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ADVANCED IDENTIFICATION OF TRACTOR ENGINE
FINITE ELEMENT MODEL

POKROCILA IDENTIFIKACIA MKP MODELU TRAKTOROVEHO
MOTORA

D. Brozman

Slovak University of Agriculture, Nitra, Slovak Republic

OV E. 17

ABSTRACT: The procedure of the identification of FE tractor engine model and the results of modelling the cylinder liner
misalignment are presented in this paper. The new identification procedure is based on non-contact optical tensometry, which
enables the evaluation of a displacement in real time with precision to 0.5 um. This procedure which utilises electronic speckle
interferometry, has several advantages compared to the method of identification using a model with the aid of holographic
interferometry used in the previous models, which is time-consuming and technically complicated. The determination of
deformation and displacement in a plane of the cylinder liner in the range of 107- 10 mm, show the increase of stiffness
of the engine block of the new ecological tractor engine UR-1V M2 as against the 6-cylinder model UR-1V.

tractor engine; modelling; speckle interferometry; finite element analysis

ABSTRAKT: V ¢lanku je popisany postup identifikdcie MKP modelu motora traktora a vysledky modelovania vyosenia
vloZiek valcov. Novy identifikalny postup je zaloZeny na bezkontaktnej optickej tenzometrii, ktord umoZiiuje vyhodnotenie
posunuti v redlnom Zase s presnostou aZz na 0.5 pm. Takyto postup vyuZivajici elektronickd speckle interferometriu ma
niekolko vyhod v porovnani so spdsobom identifikovania modelu pomocou holografickej interferometrie, ktory bol pouZity
pri predchddzajicich modeloch a bol asovo a technicky ndro¢ny. Urlenie deformécii a posunuti osi vloZiek valcov v roz-
medzi 107- 1072 mm poukazuje na zvySenie tuhosti kfukovej skrine nového ckologického traktorového motora UR-1V M2

oproti predchédzajiicemu 3estvalcovému modelu UR-1V.

motor traktora; modelovanie; metoda konecnych prvkov; speckle interferometria

INTRODUCTION

Technical advancement in agricultural technology
and associated fields are mainly reflected in the deve-
lopment and testing of machines and their parts. The
new development tendency, constantly often requires
the manifestation of the use of precise and highly sen-
sitive measuring and computer modelling methods, for
the analysis of strength, reliability, and also access to
new interdisciplinary research. This type of experimen-
tal method also includes laser measurement methods,
concretely holographic and speckle interferometry
(Vest, 1979). In the case of computer modelling, the
universal and most often used method of finite element
analysis (FEA), enables the solving of general algo-
rithms in a wide field of physical and technical prob-
lems (Spirakos, 1993). At the present, there are se-
veral ranges of computer modelling packages, certified
under the international standards ISO 9001 (ANSYS,
1996), which are directly recommended for developing
and testing parts.

As it is known, a critical phase in computer model-
ling is the determination of boundary conditions. This
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seems to be the major problem during development of
the suggested ecological tractor engine type, UR-IV
M2, when it was necessary to solve the problem on
determination of cylinder liner misalignment as conse-
quence of mounted loads. In the previous 6-cylinder
UR-IV engine type, this problem was solved by com-
bining holographic interferometry (HI) and computer
modelling with finite element analysis (Brozman,
1996). The HI method is experimentally, materially,
and time-consuming as in the measurement phase, and
also during the interferogram evaluation (the measure-
ments presented in Brozman (1996) lasted 19 hours
without leaving the laboratory, for technical reasons of
achieving one series). The development of an ecologi-
cal engine mainly lays emphasis on production preci-
sion, that is on the minimum deformation of the cylin-
ders during the completion of the engine. The better the
possibility of achieving this, the better the working har-
monization of the piston rings-cylinder liner, resulting
in the reduction of oil consumption and finally the con-
sequential minimum quantity of hardened parts in the
exhaust pipe. The conditions for the repetition of de-
formation measurements in the internal surface of cyl-
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inder liners of new prototype motors and their com-
puter modelling, was created. For the given reasons of
complicity and time consumption, the use of the experi-
mental method for identification of the computer model
(supplemental model for aiding measurement) is not
advantageous. Therefore, it was necessary to replace it
by the method of optical tensomery. Also, it was for
the reasons of increasing the precision of modelling
using the volume engine model, not a shell-like struc-
ture, as it was used in the previous work.

METHODS

Based on the experience gained from the previous
physical and computer experiments, it was enough to
take measurements of the engine only in several loca-
tions in the region of the cylinder liners and their in-
ternal surface. For this kind of range, the measurement
used an undispersed laser beam, which on striking the
surface of the following object, is diffractionally dis-
persed and creates interference in the consequential in-
cidence, i.e. the speckle effect in the form of dispersed
light traces (speckles) in space. This speckle field
moves and changes with the surface of the object on
which it disperses on according to a specific statistical
dependence. By determining movements in the speckle
field, it is possible to determine movements on the sur-
face, hence deformations on the object. There are sev-
eral experimental methods that were written by a num-
ber of authors in the seventies and eighties
(Jakeman, 1975; Takai, Asakura, 1983). For
high precision and sensitivity, and at the same time the
relative simplicity of the experiment, modified optical
speckle tensometry was used, this was described in its
practical formin Yamaguchi (1980). The principle
of the experimental arrangement is shown in Fig. 1.

1. Experimental scheme of the optical speckle tensometry

After the sensing of the intensity distribution in the
speckle field with line CCD sensor, then the signals
were stored as references. During a surface change
(movement, deformation), the intensity distribution is
again measured and the calculation of the cross-corre-
lation function realised. The maximum cross-correla-
tion function moves against the autocorrelation func-
tion of the reference signal about a specific value AA,,
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which is as a result of movement in the speckle field.
This movement corresponds to the movement in the
investigating object depending on the geometry of the
measuring arrangement according to the relationship in
Brozman (1992).

il wiiia L, cos? O 6 W
= |=———4+cos
¥ TH Ly .cos©, g
where: AAc - the moved speck structure
Aa, — the moved point on the object surface

©,, ©, - the angles of the direction of lighting and sensing
L, L, - the distances of the source and sensor

Apart from the displacement value, it is also possi-
ble to determine the direction of movement from the
direction of movement of the cross-correlation maxi-
mum, and with the joining of a differential sensor
(Fig. 1), also directly evaluate the quantity of strain.
With this method, it is possible to measure movements
within the range of 0.5 pm to 0.5 mm at relatively high
precisions depending on the geometry of sensing and
lighting, number of sensor pixels and method of esti-
mating the correlation coefficient. The calculation of
the correlation function was made with respect to ob-
taining a higher precision using the direct method (not
for example the quick backward Fourier transforma-
tion), which is of course the most intensive as per cal-
culation time. Therefore, the binary signal was used for
the trial calculation which has the same results (maxi-
mum position) of high contrasting speckle structure and
its calculation is several times faster. The signals from
the CCD sensors, §;(i) and S,(i) (i = 1.....N, N is the
number of sensory elements in the CCD detector), were

converted into binary form using the relationship:

N
151500 2 7|v' Y. 8120

By ()= = @)
-1 otherwise
and the bipolar correlation function had the form
N
Bia() =% 3By Byl +)) o)

i=1

Examples of signals from the CCD sensors and cal-
culation of the cross-correlation function are shown in
Figs. 2 and 3.

Since the precision of the estimated correlation func-
tion depends on the number of readings (data), and also
a high number of readings increases the calculation, the
CCD SONY line sensor was chosen as the optimal,
having 2 048 sensing elements, each with a dimension
of 13 um x 13 pm. A miniature laser diode with an out-
put power of 10 mW and wave length of 670 nm was
used as the laser source. A two channel interface with
a standard 8 bit signal and data reading time from the
CCD sensors of 2 ms, was developed for connecting
the CCD sensors to the computer. The system was also
equipped with a memory stabilizer and micro-processor
which enabled the changing of the sensors sensitivity,
more recording capacity and superposition signals.
With these equipments and method, the signal can be
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4. Model of the engine block divided into 12,000 element volumes

read and processed in the period of two seconds, which
is possibly to consider for real time measurements.
The model of the engine was created using the FEM
programming package LUSAS. In order to achieve
a high precision, it was possible to create the volume
model (FEA, Lid, 1993a), which is several times more
intensive in calculating than the shell-like structure
model used in the previous modelling etapy. The model
was created from 6-walled, 20 node elements HX20
(FEA, Ltd, 1993b). The cylinder liners were modelled
with manufacturers given tolerances and fitted into

ZEMEDELSKA TECHNIKA, 44, 1998 (2): 41-44

5. Computer model of
the engine block defor-

mation (dotted lines)

4 with respect to its origi-
nal unloaded state (full
lines)

3

2

1

crankcase with defined contact conditions. The mount-
ing of the cylinder heads was simulated with pressure
on a bearing surface of the crankcase and with force
applied in the threaded hole of the tie bolts. The calcu-
lations were repeated during identification when the
boundary conditions changed such that most of the re-
sults of the calculation would agree with the measure-
ments. This was achieved with the model consisting of
3200 elements. Finally, the calculation in the identifi-
cated model was achieved by dividing the model into
12,000 elements (Fig. 4). Non-linear analysis was used
which lasted approximately for about 1 hour for the
preliminary model and 29 hours for the final model,
done on the computer with Pentium processor
150MHz, 48MB RAM, 512kB Cache.

RESULTS AND DISCUSSION

Identification was achieved on two random points in
the front and rear edges of cylinder liners, on a cylinder
located at the edge and inside of the engine block. The
measured value of movements during identification of
the computer experiments coincided with the calculated
model to 8% tolerance, which was as a result of errors
in the measurement. The whole aim of the hybrid
method was to determine cylinder liners disalignment
using the values obtained from the computer deforma-
tion model of the cylinder liner surface. This was
achieved by fitting the curve of the cubic spline func-
tion through the centre of gravity of five sections along
the axis of the cylinder liner. This created curve repre-
sented the deformation of the axis of the cylinder liner
(Fig. 6). The absolute value of the vectors of the moved
axis in relation to the position along the axis, is indi-
cated in the graph. From the graph, it is obvious that
crossing and misalignment occurs in the cylinders lo-
cated on the edge, and deformation and misalignment
in the axis of the cylinders located at the centre, with-
out any explicit crossing. The most axis crossing was
created in liner 1 (numbered as shown in Fig. 5), and
the most moved axis was in liner 4. The axis in cylinder
2 and 3 shows a very similar shape and movement val-
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6. A cross-section of the cut section of the cylinder showing the
deformation of the engine block and cylinder liner (dotted lines)

ues. It is possible to observe this fact partly and also
with the calculated model (Fig. 5), where the outline of
deformation of the engine block is drawn. From the
misalignment of the rear diameter, the determined sym-
metry is seen, which was also observed in the preced-
ing model of the 6-cylinder engine (Brozman,
1996). Generally, the highest values of the shift values
in the rear parts of the cylinder liner were probably as
a result of the rear diameter being free (the location of
the cylinder liner is at a distance of 180 mm from the
rear dimension).

CONCLUSION

The aim of this work was to determine the deforma-
tion of the axis of cylinder liners using a model with
increased elements, hence increasing the precision of
modelling in accordance with the international standard
ISO 9001. The effort of high precision modelling is
significant only by using precise determined boundary
conditions, which were determined backwardly by the
identification experiment in this work. The experiment
was designed and worked upon with the aim of deter-
mining measurements in real time and increase its sim-
plicity in such a way that it was possible to determine
measurements, also away from the laboratory, while
maintaining the conditions of non-contact. The results
of this hybrid method showed the increase of stiffness
in the engine block of a tractor, as against the previous
version. The deformation of the whole engine block is
of course similar to the deformation of the 6-cylinder
engine version, which was modelled and measured in

X E-3
10.00

9.000

8.000

(e 1 2 e
= === o
z 3 z
g s.000 —
w

$.000
g 7 Y]
a 4.000
7]
a 12.000

2.000

1.000

0.0
0.0 ©€.03 0.05 0.08 0.10 0.13 0.15 0.16 0.20 0.23 025 X €3

CYLINDER AXIS [mm])

7. The shape and misalignment of axis of the cylinder liners as a
result of mounting (loading) the cylinder head. The curve numbers
represents the numbered cylinders in Fig. §

the preceding stage of this project. Based on the given
results, the subject of further construction adjustments
is to minimise the deformation of all the cylinders,
which will then fulfill the most rigorous ecological
conditions required from an engine in operation.
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MATEMATICKY MODEL TRAKTORA Z-12145
S DIFERENCIALNOU HYDROSTATICKOU PREVODOVKOU

MATHEMATICAL MODEL OF TRACTOR WITH DIFFERENTIAL
HYDROSTATIC TRANSMISSION

I. Petransky, S. Drabant, A. Zikla, M. Mancovi¢

Slovak University of Agriculture, Nitra, Slovak Republic

ABSTRACT: This article covers the mathematical description of the transmission system of an agricultural tractor (ZETOR
type 12145), with hydrostatic pump-motor unit and a single differential planetary gear on the P.T.O. The various systems are
identified and described as a part of the mathematical model. The result of this description is a non-linear mathematical model
which is used both for the design and the functional testing of the control system. This model can also be used for calculating
of the gearbox parameters and the drawbar pull characteristics of an agricultural tractor with hydrostatic transmission system.

hydrostatic gearbox; mathematical model; drawbar pull characteristics

ABSTRACT: V &lanku je uvedeny matematicky popis transmisie s hydrostatickou prevodovkou a s diferencidlom na vystupe.
Transmisia bola navrhnutd pre polnohospodirsky traktor ZETOR Z 12145. Su¢astou matematického popisu je identifikdcia
jednotlivych agregatov. Vysledkom popisu je nelinedrny matematicky model sliZiaci k ndvrhu a funk&nému overeniu regu-
lacie. Tento model zédroveil sliZi aj k vypodtu parametrov prevodovky a fahovych charakteristik polnohospodarskeho traktora

s hydrostatickym transmisnym systémom.

hydrostatickd prevodovka; matematicky model; tahova charakteristika

UvoD

Transmisia polnohospodarskeho traktora patri k tym
zdkladnym uzlom, ktoré rozhodujicou mierou urcuji
uzitkové vlastnosti vozidla. Medzi progresivne prvky,
agregity a rieSenia, ktoré boli uspeS$ne zvlddnuté za
posledné obdobie, patria okrem iného aj pozitivne vy-
sledky s kombinovanymi transmisnymi systémami na
baze vetvenia vykonu. To poukazuje na moZnost také-
ho zlepSenia iCinnosti hydrostatickej transmisie, ktord
v previazani aj s reguldciou na minimalnu spotrebu pa-
liva sa stava vaZnym konkurentom transmisného systé-
mu $tandardného polnohospodarskeho traktora.

Uvedené fakty dali podnet k vypracovaniu rozboru
aplikacie transmisie pre polnohospodérsky traktor na
bize kombinovaného prevodu s hydrostatickou pre-
vodovkou s planétovym diferencidlom na vystupe
a s vonkaj§im vetvenim vykonu.

MATERIAL A METODA

Na tento dcel bol vybrany polnohospodérsky traktor
Z 12145 (85 kW) tazkého radu URII B. Ako hydrosta-
tickd prevodovka (HSP) bola pouZitd kompaktnd hyd-
rostatickd prevodovka HP-90R-+90R32K, ktorej kine-
maticka schéma s pracovnym oznaCenim PT-85 je na
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obr. 1. Smery tokov vykonu a otacok su znazornené na
obr. 2.

