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DETERMINATION OF WATER RETENTION CURVES
IN THE FRACTAL SOIL MEDIUM

STANOVENIE RETENCNYCH KRIVIEK PRE VODU VO FRAKTALNOM
PODNOM MEDIU

L. Kubik
Slovak University of Agriculture, Nitra, Slovak Republic

ABSTRACT: The empirical fitting coefficients in the empirical models for water retention and hydraulic conductivity are
related to soil texture. The model based on the concept of fractal geometry is proposed for soil texture. Evaluation of water
retention properties is based on random fractals and relates these properties to the Brooks and Corey empirical retention
model. The fractal dimension of 2D soil images controls the water retention properties of the random soil fractal texture.

soil; retention curve; fractal dimension; texture

ABSTRAKT: Koeficienty ziskané vyhladenim empirickych hodndt v empirickych modeloch pre vodni retenciu a hydrau-
lickd vodivost maji priamy vztah k pddnej textire. V prici je navrhnuty model pre pddnu textiru zaloZeny na fraktalnej
geometrii. Ohodnotenie retenénych vlastnosti pre vodu je zaloZené na ndhodnych fraktiloch a tieto vlastnosti vztahuje k Broo-
kovmu a Coreyho empirickému retenénému modelu. Fraktilna dimenzia povrchu dvojrozmernych pddnych obrazov moze

kontrolovat reten¢né vlastnosti vody v ndhodnej podnej fraktdlnej textire.

poda; reten¢na krivka; fraktdlna dimenzia; textira

INTRODUCTION

Measuring soil water retention characteristic curves
is expensive and time consuming. Several efforts have
been made to predict water retention from easily and
routinely obtainable textural and structural soil proper-
ties. The Brooks and Corey power law function (Brook,
Correy, 1964) has been widely used to predict the water
retention properties of soil (Tyler, Wheatcraft, 1990).
The function is:

=y
(8 [X
)

where: S, - effective saturation
0, - saturated water content
(] — water content
¥, — the air entry pressure
4 — the capillary pressure

A = 1/b,, b. - fitting parameter

It has been called the pore size distribution index.
The value of b, has been shown by many authors
(Clapp, Hornberger, 1978) to be related to soil texture.
Average values of b, range from 4.05 for sand to 11.5
for clay soil.

The concept of fractal geometry was used for soil
texture and pore structure description. Some particle
size distributions in granular soils have already been
shown to display self-similar scaling that is typical of
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fractal objects. The fractal model based upon the fractal
dimension definition of self-similar objects was sug-
gested to show the relationship of b, to the geometry
of complex porous media with the emphasis on a loam
clay soil. The concept of fractal geometry is repre-
sented in the Appendix A. The theory of the fractal
retention curves is represented in the Appendix B.

MATERIALS AND METHODS

The samples of loam clay soil were taken by the
method of Kopecky’s cylinders and inserted into the
vessel of vacuum pump, where the air pressure was
decreased on several hundreds pascals and than were
impregnated by the resin, CHS Epoxy 1200, with hard-
ening agent P-11 to conserve the original sample struc-
ture. Resin was droped from the stopcock burette di-
rectly on the soil sample placed into the vacuum vessel.
The pores were well degasified and filled with resin.
The samples were cut on the thin sections and polished.
The phographs of sample surfaces were taken through
polarizing microscope which set off the places where
pores were placed. Sixteen times magnification was
used and photos of the size 17 x 11 cm were made from
24 x 36 mm negative. Thus the original scanned size
was 1.5 x 2.3 mm. The final magnification on photos
of the size 17 x 11 cm was 75.6 times. The large white
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areas on the photos were the pores filled with a calcit.
The small white areas were the parts of the quartz and
the black areas represented the organic solid parts of
soil. Three soil samples were used to evaluation. The
samples of loam clay soil which were used for the
measurement had the density p = (2591.83 + 66.03)
kg.m‘3, the bulk density pz = (945.00 £ 33.80) kg.m'3,
the three-dimensional porosity 63% and the moisture
content 20.8%.

The black and white CCD camera SONY CB-2801
with the array of size 576 x 768 pixels was used to
digitize the photos of soil sample surface and the fra-
megraber which provided the collaboration with PC
Pentium 200 MHz. The control software IMPOR was
used for the camera to provide a preprocessing of the
snapshots. The block diagram of the recording equip-
ment is shown in the Fig. 1. Digitized samples were
adjusted on the size 512 x 512 pixels with the resolu-
tion of 47 pixels/cm. There was 0.213 mm per pixel.
The adaptation was needed for using of the software
KARL?2 to process the digitized snapshots. The size of
the changed snapshots were 11 x 11 cm. I mm on the
original photo of the size 11 x 11 cm corresponded to
0.013 mm of original samples. One pixel on the digit-
ized snapshot was 0.003 mm on the original sample.
The good contrast between black and white colour were
achieved by graphic filtering on the digitized sample
snapshots. White colour represented the pores and
black colour the solid parts of soil. The program
KARL2 was sensitive to white colour. The digitized
samples were covered by raster of the side size square
R (pixel). The raster was changed through different
sizes (Tab. I) and the occupation of the squares was
always determined. The number of pores was always
determined and so the surface porosity of the sample
and the fractal dimension were established. The pores
and the solid part of soil were substituted by the
squares of side R. The snapshots of loam clay soil sam-
ples are represented in Figs 2, 3, 4. These figures show
the parts of the surface of the same soil sample. Several
surfaces of the same sample were needed because only
statistic and no real self-similarity of the soil surfaces
were observed.

The surface sample photo

CCD PC 200
Camera MHZ
1. Block diagram of the recording equipment
1. The side size of square R of the raster
Rpixel) [ 2 [3 | 4| 5| 6] 7 8] 9[10]11][12

R (um) 6 (9 [12]15]18]21|24|27|30|33]|36
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RESULTS

Although the snapshots in the Figs 2, 3, 4 represent
the same soil structure they are characterized by large
variability. In the final consequence the statistically
significant difference was shown for all samples recip-
rocally. This fact point out the composition of the soil
structure and the necessity to work with statistical
methods. The program was not able to distinguish the
small-size quartz parts from the pores filled with calcit
(they had the same colour). This circumstance caused
the error of the determination of the square occupation
10%. Ten division of the sample were realized for all
samples by raster of side size square R (Tab. I). The

2. Snapshot of the loam clay soil sample surface — the large white
areas are the pores filled with calcit, the small white areas are parts
of the quartz, the black areas are the solid parts of soil and the dark
black area is organic matter

3. Snapshot of the loam clay soil sample surface — the large white
areas are the pores filled with calcit, the small white areas are the
parts of quartz, the black areas are the solid parts
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4. Snapshot of the loam clay soil sample surface — the large white
areas are the pores filled with calcit, the small white areas are the
parts of quartz, the black areas are the solid parts of soil and the
dark black area is organic matter

scale 2—12 pixels represented the real size of the pores
or solid parts 6-36 um.

Every variable were statistically computed from ten
values, which had resulted from sample division by
raster. On the base of the experimental measurement
the fractal dimension of the solid parts D). and the
fractal dimension of pores D, were determined by
means of terms (5a) and (5b) respectivelly.

The values of fractal dimension for solid parts D,
and the fractal dimension of pores D,,,, are represented
in the Tab. II. Statistical testing at the significance level
o. = 0.01 was executed for D). and D, with the pur-
pose of determination of average values agreement by
two-sample analysis testing. The software Statgraphic
v. 5.0 was used.

Not one statistical significant agreement was found
out. In spite of the average values of fractal dimensions
for loam clay soil as the average from Tab. II were
determined. The final values of fractal dimensions D,
D, for loam clay soil determine as an average from
Tab. II are shown in the Tab. III. The statistical signifi-
cant agreement of final values D, Dp,, was found out
at the significance level o = 0.01. There applies the
same for searching soil if we use D). or D, from
statistic point of view.

The value of the pore size distribution index b, =
1/D-2. The values b, were determined for D, and also

for D, Relative standard deviations are the same as

I1. Values of fractal dimension for solid parts D, and pores D,,, and
their standard deviations s,

Fig. D, Sppe (%) D, po. Sppo (%)

pe
2 1.9307 + 0.0026 0.1 1.6992 + 0.0111 0.7
3 1.8722 £ 0.0047 0.3 1.8101  0.0070 0.4

1.9007 £ 0.0031 0.2

4 1.7489 £ 0.0080 0.5

I11. Final values of fractal dimensions D, ., D,, for loam clay soil

rce “po
and their standard deviation s,

Dy Sppe (%) D, Sppo (%)

1.8506 * 0.0536 29 1,8033 £ 0.0583 3.2

IV. Values of the pore size distribution index b_ determined by
fractal analysis and standard deviations s,

b. sp (%)
Solid 6.6934 £ 0.1941 29
Pore 5.0839 + 0.1627 32
Average 5.8886 + 0.1784 3.0

the relative standard deviations of the fractal dimen-
sions. The final value of b. was determined as an arith-
metic average of both values. The standard deviation
of the final b. was determined by method of indirect
measurements sy = (S, + Sp,)/2. The values of b are
represented in the Tab. IV.

Water retention curves as a dependence of the cap-
illary pressure ¥ on water content 8 are represented in
the Fig. 5. The curve determined by fractal analysis
were computed by the equation:

1

9\D-2
V=V, N
¥

where: 8, = | - saturated water content

Air entry pressure ¥, was determined by means of
the term of capillary pressure ¥, = 206(512/R)/a,
where a = 1.5.107 m was the original size of the
scaned area. The surface tension of water Gy o¢c =
7.3.10>N.m"!. The quantity R, = 325 pm (108.3 pix-
els) represented the pore size associated with the air
entry pressure. R, was determined as characteristic av-

1E+7 = T = I
£ Retention curves
B O classical analysis (Gupta, Larson, 1979)
2915 — fit 1: power, ¥ = 141,378X ~ (-2,695)
1E+6, |- A fractal analysis
| * — fit 2: power, ¥ = 457,723X ~ (-5,8883)
&3
£ 2-
w
& _—
o
a °
=
o
& - “
3 e,
[
8
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5. Water retention curves obtained by means of fractal analysis and
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by regression of Gupta and Larsen’s data
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V. Regression equations of water retention curves in the Fig. 5 and
correlation coefficient r

Data Regression equations ¥

Fractal analysis W = 457.7235-888 0.999

Gupta, Larson ¥ = 141.378°26% 0911

erage size of the maximum pore on the Figs 2, 3, 4.
The value of the air entry pressure ¥, was 457.5 Pa.

The water retention curve determined by classical
analysis were accepted from Gupta, Larson (1979).
They determined regression models which were tested
on 61 Missouri soils. The water retention curve deter-
mined by class:cal analysis on Fig. 5 was ranged from
0.05 to 0.5 m>.m™ in the water content and from
15.3.10° to 19.7.10% Pa in capillary pressure. The tested
loam clay soil had bulk density of 1 320 kg.m™

The regression equations determined by the fractal
analysis for loam clay soil and by regression of Gupta
and Larson’s data for soil from South Carolina are rep-
resented in the Tab. V.

CONCLUSION

The presented method enables to determine the
water retention curve of real loam clay soil by method
of fractal analysis. The value of the pore size distribu-
tion index b, = 5.9 is in good agreement with the av-
erage values range from 4.05 for sand to 11.5 for clay
soil (Tyler, Wheatcraft, 1990). The power-low func-
tion, while in use for many years, had not previously
been physically based and little could be inferred from
the empirical fitting coefficient.

The application of fractal approaches suggests that
a more complete understanding of pore-size and pore
number distribution may be obtained by applying sim-
ple models such as fractal model to complex soil and
porous media. In spite of the presented water retention
curves are not significantlly consist the shape of curves
and its power-low function character are analogous.

