivity of technical object
is determined by the sum of acquisition (production) and operational costs l@
its lifetime per unit (number of km, work done, production gtc.). It means,
we are talking about the so called average unit price of a given technical
object (Po§ta, 1993; Hav licek etal., 1989). -

If the condition of technical object is evaluated by the change of a §clcct6({
diagnostically signal S, as the indicator of the effectivity of .the ob.;}ccl [h‘i
renewal time is determined by a hidden value S, of a given signal, then the
ratio of the sum of acquisition and operational cost to its lifetime is nnmmﬂl;

The operational costs are supposed to increase with the increasing "«”;>l}lm:;
of the work performed (i.e. with increasing time of operation), quc to fal 'U j
mechanisms. If the result in form of the average unit costs of renewal J‘nth
operation of the equipment can be identified with sufficient agcuwtf\/ Wim
the similar value of the selection set, then the selected diagnostic signal ¢
be stated (Havlidek etal, 1989):
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where: u(S) - mean value of the average unit costs of the renewal and the operation of the
equipment when reaching the technical state S
n — range of the selection set (number of investigated elements)
Noi  — costs of the renewal of the i-th element

Npi(S) — costs of the operation of the i-th element from the beginning to reaching the

§ state or ill the necessary putting out of the operation before reaching the
S state

#i(S) — operational time of the i-th element from the beginning up to the S state or
physical life of the i-th element, which did not survive up to the S state

As every discrete value S; of the diagnostic signal has the corresponding
variable operational times for the respective element #;(S;), from which it is
possible to calculate the mean value #(S;), to determine the function #(S),
Fig. 1, and after a statistical evaluation, the equation (1) can be transformed
to a general form of the effective function of renewal

(S)
No +f vy (x) . dx
No+N, (1) 0 @
t B t -

u(t) =

where: u(r) — mean value of the average unit costs of the renewal and the operation of the

equipment when reaching the S technical state, or #S) = ¢

No — mean costs of the renewal of the equipment
KS) =t — mean operational time of elements up to the S state
Np(t) — mean cumulative operational cost up to the S state, or #S§) = ¢
vplt) — mean instantaneous costs of the operation till the S state, or #(S)
As the unit renewal costs u,(f) = N, ' are a permanently decreasing

function of the mean operational time and the unit operational costs are an
Increasing function, the summary function u(f) has a local minimum u(to),
Whose coordinates are dependent on the items, that form the function (1) or
2), and obtaining them is the general purpose of the whole optimization
solution .
The methods of the determination of the standard for the liquid renewal in
 hydraylic system should therefore be as follows:
- A‘perSpective diagnostic signal Q is chosen for the evaluation of the state
of the considered liquid and a real range of this signal is estimated, where
€ experiment will be held. It is obvious, that the experiment and the
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whole optimization solution can be carried out for several different signyjq
and then the signal with the most obvious results can be recommendeq
for practical application.

2. For every chosen discrete value Q; of the Q signal, for which the expeyi
ment is carried out. the selection set of hydraulic systems is monitoreq
during operation, for which the liquid replacement occurs at Q; value. The
number of these sets is the same as the number of the selected discree
values of Q.

3. For every replacement of the liquid at the technical state of Q; the indj.

vidual operational time — the individual replacement interval £i(Q;) - ig
recorded and for the same state Q; also the mean replacement intervyl
ti(0:) is calculated; it can be expected, that with increasing values of
also the values of r(Q;) will increase and that there is a possibility (o
describe this fact by the #i(Q) relation.

4. Each discrete value of Q; has a corresponding level of the technical state
of the observed liquid and of the observed hydraulic system. It can be
expected, that with increasing values of Q; the physical and technical
characteristics of the liquid will deteriorate, so each subsequent value of
Q; will correspond higher instantaneous operational costs.

5. These experimental data are transformed into the form of the functional
relations of the technical life of the investigated element of the system.
And the average unit costs of the mean interval of the operational time
up to the liquid replacement, f, which enables to determine the optimal
mean interval of replacement of the filling of the hydraulic liquid r, and
also the optimal value of the diagnostic signal S, for the renewal of the
liquid charge belonging to this interval. This principle is illustrated in Fig. 1.