Pri kinematickom vySetrovani jednoduchého plané-
tového diferencidlu vychiadzame z Willisovej metddy
(Orshansky et al., 1987). Kinematickid vizbu me-
dzi uhlovymi rychlostami pohyblivych ¢lenov méZeme
vyjadrit takto:

o, O,-,

Lol o =i =K )

mqr mq -,

V pripade, Ze uhlova rychlost unafaca w, = 0, potom
rovnicu (1) mdéZeme napisal v tvare:

NlQN

k=2 )
q

P
Ked vychidzame z Willisovej met6édy, rovnicu (1)
moZno rozpisat do takéhoto tvaru:
w,,—K.wq+(K—1).to,=0 3)
Pre prevod hydrostatickej prevodovky HP-90R-
+90R32K moZno odvodit a zovieobecnit vztah:
Vs B Mpe
Viar - B - Mo + Vi - ot

(C)]

igs=

kde:
XG =-sgn(wg . Y- Ap); XH=-sgn(wy .Yy -8p) (5)°
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EHP - elektrohydraulicky prevodnik - hydrostatic converter
spalovaci motor — combustion engine

hydromotory - hydroengins

hydrogeneritor — hydrogenerator

jednoduchy mechanicky prevod - simple mechanical gear
diferencidlny planetovy prevod - differential planet gear
vstup — inlet

vystup - outlet

8YG
18Gmax

18Ym

=— ©
il 18 Himax

Bo=
Pre uhlovi rychlost o, plati:

WK e b7 0
o= M l;l_K HS (7)

Pre pripad, Ze korunové koleso stoji, t.j. y5 = 0°
a Yy = +18° @, = 0 (bod F| na obr. 1 vpravo dole),
plati:

m}
(D,=l—_? (8)

Uhlovi rychlost wg na zadnych kolesich vypocita-
me zo vzfahu:

wl‘
W =— 9)
fzm

Teoreticki rychlost traktora uréime zo vztahu:

Rp, . o,
=£LJ (10)

Vi

Izm

V oblasti Y5 = -18° aZ 0° a yy; = +18° dochadza
k cirkuldcii vykonu; z hydrogeneritora sa stdva hydro-
motor a z hydromotora hydrogenerator. V oblasti y; =
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0° az +18° a Yy, = +18° aZ +7° dochéadza k vetveniu
vykonu. Podla zmyslu roticie rozliSujeme tieto pri-
pady:
Il pripad: igg<0=>0>0; 0,<0

Zo znamienok uhlovych rychlosti a momentov vy-
plyva, Ze v hydrostatickej vetve te¢ie cirkulaény vykon.
Hydromotor pracuje ako hydrogeneritor a hydrogene-
rator pracuje ako hydromotor.

My > 0 = > zdporny vykon

2. pripad:igg>0=>wy<0; 0, >0

Zo znamienok uhlovych rychlosti a momentov vy-
plyva, Ze v diferencidlnej hydrostatickej prevodovke
(DHSP) dochadza k vetveniu vykonu. Hydrogenerator
pracuje ako hydrogenerator a hydromotor pracuje ako
hydromotor.

My < 0 = > kladny vykon

3. pripad: igg<0=>wy >0; o, <0; Reverz
My < 0 = > zaporny vykon
Pre vystupny kritiaci moment z DHSP plati:

Y My 1p. (1-K) -
G

a tlak v HSP je dany vztahom:
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2. Smery tokov vykonov a oticok pri jednotlivych reZzimoch difer-
encidlnej hydrostatickej prevodovky ~ Directions of flows of outputs
and revolutions at various regimes of differential hydrostatic gear

_2n My K. b7 igs. 1y, Mp MEG
TWaiBa veskat B XG
G PG sa b tgg M, My Np Mg

(12)

Tahovu silu traktora uréime zo vztahu:

M, izy-Nzy

F=
RD'_'

r

F, (13)

VysSie popisané matematické vztahy tvoria zéklad
pre ndvrh regulaéného systému traktora, aviak nie si
postaCujice. Okrem matematického popisu prevodovky
je treba vyjadrift moment na vstupe minimélne ako
funkciu otacok a pre zdruZeni reguliciu motor-prevo-
dovka ako funkciu oticok a spotreby paliva. TaktieZ je
potrebné vyjadrit stratové momenty a prietoky hydro-
generatora a hydromotora. St to trojparametrické funkcie
a maji vplyv na celkovii di¢innost i na priebeh tlaku.

Pomocou nelinearneho matematického modelu, od-
vodeného z pohybovych rovnic, mozno okrem navrhu
a overenia regulatného systému vypocitat aj parametre
DHSP ako ustélené stavy pre zadané zataZovacie mo-
menty, vstupny vykon a Ziadané otacky vznetového
motora.

Pohybova rovnica uhlovej rychlosti vstupného hria-
dela je dand vztahom:

_B.F+D.C

e et 14
AT D.A-B? K
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Pohybova rovnica uhlovej rychlosti vystupného
hriadela je dand vztahom:

A.F+C.B
e as
D.A-B
kde:
A=l 7 Zﬁ
=lgatlpy.— 5.y (16)
q
B=1 Z-zl ZI, Z,,+Zq an
=lRH- =775 M-Mp
%Yy Yy
C=M—2 M m, - My 2L 2 18
=014 -Mg.My—Mpyy. -Np (18)
Zs Z{/
22 2, T2 ’
D=IRV+IRH'_;'[JIZ_IL] -Mp-Mp a9
% q
42 VB
7 (2,+2
F=My.—L.|2—4| n,.np-M, 20)
% 2%

Pricom A, B, D siu dynamické Cleny.
Rovnica zmeny pracovného tlaku v HSP ma tvar:

dAp

EK 14

_dl—=_\zl-'[QG—QH'_Q”—QPV] 21)
Pri¢om:
Q-=i.tgv - 0G - Qs - sgn(4p) (22)
G . €Y Gmax GG SG
Oy = —Yoims Yy - Opgy = Qg - SENAP)  (23)
HI =50 Y1 H1 - O~ Csm
_ Vlllmnx 24
Qn=—"3 - 0= Qs - 5gn(4p) 4
sgn(Ap)=1 pre Ap=20 (25)
sgn(Ap) =-1 pre Ap<0 (26)
Qpy=Kpy . (Ap = ppy . sgn(8p) . ppy) pre lApl>0  (27)
Qpy=0 pre 1ApI<0  (28)
Dpy= Wy = O (29)

Pohybova rovnica opornej dosky hydrogeneratora
a hydromotora:

dyg
e =K;.xp

pre (Y1 < Ypmax) A (5, < 0) (0
gy
> Ky . xp
g X
- = pre (Y6 2 Yomax) A ;A_ s KI' £

A(x,>0) Y 31
N o
ar Ky - xp pre (Y6 < Yomax) A (%, > 0)
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pre ostatné pripady 32)

Zaroven plati:

Ho _
dr

‘!YH 1

dr

pre [(Wg! 2 Yomax) A (VG - X, > 0] (33)

==Ky . xp pre (W <Ygymax) A O - X, > 0)] (34)
a pre [(Wgyl 2 Ygimax) A gy - X, > 0)]

Pohybovi rovnica elektrohydraulického prevodnika
(EHP), ktorym je riadena doska hydrostatického pre-
vodnika:

dx, yp—x,
+- RT , (35
1
kde:
¥, =Kp  [(0p = Op7) + Tp . 0] (36)

Nelinearne diferencidlne rovnice 1. radu (14), (15),
(21), (30), (31), (32), (33), (34), (35), (36) predstavuju
matemeticky model sustavy DHSP. Sustavu tychto rov-
nic sme pre konkrétne podmienky riesili numericky na
persondlnom pocitaci.

Pre vypocet tahovych charakteristik so zahrnutim pre-
klzov podla $tandardnych podmienok pre strnisko, orai-

nu a betén boli pouZité vztahy a postupy, ktoré uviedli
Grecéenko (1963) a Mancovic etal. (1988).

VYSLEDKY A VYHODNOTENIE

Pomocou uvedeného matematického modelu boli
vypoditané v ustdlenych stavoch rychlosti, momenty
a tlaky v DHSP pri konstantnych hodnotach zataZova-
cieho momentu, G¢innost, vykon na vystupe z prevo-
dovky a hnacia sila bez uvadzania preklzov.

Na obr. 3 st znazornené vypocitané priebehy uhlov
ndklonu dosky hydrogeneratora y; a hydromotora vy,
v zévislosti od teoretickej rychlosti traktora. Na obr. 4 je
kompletna statickd charakteristika DHSP ako funkcia
rychlosti traktora Z 12145 so zahrnutim strat v prevodov-
ke pre vstupny vykon 85 kW a otacky 2 200 min~,

Do vypoctového programu boli dalej zahrnuté pre-
klzy a valivé odpory pre traktor so $tyrmi hnacimi ko-
lesami (Dorey, Vaughan, 1988). Na obr. 5 si
uvedené vypocitané tahové charakteristiky traktora ZE-
TOR Z 12145 s DHSP na strnisku, oracine a beténe.

Koncepcia rieSenia traktora s DHSP bola nasmero-
vana na sklbenie dvoch progresivnych rieSeni, a to na:

— elektrické ovladanie davky paliva vznetového mo-
tora (REM-2 fy RESYSTEM),

— elektrohydraulicku regulaciu trojbodového zavesu
(ZEHR-2 fy RESYSTEM).

20
Y
o
16
' L%
12 Y|o= 166,71 rad.s™ [N -+ 2
| 4 :
s : ,:V‘_ 18’.45 knll.h N
4 : : : T e T e T DN
4 ||o=7666rads" i lo=344rads™| i o=8507rads’| 2 1 i o= 234,24 rad.s”
vi= - 8,48 km.h"' Vi= - 0,38 km.h" vi= 9,42 km.h"' x vi= 25,93 km.h"!
0 ———i : ———————
R: . Y : : Fu
4 feeeere
2@ feewasls
e e ey Sl L — = Uhol néklonu dosky HM1
(7 (R S . D i Uhol néklonu dosky HG
-20
-0 -8 -6 4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24 26
e T ]
REVERZ -
km.h™

3. Zobrazenie &iselnych charakteristickych hodn6t diferencidlnej hydrostatickej prevodovky - Pattern of numerical characteristics of differ-

ential hydrostatic gear values

uhol ndklonu dosky HMI - angle of bank of HMI plate
uhol niklonu dosky HG - angle of HG bank
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MyiMg F 4. Kompletna statickd charakteris-
N.m W tika diferencidlnej hydrostatickej
h prevodovky - Complete statistical
M \ characteristics of differencial hy-
MZ 70 .
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V prvej etape bolo rozhodnuté skibit regulaciu vzne-
tového motora REM-2 s regulédciou hydrostatiky. Zdru-
Zen4 elektrohydraulicka regulacia transmisie zabez-
pe€uje reguldciu na konStantni hodnotu vstupného
vykonu vznetového motora, a to na lubovolnej vyko-
novej hladine s reguldciou na miniméalnu spotrebu pa-
liva. Pozostava z elektronickej regulacie vznetového
motora REM-2 a z elektronickej reguldcie DHSP. Blo-
kova schéma zdruZenej reguldcie je na obr. 6.

Po etape vypracovania matematického modelu a po
realizacii vypoltu nasledovalo spracovanie konStruk-
¢nej dokumentacie transmisného systému, jeho realizé-
cia a funkéné skusky. Z vysledkov vypoctov ziskanych
pomocou programového spracovania matematického
modelu transmisie traktora s diferencidlnou hydrostati-
kou vyplyva, Ze uinnost transmisie pri otdckach
(85 kW, 2 200 min™") je 0,84 pri rychlosti 10 aZ
12 km.h™'. Maximdlna Ginnost transmisného systému

ZEMEDELSKA TECHNIKA, 44, 1998 (2): 45-51

je v oblasti otacok spalovacieho motora 1 500 aZ 1 800
min~'. Celkova G&innost prevodovky PT-85 ziskani
vypoltom je 0 2 % vys$Sia ako ucinnost ziskand mera-
nim. Maximalna ucinnost ziskand meranim je 82 %.
Maximum funk&ného priebehu d¢innosti sa pre poZa-
dované oticky spalovaciecho motora postiva smerom
k niz8im rychlostiam vozidla. Pri reverznom chode vo-
zidla su tlaky v HSP maximalne.

ZAVER

Skusky prevodovky PT-85 potvrdili, Ze vypracovany
matematicky model diferencidlneho transmisného systé-
mu zodpoveda realnemu systému traktora Z 12145, Skus-
ky na skufobnom stave zaroveit potvrdili spdsobilost
DHSP pre zabudovanie do traktora. Za tymto ucelom
bude potrebné dokladne odskuisat funk&nost regulaéné-
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5. Zavislost pracovnej rychlosti a preklzu traktora od fahovej sily - Dependence of working velocity and slippage of tractor from drawbar
pull force

preklz — slippage betén - concrete ori¢ina - ploughland
rychlost - velocity strnisko — stubble

PR1 PR2
F N R 01
AP o i o ‘\o
P1
6. Blokova schéma elektrohydraulickej zdruZenej regulicie dif idlnej hyd: ickej prevodovky — Block diagram of electrohydraulic

combined regulation of differential hydrostatic gear

PEM - proporciondlny plastovy elektromagnet - proportional jacketed electromagnet

RI, R2 - elektrohydraulicky proporciondlny prietokovy ventil — electrohydraulic proportional through-flow valve

Sors Soa» Spa — snimag otdcok — sensor of revolutions

Sua - snima¢ skuto¢nej rychlosti - sensor of actual velocity

Se Sy — snimac uhla niklonu dosky hydrogeneratora — sensor of angle of bank of table of hydrogenerator

Sp1 — snima& polohy regul j tyCe vstrekovacieho Cerpadla — sensor of position of lation bar of injection pump

Sp2 ~ spina¢ polohy pedilu akceleritora — switch of the position of pedal of I

PRI - prepinaé smeru pohybu vozidla (F - dopredny chod, R - reverz, N - neutrdl) - change-over switch of the direction of
vehicle (F - forward run, R - reverse, N — neutral)

Pl - potenciometer nastavenia maximdlnej rychlosti vozidla — potentiometer of adjustment of maximum speed of vehicle

REM-2 - elektronické reguldcia vznetového motora — el ic regulation of pression ignition engine

REH — elektronicka reguldcia hydrostatiky — electronic regulation of hydrostatics

AP — akceleraény pedal — leration pedal

ve — vstrekovacie ¢erpadlo - injection pump
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ho systému pod zataZenim a uviest regulacny systém
do stavu spdsobilého pre zabudovanie do traktora
a uskuto&nit ekonomicky rozbor s ohladom na zhodno-
tenie uspor pohonnych hmét.

POUZITE SYMBOLY

F - hnacia sila (N)

M — moment (Nm)

® — uhlova rychlost (md.s")
Exkv - modul pruZnosti (MPa)

Q - prietok (m})

Ir - redukovany moment zotrvaénosti (kg.mz)
Kpv — spid prepuifacieho ventila (Pa)

Y - uhol dosky DHSP (rad)

K - rychlostny koeficient zmeny uhlu DHSP (rad.s"m")
z - pocet zubov

n — udinnost

Xp ~ zdvih posivaca (m)

Ap — tlakovy spad (Pa)

T\ — Casova konStanta (s)

h — zdvih vstrekovacieho &erpadla (m)

EHP - elektrohydraulicky prevodnik

DHSP - diferencidlna hydrostatickd prevodovka
HSP - hydrostatickd prevodovka

INDEXY

~ hydrogeneritor
- hydromotor

- spalovaci motor
~ redukovany

- vystup

- zafaZenie

- straty

- centrilne koleso
~ korunové koleso
- satelit

seT LN<SIITQ
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ZIVOTNI JUBILEA

K Zivotnimu jubileu prof. Ing. Miloslava Velebila, DrSc.

Rozvoj zemédélské tech-
niky v povdle¢ném obdobi
zaznamenal pokrok, ktery
umoZnil zvySovani intenzity
zemédélské vyroby, rust pro-
duktivity price v zemé&dél-
stvi a feSeni problému za-
bezpeceni potravin pro stale
pocetnéjsi a narofngjsi lid-
skou populaci.

Prof. Ing. Miloslav Velebil, DrSc. (nar. 1. 6. 1928)
patii ke generaci védeckovyzkumnych pracovniki, kte-
fi se svou celoZivotni praci zaslouZili o rozvoj védniho
oboru zemédélska technika. Osobné se specializoval na
problematiku mechanizace pro Zivoci$nou vyrobu
a dalsi hrani¢ni védni obory. Pracoval 29 let jako vy-
zkumny pracovnik ve Vyzkumném tstavu zemédélské
techniky v Praze-Repich, poslednich deset let byl jeho
feditelem. Své dlouholeté odborné znalosti a praktické
zku$enosti uplatnil ve funkci ndméstka ministra Fede-
rdlniho ministra zemédélstvi a vyZivy a pozdéji jako
profesor pfi vyuce studenti Vysoké Skoly zemédélské
v Praze-Suchdole (nynéj§i Ceské zemédélské univerzi-
ty). UdrZoval vyznamné kontakty s organy CSAV. Je-
ho védecka Cinnost se datuje od roku 1952, kdy stal
u zrodu nového védniho oboru zemédélska technika.
Rozvinul a propracoval mnoho problémi po strance
teoretické, praktické a pedagogické, pfispél k zaloZeni
mechaniza¢ni fakulty VSZ v Praze, zpracoval védecké
publikace, vysokoskolské ucebnice, skripta. U nds
i v zahrani&i publikoval na 200 ¢lankd, védeckych po-
jednani, kniZnich tituld a jinych literarnich pramenu.
V 70. letech se podilel na uplatnéni novych védnich
obortl — agrofyziky a pozdéji i agrobioniky.