APPENDIX A
FRACTAL CONCEPT

The term self-similarity (or statistical self-similar-
ity) implies that regular (or statistically regular) pat-
terns appear in nature at all scales of observation
(Feder, 1988). The number of the new created elements
N during the random object division by means of the
scale ¢, meanwhile ¢ = a/b, where a is the characteristic
object size, b is the scale factor indicating how times
the linear object size was changed

N=FcP 2

where: D - fractal dimension
F - constant

When [ is a number of pores, Wthh the two-dimen-
sional sample of soil is covered and b? is a number of
all parts the equation (2) is transformed into:

P-I=Fc™P 3)
and fractal dimension is obtained (Mandelbrot, 1983) as:

. In(b* - )

Inb ee

The samples of clay loam soil which were used in
our measurement were represented as digital images of
the size 512 x 512 pixels and the raster of the side size
square R was used for scaling, than b = 512/R and ¢ =
al(512/R) and the fractal dimension of the solid parts
D, and the fractal dimension of pores D), is given as
the equations (Kubik, 2000):

i ((512 33
D=5y~ &
n R
__In@)
D,m_l 5—12- (Sb)
R

In this approach, the scale dependent number of
elements N is number of parts, while measurement
scale R is a characteristic part size of pores or solid
soil parts. The fractal dimension represents the pore
and the solid parts distribution of two-dimensional soil
samples.

APPENDIX B
FRACTAL ANALYSIS

The relation between the number of pores (squares)
equal to or larger than a characteristic size R; is N,
(Tyler, Wheatcraft, 1990):

i
*!.[ ] 2( P =c Y R)P (6
j=1
where [y and b, represent the first recursive level of soil
sample division of b and [ respectively. The term b is
linked to the air entry pressure ‘¥, and is a measure of
the characteristic size of the largest pores in the soil.
The term /; is related to the rate of change of the water
content as a function of capillary pressure. When the
most of pores is of the smallest size, the number of the
pores is represented (Perfect, Kay, 1995) as an approxi-
mation of the form:

N,=R® @)

which is analogous to the term (2). The incremental
number of pores de from (7) is given by:

dN,=-CDR;>™ dR ®)

where: C - constant from the equation (6)
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The incremental pore area, dA,, associated with de
is simply:

dA, =R} dN, ©

The water content per unit lenght of porous media
as a function of the capillary radius is:

0
1
e(R)=A—jdA,, (10)
Tr
where: A7 — total cross-sectional area

Substituing (9) into (10) and integrating yields an
expression for the water content:

1 (DC \_2-p
=—|——=|R 11
6(R) A (2 = D] an
The saturated water content, 6; is given by:
1 (.DC )\, op
R)=7- [—2 N D)R(. (12)

where: R, — pore size associated with the air entry pressure

Dividing (11) and (12) and relating R to ¥ through
the equation of capillary rise yields W(b) = 26/R(b), the
Brooks and Corey power law for the water retention
function is:

B

where: D-2 - analogous to -A = -1/b,
o - surface tension

13)
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VLIV PNEUMATIK NA PRACOVNI VLASTNOSTI
TRAKTOROVYCH SOUPRAV

EFFECT OF TYRES ON WORKING PROPERTIES
OF TRACTOR-MACHINE SETS

V. Stursa, F. Bauer

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: The investigation concerns the effect of tyre type on power and capacity parameters of ploughing. Two types
of tyres were mounted alternatively on the tractor: variant 1 — standard tyres: front axle, dimensions 480/70 R 30, inflation
200 kPa, wheel track 1 960 mm; rear axle, dimensions 580/70 R 42, inflation 200 kPa, wheel track 2 000 mm; variant 2 — wider
tyres: front axle TRELLEBORG TWIN 414 600/60-30.5, inflation to 100 kPa, wheel track 1 970 mm; rear axle TRELLEBORG
TWIN 414 750/65-38, inflation 100 kPa, wheel track 1 990 mm. Average fuel consumption per hectare was 24.2 1.ha™" i.e. 4.1%
diesel fuel economies. Continuous measurements using mechanical depth gauge allowed to obtain 450 data items of the soil
depth and plough working width. The variancy coefficient did not surpass the value of 10,9 % which indicated a steady
ploughing depth. In our opinion a more exact value characterizing the power demands of ploughing will be obtained by the
calculation of fuel consumption per unit of ploughed soil. The average fuel consumption per volume of ploughed soil equals
to 8.6 ml.m™ and 8.3 mL.m™ for STANDARD and for wider tyres respectively. This represents diesel fuel economies of
3.5%. Capacity parameters were evaluated by work amount performed per time unit. The average operative capacity equals
to 1.52 hah™ and 1.58 hah™ for STANDARD and for wider tyres respectively, i.e. 5.3% fuel economies. The average
effective capacity per hectare makes 1.84 ha.h™ and 1.90 ha.h™! for STANDARD and for wider tyres respectively and this
represents 3.2% fuel economies.

tractor; tyres; tractive properties; slippage; power and capacity parameters

ABSTRAKT: Efektivni vyuZiti vykonu motoru kolovych traktorii vy§8ich vykonovych tfid vyznamné zavisi na typu pneu-
matik. V pfisp&vku jsou uvedeny vysledky terénniho méfeni traktoru New Holland 8870 o vykonu motoru 155 kW v soupravé
se sedmiradli¢nym navésnym pluhem Kuhn Huard RMGTi-7-T. U traktoru, u kterého byly pouZity dva typy pneumatik —
standardni a 3ir§i typ, byly méfeny energetické a vykonnostni parametry orby. U varianty se $ir§imi pneumatikami byla
naméfena niZ§i spotieba nafty na jednotku vykonané préce i vy§3i dosaZend vykonnost. Téchto vysledki bylo dosaZeno vétsi
sty¢nou plochou u $irSich pneumatik, coZ se projevilo pfedeviim sniZenim prokluzu.

traktor; pneumatiky; tahové vlastnosti; prokluz; energetické a vykonnostni parametry

UvVoD

Efektivni vyuZiti vykonu motoru kolovych traktori
vy§8ich vykonovych tfid vyznamné zavisi také na typu
pneumatik. Podle na¥eho nazoru dnedni traktory o vyko-
nu motoru nad 150 kW pracuji v zemé&délském provozu
s nizkou tahovou G&innosti a jeden z hlavnich divoda
neefektivni prace traktorovych souprav je pouZivani ne
zcela vhodnych pneumatik. PFi préci traktoru s pluhem
se méni zatiZeni naprav traktoru projevujici se zlepSenim
zéb&rového G&inku hnacich kol zadni ndpravy, a tim se
zvySuji poZadavky na pfenos hnaci sily mezi pidou
a pneumatikou. V praxi se velmi Casto stavé, Ze pfi
kratkodobém zv&tSeni adheznich zatiZeni zadni népravy
nedokaZi pneumatiky zvySené niroky na pfenos krou-
ticiho momentu pfenést, dochazi k jejich nadmérnému
pfetéZovani a tim ke sniZovani jejich Zivotnosti.
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Pneumatiky kolovych traktorti musi byt schopny za-
jistit celou fadu poZadavki na né kladenych. Jsou pru-
Zicim elementem mezi traktorem a podloZkou, pfi¢emZ
musi pfenést i v téZkych terénnich podminkach znacéné
hnaci sily pfi pfijatelném prokluzu. Kromé& toho musi
zajistit pfenos potfebnych bo&nich sil pfi dopravé a na
svazich pfi prici s nesenymi stroji. Vysoké naroky na
pneumatiky se tykaji také tlaku na pidu, ktery by nemél
piekrocit mez, kdy dochézi k neZiddoucimu zhutnéni pa-
dy. Na druhé strané vSak tlak mezi pneumatikou a pu-
dou je dan adheznim zatiZenim hnaciho kola a z hlediska
efektivniho pfenosu vykonu motoru je pravé toto zati-
Zeni duleZité. V poslednich letech zaznamenal vyvoj pneu-
matik vhodnych pro traktory vy3%ich vykonovych t¥id
velky pokrok. Jednak doglo k mnoha zlepenim v kon-
strukci standardnich pneumatik, jednak se objevily zce-
la nové pneumatiky, jako jsou napfiklad pneumatiky
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I. Naméfené hodnoty pracovnich vlastnosti pneumatik (Hrubgice, listopad 1998) — Measured values of work properties of tyres (Hrub&ice, November, 1998)

&

Rychlost!!
(ms™)

1,96
1,97
1,99
2,07

2,11

2,06

brizda'?

16,74
19,10
18,59
14,42
16,64

14,87

zihon'?

Prokluz zadnich kol'® (%)

15,36
17,58

18,11

13,88
16,55
14,23

Cas otadeni®
(s)

52,1
35

40,5
36
36
38

42,10

45,80
42,00
44,00
41,00

45,50

40,10

45,00
39,50
37,00
47,00

(s)
758,90

Cas na orbu®

743,80

741,30

703,80

703,90

720,50

Spotieba

nafty” (ml)

7 685,40
7 618,20
7 567,00
7 223,80
7 209,90
7 173,30

Plocha®
(ha)

0,31
0,32
0,31
0,31
0,31
0,31

(m)
10,21

Z4bér pluhu’

10,40

10,13

10,21

9,96

10,11

Variaéni
koeficient* (%)

9,31
10,83
4,45
3,44
8,90
3,54

Hloubka
orby? (m)

0,28
0,28
0,29
0,28
0,28
0,27

K2

Typ
pneumati

STANDARD
STANDARD
STANDARD

Firsi!4
Sirsi
Siri

Cislo
méfeni!

1
2
3
4
S
6

1

X 2tyre type, 3ploughing depth, 4vnriancy coefficient, 5plough working width, ®area, "diesel fuel consumption, Stime of ploughing, %time of turning, Prear wheels slippage, ”spe:d. lzunplough:d

wider

measurement No,

14

soil, l3furrow,

radialni nebo pneumatiky valcové — nizkoflota¢ni (Stur-
sa, Sandera, 1998; Bauer, Sedlik, 1999).

V tomto piispévku jsme se zaméfili na otazky vlivu
typu pouZitych pneumatik na energetické a vykonnostni
parametry orby.

METODA

Vliv typu pneumatik jsme zjiStovali u traktoru New
Holland 8870 o vykonu motoru 155 kW a celkové hmot-
nosti (bez fidice) 10 460 kg. Z toho hmotnost pfipada-
jici na zadni napravu €ini 5 160 kg a na pfedni napravu
5 300 kg. Na traktoru byly stfidavé namontovany dva
typy pneumatik.

Varianta 1 — standardni pneumatiky
— pfedni naprava, rozméry 480/70 R 30, husténi:

200 kPa, rozchod 1 960 mm,

— zadni ndprava, rozméry 580/70 R 42, hu$téni

200 kPa, rozchod 2 010 mm.

Varianta 2 — §ir§i pneumatiky

— predni naprava TRELLEBORG TWIN 414 600/60-
30.5, husténi 100 kPa, rozchod 1 970 mm,

— zadni nidprava TRELLEBORG TWIN 414 750/65-38,
hu3téni 100 kPa, rozchod 1 990 mm.

K traktoru byl pfipojen sedmiradli¢ny otoény névés-
ny pluh Kuhn Huard RMGTi-7-T. Pluh byl vybaven
orebnimi t&lesy pro kosotverecnou orbu. Pracovni za-
bér pluhu byl nastaven tak, aby motor traktoru byl vy-
tizen. Otacky motoru se pfi vSech méfenich pohybovaly
v rozmezi 1 700 a% 1 900 min™. PoZzadovany reZim
otacek byl dosazen fazenim. Béhem méfeni byl zafazen
osmy u_‘.o<oao<w‘. stupeii, pfi snaze motoru piekro€it otac-
ky 1 900 min™" bylo fazeno o stupeii vy§ a v opatném
piipadg, kdyZ otatky motoru klesly pod 1 700 min~",
bylo fazeno na niZ§i pfevodovy stupeii. Rychlost orby
je uvedena v tab. I. Méfeni se uskute¢nilo na pozemku
s hlinitou pidou, primérnd hmotnostni vlhkost pudy
16,2 %, predplodinou byla cukrovka sklizena samojizd-
nym sklize¢em Kleine. Méfeni kaZdé varianty pneuma-
tik (STANDARD a TRELLEBORG) se tfikrat opako-
valo. Zkousky se konaly na méficich parcelach o délce
306 m. Orebni souprava vykonala &tyfi jizdy. Byla
zméfena plocha parcely. Pfi orbé se prubéZzné méfily
hloubka orby a zabér pluhu. Pfi kazdé jizdé usekem se
méfil prokluz zadnich kol traktoru. Déle byl méfen Cas
potiebny na zorani parcely, v&etn& asti potfebnych na
otaceni orebni soupravy na souvrati. Spotfeba nafty byla
méfena prutokomérem Flowtronic 205 s Flowjet venti-
lem 4703. Naméfené a vypo&tené hodnoty jsou uvede-
ny v tab. I a tab. II.