I. The principle of the
assignation of the opt”

: 8
mal value of the did8
f prever”

nostic signal 0

tive replacement
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EXPERIMENTAL VERIFICATION

To obtain the necessary source materials for the verification of the possi-
pility of the application of the above mentioned theoretical constructions, the
Jaboratory test of the hydraulic system was carried out with biodegradable
liquid of Czcgh production. Observed were the changes of selected parame-
(ers characteristic for the technical state of the hydraulic system as well as
for the liquid:

_ (otal content of contaminants
_ viscosity

_ water content

_ regime of wear out

_ changes in acidity number.

The analyses were carried out repeatedly, the gained results were statisti-
cally evaluated.

The testing equipment consisted of two basic units, that were formed by
a high-pressure hydraulic aggregate and a loading equipment. The scheme is
given in Fig. 2.

The testing equipment was adjusted for automatic operation. Operational
times, the pressures at measurement points, the number of cycles, and the
temperature of hydraulic liquid were continuously monitored. .

The first stage of the experiment was carried out for 400 hours (120 000
loading cycles). The control samples of the liquids were extracted every

NN

A

L':

2. Scheme ol laboratory
apparatus

1. 15 - basin, 2 - filter,

3 — hydraulic pump. 4 -
electric motor, 5 — clack-
-valve, 6 insurable
(pressure) outlet, 7, 8. 14
— conveyance, 9 — altera-
tion switch, 10, 11 — hy-

draulic motor, 12 — ba-

rometer, 13 — adjustable
outlet, 16 relay
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| 50 hours of operation. During the experiment the temperature in the primary

| circuit was maintained on 54 £ 3 °C. The loading pressure was set on 14 Mpa j]. Parameters and correlation indexes of theoretic functions

‘
‘ a1 = 5205.8321 -
- a2 = 1575.9358
| O vl
| RESULTS by = 3.0931 ba= L1512
‘ ~ . . . . o o o -
I A number of particular data were obtained during the experiment. Ay 1= 0.9966 1 =0.9915

\ example can be given by the data relating to the parameter “total content of

‘ contaminants®, see Tab. L

| operating time. Values of u(S)r of theoretic and values u(S)g of experimental
\ “\ » . function are 1n Tab. IIT a.nd Fig. 3. Appropriate values of diagnostics signals
l I. Experimental ascertained and rated values iz S and (= S>) are assigned by a linear interpolation. )

\ “ 100 . 150 i 200 \ 250 1 300 350 1 m

1‘\ S =CN a 0.106| 0.140{ 0.154] 0.197| 0.240 ().26(1‘ E‘ 11I. The values of the function u(S1), u(S2)

| No/t(S) Kc/h 90.04 [45.02 |30.01 {2251 |18.01 | 15.01 12.86 | 11.25 u(s,) .

:‘1 ‘ Np[(S)1/(S) | Kelh 0.007| 0.051] 0.075 0.115] 0.135| 0.183] 0.251] 0.268 | w50, | asy, =g : : L = =

I ult(S)] Ke/h 00.047| 45.071|30.085| 22.625| 18.145( 15.193] 13.111 u.sm” ql K‘] ) - — > A0y | Wy =5

“‘ J o c/h Kc/h h h Kc/h Kc/h %o

}\ 0.05 89.86 89.99 50.1 50 90.05 91.70 0.05

\‘ I 2

i‘\ It is apparent during this experiment that the minimum sum function was Zii j:);l i):: . o oo . 0.09
I not accomplished. Behalf the chance attestation applicability of a designed = =y o 1774 150 30.09 .08 0.3
| methodology have been accordingly experimental data replaced by a theo- L g 18.36 247.1 200 22.63 2261 0.17
I retic function. The sum function has been expressed in common conformation 025 14.27 14.32 319:5 250 18.15 18.16 0.20
| (N, + a1 8™ b Lo 1174 394.1 300 15.19 15.21 0.24
| u(S) = —— 3) 035 - 10.00 470.6 350 13.11 13.12 0.27
‘\ j ‘ _ ‘ | 0.4 - 8.76 548.8 400 11.52 11.58 0.30
| where: u(S) — mean vah@ of the average um(t costs of the_rencwul m,ld the operation 0.45 1) 786 628.5 450 B )