52

Stal se ¢lenem nékolika vyznamnych vladnich a ne-
vladnich organizaci, napfiklad skupiny experti pro me-
chanizaci zemédélstvi EHK — OSN, Mezinérodni spolec-
nosti pro zemédé&lskou techniku C.I.G.R. (Commission
Internationale du Génie Rural), pracoval ve funkci
pfedsedy &s. komitétu pro spoluprici FAO/OSN a fedi-
tele Koordina¢niho centra pro zemédélskou techniku
vychodoevropskych zemi.

Vyznamnd byla i jeho piima pedagogickd Cinnost,
zv1a3té po pfichodu na VSZ v Praze v roce 1984. Do-
kladem toho jsou ocenéni a ohlasy ze zahranici, které
mu udélilo mnoho zahrani¢nich $kol, napfiklad W. P.
Universita v Rostocku, Timirjazevskaja Universita
v Moskvé, Ingenieurhochschule Berlin-Wartenberg,
Agrartudomanyi Egyetem Godollo, M. F. Universiteta
Beograd, Universita degli studi Milano a Bologna, Uni-
versita Landbouwhogeschool Wageningen, University of
Minesota, Michigen State University East Lancing.

Vychoval fadu soucasnych védeckych pracovniki,
mnoho dalSich se s nim setkavalo pfi obhajobach kandi-
datskych a disertacnich praci ve védnim oboru 41-15-9
technika a mechanizace zemédélské a lesnické vyroby,
a to jako s predsedou pfisluSnych komisi. Kromé ¢len-
stvi ve védeckych radéch vysokych $kol a riznych vé-
deckych komisi vedl jako piedseda redakéni rady vy-
davani naSeho Casopisu Zemédélska technika.

Profesor Velebil se stile zajima o soucasny osud
védniho oboru zemédélska technika, udrZuje kontakty
se svym puvodnim pracovi§tém a je platnym ¢lenem
Védecké rady Vyzkumného ustavu zemédélské techni-
ky v Praze-Repich. Obdivujeme jeho Zivotni vitalitu
a prejeme mu pevné zdravi a v3e nejlepsi k jeho Zivot-
nimu jubileu.

Ing. Zdenék Pastorek, CSc.
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EFFECT OF LOADING TYPE ON QUALITY OF BEANS

VPLYV JEDNOTLIVYCH DRUHOV ZATAZENIA NA KVALITU SEMIEN
FAZULE

S. Sosnowski', C. Puchalski', J. Jech?

]Agricultural University of Krakéw, Rzeszoéw, Poland
Slovak University of Agriculture, Nitra, Slovakia

ABSTRACT: The objective of this work was to assess the effect of different type of loading on the resulting mechanical
damage, energy and capacity of germination of bean seeds. Seeds subjected to quasi-static and dynamic loadings have been
assessed according to the occurrence and structure of their mechanical damage and value of energy and capacity of germi-
nation. Static loads were induced with the ZWICK microbreaker and dynamic loads — by striking individual seeds with
a rotating arm. With the dynamic loading, considerable increase in mechanical damage and decrease in germination capacity
appeared under the impact velocity of 7.73 m.s™'. The structure of damage depended on the type of loading. During the
dynamic loading macro-damage prevailed. However, quasi-static loading caused only micro-damage to seeds.

mechanical damage; germination; beans

ABSTRAKT: Cielom préce bolo ur€it vplyv jednotlivych druhov statického a dynamického zafaZenia na mechanické posko-
denie a na osivarsku kvalitu (kli¢enie) semien fazule. Skusky boli robené na semenéch fazule odrody Laura pri vihkosti
11,5 %. Pri statickych zataZovacich skadskach bolo semeno fazule umiestnené vo valci o priemere 40 mm. Velkost zafaZenia
sa pohybovala od 318,47 do 1 273,85 kPa, v intervaloch po 159,23 kPa. Rychlost stli¢ania sa menila v rozmedzi od 0,01 do
4,91 mm.s™. Po¥kodenie semien bolo v rozpiti od 3 do 9 %. Podstatny vzrast podkodenia bol zaznamenany pri tlaku 1 273,85
kPa. Pri dynamickych skuskach boli jednotlivé semend fazule naraZané ocelovym ramenom oticajicim sa rychlostou od 6,43
do 12,87 m.s™! v intervaloch po 1,24 m.s™". Pri dynamickych zataZeniach bol zaznamenany podstatny vzrast po&tu poskode-
nych semien a podstatny pokles kli¢ivosti pri rychlostiach od 7,73 m.s™'. Pokles Klitivosti semien pri dynamickom zataZovani
bol spésobeny velkym mnoZstvom nepravidelne rozvinutych klickov, €o malo vplyv na koneény vysledok kli¢ivosti. Druh
po¥kodenia bol zavisly od spdsobu zataZenia semena. Pri dynamickych skiSkach prevladali makropoSkodenia a pri statickom
zataZeni dochddzalo hlavne k mikroposkodeniam.

mechanické poskodenie; kli¢enie; fazule

INTRODUCTION ing on the resulting mechanical damage, energy and
capacity of germination of bean seeds.

Bean seeds may be evaluated according to the ap-
pearance, color, smell, mechanical damage. Addition-
ally, seeds for planting should be with high energy and
capacity of germination. External loading affect the
mechanical damage of seeds and result in loss of pro-

duct quality (Urbaniak, Zdradzisz, 1990;

MATERIALS AND METHODS

Seeds subjected to quasi-static and dynamic loading
(Fig. 1) have been assessed according to the occurrence

Slipek, Ztobecki, 1993).

Susceptibility of seeds to mechanical damage de-
pends on many factors, such as cultural features (struc-
ture, chemical composition), geometrical characte-
ristics (size, shape) and their moisture content
(Dobrzéanski, 1984; Piszczalka, 1990; Mi-
eszkalski, 1992; Sosnowski, 1994).

During mechanical harvest seeds undergo the effect
of dynamic loading, however, during storage they are
subjected to quasi-static loading. The objective of this
work was to assess the effect of different types of load-

ZEMEDELSKA TECHNIKA, 44, 1998 (2): 53-56

and structure of their mechanical damage, and the value
of energy and capacity of germination. The study was
conducted on the bean (Phaseolus vulgaris L.), the va-
riety Laura. Measurements were done directly after har-
vest in 1995, under the seeds moisture content of
11.5%.

Static loadings were induced with the ZWICK mi-
crobreaker. Seed samples of 100 g after putting into the
closed cylinder with a diameter of 40 mm were sub-
jected to compression loads. The range of loading was
from 318.47 to 1273.85 kPa with 159.23 kPa intervals.
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a) b)
1. Types of seed loading: a) static, b) dynamic

F - loading, V - velocity of impact

The effect of loading rate on the quality of beans has
been studied under the fixed load of 796.1 kPa. The
range of loading rate was from 0.01 to 4.91 mm.s”™!
with 0.7 mm™ intervals.

Dynamic loading was induced by striking the individ-
ual seed with a steel arm rotating with speeds varying
from 6.43 to 12.87 m.s™ with 1.29 m.s”! intervals. The
seeds were hit in the direction of their longitudinal axis.

Mechanical damage of seeds was divided into
macro- and micro-damage. The macro-damage in-
cluded seed failures visible to the naked eye. Micro-
-damage refers to the failure of seeds appearing after
keeping them in water for 24 h.

Germination test was done according to the stan-
dard. Four replicates were run for the static loading and
one hundred for the dynamic loading. The data were
analyzed by standard analysis of variance (ANOVA).
Characteristics of the tested material (average values):

- length: 10.7 mm,
— thickness: 5.0 mm,
— width: 4.7 mm,

— weight of 1000 grains under moisture content of
14.5%: 226 g.

RESULTS

EFFECT OF STATIC LOADING

Seed loading ranging from 318.47 to 1273.85 kPa
caused mechanical damage to average from 3 to 9%,
but a significant increase in damage occurred under the
load of 1273.85 kPa (Fig. 2). In the structural damage,
micro-damage in the form of seed cover cracks ap-
peared only. Energy and capacity of germination were
unchanged significantly with the increase in value of
loading. The change in loading rate from 0.01 to
491 mm.s™' resulted in the increase in mechanical
damage up to the value of 12% (Fig. 3). Considerable
increase occurred under loading rate of 0.71 mm.s~! (at
a confidence level of 95%).

A regression analysis was performed by fitting
a second order polynomial equation whose constants
are presented in Tab. I.
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3. Total mechanical damage of seeds versus rate of loading

EFFECT OF DYNAMIC LOADING

During dynamic loading the total mechanical dam-
age was from 28 to 95.5% affected by impact velocity
varying from 6.44 to 12.89 m.s™! (Fig. 4). Significant
increase in seeds damage was observed in the impact
velocity of 7.73 m.s™". In the structural damage, macro-
damage was in the majority, especially at the larger
value of impact velocity.

During this study, it was found that the decrease in
energy and capacity of germination increased with the
impact velocity (Fig. 5). Significant decrease in energy

8

Mechanical damage, %

388588388

3
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I. Values of of reg q (Y = ax® + bx + ¢) for different relationships
Constants i i

Relationship ¥ = f{x) . Correlnhm;?coefﬁcmm

a c
Total Qmajge 0.0000 -0.0151 7.2067 0.708
Loading
Total darrige -0.4064 33566 3.0970 0.603
Loading rate
Total damage 0.9871 ~9.1143 48.2560 0.936
Loading rate
Mugrodamige 1.1748 ~13.6516 51.4930 0.960
Impact velocity
Miéradanriage -0.1788 43637 -2.4337 0.306
Impact velocity
Oermination energy -0.9200 12.0042 44,5574 0.959
Impact velocity
Germinationcapaciy ~0.4629 3.6759 85,7096 0.968
Impact velocity ) o o

Energy and capacity of germination, %
2

6 7 8 9 10 1" 12 13
Velocity of impact, ms™

5. Germination energy and capacity versus velocity of impact

and capacity of germination occurred at the impact ve-
locity of 9.02 and 7.73 m.s~,, respectively.
Germination tests showed large number of incorrect
germinating seeds which resulted in their final germi-
nation capacity (Fig. 6). Dead seeds occurred occasion-
ally and they did not affect the germination capacity.
Between the mechanical damage and germination ca-
pacity a high correlation was found. Increasing the me-
chanical damage reduced the germination capacity at
impact velocity higher than 7.73 ms' A regression
analysis was performed by fitting a second order poly-
nomial equation whose constants are given in Tab. L.

DISCUSSION

This study was conducted on the bean variety Laura
with moisture content of 11.5%, commonly used in
practice, during cleaning, storage and threshing. Al-
though it is difficult to generalize the effect of loading
on quality, many of the effects appear to result from
changing the rate of loading pressure and impact veloc-
ity. In bean seeds, an increase in static loading caused
an increase in the mechanical damage and decrease in

ZEMEDELSKA TECHNIKA, 44, 1998 (2): 53-56

Number of seeds, %

6. Number of dead and incorrect germinating seeds versus velocity
of impact

the energy and capacity of germination. It concided
with the observation of Mieszkalski (1992) and
Sosnowski (1994).

Studies of dynamic loading on quality of seeds
showed significant increase in mechanical damage at
the impact velocity higher than 7.73 m.s~!, which ap-
peared to be an important parameter of handling ma-
chines. Thus, each variety of seed is characterized by
specific behaviors during static and dynamic loading
that, in many cases are unique to the specific seed.

Recognizing these major behaviors is therefore es-
sential for development of handling and production
systems if other currently approved technology are
withdrawn.

CONCLUSIONS

1. Quasi-static loading of bean seeds ranging from
318.47 to 1273.85 kPa caused a mechanical damage of
3 to 9%. Significant increase of damage accrued under
the pressure of 1273.85 kPa.

2. With dynamic loading, considerable increase in
mechanical damage and decrease in germination capac-
ity appeared under the impact velocity of 7.73 msh
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3. Significant decrease in germination capacity of
seeds affected by dynamic loading resulted from large
number of incorrect germinating seeds which had an
effect on their final germination capacity.

4. The structure of damage depended on the type of
loading. During dynamic loading, macro-damage was
in the majority. However quasi-static loading caused
only micro-damage of seeds.
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INFLUENCE OF TEMPERATURE ON SORPTION
ISOTHERMS OF STEMS OF LOTUS CORNICULATUS L.

VLIV TEPLOTY NA SORPCNI IZOTERMY STONKU STIROVNIKU
RUZKATEHO LOTUS CORNICULATUS L.

J. Stencl, J. Gotthardova, P. Homola

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: The paper presents results of laboratory water sorption tests of stems of Lotus corniculatus L. carried out under
laboratory conditions and mathematical analyses of sorption isotherms obtained. An indirect gravimetric dynamic method
with continuous registration of sample weight changes was used as an experimental procedure. Air temperatures of 30, 35,
40, 45 and 50 °C and relative air humidities of 40, 50, 60, 70, 80, 90 and 100% were used to obtain equilibrium moisture
content data of the material tested. Five sample equilibrium moisture content/equilibrium relative air humidity equations
(modified Oswin, modified Henderson, modified Halsey, Chung-Pfost and experimental exponential) were evaluated for their
ability to fit data for the stems. The experimental exponential equation was a good model for description of sorption behaviour
of stems of Lotus corniculatus L. under conditions of the tests both for adsorption and desorption.

sorption isotherm; temperature; water activity; model

ABSTRAKT: Znalost sorp&nich izoterem nim umoZiiuje predikci mikrobidlni nebo fyzikilné-chemické stability zemédél-
skych produkti a je nezbytnd pro technické zabezpedeni a provadéni zpracovatelskych procest, piedevsim dehydratace. Na
zdkladé znalosti sorp&nich izoterem lze exaktné stanovit moZné podminky suSeni a navlhdvéni hygroskopickych materidl.
Stejné tak lze ur€it rovnovazné stavy, kdy nedochdazi ke sdileni tepla a hmoty s okolim. Znalost sorp&nich izoterem ma zasadni
vyznam v mnoha technologickych procesech pfi zpracovavani vihkych produkti, predeviim konzervaci a skladovini. Clinek
predklada vysledky laboratornich sorp&nich testd vihkosti stonki Stirovniku ruZkatého Lotus corniculatus L. a matematické
analyzy ziskanych sorpénich izoterem. Pro uskutefiovand méfeni byla pouZita nepfiméd gravimetrickd dynamickd metoda
s kontinudlni registraci zmén hmotnosti vzorku. Sorp&ni testy byly provadény na pIné computerizovaném laboratornim
testovacim zafizeni s vyuZitim specidlné vyvinutého fidiciho a vyhodnocovaciho softwaru. Parametry prostfedi, pfi nichZ byly
hledény rovnovaZné stavy vlhkosti stonki $tirovniku riiZzkatého, byly: teplota 30, 35, 40, 45 a 50 °C pfi relativnich vlhkostech
vzduchu 40, 50, 60, 70, 80, 90 a 100 %. Za uelem matematického popisu ziskanych zavislosti rovnovaZzna vlhkost vzor-
ku/rovnovazna relativni vlhkost vzduchu bylo analyzovano pét modeld sorpénich izoterem (modifikovany-Oswin, modifiko-
vany-Henderson, modifikovany-Halsey, Chung-Pfost a experimentdlni model exponencidlni). Experimentdlni rovnice
exponencidlni w, = (A + B.T)‘cxp(C‘aw) popisovala velmi dobfe sorpéni chovéni stonki Stirovniku ruZkatého v podminkich
provadénych testl jak pro adsorpci, tak pro desorpci. Ze ziskanych vysledkd méfeni sorp&nich izoterem je ziejmé, Ze pouZita
nepfimé gravimetrickd dynamickd metoda odpovida z hlediska pfesnos'ti poZadavkim praxe a Ze lze provadét predikci sorpni
rovnovahy vlhkosti stébelnatych materidlii v zavislosti na teploté.

sorpéni izoterma; teplota; vodni aktivita; model

INTRODUCTION product at constant temperatures and pressures. Inves-

tigations on adsorption/desorption isotherms have been

Water activity (a,,) of biological materials plays
a major role during storing process. Agricultural pro-
ducts susceptibility to spoilage by microorganisms in-
creases with the growth of near ambient air temperature
and relative air humidity. Relationships between water
activity and growth of molds, bacteria and yeasts were
described by Beuchat (1981); the microbial prolif-
eration starts at about a,, = 0.6. Sorption isotherms of
agricultural products show the equilibrium relationship
between the water activity and moisture content of the
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a subject of numerous studies due to the development
of modern techniques of processing and storage of ag-
ricultural products. Experimental investigation on equi-
librium moisture content (EMC) of wet materials and
equilibrium relative humidity (ERH) is time consuming
sometimes requiring special precautions connected
with material changes and spoilage during experiments.
It is much cheaper and easier to calculate (predict)
a sorption isotherm on the basis of a mathematical
model. There are two basic methods for experimental
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measuring EMC/ERH properties, that is indirect and
direct (Chen, Morey, 1989b). With the indirect
method, samples are placed in an environment of con-
stant temperature and relative humidity. After a time
period, the samples reach equilibrium with the environ-
ment. The moisture content of these samples is then
measured. With the direct way, samples of known
moisture content are placed in a limited volume envi-
ronment. The air conditions (temperature and relative
humidity or dew point temperature) are then measured.
This method can shorten the time required for obtaining
the ERH data. Unfortunately, this technique is limited
by low precision, instability, and a lack of calibration
standards for relative humidity or dew point measuring
devices.