VYPOCTOVE VZTAHY
Piocha zéhonu:

l?lwv.m

$=Tooo0 ™
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11. Hodnoty vypodtené pfi m&feni pracovnich vlastnosti pneumatik (Hrubgice, listopad 1998) — Values calculated at the measurement of work

properties of tyres (Hrub¢ice, November, 1998)

Cislo Typ Spotieba nafty® Vykonnost*
méfeni' pneumatik? ) (Lha!) (ml.m) Woathah™) W (ha ")
1 STANDARD 36,46 24,43 8,82 1,49 1,83
2 STANDARD 36,87 23,79 8,54 1,55 1,85
3 STANDARD 36,75 24,26 8,51 1,51 1,83
4 Sirsi 36,95 22,98 8,21 1,61 1,94
5 Sirsi 36,87 23,50 8,39 1,57 1,87
6 Sirsi 35,84 23,04 8,41 1,56 1,88
!measurement No, 2tyre type, 3diesel fuel consumption, ‘capncity
kde: I; - délka zdhonu (m) Rych]OS[:
s, - Sitka zdhonu (m) ! 5
B - z4bé&r pluhu (m) v=- (m.s )

Prokluz:

s
PO ke | NN (%)
l

kde: lo ~ délka ujeté drahy bez zatiZeni (m)
I} - délka ujeté drdhy se zatiZenim (m)
Cas hlavni:
Ty=Tp-T,
kde: To2 - Cas operativni (s)

T, - as vedlejdi (oticky na souvratich) (s)

Hodinova spotieba paliva:

Q, £ 36
T,
kde: Q - spotieba paliva na projeti méficim dsekem (ml)
T, - cas hlavni (orby) (s)
Hektarova spotieba paliva:
Q,, = %- 10°%  @hah
kde: Q - spotieba paliva na projeti mé&ficim dsekem (ml)
S — plocha (ha)
Mérna orebni spotieba paliva:
-—— 0 -3
Q=5 To000.5 @™
kde: Q - spotieba paliva na projeti méficim dsekem (ml)
S - plocha (ha)
h - hloubka orby (m)
Efektivni plo$na vykonnost:
Wou =Ti. 3600 (hah™)
1
kde: § - plocha (ha)
T, - ¢as hlavni (orby) (s)
Operativni vykonnost:
Wey==-.3600  (hah™)
Top

kde: § - plocha (ha)
Ty, - Cas operativni (s)
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1
kde: ! — délka méficiho dseku (m)
t — &as na projeti mé&ficiho tseku (s)

Objemova vykonnost:
_B.h.v 3. i
Wo="0000 (m™s™)
kde: B - zibér pluhu (cm)
h ~ hloubka orby (cm)
v - rychlost (m.s")

Varia¢ni koeficient:

VYSLEDKY

Z vysledki méfeni vyplyva vyhodnost pouZivéni ir-
Sich pneumatik pfi energeticky naro¢né agrotechnické
operaci, jakou je orba. Z naméfenych a vypoctenych
hodnot, které jsou obsaZeny v tab. I a tab. II a graficky
zpracovany na obr. 2 aZ 6, miZeme konstatovat nasle-
dujici zjisténi.

Energeticka naro&nost orby byla hodnocena spotie-
bou nafty na jednotku plochy (Lha™!y a na objem zo-
rané pudy (ml.m_3).

Primérnéd spotfeba paliva na hektar zorané pudy
(obr. 2) ¢ini pro pneumatiky STANDARD 24,2 Lha™!
a pro pneumatiky $irSi 23,2 Lha™!, coz vyjadieno pro-
centudlné je uspora nafty 4,1 %. Pfi mé&feni jednotli-
vych parcel byla prib&Zn& méfena i hloubka orby, a to
mechanickym hloubkomérem, kterym bylo ziskano cel-
kem 450 tidaji o hloubce orby a o zab&ru pluhu. Vari-
atni koeficient nepfekro&il hodnotu 10,9 %. Podle na-
Seho nézoru je pfesn&jsi hodnotou tykajici se
energetické niroCnosti orby prepodet spotieby paliva
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1. Sty¢nd plocha pneumatik —
Tyre contact area

o

STANDARD TRELLEBORG

24,50 T— % 2. Spotieba paliva — Fuel consumption
; standardni pneumatika — standard tyre

24,00 o 3irsi pneumatika — wider tyre

_ primér — average

& 250 f

% 23,00+

@ 05018
22,00 = - : : . .

STANDARDNi pNEU,  Primér SIRS{ PNEU.

3. Mérna orebni spotfeba paliva — Specific fuel
consumption at ploughing

Mérna spotieba paliva ( mim3 )

STANDARDNI PNEU.

na jednotku objemu zorané pudy. Primérnd spotfeba Primérna operativni vykonnost (obr. 5) Cini pro
paliva na objem zorané pidy (obr. 3) &ini pro pneuma-  pneumatiky STANDARD 1,52 hah™! a pro pneuma-
tiky STANDARD 8,6 ml.m™ a pro pneumatiky $ir¥i tiky &ir§i 1,58 ha.h™, coZ je dspora 5,3 %. Pramérnd

8,3 mL.m™, coZ piedstavuje 3,5% usporu nafty. efektivni vykonnost (obr. 4) &ini pro pneumatiky STAN-
Vykonnostni parametry byly hodnoceny mnoZstvim  DARD 1,84 hah™' a pro pneumatiky $ir§i 1,90 hah™!,
prace vykonané za jednotku Casu. a to je uspora 3,2 %.
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4. Efektivni vykonnost orebni soupravy — Ef-

fective capacities of ploughing set

Vykonnost W, ( ha/h)

STANDARDNI PNEU. primér  SIRSIPNEU.

'Prﬂmér

5. Operativni vykonnost orebni soupravy -
Operative capacity of ploughing set

Vykonnost Wo: ( ha/h )

1,42 T T

STANDARDNI PNEU, Primér

6. Prokluz hnacich kol traktoru — Slippage of
tractor driving wheels

Prokluz (%)

STANDARDN{ PNEU.

DISKUSE A ZAVER

Je-li pfi orb& spravné sestavena orebni souprava, do-
kéZe pluh provéfit tahové vlastnosti traktoru a spravnost
pouZivanych pneumatik. Tahové vlastnosti traktoru jsou
posuzovany dosaZenou tahovou G&innosti, pficemZ jed-
nu z rozhodujicich dloh hraje typ pneumatik. Tahova
sila traktoru zavisi na adheznich silach pisobicich na
hnaci kola a na schopnosti pneumatiky danou silu pfe-
nést na piidu. Adhese vytvaii reakci pudy, kterd traktor
posunuje ur&itou rychlosti vpfed. Schopnost prenést si-
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lu na obvodé& hnacich kol na pudu zavisi na adheznim
zatiZeni hnaciho kola a toto zatiZeni je z hlediska neZa-
douciho utuZeni pudy limitovano. Dile zde hraje dile-
Zitou roli plocha mezi pneumatikou a pidou. Méfenim
otisku pouZitych pneumatik (obr. 1) bylo zjist€no, Ze
plocha styku pneumatiky s podloZkou je ve srovnani se
standardnimi pneumatikami u pfednich $ir§ich pneumatik
0 47 % vy3§i (vzadu o 77,3 % vyssi). Tato skutenost
ovlivnila tahové vlastnosti traktoru, coZ je dokumen-
tovano naméfenymi hodnotami prokluzu, které jsou uve-
deny v tab. I a graficky zpracovany (obr. 6).
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V pfispévku jsme se zabyvali vlivem pneumatik na
tahové vlastnosti traktoru, které jsme posuzovali z hle-
diska dosaZenych energetickych a vykonnostnich para-
metri orby. Je tieba uvést, Ze zkouSené §ir$i pneuma-
tiky, jejichZ §itka byla 750 mm, se zcela nevesly do
brazdy, i kdyZ byla pouZita orebni télesa pro kosoctve-
re¢nou orbu, a zoranou pudu kolem jedoucim v brazdé
stlacovaly. Tato skuteCnost miZe na nékterych druzich
pud pfi urdité vlhkosti v mistech pfejezdu zorané pidy
negativné ovlivnit mechanické a fyzikalni vlastnosti zo-
rané pudy.

V piispévku jsme uvedli energetické a vykonnostni
parametry orebni soupravy s traktorem o vykonu mo-
toru 155 kW s riznymi typy pneumatik. U varianty se
§ir§imi pneumatikami byla naméfena niZsi spotfeba nafty
na jednotku vykonané prace i vysSi dosaZend vykon-
nost. Téchto vysledki bylo dosaZeno vétsi stycnou plo-
chou u $ir§ich pneumatik, coZ se projevilo piedeviim
sniZenim prokluzu. ZvySovéni vykonu spalovacich mo-
tori traktor s sebou pfina$i problémy tykajici se pre-

nosu vykonu motoru pies hnaci Gstroji traktoru na pu-
du. Musime respektovat dovolené limitni zatiZeni pady,
které je rozhodujici pro dosaZeni co moZnad nejvyssi
tahové G¢innosti traktori. Chee-li souasna zemédélska
praxe vykonné traktory efektivné vyuZivat, musi otdzce
pneumatik vénovat naleZitou pozornost, ponévadZ pra-
vé€ pneumatiky mohou podstatné rozhodovat o ekono-
mice provozu orebnich souprav.
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STANOVENIE SVAHOVE]J DOSTUPNOSTI
POLNOHOSPODARSKYCH VOZIDIEL

ASSESSMENT OF SIDE SLOPE STABILITY OF AGRICULTURAL
VEHICLES

J. Sestik, J. Rédl, R. Markovié

Slovak University of Agriculture, Nitra, Slovak Republic
Technical and Testing Institute of Agriculture, Slovak Testing Centre, Rovinka, Slovak Republic

ABSTRACT: Side slope accessibility is marked on all agricultural off-road machines in the interest of their safe operation.
This value is mostly specified as ratio of the minimum static stability (lateral) to the conventional (assigned by standard)
coefficient of safety or as data appropriated from calculated criteria according to valid norm STN 47 0170 (taken over norm
CSN 47 0170). Experiments with agricultural machines confirmed however that the side slope stability — admissible slope
angle on which the machine can work safely is limited by the velocity of the machine when moving in desired directions.
Thus the side slope stability is defined by following parameters: admissible slope angle, admissible velocity on this slope.
A reverse relation respecting the adaptability of slope angle to defined working velocity is generally impractical. The allowed
slope angle is affected by angle of side slope stability (detected on tilt table) and dynamic properties of vehicle, which has
been verified by experiments with a real prototype of vehicle and evaluated by stochastic parameters applied to the classic
dynamics of vehicles. The contribution presented respeets the existing and used procedures in the first place, and then shows
a methodical mode of determining the side slope stability of agricultural machines according to the norm draft STN 40 0170
which is a revision of the CSN 47 0170 norm.

side slope stability (accessibility); agricultural vehicles; stability

ABSTRAKT: Na kaZdom polnohospoddrskom terénnom vozidle je z dévodov jeho bezpeného pouZitia vyznafend jeho
svahova dostupnost. Tento udaj je vidtSinou stanoveny ako podiel jeho najmen3ej statickej stability (boc¢nej) v stupiioch
k dohodnutému (Standardom uréenému) sicinitelu bezpe¢nosti, alebo tidajom uréenym z vypocitanych kritérii podla doteraz
platnej normy STN 47 0170 (prevzatid norma CSN 47 0170). Experimenty s polnohospodérskymi terénnymi vozidlami v¥ak
preukézali, Ze svahovd dostupnost — dovoleny sklon terénu, na ktorom mdZe vozidlo bezpedne pracovat — je limitovana
rychlostou vozidla, ktorou sa mdZe pohybovat po dovolenom svahu v urenych smeroch. Svahovi dostupnost potom stano-
vuji dva parametre: dovoleny sklon svahu a dovolena rychlost pohybu vozidla po tomto svahu. Opaéna reldcia, re§pektujiica
prisposobenie sklonu svahu definovanej pracovnej rychlosti, je viSinou neprakticka. Dovoleny sklon svahu je v najviciej
miere ovplyvneny uhlom bo¢nej statickej stability (zistovanym pokusne na naklapacej plosine) a mierou dynamickych vlast-
nosti vozidla, ktorii preukazujeme experimentom s redlnym funk&énym prototypom vozidla a vyhodnotenymi stochastickymi
parametrami aplikovanymi do klasickej dynamiky vozidiel. Prispevok je formulovany tak, Ze v prvom rade respektuje doteraz
platné a zauZivané postupy a kone¢ne uvidza metodicky postup stanovenia svahovej dostupnosti polnohospodarskych strojov
podla néavrhu normy STN 40 0170, ktor4 je reviziou prevzatej normy CSN 47 0170.