I of the eqmpn‘}ent when rcuch_mg the technical state S 05 ’ 040 0.34
“‘ No - mean Costs 91 the renewal of the equipment 7 i 721 709.6 500 = 9.48 0.37
‘1 5 — diagnostic sg}ml ‘ ‘ 0.55 = 6.72 791.9 550 _ 875 0.4(
\‘ ‘ ar. br, az, by — parameters of a theoretic sum function 0.6 3 _ o 40
e o : : . 6.37 875.3 600 = 8.15 0.43
L For the assignation of arguments and indexes of the correlation of th 0.65 = 612 959.8 - - ﬁ

| theoretic sum function was applied the standard method of correlation and 0.7 Y, . .7 72 049
““ regression analyses. It is apparent, that designed theoretic functions are Very E - o 0.2 S - s 0.55
| well described by experimental data. By the extrapolation of a theoretic ﬂmg‘i . 7 5.87 1316 900 - | 629 0.61
| tion these were assigned optimal values for recovery of hydraulic oil. It ' i 5.84 1218.9 1000 - 6.04 0.67
\‘\ / once again an exigency to admonish, that those values need additional o = 5.85 1307.0 1100 - 5.89 0.73
\‘\ perimental acknowledgment. b 2 = 592 13953 1200 o .
‘\ Under equation (3) there were rated theoretic values of a sum hmc“‘”/ 0.95 1 . o i - )84 0.79
| ‘ behalf diagnostic signal S; = content of aggregate contamination and 527 ) 002 e 1360 - R 085
U‘ | - - 6.16 15759 | 1400 . 5.92 0.90
I ‘ o .
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3. Determining of optimum time of replacement from the theoretic sum function

CONCLUSIONS

Besides the characteristics of the biodegradable liquids at the moment of

their production, there is very important there are also changes of these
characteristics during the operation. The knowledge of these relations Is necess-
ary for the control of the optimal replacement of liquids.

The performed experiments have proved the possibility of the monitoring
and the usage of the selected parameters of the technical states ol the hydrau-
lic system with a biologically degradable liquid. The selected parameters and
the method of their determination are therefore suitable for this purposc.

We can recommend the following procedure to the users who want (©
achieve an optimal control of renewal of biodegradable hydraulic liquids:
— continuous monitoring and recording of the operational time for the liquid
— with drawing of control liquid samples and performing analyses for the total

content of impurities, viscosity and acidity number at determined intervals

of operational times

— determining whether the optimal time for renewal has been reached by
substituting the obtained values into the theoretical equations. If yes, cal”
rying out the replacement of the liquid.

< 58
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POSTA, J. — ZEWDIE, R. (Ceskd zemé&délska univerzita, Technickd fakulta, Praha,
Ceska republika):

Efektivita uziti biologicky odbouratelnych hydraulickych kapalin.

Scientia Agric. Bohem., 29, 1998: 145-155.

Nahrada ropnych produktd jinymi vhodnymi materidly je motivovédna predevsim
snahou ziskat materidly s lepS$imi ekologickymi vlastnostmi, sniZit zdvislost na pro-
ducentech ropy a vyuzit zeméd&lskou pidu pro nepotraviniské acely.

! PouZiti hydraulickych zafizeni u mobilni techniky, pfedev§im u traktort, uZitko-
Vych. vozidel, zemédélskych a stavebnich stroji atd. v sobé skryva mimofadné riziko
Zneélsténi vody a ptdy pfi ztratich hydraulickych kapalin v terénu.

val. pouZiti biologicky odbouratelnych kapalin v hydraulickych soustavach strojt
lzve pii komplexnim pohledu, ve srovnéni s dosud uZivanymi minerdlnimi kapalinami,
ocekavat (Zewdie, 1997, Hartweg, Keilen, 1989):
= rozdilné potizovaci niklady na hydraulické kapaliny,

:rozililpy technicky Zivot biologicky odbouratelnych a minerdlnich kapalin,
% :)Zgrille rozdily v'iiv?tnosti ’st{oé{1icl1 Prkal hydraulickych systém,
4 mgzng’st\/e stupr_u ;.)():s‘i«)zlovam mvv’ot’mbo prcislf‘edi‘

B . I]‘Tpotl}a)/lnal‘skel’lo v-y-uzwam zem,edvé/lsli%‘ pfl.dy. se vSemi doprovodnymi

A ucimj\-,éllnc}()fvdln 1_<ulturmv kravjmy, plv'zvllcovm. prx}ezﬂostl aj., a soucasné také usporu

Teore[ick‘.;z.dso? 1o‘py,’vcetne ve'dl,ejswh fetektu 7 lol?o plyn.oucich.
ti\'ity b btmc; m<-,f(?d1cke zpracova‘m problemtf ce,lkove tccl.mlck()—ekf)nOIHické efek-
. . b()gld\y oleaourzltclllycll hydraulickych kapalin bylo cilem prace. Pro

ylo nutné:
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— provést teoreticky rozbor vlivi pasobicich na celkovou efektivnosti zafizeni, pouzi.
vajiciho biologicky odbouratelnou hydraulickou kapalinu,

— navrhnout metodiku stanoveni celkové efektivnosti uZiti téchto kapalin,

— experimentalné ovéfit spravnost a redlnost nivrhu a zpusobu zjiStovani vstupnicl,
adaji, potfebnych pro navrZenou metodiku.