Sorption isotherms of agricultural products show an
equilibrium relationship between the water activity and
moisture content of materials investigated at a constant
temperature and pressure. The temperature has gener-
ally an influence on the water activity (Iglesias,
Chirife, 1982). Procedures for obtaining water sorp-
tion isotherms in wet materials were described in detail
by Gal (1975), Troller, Christian (1978) and
Wolf etal. (1990). The principal methods are gravi-
metric, manometric and hygrometric. The gravimetric
method is the most common way of sorption tests. It is
possible to obtain moisture content changes of samples
continuously or periodically using a static system (usu-
ally a closed jar containing saturated salt solutions or
sulfuric acid solutions which give a certain equilibrium
relative humidity) or a dynamic system (circulated air
with a constant flow rate). The dynamic system with
continuous registration of weight changes is technically
more complicated than the static one but the flow of air
around the sample makes the wetting and drying pro-
cess faster.

Numerous models for predicting the relationship be-
tween equilibrium moisture, water activity and tem-
perature have been developed. Iglesias and Chi-
rife (1976) reviewed several equations for modelling
equilibrium moisture content and reported that some
models were adequate to characterize the sorption be-
haviour of particular foods for the given range of tem-
perature and relative humidity. Chen and Morey
(1989a) evaluated four models (Chung-Pfost, Halsey,
Henderson and Oswin) for their ability to fit data from
18 grain and seed crops. The modified Henderson and
Chung-Pfost equations were good for starchy materials
while the modified Halsey fitted well for high oil and
protein materials. A study by Mazza and Jayas
(1991) revealed that the Guggenheim-Anderson-De
Boer (GAB) model was superior to three other models
(Chung-Pfost, Halsey and Henderson) in characterizing
the sorption behaviour of sunflower seed, hulls and
kernels. A recent study by Madamba et al. (1994)
concluded that the GAB model and modified Hender-
son characterized very good the moisture desorption of
fresh garlic in the temperature range of 20-70 °C. The
GAB equation has also been used successfully for other

58

products (Mok, Hettiarrachchy, 1990; Tsa-
mi et al., 1990).

The Chung-Pfost, Oswin, modified Henderson and
modified Halsey models are commonly used to de-
scribe the sorption behaviour of a wide range of bio-
logical materials.

The precision of fit of a model has been estimated
using several parameters (Madamba et al, 1994)
such as the standard error of the estimate for equilib-
rium moisture content (Hutchinson, Otten,
1984; Chen, Morey, 1989b; Mazza, Jayas,
1991) and the plot of residuals (Sokhansanj et al.,
1986; Chen, Morey, 1989a; Mazza, Jayas,
1991). The deviation between predicted values and the
actual values should be close to the mean experimental
error for a mathematical model to be precise and accu-
rate.

The objective of this study is to determine the effect
of temperature on the adsorption and desorption iso-
therms of stems of Lotus corniculatus L. in the tem-
perature range of 30-50 °C, to analyze six sorption
isotherm models available in the literature and/or to
develop equations describing the sorption behaviour.

MATERIALS AND METHODS

A special laboratory device with a control software
has been developed for the purpose of sorption tests
(Stencl etal, 1995). It consists of two main function
parts (Fig. 1): an air duct with electronically controlled
air temperature, air velocity and relative air humidity,
and an electronic balance.

A PC with an A-D/D-A bit output card is the heart
of the device. Signals from air temperature (1-5), air
humidity (6) and air velocity (7) sensors are converted
in corresponding amplifiers and brought to the PC
measuring card through an analogue multiplexer. The

3124 2

1. Laboratory device for sorption tests of agricultural products
|-5 — temperature sensors, 6 — humidity sensor. 7 — air velocity

sensor, 8 — fan, 9 — air duct, 10 - electric heater, |1 - ultrasonic
humidity generator, 12 - electronic balance
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temperature regulation controls electrical heating ele-
ment (10) switched (ON/OFF) by the PC through the
first bit output. The ultrasonic humidity generator (11)
produces cold steam. Its regulator is controlled by the
second bit output. The D-A converter controls the air
velocity regulator and an electronic fan (8). The ba-
lance (12) accesses to the PC through RS232 connec-
tion as COM2. Software developed for the device sets
the basic operating parameters (air temperature, rela-
tive air humidity, air velocity), scan time of values
measured, description of the investigated sample, and
output of the measured values to databases. The output
is on a monitor, printer, hard disk, or diskette.

Freshly harvested plants of Lotus corniculatus L.
were obtained from a growing area in southern
Moravia in June 1997. Sample preparation was as fol-
lows: drying of whole plants in a laboratory dryer at
the temperature of 35 °C for one day and then storing
in the room air conditions for two weeks at least. The
final moisture content of samples was 17% (w.b.).
Moisture equilibrium data for adsorption and desorp-
tion of water from stems were investigated at tempera-
tures in the range of 30-50 °C in 5 °C steps and relative
humidities ranging from 40 to 100% in 10% steps. The
procedure of each of the tests was as follows: after
reaching the equilibrium moisture content of the sam-
ple at a certain relative air humidity (at a constant air
temperature, velocity and pressure), the relative humid-
ity was automatically increased (adsorption) or de-
creased (desorption) and a new equilibrium was ob-
tained under these conditions. The weight of samples
was 1000 = 2 mg. Each of the tests was repeated three
times with material of the same sampling. The experi-
mental EMC data were processed using a specially de-
veloped software and analyzed using the nonlinear re-
gression procedure of UNISTAT (London, 1995). The
following four mathematical models (Chen,
Morey, 1989a; Madamba et al.,, 1994) describing
the relationship between equilibrium moisture content
of wet material and water activity were studied:

Chung-Pfost
Modified Halsey
Modified Henderson

w,=1/A . In(Ina, . (B-T)/C) (€))]
w, = (exp(A + B. D/(-In a )"C (2)
w,=[In(l —a )[A . (T+ B)J*C 3)

Modified Oswin w,=(A+B.1 . [aJ]-a)"C 4)
where: aw — water activity

w, ~ equilibrium moisture content, % (w.b.)

T - temperature, °C

A, B, C — constants for the particular equation

RESULTS AND DISCUSSION

The experimental adsorption and desorption iso-
therms for stems of Lotus corniculatus L. at tempera-
tures of 30 and 45 °C and water activity a,, ranging
from 0.4 to 1.0 are shown in Fig. 2, as an example.
Curves represent exponential models in these diagrams.

Equations to model dependence of equilibrium mo-
isture content on water activity at a constant tempera-
ture were investigated and reviewed [Eqs (1) - (4)].
The following parameters were compared: R? - coeffi-
cient of determination, RMSE - root mean square error
and AIC criterion. Chung-Pfost’s model did not corres-
pond to the measured value because the growth of
EMC was too rapid for a,, greater than 0.9. The best
results were obtained with the following exponential
model both for adsorption and desorption:

w,=(A+B.T).exp(C.a,) (5)

The comparison of this model with the Oswin, Hen-
dersen and Halsey is given in Tab. I. Equation (5) is
suitable for values of a,, > 0.4, that is for common
conditions of storage and near ambient air drying.

Parameter determination for the exponential model
of EMC for stems of Lotus corniculatus L. is indicated
in Tab. IL

Figs 3 and 4 were generated to illustrate the adsorp-
tion and desorption model given by equation (7) using
the fitted parameters (Tab. II).

Part of the sorption isotherms shows an exponential
shape, type II BET classification (Labuza, 1984), as
do most of biological products. An increase in tempe-
rature causes an increase in water activity for the same
moisture content. If a,, is kept constant, an increase in
temperature causes a decrease in the amount of absor-
bed water. This indicates that the material becomes less
hygroscopic.

w (%)
w (%)

2. Adsorption and de-
sorption isotherms for
stems of Lorus cornicu-
latus L. at temperatures
of 30 °C and 45 °C
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I. Comparison of Oswin, Hend: Halsey and exp ial model for adsorption and desorption of stems Lotus corniculatus L.
Model R? RSS RMSE AIC
Oswin ad 0.8685 1274.494 3.5348 268.116
Oswin de. 0.8262 1513.874 3.8525 286.189
Hendersen ad 0.7000 2908.054 5.3395 354.734
Hendersen de 0.7476 2198.300 4.6424 325.355
Halsey ad 0.8434 1518.195 3.8580 286.488
Halsey de 0.7970 1768.339 4.1637 302.503
Exponential ad 0.9900 96.996 0.9752 -2.326
Exponential de 0.9867 115.763 1.0653 16.246

Notes: ad = adsorption, de = desorption

II. Parameter deter for the exp ial model of EMC for stems of Lotus corniculatus L.

Adsorption Desorption
Parameter Estimate Std.Error Parameter Estimate Std.Error

A 5.7972 0.1632 A 9.4774 0.2469
B -0.0389 0.0024 B -0.0729 0.0038
C 22722 0.0255 C 1.8625 0.0239

w (%)

0.4 0.5 0.6 0.7 0.8 0.9 1

aw

3. Adsorption isotherms of stems of Lotus corniculatus L. ~ model

Diagrams of residuals (Figs 5 and 6) for the expo-
nential model show scatered data points centered
around zero displaying no typical systematic tendencies
(Hauke, Reitsch, 1991) towards a clear pattern.
Based on these graphs and the coefficient of determi-
nation the exponential model can be recommended for
characterizing the sorption behaviour of stems of Lotus
corniculatus L. in the temperature range of 30-50 °C
and walter activity ranging from 0.4 to 0.99.

60

w (%)

0.4 0.5 0.6 0.7 0.8 0.9 1

Aw

4. Desorption isotherms of stems of Lotus cornicularus L. -~ model

CONCLUSIONS

An experiment was performed and data used to de-
termine the best equation for predicting the adsorption
and desorption EMC of Lotus corniculatus L. stems for
known levels of temperature and relative air humidity.
The mathematical model that fit these data best was
found the exponential equation

w,=(A+B.T7.exp(C.a,).

From the above results it is concluded that sorption
isotherms can be measured by indirect gravimetric dy-
namic method with sufficient accuracy for practical
purposes. It has been further demonstrated that tempe-
rature dependence of sorption isotherms of fibre mate-
rial could be predicted with good approximation.
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Slezska 7, 120 56 Praha 2, tel.: 02/24 25 79 39, fax: 02/24 25 39 38

Mite zdjem o pravidelné sledovéni nejCerstvéjSich informaci ze zahraninich odbornych
Casopisi?

Tento poZadavek Vam radi splnime, objednéte-li si naSi informacni reprografickou sluzbu
»Obsahy zahrani¢nich ¢asopisii* a &lanky typu ,,Current Contents*.

Vyberete-li si z kaZdoro¢né aktualizovaného Seznamu ¢asopisii objednanych do fondu
UZLK sledovani nejzajimavéjsich &asopistt z Vaseho oboru, zafleme Vam nejprve kopie
obsahti nejCerstvéjsich Cisel Casopist a na zakladé vybéru kopie pozadovanych Elanku.

Cht&li bychom Vis také upozornit na dalii reprografickou sluzbu UZLK, a to na posky-
tovéni kopii &lanka z knih a asopist, které jsou ve fondu UZLK. Pozadavky na tyto kopie
muiZete uplatiiovat v priib&€hu celého roku na formuléfich ,,Objednavka reprografické prace”,
které si muZete objednat v Technickém ustfedi knihoven, Solni¢ni 12, 601 74 Brno, pod
katalog. & TUK 138-0.

Veskeré dali informace a objednévky na reprografické sluzby v&etné Vagich ptipominek
Véam poskytneme na adrese:

Usttedni zemédélska a lesnicka knihovna — UZPI

Odd. reprosluzeb

Slezska 7, 120 56 Praha 2

Postovni schranka 39

Telefonické dotazy: 02/24 25 79 39, linka 329, 421 nebo 306




PREVADZKOVA SPOLAHLIVOST ZAVLAHOVE]
TECHNIKY

OPERATIONAL RELIABILITY OF THE EQUIPMENT FOR IRRIGATION

J. Simonik

Slovak University of Agriculture, Nitra, Slovak Republic

ABSTRACT: The aim of this article is to sum up the basic reliability characteristic of irrigation sprinklers used in the Slovak
Republic. The basic point for evaluation of the reliability irrigation is the theory of reliability that includes derivation general
regularity, analysis of mathematical models, assignment parameters and characteristics reliability. Based on time stamp were
constructed statistical data of which are calculated and constructed distribution functions of fault liability and of no-failure
operation. This article presents the basic reliability characteristics of irrigation sprinklers: probability of frequent break-downs
F(;, probability of not having break-downs Ry, probability of eliminating break-downs Gz, reliability parameters of the
irrigation equipment. The abstract presents the indices of irrigation sprinklers types SIGMA PP-67, HRON 90260, ROLOMAT
110/15, WALLEY V.S.P 150-20, FREGAT DM-394-80, VOLZANKA DKS3-64, LAUREAU L-150, DNEPR DF-120. Sum-
mary of reliability indices of irrigators and principle of distributing basic reliability characteristics are present in Tabs. I, II.
The dependent coefficient utilizes working time without the possibility of its correction in figure. The check-up coefficient
of the irrigators was calculated based on the basic evaluation of the average time between shut-downs, and time for adjustments
and maintenance. Based on the evaluated characteristics and reliability indices it is possible to say that an irrigator reliability
is one of the limiting factors influencing its efficiency. The given reliability indices serve as an objective evaluation of the
technical state of (machines) equipments, organization and their operation, and in determination. The principle of technical
requirements of irrigation technologies is the reliability of irrigation sprinklers.

irrigation; irrigation sprinklers; reliability (technical)

ABSTRAKT: V prispevku si uvedené zakladné spolahlivostné charakteristiky zavlaZzovatov SIGMA PP-67, HRON 90260,
ROLOMAT 110/15, WALLEY V.S.P 150-20, FREGAT DM-394-80, VOLZANKA DKS-64, LAUREAU L-150, DNEPR
DF-120, a to: pravdepodobnost poruchovosti F,, pravdepodobnost bezporuchovej préce Ry, pravdepodobnost odstrdnenia

poruchy Gr4) a ukazovatele spolahlivosti.

zdvlahy; zavlaZovace; spolahlivost (tech.)

UvVoD MATERIAL A METODA

V Slovenskej republike si vybudované zdvlahy na Prevadzkova spolahlivost sa najviac prakticky uplat-

ploche 308 244 ha (Rehak et al., 1996). Na pozem-
koch so zavlahou bolo v Cinnosti asi 16 000 pasovych
zavlaZovacov, 180 pivotovych elektrifikovanych zavla-
Zovatov SIGMATIC a 285 pivotovych zavlaZovalov
s hydropohonom typu FREGAT. Nakupna cena vse-
tkych zavlaZovalov predstavuje hodnotu 1,5 milardy
kortn.

Po sedemroc¢nej prestavke dochadza k oZiveniu trhu
so zavlahovou technikou. Okrem tradi¢nych dovozcov
z Ceskej republiky sa na trhu intenzivne presadzuji vy-
robcovia z Rakiska, Talianska a dal3ich §tatov.