svahova dostupnost; polnohospodarske vozidla; stabilita

UvVOD

Vztah medzi statickou stabilitou a svahovou dostup-
nostou bol u nas na konci patdesiatych rokov vyrieSeny
tak, Ze do agrotechnickych podmienok jednotlivych vo-
zidiel bol zavedeny si&initel bezpe€nosti SB:

uhol statickejstability

s uhol svahovej dostupnosti

Sudinitel bol stanoveny: pre univerzalne traktory SB
= 3,0, pre horské traktory SB = 4,0. ZaCiatkom sedem-
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desiatich rokov pribidol sacinitel pre samohybné stroje
SB = 2,5 a pre automobily a tahate SB = 3,0.
Osobitné rieSenia mali iné krajiny (NDR, Rakisko,
atd.). Nejasnost a nejednotnost vo vyklade pojmov
a ich &iselnych vyjadreni sa pokusil vyrieSit Andert
(1971). Pri vypracovavani siistavy traktorov v roku
1958 bol pre kazdy typ traktora navrhnuty sklon
pozemku, na ktorom mdZe bezpeéne pracovat pri jazde
proti svahu, zo svahu, po vrstevnici a pri ota&ani sa.
Jazdné vlastnosti a bezpecnost prace zdoéraziioval
Grecenko (1983), ktory definoval: ,,Svahova dostup-
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nost vozidla je najva&si uhol svahu, na ktorom sa vie-
obecne dovoluje pouZivanie vozidla s ohladom na
schopnost jeho kontrolovaného pohybu a zabezpecenia
vyhovujicej pracovnej bezpecnosti.

Urcovanim stability pomocou polarnych diagramov sa
zaoberali Reichmann (1972), Hunter (1982) a Sestdk
(1987). Urcovanie svahovej dostupnosti kritériom SB sa
vyzna¢ovalo jednoduchostou, avSak nereSpektovalo typ
agregacie a rychlost jazdy, ako to dokumentuji vo svo-
jich pracach Gredenko (1986) a Sestdk et al. (1987).

V platnej norme STN 47 0170, ¢LII, odstavec 36, je
svahova dostupnost definovana takto: ,,Svahova do-
stupnost vozidla je predovietkym bezpeCnostnym
a klasifikanym udajom, ktorého dodrZanie ma vy-
znamne obmedzit vznik kritickych jazdnych situdcii..”.
V odstavci 37 sa hovori: ,Svahova dostupnost je naj-
va&si dovoleny uhol svahu v stupiioch pre jazdu polno-
hospodérskeho vozidla samostatného alebo v siprave
pri danych podmienkach (rychlost, stav povrchu). Je
hranicou odolnosti proti $myku, odolnosti proti prevra-
teniu a funk¢nej schopnosti konStruk&nych skupin na
svahu pri re§pektovani miery bezpe&nosti* a v odstavci
38 sa hovori: ,,Svahova dostupnost sa urCi vypoctom
diel¢ich kritérii, ktoré zahrfiuji odolnost proti Smyku,
odolnost proti prevrhnutiu,....., pre definované manév-
re.* V ¢lanku VIII pod ndzvom: Spracovanie vysled-
kov skiok odst. 141 je uvedené: ,,Do kone¢ného hod-
notenie svahovej dostupnosti dovolenym uhlom
svahu,...., vstupuji v prvom rade &iastkové kritéria:

— odolnost proti Smyku (pohyb v zatacke, brzdenie,
rozbeh do spadnice),

— odolnost proti prevrateniu (pohyb v zaticke),

— funk&na sposobilost (funkcia motora, konStrukéna
stipavost).

Rozhodujice je kritérium s najvicsou hodnotou uh-
la sklonu svahu..".

Uplatnenie normy vyZaduje Siroky rozsah pomoc-
nych vypoctov, doplnenie vypoctov overovacimi expe-
rimentmi a v mnohych pripadoch i netradi¢né iteraéné
postupy. PouZitie empirickych vztahov, najmid vo vy-
poctoch adhéznych sucinitelov, je preukazné. Vzijom-
né verifikovanie v zésade ,,bodovych modelov* strojov
(jediné hmotné (aZisko) s praktickymi skuskami realnych
strojov je pravdepodobne mélo preukazné. Prechod k po-

1. Parametre vozidla — Vehicle parameters

neseny stroj — mounted equipment
taZisko — center of gravity
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uZivaniu dodatonych kritérii za hranicou dovoleného
svahu s hodnotou 16 je s najvacSou pravdepodobnos-
tou nevhodny. Norma re$pektuje jedini pracovni rych-
lost (za sucha i za mokra) pre vietky sklony svahov.

MATERIAL A METODA

UPRAVENA METODA STANOVENIA SVAHOVEJ
DOSTUPNOSTI

Dovoleny sklon terénu (svahu) pre polnohospodarske
vozidl4 so stdlou polohou fazZiska (obr. 1)

Technicka filozofia, ktora slazi na stanovenie dovo-
leného sklonu svahu, je zaloZend na parametroch (hod-
notiacich) ziskanych z merani reprezentaénej vzorky
vozidla, ktora je vybrana z predpokladanej vyrobnej sé-
rie. Hodnoty tychto statickych parametrov si potom
vyuZité v klasickych vztahoch popisujicich dynamiku
vozidiel. Vysledky dodatoénych dynamickych merani
polnohospodarskych vozidiel na realnych svahovitych
travnatych terénoch si rovnocenne do vypoctov dovo-
leného sklonu terénu zahrnuté. Z doteraz platnych $tan-
dardov ur¢ime podla STN 47 0187 ,,Polnohospodarske
a lesnicke stroje a traktory. Met6édy merania konStruk-
¢nych parametrov®:

— zékladné rozmery vozidla (¢l. 7, odst. 7.2),

— hmotnosti a ich podiely na definované podskupiny
vozidla (Cl. 7, odst. 7.3),

- polohu taZiska vozidla (¢l. 7, odst. 7.4),

— stopové a obrysové priemery otd¢ania (¢l. 7, odst. 7.6).

Podla STN 47 0174 ,Meranie statickej stability stro-
jov*

— urdime prie¢nu stabilitu napravo, nalavo, pozdl¥na
dopredu a dozadu (&l. 1, odst. 1.2).

VyuZitim polarnych diagramov, ktoré uviedli Reich-
mann (1972) a Sesték et al. (1987), a ktorych orpavne-
nost experimentmi potvrdili vo svojich pracach Gre-
Eenko (1986) a Sestak et al. (1989), moZno z merani
statickej stability vozidla na nakldpacej ploSine zostavit
korigovany poldrny diagram. Korekciou re$pektujeme
osovii symetriu vozidla (vo¢i pozdiznej zvislej rovine
prechadzajiicej cez tazisko vozidla). Pripustnost korek-
cie je pravdiva, kedZe z prienej statickej stability je
rozhodujici mensi uhol, ako to dokumentuje obr. 2.

Ak v obr. 2 ur¢ime:

K

sino == (¢Y]
VK + (tg By’
bude najmensi pripustny uhol statickej stability:
K g B
BSM = arctg \[_z—gB——_Mgv_T ?2)
K=+ (tg By v

ReSpektovanim zaverov, ktoré uviedli v pricach
Sestak et al. (1987, 1989), dynamické udinky realnych
terénov zohladnime suinitefom s hodnotou 2. Potom
dovoleny sklon terénu, na ktorom je polnohospodarske
vozidlo bezpe¢né voci prevrateniu, je:
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spadnica hore

najvadsi uhol7/1'<

pozdlZnej statickej
stability p* dovoleny uhol
statickej stability B}
K=tgp'=2r ] " najmentt uhol
h tghls priecnej statickej
tabili
vrstevnica viavo A stability e,
(kurz 90°) >
B ]
vrstevnica vpravo
(kurz 270%)
spadnica dolu
(kurz 180%)

2. Polarny diagram — Polar chart

spédnica hore — descend line — uphill

najvidsi uhol pozdlZnej statickej stability — greatest longitudinal
static stability angle

dovoleny uhol statickej stability — admissible static stability angle
najmen3i uhol priecnej statickej stability — least lateral static stability
angle

vrstevnica vlavo (kurz 90°) — contour line — left (90° course)
vrstevnica vpravo (kurz 270°) — contour line — right (270° course)
spadnica dolu (kurz 180°) — descend line — downhill (180° course)

K 1g Bl } 3)

BDOV 2" {arcg Kt e’ 2 T (2Bl

Najmensi uhol pozdlZnej statickej stability vozidla
pritom re¥pektujeme vzhladom k rdzvoru L ako je to
na obr. 2 vyznadené v trefom kvadrante. Potom:

x
ak xTS%, bude K=1g BF=TT

L—x
bude K =——~

aakxT>2 h

Stanovenie dovolenej rychlosti pohybu vozidla po
teréne so stanovenym sklonom

Dovolent rychlost pohybu vozidla po teréne so sta-
novenym sklonom stanovime jednoduchym pokusom
na teréne, na ktorom bude urleny stroj najviac praco-
vat. Kvalita terénu bude popisana podielom vlhkosti
porastu a vrchnej vrstvy korefiovej stistavy (podla STN
47 7092). Ak je podiel vlhkosti men3i neZ 45 %, ozna-
¢ime terén ako suchy, inak ako mokry.

Vypo&tom stanoveny dovoleny sklon terénu porov-
name s Gdajmi vyrobcu, ktorymi garantuje pracovnd
spdsobilost motorovych a exploatatnych agregatov vo-
zidla, ako je mazanie motora, zavzduSnenie hydraulic-
kych systémov atd., na dokladovanom sklone terénu.
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3. Ur&enie rychlosti pohybu — Determining the motion speed

brzdna drdha - braking distance
taZisko — center of gravity

Tu tieZ moZno vyuZit Standard SAE J897 pod ndzvom:
»Skaska svahovej dostupnosti. Doporu¢end metodika
SAE.*

V oblasti blizkej svahu vyberieme terén so sklonom
priblizne 0°. Uréime dl¥ku meraného dseku (= 20 m).
Vozidlo vbehne do tohto tseku stalou rychlostou (roz-
behnuté), ktord zodpoveda hodnote uréenej pre jeho
pracovnu (technologicku) operaciu na rovine. Na konci
meraného dseku vozidlo prudko zabrzdi. Pritom pred-
pokladame, Ze brzdiace systémy uZ pred skaskou zod-
povedali platnym $tandardom. Z troch opakovani skd§-
ky zistime priemernt rychlost vozidla v meranom
aseku a priemernid brzdni drihu do zastavenia vozidla.
Analogickd skisku vykondme s vozidlom v smere po-
hybu dolu po spadnici terénu s uréenym sklonom. Na-
behovii rychlost do meraného tseku v smere po spad-
nici dolu meriame dovtedy, aZ brzdnd draha na teréne
s dovolenym sklonom svahu je rovnaka ako brzdna
drdha na rovine. Potom nabehovd rychlost na teréne
s dovolenym sklonom, pri ktorej je brzdna driaha na
tomto teréne rovnaka ako brzdna draha na rovine, je
dovolenou rychlostou pohybu.

Cela skuska je zaloZena na predpoklade, Ze adhézne
stcinitele pri brzdeni na rovine i svahu si rovnaké.
Zmena népravovych tlakov (tlaky pod pasmi) nie je
reSpektovand (ich G&inok v redlnych sklonoch svahovi-
tych terénov s ohladom na rovnocenni zotrvaénost vo-
zidla pri nizkych hodnotéch spomaleni je maly).