V odbornych publikacich je dostate¢né zdiivodnéno, Ze vhodnym integralnim ukg.
zatelem efektivnosti uziti technického objektu je suma pofizovacich (vyrobnich)
a provoznich néakladd, piipadajicich po vyCerpani technického Zivota objektu na jed-
notku jeho doby provozu. Jednd se ukazatel ,,primérné jednotkové ndklady” (Po Sty
1993: Havlidek et al., 1989). Toto kritérium bylo pouZito i v této préci.

Pro stanoveni normativu pro vyménu (obnovu) biologicky odbouratelné kapaliny
v hydraulické soustavé byl navrZen tento postup: )

— Vybere se nad&jny diagnosticky signal pro hodnoceni technického stavu kapaliny
a odhadne se rozsah redlnych hodnot tohoto signalu.

— Sleduje se zdvislost hodnoty vybraného signdlu na dobé provozu kapaliny pro kazdy
prvek vybérového souboru.

_ Pro kaZdou vyménu kapaliny se zaznamena individudlni hodnota diagnostického
signdlu a ji odpovidajici hodnota doby provozu.

~ Takto experimentalné ziskana data se statisticky zpracuji a nahradi se teoretickymi

zavislostmi, které umozni snadné ziskani optimdlnich hodnot diagnostickych signi-

14 i odpovidajici doby provozu.

Bylo navrZeno a vyrobeno laboratorni zkuSebni zatizeni, které umoznilo sledovini
registraci viech potfebnych udaji. Zafizeni je schematicky zndzornéno na obr. 2.

o4}

Pii tomto experimentdlnim ovéfovani byly sledoviny tyto diagnostické signaly:

— celkovy obsah necistot,
zména viskozity,

obsah vody,

— rezim opotiebeni,

— zména kyselosti kapaliny.

Byla ziskdna experimentdlini data, ktera byla zpracovina podle navrzené metodiky.
Vysledky, vztahujici se k nejvhodnéj$imu diagnostickému signdlu jsou uvedeny
v tab. T az 1l a graficky zndzornény na obr. 3.

Jako nejvhodné&jsi a nejpresnéj$i diagnosticky signdl se v podminkéch experimenty
ukazal ,.celkovy obsah necistot™. Pro tento signal byly zpracovany viechny zjiiiéﬂé
lidaje, stanovena teoretickd zavislost na dob& provozu a urfen normativ pro vyménu
kapaliny. Byla potvrzena vhodnost a redlnost pouZiti navrzené metodiky pro optimdl-
ni vyménu hydraulické kapaliny a pro hodnoceni celkové efektivity uZiti biologicky
odbouratelnych hydraulickych kapalin.

Uzivatelim hydraulickych zafizeni s biologicky odbouratelnou hydraulickou Ka-
palinou lze doporudit nasledujici postup optimalniho fizeni vymeény kapaliny:

154 SCIENTIA AGRICULTURAE BOHEMICA, 29, 1998 (2): 14515

] pribézné sledovat a evidovat dobu provozu kapaliny (zafizeni).
v intervalu 100 provoznich hodin odebirat vzorky kapaliny a stanovit celkovy
obsah necistot, viskozitu a ¢islo kyselosti.

™D

3, Dosazenim zjisténych hodnot do vztah odvozenych v této praci zjistovat, zda bylo
dosazeno optimalniho okamZiku pro vymeénu kapaliny. Pokud ano, provést vy-
meénu.

4. Uvedeny postup aplikovat na vSechny uvedené diagnostické signaly a po néjaké
dobé dodrzovini uvedeného postupu vybrat ten signal, ktery bude pro dané kon-
krétni podminky nejvyhodnéjsi. Obnovu kapaliny nadéle fidit podle tohoto signélu.

biodegradovatelnd hydraulicka kapalina; viskozita; obsah necistot; reZim opotiebe-
ni; diagnosticky signal
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