Zavlahova technika dosiahla taky stupefi zloZitosti,
Ze Cinitelom, ktory rozhoduje o celkovom efekte za-
vlah, sa stdva spolahlivost zavlaZovacov.
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fiovala v $pecializovanych odboroch, ako su elektro-
technika, strojarenstvo a energetika. V tychto odbo-
roch sa v celosvetovom meradle venuje mimoriadna
pozornost spolahlivosti zloZitej§ich technickych zaria-
deni, hlavne ked boli previazané na $pecidlnu vyrobu
pre zbrojdrensky priemysel. Spolahlivosti polnohospo-
darskych strojov, hlavne traktorov, sa venovali Hru-
bec (1982), Artemiev, Hrubec (1984), Bres
(1991) a ini.

Prevadzkova spolahlivost zavlahovych zariadeni sa
zatala sledovat aZ od roku 1970 vo Vyskumnom tstave
zavlahového hospodarstva Bratislava, Vyskumna stani-
caBrno (Lysy, 1971). Sledovala sa spolahlivost Cer-
pacich stanic, rirovej tlakovej siete, tradi¢ného prenos-
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ného detailu, pasovych =zavlaZovatov (Lysy,
Spitz, 1978). Overovala sa tieZ spolahlivost pivoto-
vého zavlazovata FREGAT (Lysy, Spitz, 1985).
Na zaklade odsledovanych spolahlivostnych charak-
teristik mohol byt spracovany matematicky model pro-
jektovania a prevadzky zavlahovych systémov (Spitz
et al., 1989).

Cielom prispevku je sihrnné spracovanie zéklad-
nych spolahlivostnych charakteristik zavlahovych stro-
jov pouZivanych v SR: SIGMA PP-67, HRON 90260,
ROLOMAT 110/15, WALLEY V.S.P 150-20, FREGAT
DM-394-80, VOLZANKA DKS$-64, LAUREAU L-150,
DNEPR DF-120.

Vychodiskovym podkladom pre hodnotenie spolah-
livosti zavlaZovalov je tedria spolahlivosti, ktord sa
zaobera odvodenim vSeobecnych zakonitosti, rozborom
matematickych modelov, urovanim parametrov a cha-
rakteristik spolahlivosti.

Na sledovanie prevadzkovej spolahlivosti zavlaZo-
vacov sme zaloZili dennik porich, do ktorého sa pocas
sledovaného obdobia zaznamenali vietky poruchy za-
vlazovacov, obyCajne jednej organizacnej jednotky.
Z toho sa potom vypocitali Ciselné ukazovatele, kom-
plexné ukazovatele spolahlivosti a ich charakteristiky.

Z C&asovych tdajov bol zostrojeny §tatisticky rad,
z ktorého sme pomocou prislu$ného zékona rozdelenia
(Weibulovho) vypocitali a zostrojili distribuéné funk-
cie poruchovosti a bezporuchovosti.

CISELNE UKAZOVATELE SPOLAHLIVOSTI

1. Zostrojenie §tatistického radu 3
2. Pocet intervalov $tatistického radu — N

N=n (¢))
3. Velkost jedného intervalu — A

[ .
max min
A <IN I

N (min) (2)

kde: tmax, fmin — najvic¢§ia a najmendia hodnota ukazovatela
spolahlivosti zo Statistického radu

4. Stredné hodnota — ¢
N
1= tiy.p; (min) 3)
i=1
kde: iy - strednd hodnota i-tého intervalu
Pis — relativna pocetnost i-tého intervalu

5. Charakteristika rozptylu (disperzia) — D
__1 c 2
D_m Z ()} 4)
6. Smerodajna odchylka — §

§=\D (5)

7. Variaény koeficient — V

V= > (6)

DISTRIBUCNA FUNKCIA A KOMPLEXNE
UKAZOVATELE SPOLAHLIVOSTI

Pravdepodobnost vzniku jednej poruchy F, potas
prace t sa uruje z pozorovani a vypocita sa ako pomer
vyskytu porich v ¢asovom intervale ¢ k celkovej sume
porich. Pravdepodobnosti poruchovosti F; a bezporu-
chovosti sa vypotitaji z pozorovani, moZno ich &asto
apromixoval Weibullovym zikonom rozdelenia

Tap=UY
=4

kde: w — parameter tvaru Weibullovho rozdelenia
Z - parameter velkosti Weibullovho rozdelenia
U - konitanta

Fp=1- cxp(

Pravdepodobnost bezporuchovej prace R,y potas
prace stroja sa zaddva vztahom:

Ry=1-F, ®

Tap-UY
R(,)=ex;{— Z ] )

Zakon rozdelenia podl'a Weibulla Easto prechadza na
exponencialny zakon rozdelenia, ktory ma jednoduchsi
tvar. Oba tieto zakony sa pouZivaju pri rieSeni pravde-
podobnostnych tloh.

Stredny Cas prevadzky medzi poruchami sa vypocita
podla vztahu:

Wty

BP= Nt (min) (10)
kde: 11, f2....tn+1 — Casové intervaly medzi poruchami
N — pocet porich
Parameter pridu pordch k) sa vypotita:
el an
O Tgp

Stredny Cas opravy T, pripadajici na jednu poru-

chu sa urluje z udajov pozorovania podla vztahu:
y+ly+..0y
Tu=—"p— (12)

kde: Iy + 12+ ... Iy — Casové intervaly oprav vynaloZenych na od-
strinenie portich

Intenzita porich — A

A= * (min™")

(13)
Typ

Intenzita oprav je obratenou hodnotou ¢asu na opra-
vu, teda:
= (min™) (14)
=g
Pravdepodobnost odstranenia poruchy G p4) za Cas
£ sa urluje z hodndt pozorovani a vypocita sa ako po-
mer vyskytu oprav v intervale Casu ' k celkovému
poctu poriich N. Cas opravy zohladiiuje ¢as na identi-
fikdciu poruchy a tieZ ¢as na opravu. Pravdepodobnost
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G(14) je aproximovana zdkonom rozdelenia podl'a Wei-

bulla:
Ty

Grgy=1 —ex;{—- Z

UJ‘"

(15)

Koeficient pohotovosti zavlaZovata K, sa urluje ako
pomer &asu, v ktorom sa vyrobok nachadza v bezporu-
chovom stave, k sume &asu bezporuchovej préce, &asu
na technicki ddrZbu a na opravu.

Tpp

1 N
) D, § PR | U
Pon Z‘Tar‘sz*Ta
I

Koeficient prestojov K,

(16)

sa uréuje ako pomer &asu

spotrebovaného na idrzbu T3 a na opravu T4 k sume
&asu bezporuchovej price na udrzbu a na opravu

T3+T,
P Tgp+ T3 +T,

an

Suma koeficientu pohotovosti a prestojov sa rovna
jednotke. Potom moZno zapisat:

K prestojom zapri¢inenym poruchami, ddrZbou
a opravami treba eSte pripo&itat prestoje z organiza¢-
nych pri¢in. Potom sa sumérny koeficient vyuZitia vy-
potita podla vztahu

Ty
1 —ex| l—— .Tgp
o Tpp

(4 Tm

kde: Tpp - priemernd hodnota bezporuchovej préice
Ty — Cas trvania smeny

19

VYSLEDKY A DISKUSIA

UKAZOVATELE SPOLAHLIVOSTI ZAVLAHOVYCH
STROJOV

Ziskané charakteristiky a kvantitativne ukazovatele
spolahlivosti si uvedené v tab. I, ale st tam zohladne-
né iba poruchy, ktoré sposobili zastavenie zavlaZovaca.

Analytické vyjadrenie pravdepodobnostnych funkcii

Kpr=1-K, (8) Py a R je uvedené v tab. II.
I. Suhmné ukazovatele spolahlivosti zavlaZovatov - § y of reliability indices of irrigators
; 1 ; 6
—_— Cas bezporuchovej préice Tgp Cas na odstrénenie porich T o * K, . ol0 s
Mx: | § v PedS | Mx2 | S V¢ | P (Tsm = 12)
SIGMA PP-67 61,9 6,76 109 | 027 | 1,08 | 0,12 | 11,6 | 092 | 0,016 [ 092 | 0,98 0,9
FREGAT DM-394-80 23,7 2,6 10,9 0,76 322 0,45 13,9 04 0,042 | 031 0,88 0,79
WALLEY V.S.P150-20 | 24,86 28 | 11,3 | 028 | 3,47 | 047 | 126 | 05 0,04 029 | 088 0,79
ROLOMAT 110/15 124 984 | 794 | 065 [ 1,12 | 0,56 | 50 0,77 | 0,008 | 0,89 | 099 0,96
VOLZANKA DKS-64 52,2 6,6 12,7 0,55 119 087 | 73 094 | 0,019 | 0,84 0,98 0,89
LAUREAU L-150 58,8 69 | 11,8 | 091 1,01 | 075 | 743 089 [ 0017 [ 099 | 098 0,9
DNEPR DF-120 1591 2,19 13,7 | 098 | 1,22 | 093 762 | 095 | 0,062 [ 082 | 093 0,7
HRON 92060 8,15 5,24 97 0,32 0,47 0,17 12,7 091 | 0,002 [ 0,88 0,83 0,83
linterval b faults, > age value, 3standard deviation, *variance coefficient, *chi square, Stime needed for clearing a fault, 7pnmmetexs

of faults sequence,

Rintensily of correction, 9coefficient of downtime,

summary efficiency capacity coefficient, " irrigator

1. Zékon rozdelenia zdkladnych spolahlivostnych charakteristik — Principle of distributing basic reliability characterictics

Zavlazovad' Riar) . Gy’
zékon® rovnica* zékon® rovnica®
7, 18, 2
SIGMA PP-67 Weibulla [(Tgp=e ";:9 i exponencidlny | f(Ty=0,93.e™93 Ta-0.08
FREGAT DM-394-80 Weibull B S 0s Weibull Lo
GA eibulla fTgp=c ( 3503 eibulla fTy=e "3
Tppt2. 29 Ty=0.17
WALLEY V.S.P 15020 | Weibulla fTyp=eCae— A Weibulla fly=eCqg®
ROLOMAT 110/15 Rayleigha s T Rayleigh: L
ylelgl f(Typ=13.10% . Tgp. e 0 ayleigha f(Ty= l,59.T‘.e'Ei
VOLZANKA DK$-64 exponencidlny® | f(Typ=0,019. 001 Tap=19 Weibulla f(Ty=e & T 2218
+2.33
LAUREAU L-150 Weibulla [(Tgp=e¢ "m al Maxwella [(Ty=e09Ts
5
DNEPR DF-120 Weibulla f(Tap=e B e P Weibulla f(Ty=e (T‘z 4",“
lin’ig.'nm, 2pmbal:uilily of not having break downs, 3princ:iple, *formula, spmbnbility of eliminating break downs, 6exponeminl
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Na zéklade posudenia priemerného Casu medzi po-
ruchami Tgp, priemerného ¢asu na tidrzbu T3 a opravy
T, bol vypocitany koeficient pohotovosti Kp (tab. I).
V priemernych hodnotéch T3 a T, v naSom pripade nie
je zohladneny Cas na technicki udrzbu vysSieho stupiia,
pretoZe td sa robi mimo zivlahového obdobia. Cas
opravy trva od okamihu identifikacie aZ po jej odstra-
nenie.

Sumarny koeficient vyuZitia Casu zavlaZovala je
uvedeny v tab. I. Pre pripad organizacie prace zavlaZo-
vaCov bez moZnosti ich opravy je zdvislost a,. od fasu
prace na obr. 1. Tak napr. na dosiahnutie Grovne a, =
0,8 zavlaZovata FREGAT treba zabezpelit kontrolu
prace a nevyhnutné odstranenie portch pritomnostou
zédvlahara kazdych desat hodin.

Na zéklade posidenych charakteristik a ukazovate-
Tov spolahlivosti moZno povedat, Ze spolahlivost za-
vlazovaCov je jednym z limitujicich Cinitelov ovplyv-
fiujicich ich vykonnost.

Urcené ukazovatele spolahlivosti sliZia na objektiv-
ne posidenie technického stavu strojov, organizicie ich
prace a na uréenie zasad technickej starostlivosti o za-
vlahovi techniku.

Najviac Sirokozaberovych strojov je zastipenych ty-
pom FREGAT, ktorych pracuje 285 kusov. Zivotnos(
ich zdkladnej konStrukcie je 20 rokov. Z hladiska kon-
Strukcie su prevadzkyschopné, horsia situicia je v tech-
nickom dokompletovani. V zéivlahovej sezéne 1995
bolo v okrese Galanta zo 140 zavlaZovatov FREGAT
v prevadzke iba 20 strojov. Hlavnym dévodom takého
nizkeho poctu prevadzkyschopnych strojov bolo inten-
zivne rozkradanie uderovych zadaZzdovacov a prepina-
cich ventilov na jednotlivych podvozkoch (mosadz).

V pripade SIGMATIC je situacia eSte horSia.
Z dévodu tdmyselného poSkodzovania a rozkridania
elektroCasti bolo v zavlahovej sezéne 1994 a 1995 zo
160 strojov viac neZ 45 % nefunkénych, pri¢om nakla-
dy na opravy a na uvedenie do povodného stavu jedné-
ho stroja prekracuji sumu 150 000 Sk.
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1. Zavislost koeficienta vyuZitia Casu prace bez moZnosti ich
opravy — The dependent coefficient utilizes working time without
the possibility of its correction
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Osobitni pozornost treba venovat pasovym zavlaZo-
vacom od povodného typu PP-67 aZ po ostatné modely.
Pri prvej genericii pozorujeme zniZovanie hodnoty
bezporuchovej prace. Kym zavlazova¢ PP-67 pracoval
bez poruchy 61,9 h (Simonik, 1981), u PZT-75 to
bolo 55,37 h (Oujezdsky, 1987). Pritom Ou-
jezdsky (1987) vo svojej vyskumnej sprave udéava,
Ze tato hodnota je v porovnani s vysledkami v minu-
lych rokoch pomerne vysoka. ESte horSia situdcia bola
u zavlaZovata HRON 90260, ktory mal ¢as bezporu-
chovej price 8,15 h. Novonasadena skupina 12 zavla-
ZovaCov mala spolo¢ny nedostatok, ktorym bola nedo-
konald montdZ a zld vystupnd kontrola kvality.
Potvrdzuje to aj nizka hodnota ¢asu na odstranenie po-
ruchy T, = 0,47 h.

Zo sledovanych spolahlivostnych charakteristik vy-
plynulo, Ze najviac poriich pisovych zavlaZovaov sa
prejavilo pri zavadzani tychto strojov do prevadzky
v prvom roku nasadenia. Akonahle sa v prvom zimnom
obdobi odstranili rézne zdavady a nedorobky vyroby
a montdZe, stroje sa upravili a nastavili, poruchovost sa
v nasledujicich rokoch zniZila.

Medzi hlavné zavady patria rychle opotrebovanie
tesniacich manZiet a nadmerné unikanie oleja (Ou-
jezdsky, 1987). Pricinou bolo hrubé opracovanie
povrchov valcov piestovych motorov a regulacnych
uzatvaracich valCekov klapky turbiny. Olejové hadicky
spojujice nadrzku oleja s piestovym hydromotorom
a s koncovym uzdverom praskaji alebo vypadévaji
z ndtrubkov, nahony riadkovania PE rarky boli nesto-
sé, zvary nekvalitné, skrutkové spoje ramu poddimen-
zované a ing.

V zavere zavlahovej sezony roku 1989 sme uskutoc-
nili chronometrazne pozorovania pocas 20 smien u de-
viatich strojov HRON 90260 (Simonik, 1990). Po-
Cas sledovania bolo nutné opravit regulaény valec (3x),
riadkovaci vozik (4x), nasadit spadnuti obvodovii retaz
(4x), opravit pruzinu zadazdovaca (7x), opravit retazo-
vé koleso riadkovaca (2x), vymenil olejovi hadicu
(6x), vymenit spojku (2x), opravit olejovi ty¢ku (2x),
vymenit upchavkovi $niru (4x), vymenit pohonni jed-
notku, zvérat turbinu, nastavit uzaver OT-2 (2x), vyme-
nif roztrhnutd privodni hadicu, napinat obvodovi refaz
(2x), opravit zadretu turbinu (3x), opravit zubové Cer-
padlo (2x), vymenit ¢ap brzdy navijania, vymenit pre-
suvaci valec (2x), zlomeny kruzok na cievke (2x), roz-
trhnutd hadicu, opravit opierku, vymenit piestnicu.