Respektujeme prakticky bodovy model vozidla so
ststredenou hmotnostou v taZisku. Matematicky popis
dynamiky je definovany podla obr. 3. Potom dovolena
rychlost pohybu vozidla na teréne s dovolenym sklo-
nom BM,y a siinitefom adhézie medzi kolesami (pés-
mi) p, bude:

Ypov= \2. g .1k, .cos B’gov— sin B’gov) 4)
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I. Technické ddaje nosi¢a naradia MT8-046 — Technical specification of the MT8-046 tool carrier

Parameter! Rozmer? Hodnota®
Previdzkova hmotnost* kg 1 053
Rozchod kolies®  predné® vonkajsi® m 1,850
vnitorny” m 1,445
zadné’ vnutorny m 1,685
vonkajsi m 1,330
Rézvor!? m 1,640
Pneumatiky'' 6.15/155-14 -
Tlak v pneumatikich'? kPa 80
Vy3ka faziska nad zemou'? m 0,487
Vzdialenost faZiska od zadnej osi'? m 0,810
Pracovné rychlosti prevod'® 1. km.h™! 3,660
L. km.h~! 6,560
111 km.h! 9,900

" . . . . 3 .
'pammetcr. Zdimension, *value, “load, *wheel track, *front, rear, *outer, *inner, '"wheel base, ''tires, "*tire pressure, Babove earth height

of gravity center, Mgmvity center distance from rear axle, '

II. Uhly statickej stability nosi¢a niradia MT8-046 — Static stability
angles of the MT8-046 tool carrier

Poloha'
vrstevnica? I spddnica’
smer?
vlavo® I vpravo® ] hore’ I dolu®
)
ssed | sa1l | so2 | ssas

lposition. 2contour line, *descend line, *direction, *left, "right. 7up-
hill, *downhill

Posledny vztah vyuZijeme tieZ na korekciu pre do-
voleny sklon terénu ureny z rovnice (4) a dispozid-
nym terénom pre skudku so sklonom p* za predpokladu
identickych adhéznych sacinitelov.

VYSLEDKY A DISKUSIA

Uplatnenie navrhnutej metédy uréenia svahovej do-
stupnosti dokumentujeme na typickom zéstupcovi hor-
skych mechaniza&nych prostriedkov, a to na nosi&i na-
radia MT8-046 s Celne nesenou liftou SP2-212.
Zakladné (pouZitelné v dalSom rozbore) technické uda-
je s vyznaCené v tab. I. Uhly statickej stability zistené
na naklépacej plosine podla CSN 47 0174 si uvedené
v tab. II. Z takto urenych parametrov bol spracovany
diagram hranic statickej stability nosi¢a naradia MT8-
-046, ktory prezentujeme v obr. 4. Upraveny diagram
hranic statickej stability potom je v obr. 5. NereSpek-
tujeme tu osovi nesymetrickost nosi¢a (pozdfZnu). Vy-
po¢tom podla vztahov (2) a (3) zistime, Ze dovoleny
sklon terénu je By = 21,3°, &o je potvrdené aj prak-
tickymi skiskami, pri ktorych nosi¢ naradia MT8-046
bezpecne pracoval na travnatom svahu so sklonom
B =24,8°.
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Swork speed — gear

kurz[°]

-

spadnica - 0°
270°
P

4. Hranice statickej stability nosi¢a MT8-046 s &elnou li§tou SP2-
212 - Static stability limit of the MT8-046 tool carrier with SP2-212
front cutter bar

kurz - course

uhol svahu - slope angle
spidnica — descend line
vrstevnica — contour line

Dovolena rychlost pohybu nosi&a po teréne so sklo-
nom B’gov = 21,3° bola stanovena z podmienok expe-
rimentov vykonanych v lokalite Statneho majetku Lip-
tovsky Mikulas. Vlastnosti podlozky:
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5. Korigovany polar-
ny diagram MT8-046
s SP2-212 - Corrected
polar chart for MT8-
046 with SP2-212

Al — 5416
5564 /7| e .;2.

WB;, 47 210 korekcia — correction
Brov=23.5 o B korekcia
¥ 180°
druh pody hlinita
podiel vihkosti pddy v hibke 50 mm 22,84 %
vyska strniska 75 mm

podiel vlhkosti porastu 58,3 %
odpor penetracie (pentrometer STS Sumperk)
v hibke podloZzky 25 mm 1,75 MPa

50 mm 2,45 MPa
100 mm 3,72 MPa

K urceniu dovolenej rychlosti pohybu nosi¢a MT8-
046 bol pre Specifikiciu pohybu na rovine zvoleny
II. prevodovy stupeii, ktory prakticky zodpoveda tech-
nologickej rychlosti kosenia na rovine. Vybrany nabe-
hovy tsek v dizke 20 m mal v smere pohybu priemerny
sklon 7°. Zaznamy z merani si zhrnuté v tab. III. Po-
tom priemerna brzdnéa draha bude 0,5 m. Prisnym res-
pektovanim vztahu (4) uréime, Ze na rovine so sklonom
0° by brzdna draha bola ~ 0,3 m.

K urleniu dovolenej rychlosti, ktorou sa mdZe nosié¢
po svahu so sklonom 21,3° pohybovat, bol vybrany dis-
pozicny svah so sklonom 17°. Apriorne reSpektujeme po-
Ziadavku, Ze adhézne st&initele na rovine a skiobnom
svahu budi rovnaké. Vybrané sibory experimentov sd
uvedené v tab. IV. Priemerna brzdna draha je potom 0,66
m. Dodatotné experimenty k dosiahnutiu rovnakej brz-
dnej drdhy na svahu so sklonom 17° s brzdnou drdhou na
rovine nie si nutné. Porovname sicinitefov adhézie pre
sklon 7° a sklon 17°. Zo vztahu (4) stanovime:

Uy =043ap;;,=0,52

II1. Ur&enie brzdnej drihy na rovine (sklon 7° v smere brzdenia) —
Determination of the braking distance on plane

ssta | Ut | S | TSI |
(s) (m.s™) (m)

1 20 12,30 1,625 0,40
2 20 11,80 1,700 0,60
3 20 11,10 1,790 0,35
4 20 11,97 1,670 0,52

Brzdenie vietkymi kolesami (blokovanie)®

(Meranie prevzaté zo zaznamov Sestak et al. (1989)7

'test no. Zsection 3st:xrting time 4.'xvf:mge speed 5bmking distance,
Sall wheels braking (blocking), ‘'measurement taken over from

Sestak et al. (1989) records
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1V. Ur&enie brzdnej drahy na rovine (sklon 17° v smere brzdenia) —
Determination of the braking distance on plane

stla | Uit | LR | O | e
(s) (m.s™) (m)
| 10 6,570 1,520 0,52
2 10 6,188 1,616 0,61
3 10 5,040 1,985 0,92
4 10 7,640 1,309 0,40
5 10 5,260 1,900 0,85

For 1-7 see Tab. 111

NepriaznivejSia bude podlozka s niZ§im sucinitefom
adhézie. Na tito korigujeme aj dovoleni rychlost po-
hybu pre stanoveny sklon svahu 21,3°, pri¢om re$pek-
tujeme stanovenid brzdnd drahu na sklone 7°, ktora je
0,47 m. Nakoniec bude:

vpoy="Y2.10.0,4675 . (0,45 . cos 21,3° —sin 21,3°)
vpov = 1,04 ms~!

Zistili sme, Ze nosi¢ naradia MT8-046 s Celne nese-
nou ¢elnou li§tou SP2-212 sa mdZe bezpe&ne (vietkymi
smermi) pohybovat rychlostou 1,04 m.s™! po teréne so
sklonom 21,3°.

ZAVERY

Bol vykonany rozbor stanovenia svahovej dostup-
nosti polnohospodarskych vozidiel podla doteraz plat-
nych Standardov. VyuZitim polnych experimentov
s polnohospodarskymi vozidlami bol navrhnuty novy
metodicky postup uréovania svahovej dostupnosti. Sva-
hové dostupnost je popisand dvomi udajmi :

— dovolenym sklonom terénu. Tento sklon uréime
tak, Ze v poldrnom diagrame hranic statickej stability
vozidla zistime najmensi sklon terénu, pri ktorom jedna
z reakcii vozidla je nulova a zisteny uhol v stupiioch
podelime &islom 2,

— dovolenou rychlostou pohybu vozidla po teréne
s dovolenym sklonom, ktora je zistovana jednoduchym
experimentom v redlnom teréne.

Oba parametre popisujiice svahovi dostupnost pol-
nohospodarskeho vozidla st uréované vyuZitim para-
metrov prototypu vozidla a vysledkov jednoduchého
pokusu v redlnych terénnych podmienkach.
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VYUZITIE POCITACOVEJ SIMULACIE V MODELOVANI
INTERAKCII LEMESA S PODOU

THE UTILIZATION OF COMPUTER MODELLING IN PLOUGH
SHARE-SOIL INTERACTION

J. Balla, D. Brozman

Slovak University of Agriculture, Nitra, Slovak Republic

ABSTRACT: Technical development in agricultural engineering and related branches is based on new design and testing
methods of machines and their parts with respect to their exposition to very hard and aggressive operational conditions. Their
reliability is dependent on the service life of separate machine parts and requires an interdisciplinary approach already in the
design stage. In the category of tillage implements there is especially the case of blunting of the cutting edge in interaction
with soil. The contribution summarizes the progress of a project devoted to computer modelling of plough share wear utilizing
the theory of systems. The project goal is to create a computer model simulating interactions of tool and soil with respect to
wear and shape of cutting edge. In the first stage there was created a 2-D model where soil was substituted by a flowing
homogenous continuum. The level of pressure distribution has been considered as proportional to the distribution of wear
intensity. The physical experimental method of measuring the cutting edge shape requires a contactless measuring procedure
allowing precise measurement of any surface shape with possibility of automation. The method selected for this case has
been the moiré interferometry. The image was treated and evaluated by means of a CDD array allowing a consequent graphical
and numerical treatment. The procedure steps included a computer model of share cutting edge wear. At first only the flow
of a continuum surrounding the ideal cutting edge was taken into consideration for testing of the model. In order to approach
it to real outputs the model was completed by boundary conditions taking into consideration the flow reduction due to plough
share profile and the reaction acting on the lower part of the cutting edge thus simulating the compressive force and friction
effects. ANSYS software package was used to create a 2-D model by FLOTRAN module in order to model the flows of
newtonian and non-newtonian continua. The model was solved for both non-compressible continuum and continuum with
varied density and varied magnitude of internal friction. The transition to a 3-D model required to consider the local orientation
of the plough share during its operation. For this reason there was increased the resolution level from the point of view of
model geometry. The research ambitions have aimed at achieving a real contactless measurement of plough share shape by
means of optical methods. The moiré topography is advantageous in offering a large measuring range, 0.1 to 10 mm in this
case. The results are a base for identification of the computer model. In the following steps a 3-D coupled structural-flow
model and a model of plough share penetration through soil considered as a solid porous body was generated.

plough share wear; interaction; soil; computer model

ABSTRAKT: V ¢lanku je stru¢ne sumarizovany postup projektu zaoberajiceho sa potitatovym modelovanim opotrebenia
lemesa s vyuZitim tedrie systémov. Cielom projektu je vytvorit po&itaovy model simulujici interakciu néstroja s pddou,
s ohfadom na opotrebenie a tvar ostria. Pre tento tidel bol v prvej fize vytvoreny dvojrozmerny model, v ktorom bola poda
nahradend priddiacim homogénnym idedlnym kontinuom, ktorého vysledkom bolo tlakové pole povaZované za velifinu
proporcionélnu opotrebeniu néstroja. Takyto model bol rieSeny pomocou vlastnych algoritmov a pomocou komer&nych soft-
vérovych balikov — virtudlnych laboratérii. Ziskany model bol v dobrej zhode s meranym profilom néstroja. V druhej etape
bolo prikro¢ené k vytvoreniu trojrozmerného modelu. PredbeZné vysledky poukazuji na moZnost velkej variability, nazor-
nosti a teda univerzélnosti takejto simuldcie.

opotrebenie lemesa; interakcia; pdda; pocitalovy model

UVOoD nym a agresivnym podmienkam. Pri konStruk&nom névr-
hu strojnych celkov alebo ich Casti vystupuje do popredia

Technicky pokrok v polnohospodarskej technike  z&ujmu otdzka ich Zivotnosti, ktorej riefenie vyZaduje vo

a pridruZenych oblastiach sa odraza hlavne pri vyvoji  vicSine pripadov komplexny interdisciplinarny pristup.
a testovani strojnych celkov a ich &asti, pretoZe prave Do tejto triedy problémov patri aj otdzka tvaru ostria
polnohospodarska technika je vystavend velmi néro&-  pluhu, zmeny tohto tvaru polas interakcie s pddou
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a geometria jeho prace. Pokus o pribliZenie sa k exaktné-
mu riefeniu takejto problematiky vedie ku matematickej
te6rii systémov, ktora pri praktickej aplikacii vyZaduje
meranie, vyhodnotenie a modelovanie opotrebenia os-
tria pluhu pracujiiceho v réznych pédnych prostrediach
za rdoznych podmienok. Cely tento postup skladajici sa
zo spomenutych troch stupiiov je moZné riesit pomocou
vytvorenia nedplnych systémov (suborov veli¢in a ich
rel4cii) na redlnom a abstraktnom objekte, pricom po-
mocou experimentalnych merani a pocitacovych expe-
rimentov st systémy inverznym postupom dopliiané, &o
sa v tedrii systémov nazyva identifikicia (Ondracek,
Janicek, 1990). Tento spdsob rieSenia daného problému
teda vyZaduje vytvorenie abstraktného objektu, ktory
vystihuje redlny objekt do hranice zvolenej rozliSovacej
drovne z hladiska materidlového, konstruk&ného a od-
borového. Tito troveti je moZné volit postupne podla
vysledkov modelovania a vysledkov experimentalnych
merani; vznikaji teda rdzne pribliZenia pri postupnom
rieSeni problému. Pri tvorbe modelu je vhodné delit
model na prvky s prislusnym definovanim vizieb me-
dzi tymito prvkami, priCom vytvorené prvky je mozZné
opit delit, ¢im vzniknd prvky réznych tdrovni. Ziska-
nim &iastkovych rieeni problému na jednotlivych prv-
koch je moZné dospiet k poZadovanému doplneniu sys-
tému na objekte, a tym k vyrieSeniu celého problému.

Ako vyplyva z naznaceného postupu, ide o pomerne
zloZity a rozsiahly problém, pre ktory je potrebné ana-
lyzovat jednotlivé postupy, vybrat pre ne spravne me-
tédy a rozpracovat hodnotenie ich presnosti.

MATERIAL A METODY

Pre experimentdlnu metédu urovania tvaru ostria
bola poZadovana bezkontaktni optickd metéda, ktora
umoZiiuje presne merat tvar akéhokolvek povrchu
s moZnostou automatizdcie merani. Do Gvahy pripadali
dve moZnosti, ktoré su sibeZne pre dany Gcel rozpra-
covavané. Jednd sa o moiré interferometriu. Pre spra-
covanie a vyhodnotenie ziskaného obrazu je vyuZivany
riadkovy CCD snimac, ktorym je dany obraz skanova-
ny a nasledne graficky aj numericky spracovany.

Pre pocitatovy model tvaru ostria lemesa je v prvom
pribliZeni rieSeny 2-D problém s uritym stupiiom geo-
metrickej a oborovej rozlifovacej drovne, pri¢om
podne prostredie je nahradené idedlnym kontinuom.
RieSenim tohto modelu je teda v prvom pribliZeni zis-
kané tlakové pole v potencidlovom prideni, ktoré
pOsobi na ostrie leme$a a ktorému je na uvaZovanej
rozli§ovacej drovni imerné opotrebenie.

Vysledok rieSenia uvedeného modelu a experimen-
talneho merania je sibor veli¢in, ktoré spolu s povodne
zndmymi veli¢inami charakterizujicimi model a redlny
objekt vytvoria doplneny systém. Prepojenie vysledkov
experimentu a po¢itaGového modelu — identifikécia ve-
die k zdokonaleniu modelu — posunuje rozlifovaciu
droven smerom k jemnej$im technickym a fyzikdlnym
detailom.
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MOIRE INTERFEROMETRIA

Moiré interferometria vyuZiva klasicky nekoherent-
ny zdroj svetla a je menej naro¢né na experimentalny
postup ako metddy s koherentnym zdrojom svetla (Ba-
142, Szabo, 1986). Zakladom metody je superpozicia
dvoch spravidla linearnych sieti (informacnej a refe-
ren¢nej) — tzv. Ronchiho mrieZok. Informéciu o fyzi-
kalnych zmenich prenasa tzv. informacna siet vztaho-
vand na sledovany objekt. Referenna siet sliZi ako
vztaZné ststava pre urenie zmien informacnej siete.

Pri superpozicii dvoch sieti s priepustnostami ¢, a t,
bude celkovd amplitidova priepustnost 1(x,y) = #;(x,y)
. tH(x,y). Ak uvazujeme sinusoiddlne mrieZky s ampli-
tidovymi priepustnostami

tl(x,y)=15[l +sin2p—1:x] tz(x,y)=-;—|:l +sin2’)—?} m
kde sa kroky p; ap, len milo liSia, pre celkovi
priepustnost po uprave dostaneme

Hxy)=1+ 2sin2—:—x . % [cos%u - cosﬂ] 2)

kde: p a ¢ — polovica zo suctu, resp rozdielu prevritenych hodnét
krokov sieti

Prvé dva Cleny vyjadruju sinusoiddlnu vinu s fre-
kvenciou rovnou aritmetickému priemeru frekvencii
superponovanych sieti, spojite modulovani kosinuso-
vym ¢&lenom, ktorého frekvencia sa meni omnoho po-
malSie. Uginok tejto moduldcie vedie ku vzniku &iar
moiré s krokom g a frekvenciou rovnou rozdielu fre-
kvencii zikladnych sieti. Ostatné Cleny si vy3Sie ha-
rmonické.

Pri mapovani tvaru povrchu (Kafri, Glatt, 1990), te-
da pri superpozicii skreslenej a povodnej Ronchiho
mrieZky, dostdvame moiré obrazec, ¢iZe kontdrovi ma-
pu fix,y) s krokom p

y+fixy) =np (3)
3 =mp
fxy)  =lp
kde: I = n-m
n am - rady &iar Ronchiho mrieZok
! — rad moiré interferencnych Ciar

Obecne ¢lenity povrch sledovaného objektu spdso-
buje, Ze obe siete sa voci sebe pootacaju tak, Ze ak
vzéjomny uhol medzi nimi oznaime, méZeme pisat

[y + fix,y)] cos(8/2) =xsin(6/2) + np 4)
y cos(6/2) =—x sin(6/2) + mp
fx,y) cos(8/2) = 2xsin(6/2) + Ip

kde: I = n-m

Zakladom experimentu je zdroj bieleho svetla (obr. 1),
ktory premieta Ronchiho mriezky a pod ur¢itym uhlom
o je pozorovany povrch sledovaného objektu. Pozoro-
vany je moiré obrazec — krivky, ktorych miera skresle-
nia je imerna h(x,y)tgo., kde h(x,y) je funkcia vyskovej
zmeny. Pri rovnom povrchu by platilo
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Ronchiho
mrieZka

Kolimator

Zdroj svetla

1. Usporiadanie pri zizname moiré topogramu — Arrangement for a
moiré topography record

sledovany objekt — object of observation
Ronchiho mrieZka — Ronchi grid

CCD kamera - CCD camera

kolimétor — collimator

zdroj svetla - light source

y=mp (5

Ak je obrazec skresleny, odchylka od linearnosti je
h(x,y) tga, teda

¥y + h(x,y) tgo. = np (6)
Z predchadzajicich dvoch vztahov dostaneme
h(x,y) = Ip cotgo. (¥

€o je rovnica predstavujiica topograficki mapu objektu
s vy$kovym krokom p . cotga.

MATEMATICKY MODEL OBTEKANIA LEMESA
IDEALNYM KONTINUOM

V spomenutom prvom pribliZeni je na modelovom
abstraktnom objekte definovany systém veli¢in, ktory
popisuje potencialové pridenie pddneho kontinua. Pri
definovani takéhoto pridenia vychddzame z predpokla-
du pomerne nizkej hodnoty $mykového napitia v ornej
pdde, ¢o nas vzhladom na to, Ze sa pracuje s predbez-
nym modelom, opraviiuje nahradit pohyb pédy poten-
cidlovym pridenim.

UvaZujme urcity objem Q ohrani¢eny plochou o,
hustotu kontinua p a jeho rychlost v&v, i3 v '?vzkf’
Ak vyberieme z uvaZovaného objemu maly ogiicm (0]
ohranieny povrchom S, cez kaZdy element tohto povr-
chu pretetie za ¢as At mnoZstvo kontinua AQ; celkové
mnoZstvo pretekajice z objemu ® alebo do objemu ®
je teda dané ako

0=at [[ piivus ®)

kde: 7>~ jednotkovy vektor v smere normaly na povrch §

Ak uvazujeme zmenu mnoZstva kontinua v objeme
o v Case, mdZeme pisat
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ﬁ deS—J‘{IEdm ©
Pomocou Gauss-Ostrogradského vety prepiSeme
v poslednom vztahu povrchovy integral a uvazime, Ze
objem ® je fubovolny a argument pod takto upravenym
integralom je spojita funkcia, dostaneme rovnicu kon-
tinuity, ktori mdZeme pisat v tvare
x. div(pvy=0 (10)
ot
Ak uvaZujeme kontinuum nestlacitelné a pohyb po-
tencidlny, vektor rychlosti je gradient nejakej potencié-
lovej funkcie ®. Pri fyzikalnej interpretacii potencidlo-
vej prudovej funkcie ® modZeme uvaZoval v naSom
pripade, Ze pre potencidlové pridenie plati zikon za-
chovania energie v tvare Bernouliho rovnice, pri¢om
rychlost pridenia je mald; plati teda

O=p+pgy=k (1n

Poslednii rovnicu méZeme rozpisat ako
P (a’«n ’o 82(1)]
o

a2 o a2

Pre spominané prvé pribliZenie uvaZujeme 2-D rie-
Senie problému, teda dostivame rovnicu pre plosné
prudenie v dvojrozmernej oblasti

i Fo

—+—=0

oy
¢o je rovnica eliptického typu, ktora sa rie§i zadanim
okrajovych podmienok na krivke ohrani¢ujiicej dani
oblast. Pre jej rieSenie je najvhodnej$ia a aj naj-
rozSirenejSia metoda konecnych prvkov.

Tento postup je predmetom viacerych publikécif,
v ktorych je rozvedeny do podrobnosti (Zienkiewicz,
1975; Kazda, 1983). V dalSom texte bude naznaCeny
postup zostavenia rovnic vhodnych pre numericky vy-
pocet. Princip rieSenia spociva v hladani spojitého ale-
bo po Castiach spojitého priebehu funkcie ® v celej
oblasti, ktora je spojite rozdelend na prvky konednych
rozmerov. Tieto prvky m6Zu mat trojuholnikovy alebo
Stvoruholnikovy tvar s réznym poétom uzlov vo vrcho-
loch alebo na strandch. Pri praktickej aplikécii je moz-
né vychadzat z viacerych principov, no univerzalny je
princip vaZenych rezidui (Kazda, 1983). Jednou z va-
riant tohto principu je Galerkinova metéda.