Z tohto prehladu za kratky Casovy usek vidiet, Ze
pocet a frekvencia jednotlivych porich je vysokd. Na
tejto poruchovosti sa do znaénej miery podiela nekva-
litna predsezonna priprava zavlaZovacov, nedokonala
a neddsledna denna udrzba a starostlivost o jednotlivé pa-
sové zavlaZovace, ako aj nedostatok nihradnych sdcias-
tok. To niti zavlaharov si tieto suciastky vyrabat, ale ich
funkcnost sa skracuje a dochadza k Castej§im porucham.

Siroky strojovy park ma jednu spolo&ni vlastnost:
nizke hodnoty ukazovatelov spolahlivosti.

Sirokoziberové zavlazovace maji vysoku produkti-
vitu pri relativne nizkej strednej dobe medzi porucha-
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mi. Pre zavlaZova¢ FREGAT bola tato hodnota 27 h
(Lysy, Spitz, 1985). Podobné hodnoty dosiahli
dal3ie jeho modifikacie — 23,7 h, zavlazovat WALLEY
V.S.P - 2486 h (Simonik, 1996). ZavlaZova¢
s elektrifikovanym pohonom DNEPR DF-120 dosiahol
hodnotu bezporuchovej prace 15,81 h a valivé potrubie
Volzanka DKS-64 52,2 h (Simonik, 1985). Ako uZ
bolo uvedené, tieto nizke hodnoty idu na vrub spésobu
zaradenia jednotlivych pracovnych istrojenstiev, hlav-
ne v3ak si spdsobené nizkou uroviiou udriby tychto
zloZitych strojov.

Nie préve najifastnejsia koncepcia rieSenia pohonu
zavlazovalov HRON 90260 by sa dala vyrieSit kon-
§truk&nou zmenou pohonu cievky v ramci rekon$truk-
cie prevadzkovanych zavlaZovacov.

Treba poznamenat, Ze droveri spolahlivosti paso-
vych zavlaZovaCov prvej generéicie vyrdbanych v rdmci
byvalej CSFR je radove niZ$ia neZ porovnatelné vyrob-
ky. VSeobecni mienku, Ze pasové zavlaZovale si ne-
odborne obsluhované a udrZiavané, nemoZno prijal ako
smerodajnu, pretoZe zahrani¢né stroje nasadené v tom Ca-
se v naSich podmienkach pri relativne rovnakom pristupe
majui podstatne lepSiu prevadzkovi spolahlivost.

Zavlahové zariadenia su zloZité a skladaji sa z vel-
kého pottu siciastok a prvkov spojenych paralelnymi
a sériovymi vizbami do pomerne zloZitej sustavy. Po-
rucha ktoréhokolvek prvku vyvolava vicsie alebo men-
Sie obmedzovanie pracovnej schopnosti zavlaZovala.
Len kvalitny, vysokovykonny vyrobok bude spliiat po-
Ziadavky kladené naitho zavlaharskou praxou.

Nova generécia pasovych zavlaZovatov nema spra-
cované spolahlivostné charakteristiky, a tak nemoZno
zaujat jednoznacné stanovisko, ktoré stroje odporicat
pre polnohospodarsku prax. Technické vybavenie za-
vlaZovalov eurépskych vyrobcov, vratane vyrobcov
z CR, je porovnatelné, ale chyba argumentécia z oblas-
ti spolahlivosti. Cenové relacie hovoria viak v pro-
spech Ceskych vyrobcov.

Niéstup novej genericie pasovych zavlaZovadov si
vyZaduje obnovi( sledovanie ich prevadzkovej spolah-
livosti z dovodu planovania potreby nahradnych su-
Ciastok pre prevadzkovatelov hlavnych zivlahovych
zariadeni, sluZby a uZivatelov.

ZAVER

Zistené spolahlivostné charakteristiky sa pouZili ako
podklad pre zdokonalenie vyroby zavlaZovadov a tieZ

ako vstupné udaje pre matematické modelovanie procesu
zavlaZovania, vysledkom ktorych si exploatané charak-
teristiky zavlaZovacov a normativy potreby Casu.
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INFLUENCE OF PRECOOLING ON THE QUALITY
OF RAW MILK

VLIV PREDCHLAZENI NA KVALITU SYROVEHO MLEKA

F. Guul-Simonsenl, N. P. Madsenl, S. Ostersen’

! Danish Institute of Agricultural Sciences, Department of Agricultural Engineering,
Horsens, Denmark

2 Danish Institute of Agricultural Sciences, Department of Product Quality, Foulum,
Denmark

ABSTRACT: The present contribution describes an investigation made under practical conditions during which raw milk
was precooled (continuous process) from 35 °C to 11, 13 and 15 °C, respectively, and then further cooled directly (batch
process) to 4 °C in a refrigerated farm milk tank. This cooling process was compared with direct cooling of raw milk from
35 to 4 °C within two hours (faster cooling than that prescribed in ISO 5708). The objective has been to study the following
hypothesis: Precooling of raw milk from 35 to less than 15 °C may lead to milk quality improvements, the result being a more
“stable fat globule formation" and a slower bacterial growth.

precooling; raw milk; cooling process

ABSTRAKT: Pfispévek popisuje vyzkum uskutenény v provoznich podminkach, béhem kterych bylo syrové mléko pfed-
chlazeno (kontinudlni proces) z teploty 35 °C na 11, 13, resp. 15 °C a ndsledn& bylo dochlazeno pfimo (diskontinuélni proces)
na skladovaci teplotu 4 °C v chladici nadrZi (pro o3etfeni mléka po nadojeni). Vysledky tohoto chladiciho procesu byly
srovndvany s vysledky pfimého chlazeni syrového mléka z teploty 35 °C na 4 °C b&hem dvou hodin (chlazeni rychlejsi nez
pfedepisuje norma ISO 5708). Cilem vyzkumu bylo ovéfit hypotézu o tom, Ze predchlazeni syrového mléka za pouZiti
predchladici z teploty 35 °C na teplotu kolem 15 °C muZe zlepSovat kvalitu mléka a vysledkem muZe byt ,stabiln&j3i tvorba

tukovych kuli¢ek a pomalej§i rist bakterii.

pfedchlazeni; syrové mléko; proces chlazeni

INTRODUCTION

Some Danish farmers make use of precooling of raw
milk by means of the groundwater (boring), and ac-
cording to the farmers, a higher milk quality could
thereby be obtained. The precooling device is installed
into the milk delivery line, thereby enabling continued
cooling of precooled milk to a temperature of 4 °C in
tanks with direct evaporation. Tests have shown that
the lipase activity is especially sensitive to agitation
within the temperature areas of 15 and 35 °C (Fitz-
-Gerald, 1974). On the basis of this fact and the
above-mentioned assertion, a work hypothesis can be
made that precooling of fresh milk from 35 to less than
15 °C and subsequent direct cooling to 4 °C in refrig-
erated farm milk tanks may lead to milk quality im-
provements, a more “stable fat globule formation* and
in a slower bacterial growth.

From an energy economic point of view, precooling
of milk is also of interest to farmers, because this
method enables them to re-use heated groundwater as
drinking water for farm animals after the water has
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been conducted through the precooler. Drinking water
heated to 17 °C can increase the milk production of
cows by 3% during the winter months (Anderson,
1984). Furthermore, heated drinking water mixed with
milk powder is well-known to be a suitable type of feed
for calves. Moreover, in rural areas where electricity
companies offer low electricity rates at night and dur-
ing weekends, groundwater may be pumped up and
stored in insulated tanks for later precooling purposes.

MATERIALS AND METHODS

During milking, milk from 64 cows was continu-
ously divided into two portions, which were afterwards
exposed to different types of milk cooling (Fig. 1):

1. direct cooling (batch process),
2. precooling (continuous process) + direct cooling

(batch process).

A loose cubicle type cattle house with milking par-
lour and separate milk store was used. 2 x 8 milking
units were used in the milking parlour, and for each
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Raw milk
35°C
Precooler
B> 4o 4°c B
Direct cooling Direct cooling

1. Principle of test setup

nutes. 4-5 milk samples of 20 ml were taken from
different depths of the tank. The samples were filled
into 100 ml flasks and placed in thermoboxes equipped
with cooling units (plastic containers containing frozen
liquid), after which they were later exposed to sensory,
bacteriologic, chemical and physical laboratory analy-
ses.

The following analyses were made: sensory classifi-
cation (Danish Veterinary Service, 1990), total plate
count (IDF, 1991a), psychrotrophic bacteria (IDF,
1991b), fatty acid degree (BDI method, Government
Research Institute of Dairy Industry, Denmark, 1962a),
fat oxidation (TBA, modified after King, 1962), as-
corbic acid (National Food Agency of Denmark, 1973),
percentage of fat and protein (IDF, 1990), number of
cells (Danish Veterinary Service, 1991), fat globule di-
mensions and distribution width (MD Food Develop-
ment Centre, 1997).

cow a clean cloth wrung in an 80 ppm chlorhexidine
solution was used. The refrigerated farm milk tanks and
the milk pipes were made of stainless steel. The milk
tanks and the milking units were cleaned in strict ac-
cordance with the instructions given by manufac-
turer/dairy.

The experimental setup was designed for tests with
relatively large amounts of fresh regular milk (contrary
to laboratory tests), i.e. milk which has been led
through a pipe milking system and a milk segregator
immediately after milking and subsequently pumped
into a refrigerated milk tank.

After evening and morning milkings (two milkings)
samples were taken from the milk mixture which had
been cooled to 4 °C (daily collections). In the tests
cooling of raw milk to 4 °C was compared to precool-
ing of milk to 11, 13 and 15 °C, respectively, as well
as to direct cooling of milk to 4 °C. The storing tem-
perature of the milk, 4 £ 0.2 °C, was maintained by
means of thermostatic control (Fig. 2).

For each daily production, milk samples were taken
after the milk in the tank had been stirred for 15 mi-

35

1. Test plan

Test No.

Number of
milkings per test

Process

direct
cooling

precooling +
direct cooling

Al

35—54°C

A2

359 1534°C

T N AN AW N -

Bl

35—54°C

):7}

355 1354°C

Cl1

35-54°C

T2

359 11l—-4°C

5 |

\( Direct cooling
25

/‘1&

/ A :‘?2 \( Precooling + direct cooling
—

I S O (O U A (A Y O Y Y Y S N O O O Y VO ) L o O 0 A o 1

0 05 1.0 15 20
Cooling time, hours

70

25

3.0

2. Cooling curves
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For comparison of the two treatments, observations
in pairs (Rudemo, 1979) were used to reduce the
influence of the variability on the test materials. Statis-
tically, the milk in the two tanks make up a pair, and
the r-tests were made in pairs as comparisons between
direct cooling and precooling to 15, 13 or 11 °C +
direct cooling.

D
t=\n.=
§
where: n - number of measurements
D - difference

s~ standard deviation

In order to estimate the mechanical damage of the
fat globules, measurements were made of mean fat
globule diameter and relative width of distribution
(width of distribution curve).

D = mean value, calculated as the ratio of vo-
lume (v) and surface (s) of the fat globules
Relative width of distribution =
width of curve indicating fat globule distri-
bution

D(v; 0.9) = D(v; 0.1)
D(v; 0.5)

D(v; 0.5) = 50% quantile:
50% of fat globules are less than the size
stated (um)

D(v; 0.9) = 90% quantile:
90% of fat globules are less than the size
stated (um)

D(v; 0.1) = 10% quantile:
10% of fat globules are less than the size
stated (um)

vs

RESULTS AND DISCUSSION

Tabs. II-IV show the analysis results from the proc-
esses Al and A2, Bl and B2, C1 and C2 for milk from
two milkings (daily collections), given as mean value
(x) and standard deviation (s). The tables also show
t-test results as regards sensory classification, total
plate count (arithmetic), total plate count (logarithmic),
psychrotrofic bacteria (arithmetic), psychrotrofic bacte-
ria (logarithmic), fatty acid degree (BDI), fat oxidation
(TBA values), vitamin-C, protein and fat percentages
and number of cells.

Tab. III indicates fat globule diameter, mean value
(D) and standard deviation (s) as well as relative dis-
tribution width in the milk after direct cooling to 4 °C
and precooling to 15, 13 or 11 °C + direct cooling to
4 °C. The result of the t-test is moreover shown in the
table.

It appears from the tables that there was no great
difference in quality between milk that had been direc-
tly cooled from 35 to 4 °C and milk that had been
precooled from 35 to 15, from 35 to 13 or from 35 to
11 °C + direct cooling to 4 °C. On the whole, the tests
(in pairs) show that the process results A1 ~ A2; Bl ~
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B2; Tl 2TC2; or Al ~ A2 ~ Bl ~ B2 ~ C1 2 C2. The
statistical differences are small. As regards fatty acid
degree, however, there were deviations in the precoo-
ling from 35 to 11 °C + direct cooling to 4 °C. From
the t-test it was thereby found that precooling lowered
the level of fatty acid degree. The results from process
C1 are significantly higher than those from process C2
(P <0.01).

On measurement of the fat globule diameter in milk,

- precooling to 11 °C + direct cooling to 4 °C likewise

deviates in cases were the t-test shows a small relative
distribution width. The results from process C1 are sig-
nificantly higher than those from process C2 (P <
0.02). This means that there is a greater uniformity in
the fat globule distribution, i.e. the fat globules have
maintained their stability during the cooling process
and the mechanical agitation. Wastra (1975) found
that a slight homogenization may contribute to an in-
creased fat globule distribution, which is referred to as
“width parameter”. However, it has not been defined
the same way as the relative distribution width, but the
principle used was the same. This indicates that
a weaker mechanical treatment may have been used on
precooling of the milk to 11 °C, and/or that the fat
globules have been more resistant towards mechanical
treatment. Previous examinations (Guul-Simon-
sen et al., 1995) have shown that compared to direct
cooling, rapid cooling of milk by use of instant cooling
resulted in a lower content of free fatty acids. It must
therefore be presumed that precooling of raw milk to
11 °C or lower + direct cooling to 4 °C may improve
the milk somewhat compared to direct cooling from 35
to 4 °C.

The precooling temperatures were selected on the
basis of the fact that temperature of pumped up ground-
water is 8—10 °C. During the process of pumping the
temperature of the water will rise slightly as the water
passes through the pump, just as the temperature of the
water will rise significantly during storage in the tank,
especially in the summer by day, even in well insulated
tanks. It therefore seems to be of no practical impor-
tance to study the effect of precooling to milk tempe-
ratures lower than 11 °C, as the construction of the
precooler (heat conversion area) will limit the chances
to obtain lower temperatures.

The milk samples were transported to laboratory
(160 km) in thermoboxes equipped with refrigerating
units, and consequently, the analyses were made about
24 hours after sampling of the milk from the refrigera-
ted milk tank. This proceeding may result in a slight
bacterial growth before the analysis is made. In practi-
ce, the bacterial growth is practically insignificant, pro-
viding the samples are stored at temperatures between
2 and 4 °C. In the present case, where the tests are of
comparative nature, the mentioned bacterial growth is
quite insignificant for the evaluation of the results.
Good quality milk was used for the test. All milk sam-
ples were evaluated by milk assessors in accordance
with Sensory Classification | (no defects) for appearan-
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II. Raw milk treated with direct cooling from 35 to 4 °C and precooling from 35 to 15, 13 and 11 °C + direct cooling to 4 °C, respectively, five tests, mean value (x) and standard deviation (s)

Process
Al A2 Bl B Cl [er]

N Analysi direct cooling p-:e;?:cl:::‘%:ul:h:\g direct cooling P?(c!‘i’rilci::‘ioloali;: direct cooling pfz?;t:‘iololh;g

Xy 5 Xy 53 X3 $3 Xy Sy X S Xg 56
1 Sensory classification® 1.0* 0 1.0* 0 1.0* 0 1.0* 0 1.0* 0 1.0 0
2 Total plate count, arithmetic, 10%/ml"* 6.3 23 73" 2.1 4.1* 1.7 ki g 1.7 6.0 2.0 6.4" 29
3 Total plate count, logarithmic, ml~! **) 3.8° 02 38 02 3.6 02 34" 0.2 % 0.2 37" 0.3
4 Psychrotrofic bacteria, arithmetic, 10%/m1**) 1.2 0.5 1.6* 0.6 | Sy 0.4 1.5* 1.0 1.5 1.0 1.6" 1.0
5 Psychrotrofic bacteria, logarithmic, ml~' ** 3.0* 0.2 < ko 0.2 32* 0.1 3 03 k R 03 3 g 0.4
6 Fatty acid degree, BDI, meg/100 g fat** 0.70* 0.02 0.70* 0.02 0.76* 0.06 0.73* 0.03 0.76" 0.04 0.62° 0.05
7 Fat oxidation, TBA value™" 0.014" 0.003 0.011° 0.001 0.017* 0.006 0.013* 0.004 0.016" 0.004 0.016* 0.003
8 Vitamin-C, mg/100 ml"* 0.70* 0.25 0.64 0.15 0.34° 0.05 0.32* 0.04 032 0.04 0.34* 0.048
9 Protein, %" 3.64° 0.46 3.62* 0.40 3.42° 0.04 3.40* 0.03 3.49° 0.01 3.49° 0.01
10 Fat, %°" 445 0.02 4.56" 0.13 4.57 0.15 454 0.05 4.69" 0.11 451° 0.11
1 Number of cells, arithmetic 10%/m1** 171* 24 159 22 165* 19 160° 21 278* 103 262° 90
12 Number of cells, logarithmic, mi~' **) 2.2° 0.07 2.2* 0.06 22 0.06 2.2° 0.06 24" 0.18 24" 0.19

*) Scale of sensory classification for appearance, odour and taste

1 = No defects (satisfactory)

2 = Small defects (less satisfactory)
3 = Distinct defects (not satisfactory)
**) a and b: Figures for one and the same quality parameter with different letters were significantly different (P < 0.05) on t-test.