RieSeni oblast rozdelime napr. na trojuholnikové
prvky (obr. 2) s troma uzlami. Priebeh nezname;j funk-
cie ® budeme v Iubovolnom bode oblasti aproximovat
polynémom @’ v tvare

N
P (xy) = X, PN ()
=1
kde: @, - nezndme hodnoty funkcie v uzloch prvkov

N, - linedrne nezivislé interpolaéné funkcie
N - poéet uzlov v oblasti O

=0 (12)

13)

(14)

Interpolacné funkcie s zavislé na hodnotach siradnic
Xy a st definované tak, Ze N; ma v uzle L hodnotu 1
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Okrajové podmienky
simulujiice tok (rychlost)

c 5—b

Okrajové podmienky simulujiice
reaktivnu silu v ddsledku redukcie toku (tlak)

2. Rozdelenie rieSenej oblasti na elementy a ilustricia uviZenia ok-
rajovych podmienok — Subdivision of the examined area into ele-

Ai A

ments and illustration of the boundary ion ct ion

okrajové podmienky simulujiice tok (rychlosf) — flow (velocity)
simulating boundary conditions

okrajové podmienky simulujice reaktivnu silu v dosledku redukcie
toku (tlak) — boundary conditions si g the reactive force re-
sulting from the flow reduction (pressure)

a nadobida nulové hodnoty vo vietkych ostatnych uz-
loch oblasti O. Priebeh @ v kaZdom trojuholnikovom
kone¢nom prvku s tromi uzlami je teda definovany po-
mocou troch hodnét @; v jeho uzloch a pomocou troch
interpolaénych funkcii prisluSnych k tymto uzlom.
Priebeh @’ v prvku je line4rny a je popisany rovnicou
roviny, ktora prechadza uzlami prvku

15

Koeficienty ay, a,, a; sa ur¢ia z podmienky, Ze hod-
noty @ vo vrcholoch sa musia rovnat uzlovym hodno-
tim @, tbj a @, (i, j, m st vrcholy trojuholnikového
prvku)

D' (x,y) = ap + ayx + ayy

D;=ag+ayx; + ay; (16)
d>j=ao+a|xj+a2yj
¢m=a0+alxm+a2ym

Po vyrieSeni sistavy dostaneme rovnicu roviny (15)
v tvare

D (x,y) = Ni(xy)®; + Nfx,y)®; + Ny (x.7) Dy, a7
kde

M) =5z (5 = 5 + 0= Y+ (o= 501

M) =5 (i = 53) + O =)+ (= 5] (18)

Noe3) = 5z (G = X + 0= + 0= X))

kde: hodnota A - plocha prvku vyjadrend pomocou siradnic
vrcholov trojuholnika i, j, m

Ak aproximativne rieSenie @ dosadime do rieSene;j
diferenciélnej rovnice, dostdvame na pravej strane na-
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miesto nulovej hodnoty uréité reziduum R. Jeho vel-
kost je mierou vystiZnosti pribliZného rieSenia. Ak by
reziduum bolo nulové, je aproximativne rie§enie zhod-
né so skutoénym. V siilade s metddou vaZenych rezidui
sa hlada takd kombinicia ®;, pri ktorej sa aproxi-
mativne rieSenie bude ¢o najviac bliZit presnému rieSe-
niu, t.j. pri ktorom budu integraly rezidua nasobeného
vahovymi funkciami W prislu$nymi k uzlom L po rie-
Senej oblasti rovné nule

2, 24,7
] [a LA JWL(x,nydy (19)

ox,
kde:L=1,..N

V Galerkinovej met6de sa vahové funkcie W, defi-
nuji zhodne s interpolagnymi funkciami N;. Rovnica
(24) predstavuje sistavu N rovnic formulovanych pre
celkovy pocet N uzlov v oblasti O. Tito sistavu je
potrebné dalej upravit pomocou integricie po &astiach
z dévodu nespojitosti derivicii aproximacie @’ na hra-
niciach prvkov. Dostaneme teda rovnicu s prvymi de-
rivaciami, korektne vyjadritelnymi pomocou poufZitej
aproximécie

2, 2 1y
J‘I[W a¢]Ndedy- @)
_qf[2e v WaNL W
) S B o (5 B

kde: H - hranica oblasti O
n, an, — smerové kosinusy vonkajsej normély k tejto hranici

Ak je hranica nepriepustny okraj, krivkovy integral
na pravej strane bude nulovy. Ak dosadime aproxima-
ciu (14) do poslednej sistavy, dostaneme sistavu N
linedrnych algebraickych rovnic pre N nezndmych
hodnét funkcie @ v uzloch prvkov. Této sistava bude
mat tvar

aNM aNL aN,_
.U % Dy ax z ay Dy —=— 3y dxdy= (21
M—l
oD
=|=yN,
l{a’l” LdH

kde: index L - riadky siistavy
index M- stipce
Zapis v krivkovom integréle na pravej strane mé vy-
znam derivécie funkcie ® v smere vonkajSej normaly
na hranicu H. Jednoduchsi a prehladnejsi zépis uvede-
nej sustavy je v maticovom tvare

(@1 @}=(/]

kde: [G] - matica sdstavy
{®} - vektor neznimych potencidlovych funkcii
{f}~- vektor pravych strin.

(22)

Pre rieSitelnost sistavy je potrebné zaviest do nej
okrajové podmienky na hranici rieSenej oblasti. MoZe-
me to urobit dvoma spdsobmi (Arsenin, 1977). Pri pr-
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vom pripade budi na prislunej hranici predpisané priamo
hodnoty potencialovych (pridovych) funkcii ®,, (Di-
richletova okrajova podmienka). Toto je do ststavy za-
vedené tak, Ze M-ty riadok sa nahradi rovnicou ®y, =
predpisana hodnota. Druhy sposob (Neumanova okra-
jova podmienka) vyuZiva predpisané hodnoty derivécie
pradovej funkcie — rychlosti priudenia nasobenej vaho-
vou funkciou prislusnou k uzlu M, ktoré sa integruju
po hranici a vysledna hodnota sa dosadi do pravej stra-
ny {f}M-tého riadku sustavy rovnic.

Pri definovani okrajovych podmienok je pri uvedenom
pribliZeni okrem tlaku v pridiacom kontinuu (Dirichleto-
va okrajova podmienka) uvaZovany aj tlak, ktorym je si-
mulovana redukcia toku sposobena obtekanym profilom
— prie¢nym rezom lemeSa. Redukciu toku je mozné vy-
jadrit pomocou bilancie hybnosti (Henley, Rosen, 1969),
z ktorej plynie, Ze zdroj hybnosti je rovny hmotnostnej
sile F,,. Tok hybnosti fazovym rozhranim (lemes-konti-
nuum) je pri nulovej vymene hmoty medzi fazami vyjad-
reny plosnou silou F¢ na rozhranie. Tok hybnosti nejakym
prierezom S uvazujeme za predpokladu, Ze rychlost je
k nemu vo vSetkych bodoch kolma, teda

[7.dS=[(pt)) + G)S, @3)
N

kde: § - plocha prierezu orientovani do smeru rychlosti
Bilanciu hybnosti potom vyjadrime rovnicou

k k
06D +e0F] - X [007+ NS -

=1 i s=k+l

dp,

-Fg+F, = %

Pre rieSeny model, ¢o je pripad jednoduchého (ne-
vetveného) toku a nestladitelného kontinua, méZeme
vztah zjednodusit

(24)

[0+ NS, ~[00H+ @) ]+ Fp=F5  @29)
a naviac moézeme pri technickom vypocte uvazit
(v2) = (v)2. KedZe model rie§ime ako 2-D pripad,
rozpiSeme posledni rovnicu na suradnice x,y. Hmot-
nostna sila (tiaZovd) je orientovand v smere zapornej
osi y. Plodni silu pésobiacu na fazové rozhranie (lemes
— kontinuum) rozloZime do sdradnic x,y, teda Fy, a F,.
Priemet bilancie hybnosti do smeru x je potom

(P(Vb + (P)])Sx - (D(V%) +{p))S, cos@ = FSl (26)
a do smeru y
~(p() + (P))S, sin@ —mg = Fs, @7

Takymto spdsobom modZeme ziskat predstavu o po-
mere tlaku v kvapaline k tlaku na fazové rozhranie
v désledku redukcie toku a zohladnif to v zadani okra-
jovych podmienok simulujicich tento vplyv.

Numerické rieSenia sustav rovnic, ako aj rieSenie
parcidlnych diferencidlnych rovnic so spomenutymi
dpravami, si v sucasnosti obecne algoritmizované
v niekolkych softwareovych produktoch, ako napr.
Mathematica 2.2, alebo MathCAD 5.0, a vo volne po-
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uZiteInych kédoch (Mothar et.al., 1996), ktoré je moz-
né s vyhodou vyuZzit.

VYSLEDKY

VYSLEDKY EXPERIMENTU

Meranie tvaru povrchu bolo zamerané na sledovanie
zmeny celej pracovnej plochy lemesa, t.j. plochy licnej,
chrbtovej a plochy opotrebovavanej reznej hrany. Ilus-
tracia zmeny tvaru Casti licnej strany v rdznych $tadi-
ach opotrebenia je na obr.3, kde priame Ciary predsta-
vuji rovny, ale skloneny povrch (sklon je v kolmom
smere k interferenénym ¢iaram) a deformované Ciary
sleduji deformaciu povrchu v uZ uvedenom zmysle.

V prvom pribliZeni bolo vyhodnotenie experimentu
zamerané na vyvoj tvaru rezu reznou hranou. Interfe-
renc¢né obrazy boli snimané v rezoch riadkovym CCD
snimacom vo zvolenych krokoch. Ziskané priebehy boli
frekvencne filtrované a nasledne spracovdvané v zmys-
le vysSie uvedenej tedrie. Grafické spracovanie vysled-
kov pre jednotlivé Stadia vyvoja opotrebenia vo forme
rezu reznou hranou je na obr. 4. Jednotlivé $tadia boli
vybraté nidhodne, bez zdmeru o urenie vztahu medzi
opotrebenim a prevadzkovou dobou a o dodrZanie rov-
nakych padnych a prevadzkovych podmienok.

VYSLEDKY POCITACOVEHO MODELOVANIA

Pocitatovy model opotrebenia reznej hrany lemesa
bol vytvoreny v niekolkych krokoch. V prvom kroku

3. Moiré topogram ¢asti povrchu lemesa pre rozne §tadia opotrebe-
nia = Moiré topography of the plough share surface for different
wear stages

a - novy (nepouZity) leme¥ — new (not utilized) plough share

b — tplne opotrebeny lemes (ustaleny tvar, ktory sa od urtitej fazy
uZ nemeni) — completely worn plough share (stabilized shape which
would no more change after achieving a certain stage)
Podmienkami experimentu je dané, Ze na vietkych obrizkoch je krok
interferencnych Ciar rovny priblizne 1 mm vyskovej zmeny povrchu
— It was given by the experiment conditions that one step of inter-
ference lines would equal to approx. I mm of change of surface in
all figures
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4. Profily neopotrebeného lemesa a dvoch 3tadii opotrebenia, kde
vidiet vyvoj tvaru reznej hrany a velkost opotrebenia — Profiles of
an unworn plough share and of two wear stages visualizing the
development of the cutting edge shape and the wear size

5. Simuldcia rozloZenia tlakov pri obtekani idedlnej reznej hrany a
izobary v obtekajicom konti - Simulation of p distribu-
tion of the flow surrounding the ideal cutting edge and isobars of
the surrounding continuum

6. Simulécia rozloZenia tlakov pri obtekani opotrebenej hrany a izo-
bary v obtekajiicom kontinuu — Simulation of pressure distribution
of the flow surrounding the worn edge and isobars of the surrounding
continuum

bolo uvaZované len pridenie kontinua v okoli idedlne;j
reznej hrany, na ktorej bol model testovany. Vysledky
ukazuje obr. 5. Simuldcia tlakovych pomerov na opotre-
benej (zaoblenej) reznej hrane je ilustrované na obr. 6.
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7. Tlakovy profil na novom lemesi pre okrajové podmienky podla
obr. 2 a jemu zodpovedajiice opotrebenie (pre dani rozliSovaciu
troveii) — Pressure profile at a new plough share for boundary con-
ditions according to Fig. 2 and its corresponding wear (for the given
discrimination level)

<

8. Tlakovy profil pre tvar reznej hrany vzniknuty modelom z obr. 6
a jemu zodpovedajiice opotrebenie — Pressure profile for the cutting
edge shape originating from the model in Fig. 6 and its correspond-
ing wear

Pre reélnejSie vysledky bol model doplneny okrajo-
vymi podmienkami zohladiiujicimi redukciu toku
sposobeni profilom lemes$a a reakciu, ktora pdsobi na
spodni Cast reznej hrany lemeSa, ¢o simuluje uCinky
pritlaénej sily a trenia. Zndzornenie tlakového profilu
pre takyto pripad a jemu zodpovedajice opotrebenie
pre dva po sebe nasledujice Stadia si zobrazené na
obr. 7 a 8.