III. Fat globule di

, mean di

(D),

A2, Bl, B2, Tl and C2. Each process consists of five tests

dard deviation (s5) and distribution width in raw milk, cooled through the processes A1,

Unit

Fat Globule Diameter

process

Al

A2

Bl

B2

Cl

2

direct cooling

precooling 15 °C
+ direct cooling

direct cooling

precooling 13 °C
+ direct cooling

direct cooling

precooling |1 °C
+ direct cooling

Dy 5 Dy ) Dya 5 Dy Sa D,s Ss Dyss 6
Mean value, mm 2.40* 0.03 2.46° 0.01 2.42* 0.02 2.40° 0.02 241" 0.04 2.42¢ 0.04
Distribution width 1.43* 0.01 1.43* 0.02 1.45* 0.01 1.46* 0.02 1.45" 0.02 1.43" 0.02

*) a and b: Figures for one and the same quality parameter with different letters were significantly different (P < 0,01) on -test

IV. Distribution of fat globule di

processes A1, A2, Bl, B2, Tl and C2, respectivel

ge of normal distribution (%) and standard deviation (s) in raw milk, cooled through the
y. Each process consists of five tests

Distribution of fat globule diameters

Mean fat globul Protess
diameter Al A2 Bl B2 Tl 2

direct cooling ire::)r:‘l::l fo:)fir:g direct cooling i":ﬁ:’li(ngﬁi:gc direct cooling l?&m;i‘:zi‘itngo:)lli:gc
mm o, 5 Foy 5 Joy 53 oy A o S5 Fog 56
0.35 (0-0.39) 0 0 0 0 0 0 0 0 0 0
0.43 (0.39-0.48) 0.13 0.04 0.13 0.03 0.19 0.02 0.23 0.03 0.23 0.05 0.27 0.08
0.53 (0.48-0.59) 0.61 0.08 0.61 0.06 0.73 0.04 0.79 0.04 0.77 0.10 0.78 0.12
0.65 (0.59-0.73) 1.39 0.11 1.38 0.09 1.56 0.05 1.62 0.04 1.60 0.14 1.53 0.17
0.81 (0.73-0.91) 2.61 0.12 2.60 0.12 2.81 0.06 2.87 0.05 2.84 0.18 2.66 0.21
1.00 (0.91-1.12) 4.41 0.15 4.40 0.13 4.61 0.05 4.66 0.06 4.57 0.19 433 0.23
1.23 (1.12-1.37) 6.11 0.16 6.13 0.10 6.25 0.04 6.32 0.08 6.14 0.15 6.00 0.12
1.51 (1.37-1.69) 6.87 0.13 6.94 0.14 6.89 0.09 6.92 0.10 6.84 0.25 6.77 0.20
1.86 (1.69-2.08) 8.31 0.33 8.43 0.38 8.23 0.19 8.22 0.16 8.33 0.45 8.35 0.45
2.30 (2.08-2.57) 10.79 0.51 11.06 0.42 10.60 0.26 | 10.54 0.19 10.85 0.56 | 10.95 0.56
2.83 (2.57-3.16) 13.81 039 | 13.89 0.42 13.65 0.18 13.55 0.12 13.84 0.39 14.10 0.43
3.49 (3.16-3.90) 15.36 0.11 1535 0.24 15.22 0.10 | 15.12 0.17 15.17 0.07 15.52 0.19
4.30 (3.90-4.80) 13.88 032 | 13.78 0.42 13.70 034 | 13.61 0.38 13.44 0.35 13.74 0.34
5.29 (4.80-6.15) 9.50 0.38 9.37 0.40 9.26 0.44 9.17 0.43 9.02 0.41 9.11 0.40
6.52 (6.15-7.28) 4.70 0.30 4.57 0.30 4.48 0.35 4.41 0.33 437 0.30 431 0.32
8.04 (7.28-8.98) 1.44 0.16 1.38 0.15 1.34 0.18 1.29 0.17 1.27 0.16 1.23 0.18
9.91 (> 8.98) 0 0 0 0 0 0 0 0 0 0 0

ce, odour and taste, and they were analysed for total
plate count/ml (arithmetic) below 10 x 10%.

As a whole, the results show that the work hypothe-
sis regarding “constant fat globule formation* (i.e. re-
duced affection of the fat globules) and a lower bacte-
rial growth on precooling + subsequent direct cooling
to 4 °C than on direct cooling from 35 to 4 °C will not
hold in the case of precooling to 13 and 15 °C, if the
method is compared with direct cooling within two
hours, the latter being the best classification of refrige-
rated milk tanks according to CEN (1994). The best
ISO classification (1983) is 2.5 hours. According to the
Danish Veterinary Service (1993), milk cooling from
35 to 4 °C within three hours is a satisfactory cooling

ZEMEDELSKA TECHNIKA, 44, 1998 (2): 69-74

method. On precooling to 13 or 15 °C, the milk quality
will not be improved, but the method will, however,
provide an additional protection from quality deterio-
ration of the milk in the case of undersized or poorly
maintained milk cooling plants (fluctuating cooling ca-
pacities).

The test did not include energy economic calculati-
ons (i.e. the value of drinking water given to farm ani-
mals and no utilization of recovered heat from the con-
denser of the cooling plant for domestic purposes), as
such calculations would be dependent on the local con-
ditions, including the design of the cooling plant, the
refrigerant used and the condition of the plant. Possible
differences in the composition of local time differenti-
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ated electricity rates, if available, should also be consi-
dered. Other things being equal, precooling of milk will
mean shorter operating times of the refrigerating com-
pressors, and thus, a lower power consumption can be
achieved. From an energy point of view, the difference
between precooling to 11 or 15 °C is of no practical
value. However, some savings can be achieved by pre-
cooling from 35 to 11 or 15 °C:

0=M.A.C

where: M - milk quantity
At - temperature difference
C - specific heat of the milk

The power consumption will be increased slightly
when groundwater is pumped up for storage purposes
(small pump using low-cost night or weekend electri-
city). How much water to be pumped up will depend
on the construction of the precooler, and specifically of
the aversion area of the precooler. From an energy eco-
nomic point of view, a slight saving can be obtained by
the precooling of milk. ~

CONCLUSION

Raw milk cooled from 35 to 11 °C + direct cooling
to 4 °C in a refrigerated milk tank was found to have
a significantly lower fatty acid degree and a more ho-
mogeneous distribution of the fat globule particles than
in the case of direct cooling of the milk from 35 to
4 °C. No improvements were found on precooling of
the raw milk from 35 to 13 °C or from 35 to 15 °C.
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VON KRAFT- UND SCHMIERSTOFFEN SOWIE
HYDRAULIKFLUSSIGKEITEN AUS NACHWACHSENDEN
ROHSTOFFEN

MEZINARODNI STAV VYUZITI POHONNYCH HMOT, MAZIV
A HYDRAULICKYCH KAPALIN Z OBNOVITELNYCH SUROVIN
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ABSTRAKT: Im Hinblick auf die agrar- und umweltpolitischen Herausforderungen, insbesondere in den Industriestaaten
und der Moglichkeit der dezentralen nachhaltigen Energienutzung in Entwicklungsléndern der Subtropen und Tropen wird
der Verwendung von Pflanzentlen im non food-Bereich ein hoher Stellenwert beig Die vorliegenden wissenschaf-
tlichen Erkenntnisse beweisen, da die Verwendung von Pflanzensimethylester und reinem Pflanzendl als Ersatz fiir Diesel-
kraftstoff in der Gesamtbilanz tkologische Vorteile bietet und fiir den ldndlichen Raum neue Perspektiven erdffnet. Aus
wirtschaftlichen und 6kologischen Griinden sollte der Einsatz von Pfl olen vorwiegend in umwel iblen Bereichen
wie Binnenschiffahrt, innerstidtischer Verkehr, Bauwirtschaft, Forstwirtschaft und Wasserschutzgebieten erfolgen. In
Entwicklungslindern sollte die Konkurrenz zur Nahrungsmittelproduktion vermieden werden, indem vorwiegend nicht eBbare
Pflanzendle verwendet werden. Primat hat die dezentrale Nutzung von Olpflanzenarten, die den ortlichen Bedingungen
angepaBt sind. Neben dem Einsatz von Pflanzendlen als Kraftstoff sollten in umweltsensiblen Bereichen auch Schmierstoffe
und Hydraulikfliissigkeiten auf Pflanzenélbasis in Maschinen und Geriten Verwendung finden. Sie sollten vorrangig in den
Bereichen eingesetzt werden, wo sie die Anforderungen, die auch an mineralische Stoffe beziiglich ihrer technischen Leis-
tungsfihigkeit gestellt werden, erfiillen und die hoheren Kosten durch die deutlich bessere Umweltvertriglichkeit aufgewogen
werden. Effektiver und sparsamer Energieeinsatz, technische Optimierungen und die verstiirkte Markteinfithrung biogener
Energietridger konnen zusammen einen wirksamen Beitrag zur Reduzierung der CO,-Belastung der Atmosphire leisten. Der
Einsatz biogener Energietriger sollte aber nicht in Konkurrenz zu anderen Energietriigern, sondern als sinnvolle Ergénzung
aufgrund bestimmter spezifischer Vorteile erfolgen. Voraussetzung fiir die Realisierung der Ziele — insbesondere in Lindern
mit agrarischer Uberproduktion — sind entsprechende politische Rahmenbedingungen, die unter anderem auch weiterhin eine
Forderung der Forschungs- und Entwicklungsarbeiten beinhalten sollten. GroBer multidisziplindrer Forschungsbedarf besteh
hinsichtlich der umweltfreundlichen Produktion, sowie dem optimalen Einsatz von Pflanzendlkraftstoffen als Grundlage fiir
die Entwicklung attraktiver Zukunftstechnologien.

Pflanzendl; Energieersatz; Kraftstoff; Schmierstoff; Hydraulikfliissigkeit; Okologie

ABSTRAKT: Vzhledem k vyzvam zemé&dé&lské politiky a politiky Zivotniho prostiedi, zejména v primyslovych stitech a pfi
moZnostech necentrdlniho trvalého vyuZiti energie v subtropech a tropech, je v nepotravinifské oblasti pfisuzovan velky
vyznam rostlinnym olejim. VE&decké poznatky dokazuji, Ze pouZiti methylesterli z rostlinnych oleju a z &istého rostlinného
oleje jako ndhrady za motorovou naftu mé v celkové bilanci ekologické pfednosti a otevird zemé&d&lstvi nové perspektivy.
Tyto oleje by se mély prosazovat v ekologicky citlivych oblastech, jako je vnitrozemské4 plavba, doprava v centru mést,
stavebni hospodafstvi, lesni hospodafstvi, a v ochrannych vodnich pasmech. V rozvojovych zemich by se pfevdZné mély
vyuZivat nejedlé rostlinné oleje, aby se zamezilo konkurenci s vyrobou potravin. Vedle pouZiti rostlinnych olejii jako pohon-
nych litek by v citlivych oblastech Zivotniho prostfedi mohla najit uplatnéni také maziva a hydraulické kapaliny na bazi
rostlinného oleje. Ty by mély pfednostn& nahradit klasické pohonné hmoty v oblastech, ve kterych spliiuji poZadavky stano-
vené pro technickou vykonnost mineralnich litek a ve kterych by vy33i ndklady byly vyvéZeny lep§i snesitelnosti pro Zivotni
prostiedi. Efektivni a isporné vyufZiti energie, technick4 optimalizace a usp&$né obchodni zavedeni biogennich energetickych
nosi¢l mohou spolené prispét k redukci zatiZeni atmosféry CO,. Nasazeni biogennich energetickych nosi&l by nemélo
konkurovat s ostatnimi energetickymi nosi¢i, ale mélo by pfedstavovat vhodny dopln&€k na zaklad& urgitych specifickych
pfednosti. Pfedpokladem pro realizaci cile, zvlasté v zemich se zem&d&lskou nadprodukci, jsou odpovidajici rimcové politické
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podminky, které by mély mimo jiné splitovat také poZadavky vyzkumnych a vyvojovych praci. S ohledem na produkci $etrnou
vidi Zivotnimu prostiedi, stejné jako na optimalni mnoZstvi pouZitych pohonnych hmot rostlinného pivodu, vznikd velka
potieba multidisciplindrniho vyzkumu jako zdkladu pro vyvoj atraktivnich technologii budoucnosti.

rostlinny olej; ndhradni energie; pohonné latky; maziva; hydraulické kapaliny; ekologie

EINLEITUNG

Die Produktion der zehn wichtigsten Olsaaten be-
trug weltweit im Wirtschaftsjahr 1995/96 252 Millio-
nen Tonnen. Die groBte Bedeutung haben mengen-
miBig Sojabohne, Olpalme, Baumwollsaat, Rapssaat,
Sonnenblumenkerne und Erdniisse.

Pflanzendle sind hervorragende Ausgangsstoffe zur
Herstellung von Kraft- und Schmierstoffen sowie Hyd-
raulikfliissigkeiten. Ob als Rohstoff — je nach Ver-
fiigbarkeit in der Region — Raps, Sonnenblumen, Soja,
Olpalmen oder Erdniisse zur Anwendung kommen, ist
ersteinmal sekundir.

Rudolf Diesel hat schon im Jahre 1912 in seiner
Patentschrift die zukiinftige Bedeutung biogener Kraft-
stoffe folgendermaBen herausgestellt: ,Der Gebrauch
von Pflanzendl als Kraftstoff mag heute unbedeutend
sein. Aber derartige Produkte konnen im Laufe der Zeit
ebenso wichtig werden, wie Petroleum und Kohle-Te-
er-Produkte von heute®.

Neben der Umweltschonung und der Ressourcensi-
cherung haben die Schaffung dezentraler Verar-
beitungsstitten mit den damit verbundenen Vorziigen
fiir die Wirfschaft im lindlichen Raum, die Schaffung
von Arbeitsplitzen und die erhohte Wertschopfung so-
wie die Nutzung nicht mehr fiir die Nahrungsmittelpro-
duktion benétigter Flichen entscheidende Bedeutung.

Bei der Ressourcensicherung sollte nicht nur die zeit-
liche Verfiigbarkeit der fossilen Rohstoffe gesehen
werden, sondern auch die Sicherheit ihrer Erlangung.
70 % der Mineralolvorrite liegen in potentiellen Kri-

co HC NOx
®RME ohne Kat ®WRME mit Kat

ODiesel

1. Vergleich der Schadstoff-Emissionen Diesel — Biodiesel

RME - Rapsmethylester
PM - Partikel

HC - Kohlenwasserstoffe
CO - Kohlenmonoxid
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sengebieten und sind damit nicht voll fiir den Ver-
brauch kalkulierbar. Wichtig in der Argumentation fiir
den Einsatz biogener Kraftstoffe ist aber, da wir sie
nicht nur aus der landwirtschaftlichen Sicht, also alter-
nativ zur Nahrungsproduktion und Subventionsproble-
matik sehen, sondern wie es Herr Connemann von der
Oelmiihle Leer Connemann GmbH und Co am 12. Mai
1997 auf dem Symposium ,Kraftstoffe aus Pflanzensl
fir Dieselmotoren® in Ostfildern treffend aussprach
»Biodiesel ist ein hervorragender Kraftstoff* (Bild 1).

Es wire natiirlich unrealistisch — auch fiir die Zu-
kunft betrachtet — zu glauben, da eine Deckung des
Welt-Dieselkraftstoffverbrauchs zum iiberwiegenden
Teil durch Pflanzendlkraftstoffe moglich wire. Auf-
grund des stindig wachsenden Bedarfs durch Zunahme
der Weltbevolkerung sowie ihrer Mobilitit ist es not-
wendig, alle zur Verfiigung stehenden Energieformen
in die wissenschaftlichen Untersuchungen mit einzube-
ziehen.

Beachtet werden muB bei aller Befiirwortung des
Einsatzes von Pflanzenolen als Kraftstoff das Prinzip
~food over fuel”, das heiB8t das Lander mit einem Nah-
rungsmitteldefizit, wie z.B. viele Entwicklungslinder
tropischer und subtropischer Regionen Afrikas und
Mittelamerikas in absehbarer Zeit nur geringe Potenzen
fur die Kraftstoffproduktion aus nachwachsenden Roh-
stoffen haben werden.

Bei der Betrachtung tropischer und subtropischer
Entwicklungslidnder ist auBerdem zu beriicksichtigen,
daB die Rahmenbedingungen aufgrund der teilweise
sehr schlechten Infrastruktur sehr unterschiedlich sind.
Je nach Beschaffenheit der Inrfastruktur miissen die
vorhandenen biogenen Kraft- und Schmierstoffe und
Motorenkonzepte fiir den mobilen wie auch stationidren
Einsatz (Wasserforderung, Nacherntetechnik) gegenei-
nander abgewogen und mit traditionellen Alternativen
(tierische Zugkraft, Wind- und Wasserenergie), sowie
mit Kraftstoffen auf Mineralolbasis oder anderen Ener-
gietragern verglichen werden.

Diese Linder hitten aber aufgrund der vorhandenen
tropischen Olfriichte aus Sicht der kologischen Ge-
samtbilanz gegeniiber den Produzenten z.B. in Mittel-
europa deutlich bessere Voraussetzungen. Olpalmen
liefern z.B. einen jihrlichen Olertrag von 7 bis 10 Ton-
nen.

Fiir Schmierstoffe und Hydraulikflissigkeiten wer-
den Pflanzendle vor allem aufgrund ihrer guten Abbau-
barkeit und Wasservertriglichkeit in umweltsensiblen
Bereichen (z.B. Wald, Gewiisser, Bauwesen) verwen-
det. Das Potential fiir den Einsatz ist international sehr
hoch. Allein in Deutschland werden jihrlich iiber ein
Millionen Tonnen Schmierstoffe und Hydraulikfliissig-
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keit eingesetzt. Nur etwa die Hilfte der eingesetzten
Stoffe werden iiber die Altélsammlung zuriickgewon-
nen. 500.000 Tonnen kénnen aufgrund von Leckagen,
unvorschriftsmdBigem Umgang oder betriebsbedingt
zu erheblichen Umweltbelastungen beitragen. Schmier-
stoffe und Hydraulikfliissigkeiten auf Pflanzendlbasis
sollten vorrangig in den Bereichen eingesetzt werden,
wo sie die Anforderungen, die auch an mineralische
Stoffe beziiglich ihrer technischen Leistungsfihigkeit
gestellt werden, erfiillen und die hoheren Kosten durch
die deutlich bessere Umweltvertriglichkeit aufgewo-
gen werden.

EINSATZ VON PFLANZENOLEN ALS KRAFT- UND
SCHMIERSTOFF SOWIE HYDRAULIKFLUSSIGKEIT

In Europa werden aufgrund der klimatischen Bedin-
gungen vorrangig Raps, aber auch Sonnenblumen und
Soja fiir die Erzeugung von Pflanzendlen angebaut
(Bild 2). Sie konnen mit einer relativ guten Energiebi-
lanz (input : output 1 : 7) erzeugt werden. Vorausset-
zung ist aber die Einbeziehung des gesamten Biomas-
seertrages (Bild 3).

Trotz der zur Zeit weltweit niedrigen Lagervorriite
an Getreide und der wachsenden Bevélkerung ist aber
mittel- und langfristig aufgrund des wissenschaftlichen
und technischen Fortschritts mit einer deutlichen Er-
tragssteigerung bei landwirtschaftlichen Produkten so-
wie einer wesentlichen Reduzierung der Verluste bei
der landwirtschaftlichen Produktion zu rechnen. Das
bedeutet, daB aufgrund der anzunehmenden Uberpro-
duktion — unter Beachtung regionaler Differenziertheit
— weltweit groBe Agrarflichen fiir die Produktion von
Pflanzendlen zur Verfiigung stehen werden.

Bei der Erzeugung und Verwertung einschlieBlich der
Vermarktung von Pflanzenélen gibt es weiterhin For-
schungsbedarf (Bild 4). Wichtig ist, daB stirker dezentrale
Konzepte unter Beriicksichtigung regionaler Besonderhei-
ten und der Kreislaufwirtschaft im Mittelpunkt stehen.

Rapsél als Kraftstoff

Grundsitzlich gibt es zwei Moglichkeiten der Ver-
wertung von Rapsél als Kraftstoff:

- ,,Biodiesel* ist durch einen chemischen ProzeB aus
Rapsol gewonnenes Fettsiure-Methylester (RME), das
in Dieselmotoren weitgehend problemlos als Kraftstoff
einsetzbar ist;

- natiirlicher Rapsol-Kraftstoff kann mit einfacher
Technik und relativ geringem Aufwand aus der Olsaat
gepreBt werden, fordert jedoch die Anpassung des Ver-
brennungsmotors.

Beide Wege sind gangbar und haben auch ihre spe-
zielle Bedeutung. Trotzdem ist nur bei Biodiesel eine
relativ breite Markteinfilhrung gelungen. Dies wird
nicht nur anhand des wachsenden Verbrauchs in West-
europa deutlich, sondern zeigt sich auch in der Entwick-
lung der Biodieselproduktion in der Tschechischen Re-
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2. Europiische Olsaatenproduktion 1995
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3. Primirenergie-Einsatz bei der Biodiesel-Herstellung

publik (Tab. I). Warum sich die Automobil- und Mo-
torenindustrie in Mitteleuropa und Nordamerika nicht
fiir natiirliches Rapsol entschieden hat, zeigt die Ge-
geniiberstellung der Vor- und Nachteile in Bild 5.

I. Raps- und Biodieselproduktion in der Tschechischen Republik

1992/ | 1993/ | 1994/ | 1995/

1993 | 1994 | 1995 | 1996
Erntefliiche (10*ha) | 1359 | 167,0 | 189,9 | 252,7
Ertriige (t/ha) 2,16 | 2,26 | 238 | 2,62
Rapsproduktion (10°1) | 292,9 | 3772 | 451,6 | 662,2
Biodieselproduktion (107 t) 2 3,0 18,5 27,0"

* Fiir 1997/98 wird eine Verarbeitung von iiber 100.000 t Rapssaat
zu Biodiesel erwartet
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4. Forschungs- und Entwicklungsschwerpunkte bei Pflanzenclen

Da eine breite Markteinfithrung von reinem Rapsol
im Kraftstoffsektor auch mittelfristig nicht zu erwarten
ist, sollen sich die folgenden Ausfithrungen auf Biodie-
sel beziehen.

Biodiesel als fliissiger Energietriger ist fiir jede Art
der Verbrennung geeignet. Betrachtet man den Einsatz
aus 0konomischen und 6kologischen Gesichtspunkten,
ergeben sich differenzierte Anwendungsgebiete:

— Der Einsatz inder Landwirtschaft wire aus
Sicht der kurzen Wege, Kreislaufwirtschaft und der
Beispielwirkung am giinstigsten (Bild 6).

Da es aber keine Gasolbeihilfe (0,41 DM/I) wie bei
Mineraloldiesel gibt, ist der Einsatz aus 6konomischer
Sicht unwirtschaftlich.

— Der Einsatz in Dieselmotoren von Kraft-
fahrzeugen mit stark wechselndem Lastprofil.

Hier ist der Einsatz gegenwiirtig aus 6kologischen,
motorbetrieblichen und betriebswirtschaftlichen
Griinden am weitesten fortgeschritten. AuBerdem han-
delt es sich bei Dieselmotoren im Kraftfahrzeugbereich
um einen Wachstumsmarkt mit auBerordentlich groBen
Zukunftschancen. Allein das deutsche Taxi- und Miet-
wagengewerbe mit hohem Anteil von Betriebsstun den
in sensiblen Innenstadtbereichen verbraucht jahrlich ca
5,000.000 t.

Dieselkraftstoff. Ein groBer Teil dieses
Kraftstoffs konnte als Biodiesel in der BRD selbst
erzeugt werden.

— Der Einsatz in Motorheizkraftwerken:
Okologisch ist dhnlich wie bei Kraftfahrzeugen der
Einsatz sinnvoll. Aus betriebswirtschaftlicher Sicht er-
geben sich Probleme, da die Konkurrenz zum steuer-
begiinstigten Heizol besteht.
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— Der Einsatz zur Verbrennung in Heiz- oder
Dampfkesseln ist aus okonomischer und 6kolo-
gischer Sicht nicht vorteilhaft.

Biodiesel (RME) kann in reiner Form oder als RME-
-Dieselgemisch eingesetzt werden.

In Frankreich hat man sich fir die direkte Beimi-
schung entschieden. Aus Griinden der positiven Um-
weltwirkung und der Mineraldlsteuer-Gesetzgebung ist
in Deutschland die Variante ,reiner Einsatz* realisiert
worden.

Verwendung als Hydraulikfliissigkeit und Schmierstoff

Neben RME ist der Hydraulik- und Schmierstoftbe-
reich ein sehr wesentlicher und auch anspruchsvoller
Markt fiir Rapsol, der eine deutliche Wertschopfung
bringt. Gegenwirtig liegt der Anteil der biologisch
schnell abbaubaren Betriebsstoffe auf Rapsolbasis am
Gesamtverbrauch in Deutschland bereits bei 10 %.

Bei Hydraulikanlagen, vor allem in mobilen Ge-
riiten, zum Beispiel der Land- und Forstwirtschaft,
kann es immer wieder zu Olverlusten durch Leckagen
oder durch An- und Abkuppelvorginge kommen.

Nicht selten gelangen dabei bei grolen Baumaschi-
nen mehrere hundert Liter Hydraulikél in den Erdbo-
den. Herkémmliche Produkte auf Mineraldlbasis sind
nur sehr langsam im Boden abbaubar (etwa 20 % in 21
Tagen). Der Eintrag in das Grundwasser stellt eine wei-
tere Umweltbelastung dar. Wasserschutzgebiete sind
dabei besonders gefihrdete Regionen.

Die Maglichkeiten Luft, Wasser und Boden vor der
Kontamination mit Schadstoffen zu schiitzen sind viel-
filtig. Der Einsatz von Hydraulikdl auf Rapsolbasis,
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- "vor Ort" erzeug- und einsetzbar - Einsatz in vorhandener Motorenpopulation
- kurze Transportwege - Verwendung in modernsten, spar-
- etwas billiger ( nur der Kraftstoff ) samen Serien- Direkteinspritzmotoren
- 11% Sauerstoff (weniger Ruf - normbar
und Partikel) - normale Viskositét (ahnlich DK)
- kein Schwefel - 11% Sauerstoff (kein RuB3, weniger Partikel)
. vom Kraftstoff her umweltfreundlich - Vereinheitlichung der physikalischen und
- gute Grenzschmierféhigkeit chemischen Naturdleigenschaften
- sehr geringe Wassertoxizitat verschiedener Olpflanzenarten
- sehr gute Zindwilligkeit
Nachtelle: - gute Mischbarkeit mit DK
- Sondermotoren erforderlich - geringe Verkokungsneigung
- hohe Viskositat (erfordert 2 Kraftstoff- |- gute Grenzschmierfahigkeit
kreisldufe oder Vorheizung) - optimal f0r Oxycat (kein S, kein P)
- nicht normbar - gute biologische Abbaubarkeit (Boden)
- héherer Kraftstoffverbrauch - sehr geringe Wassertoxizitat
- nicht optimal fir Oxidations- - Mit-Verwendung von Gebraucht-Speise-
katalysator (P-Gehalt) olen und tierischen Abfall-Fetten ("Multi-Feedstock)
- schlechte Zundwilligkeit
- erhdhte Verkokungsneigung Nachteile:
- erhebliche Investitionen far Umesterungsaniagen
- langere Transportwege
- (schwache) Aggressivitat gegen einige (austauschbare)
Weichmaterialien (Dichtungen, Lacke)
- Niedriglast- schmierdlverdinnung bei einigen Motorfabrikaten

5. Verleigch der Vor- und Nachteile von natiirlichem Rapstl und Biodiesel

das im Boden biologisch schneller abbaubar ist (iiber
90 % in 21 Tagen) als die herkémmlichen Mineral-
Slprodukte und das im Wasser weitaus geringere toxi-
sche Wirkung zeigt, wiire eine solche Alternative mit
praktischer Bedeutung.

Wenn es sich nicht um extreme Anforderungen han-
delt, kénnen Hydraulikole auf Rapsolbasis heute durchaus
den konventionellen Mineraldlprodukten technisch
gleichgesetzt werden (Bild 7). Der Viskosititsindex
und die Schmiereigenschaften sind sehr giinstig. Die
Oxidationsstabilitit ist allerdings bei den heutigen Olen
geringer als bei den herkdmmlichen Fliissigkeiten; des-
halb wird von den Herstellern hiufig eine Verkiirzung
der Olwechselintervalle empfohlen,

Es soll auch auf den Einsatz von Pflanzendlen als
Schmiermittel hingewiesen werden. Ein typisches, er-
folgreiches Beispiel stellt die Verwendung von Sige-
kettendl in der Forstwirtschaft dar.

Rapsol aus 0- oder 00-Raps bietet fiir den Einsatz in
Schmierstoffen im Vergleich zu anderen Pflanzendlen
aus technischen und 6konomischen Griinden einen re-
lativ guten KompromiB. Es ist wichtig zu erwihnen,
daB Rapsol aus erucasiurereichem Raps fiir den Einsatz
als Grunddl in Schmierstoffen wegen des ungiinstigen
Kilteverhaltens nicht geeignet ist. Rapsol zeigt eine
Viskositit, wie sie am hdufigsten in Schmierstoffen
und verwandten Produkten benétigt wird. Schmierble
auf Rapsolbasis haben auch noch bei einer erhohten
Temperatur, die an der Schmierstelle vorliegt, eine aus-
reichende Viskositit (Viskosititsindex).

Eine ganz wesentliche Eigenschaft fiir die Brauch-
barkeit von pflanzlichen Olen ist das Kilteverhalten.
Wichtig ist aber auch der relativ hohe Flammpunkt, der
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920...935 kg/m?®
Umweltvertréglichkeit

Alterungsstabilitat
-Oxidationsstabilitét
-Thermische Stabilit4t
-Hydrolytische Stabilitat
Korrosionsschutz

Verhalten gegen Buntmetall

schnelle biolog. Abbaubarkeit

Schmiereigenschaften besser als Minerald|
Reibverhalten besser als bei HL-/HLP-Olen
Vikosit4tsklassen ISO VG 22-68
Viskositatsindex >210

wenn additiviert wie bei HL-/HLP-Olen
etwas schlechter als bei HL-/HLP-Olen
deutlich schlechter als bei HL-/HLP-Olen
gut, wenn additiviert wie bei HL-/HLP-Olen
gut wie bei HL-/HLP-Olen

7. Eigenschaften des
Rapséls und ihre
Bewertung

auf ein niedrigeres Verdampfungsverhalten hinweist.
Auch dieses ist heute fiir die Entwicklung moderner
Schmierstoffe von wesentlicher Bedeutung.

Zum SchluB soll darauf hingewiesen werden, daB
mit dem Inkrafttreten des Umwelthaftungsgesetzes am
1. 1. 1991 die unternehmerischen Risiken bei Einsatz
von Risikopotentialen in Deutschland deutlich gestie-
gen sind. Die Haftung ist damit auch ohne Verschulden
fir die Verursacher negativer Umweltwirkungen fest-
gelegt. Dieses Risiko wird durch den Einsatz biolo-
gisch schnell abbaubarer Hydraulikfliissigkeiten und
Schmierstoffe deutlich verringert. Weitere positive
Auswirkungen fiir den Einsatz dieser umweltfreundli-
chen Stoffe werden vom Bodenschutzgesetz, Abwasser-
abgabegesetz und Bundes-Immissionsschutzgesetz
ausgehen.
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