RIESENIE ULOHY POMOCOU SYSTEMU ANSYS

Pri rieeni bol v zmysle formulacie dlohy pre tito
etapu vytvoreny 2-D model v module FLOTRAN prog-
ramového balika ANSYS, pre modelovanie pridenia
newtonovského a ne-newtonovského kontinua. Okrajo-
vé podmienky boli zavedené vo forme rychlosti pohybu
leme$a (5 m/s), vlastnej tiaZze pody a tlakovych pome-
rov plynicich z redukcie toku. V tomto pribliZeni ne-
bol modelovany tlak vznikajici na hrote lemeSa pri
rozru$ovani pddy, pretoZe ma pravdepodobne vplyv len
na rychlost opotrebenia lemesa, nie na jeho konecny
tvar (predmet dal$ieho vyskumu). Delenie vy3Setrovanej
oblasti na elementy bolo v z4ujme presnosti na obryse
lemesa zhustené, ako vidiet z obr. 9. Model bol rieSeny
pre dva pripady, nestlagiteIné kontinuum a kontinuum
s premennou hustotou a premennou hodnotou vnitor-
ného trenia. Z vysledkov vidiet minimélny rozdiel pri
uvazovani stlacitelnosti kontinua, ¢o sa dalo pri niz-
kych rychlostiach pohybu, ktoré boli modelované,
predpokladat (obr. 10-13).

Pri prechode na trojrozmerny model bolo potrebné
uvazit priestorovi orienticiu lemesa pri prevadzke. Pre
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9. Rozdelenie vy3etrovanej oblasti pridiaceho kontinua na
prvky — Subdivision of the examined area of the continuum flow in
finite elements
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10. Rychlostné pole pri obtekani lemeSa pri uvaZovani ne-
stlagiteIného kontinua — Velocity field of surrounding flow of the
plough share when incompressible continuum is considered
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11. Rychlostné pole pri obtekani lemeSa pri uvaZovani stlaciteIného
kontinua — Velocity field of surrounding flow of the plough share
when i is idered

Py

P

tento el bola zvy3ena rozliSovacia troveii z hladiska
geometrie modelu. Materidlova rozlifovacia trovefi bo-
la zachovana z predchadzajicich modelov. Geometric-
ky model a rozdelenie modelu na elementy je ilustro-
vané na obr. 14 a 15. Na obr. 16 je zobrazené rieSenie
modelu pre tlakové plochy, ktoré si v uvaZovanom
pribliZeni proporcinélne opotrebeniu. Pre prehladnost
obrazku nie je zobrazené teleso leme$a. Vysledky ne-
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12. Tlakové pole (MPa) (izobary) vznikajice pri pohybe lemesa
v nestla¢iteInom kontinuu — Pressure field (MPa) (isobars) arising
with the plough share motion in an incompressible continuum

13. Tlakové pole (MPa) (izobary) vznikajice pri pohybe lemeSa
v stlagitelnom kontinuu - Pressure field (MPa) (isobars) arising with
the plough share motion in a compressible continuum

kore$ponduji v poZadovanej korelacii s redlnym opot-
rebenim, pretoZe neboli v tejto etape pre zloZitost mo-
delu uvédZené podmienky redukcie toku.

ZAVER

Predstavena etapa vyskumu si kladla za ciel zredlnit
moZnost bezkontaktného merania tvaru leme$a pomo-
cou optickych metéd. Vyhodou moiré topografie je, Ze
ma velky rozsah merania, v konkrétne pouZitom pripa-
de 0,1 aZ 10 mm, &im je najvhodnejSia pre dany G&el.
NavySe v pripade experimentalneho zvladnutia a po-
uzitia CCD techniky napojenej na po&ital je rychla
a ,suchd" (bez pouZitia fotografickych postupov). Ta-
kymto postupom boli ziskané topogramy povrchu le-
mesa, z ktorych je moZné vyhodnotit celkovy 3-D tvar
alebo [ubovolny rez.

Tieto vysledky tvoria zdklad pre identifikaciu podi-
tacového modelu, ktory bol pre prvé pribliZenie vytvo-
reny ako profil leme3a v potencidlovom pradeni. Tento
pripad bol rieSeny pre okrajové podmienky zodpoveda-
juce prideniu v smere osi x (smer pohybu lemesa). Po
vyrieSeni a porovnani s meraniami boli uvéZené okra-
jové podmienky pre redukciu toku, &im sa model v da-
nom pribliZeni maximalne pribliZil realite. Model bol
taktieZ pre porovnanie rie§eny pomocou programu AN-
SYS.
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14. Geometricky 3-D model segmentu leme$a v pracovnej polohe
v pdde — Geometric 3-D model of the plough share segment in work-
ing position

lemes — plough share
poda — soil

15. Rozdelenie 3-D modelu leme3a pri prici v péde na elementy —
Subdivision of the 3-D model of plough share working in soil into
elements

V uvedenych modeloch bol zavedeny predpoklad
umernosti opotrebenia k tlakovému polu v okoli reznej
hrany. Pre rozSirenie modelu bol vytvoreny 3-D model
stlaciteIného pridenia, ktory bol otestovany pre stabilitu
rieSenia na pripade pridenia kontinua v smere osi x.

V dalSom rieSeni je vytvarany 3-D parovany Struktu-
ralno-pridovy model a model prieniku lemeSa cez podu
uvazovani ako pevné porovité teleso (nie tekutina).
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INFLUENCE OF TEMPERATURE ON MOISTURE
SORPTION ISOTHERMS OF POPLAR CHIPS UNDER
STORING CONDITIONS

VLIV TEPLOTY NA PRUBEH SORPCNICH IZOTEREM VLHKOSTI
STEPKU TOPOLU ZA PODMINEK SKLADOVANI

J. Stencl

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: Moisture sorption isotherms of poplar (Populus maximoviczii x P. nigra) chips were determined using a gra-
vimetric dynamic method with continuous recording of changes in sample weight. Equilibrium data for adsorption and
desorption of water from poplar chips were investigated at near ambient air temperatures in the range of 20 to 45 °C and
water activity ranging from 0.40 to 1.0. Sorption capacity decreased as temperature increased. Rehydration of the dried
material resulted in hysteresis. Four models available in the literature (Chung-Pfost, Halsey, Henderson and Oswin) were
evaluated by determining the best fit to the experimental data. The Chung-Pfost equation was found to be a good model for
moisture adsorption and desorption of poplar chips.

model; sorption isotherms; temperature; water activity

ABSTRAKT: V prub&hu skladovani a zpracovavani biologickych produkti dochazi k jejich fyzikalnim, chemickym a mik-
robidlnim zm&ndm. Tyto zmény jsou ovliviioviny pfedeviim vlhkosti materidlu, vodni aktivitou a teplotou. Sorp&ni izotermy
vlhkosti biologickych produkti vyjadfuji zavislost mezi rovnovaZnou vlhkosti materidlu a vodni aktivitou. Jeji kritickd
hodnota je z hlediska mikrobiélni stability rovna 0,6. Studie pfedklada vysledky vyzkumu vlivu teploty a relativni vlhkosti
prostfedi na rovnovazny obsah vlhkosti dfevni $tépky topolu (Populus maximoviczii x P. nigra) pfi adsorpci a desorpci.
Rovnovazné vlhkosti testovanych vzorki byly sledoviny v prostiedi o teplotich 20, 25, 30, 35, 40 a 45 °C a relativnich
vlhkostech 40, 50, 60, 70, 80, 90 a 100 %. Pro sorpéni testy byla pouZita gravimetrickd metoda s kontinualni registraci zmén
hmotnosti v proudicim prostfedi. Porovnavany a analyzovany byly ¢tyfi matematické modely (Chung-Pfost, Halsey, Hender-
son a Oswin) vyjadfujici vztah rovnovéZna vlhkost vzorku/vodni aktivita. Pfi hodnoceni se vychdzelo ze statistickych analyz.
Nejlepsim modelem pro dfevni 3tépku topolu, a to jak pro adsorpci, tak pro desorpci, byla modifikovani rovnice podle
Chung-Pfosta. Z vytvofenych grafickych zavislosti je zfejma hystereze mezi adsorpci a desorpci vody a sniZovani sorp&ni
kapacity vlhkosti s naristem teploty.

model; sorpni izoterma; teplota; vodni aktivita

INTRODUCTION

The importance of equilibrium moisture content
(EMC) data has long been recognized for obtaining
conditions during biological product conservation, es-
pecially drying and storing (Van Straten, van Boxtel,
1995; Labuza, 1984). The changes of sorption proper-
ties are particularly influenced by the moisture content
of material (MC), water activity (a,,), and near ambient
air temperature. The sorption isotherms of biological
materials show the equilibrium relationship between
the a,, and MC at constant temperatures and pressures.
The temperature generally affects a,,. A number of
theoretical, semi-theoretical, and empirical isotherm
equations have been developed to model and predict
sorption behaviour of biological products (Van den
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Berg, 1981; Iglesias, Chirefe, 1982; Sokhansanj et al.,
1986). The Chung-Pfost, GAB, Halsey, Henderson, and
Oswin models are commonly used to describe the sorp-
tion behaviour of a wide range of wet biological products
(Iglesias, Chirife, 1982; Wolf et al., 1990). The GAB was
evaluated as excellent to describe monolayer of water
molecules inside the capillary of wet biological materials
in a certain range of a,, (Rao, Rizvi, 1995).

The precision of fit of a model can be determined
using several statistics: the standard error of the esti-
mate for EMC (SEE) (Hutchinson, Otten, 1984; Chen,
Morey, 1989a; Mazza, Jayas, 1991), the mean relative
percentage deviation (P) (Chen, Morey, 1989a, b;
Mazza, Jayas, 1991), the plot of residuals (Sokhansanj
et al., 1986; Chen, Morey, 1989a; Mazza, Jayas, 1991;
Madamba et al., 1994) and also the coefficient of de-
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termination (R%) (Chen, Morey, 1989a, b; Banaszek,
Siebenmorgen, 1990; Madamba et al., 1994).

Procedures for obtaining moisture sorption iso-
therms of biological materials have been described in
detail by Troller and Christian (1988) and by Wolf et
al. (1990). The principal methods are gravimetric, ma-
nometric, and hygrometric. The gravimetric method is
the most common type of sorption tests. It is possible
to obtain MC changes of samples continuously or pe-
riodically using a static system (usually a closed jar
containing saturated salt solutions or sulphuric acid so-
lutions which give a certain equilibrium relative air hu-
midity) or a dynamic system (circulated air with a con-
stant flow rate). The dynamic system with continuous
recording of weight changes is technically more com-
plicated than the static one but the flow of air around
the sample makes the wetting and drying processes
faster. Moreover, this system gives better results in
cases of layered materials (Hutchinson, Otten, 1984).

The objective of this study is to determine the effect
of near ambient air temperature on the adsorption and
desorption isotherms of poplar (Populus maximoviczii
X P. nigra) chips in the range of 20-45 °C, to examine
four sorption isotherm equations available in the litera-
ture (Chung-Pfost, Halsey, Henderson and Oswin) and
to determine the most appropriate model corresponding
to the isotherms measured.

MATERIAL AND METHODS

The dynamic gravimetric method with continuous
registration of weight changes of samples tested was
used for equilibrium moisture content determination.
A fully computerized laboratory drying device with
special control software was developed for the purpose
of sorption tests (Stencl et al., 1995, 1999). The dryer
consists of two main function parts: an air duct with
electronically controlled air temperature, air velocity,
relative air humidity, and an electronic balance with
a special sample holder. Moisture equilibrium data of
poplar chips (Fig. 1), for adsorption and desorption of
water, were investigated at a temperature range of 20—
45 °C in § °C steps and relative air humidities from 40
to 100% in 10% steps.

Samples tested were laid in a thin layer on the sam-
ple holder. The procedure of each of the tests was as
follows: after reaching the EMC of the sample at a cer-

0
>

4

&

1. Samples of poplar (Populus maximoviczii x P. nigra) chips
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tain relative air humidity and at a constant temperature
(20-45 °C, 5 °C step), the relative humidity was auto-
matically increased — water adsorption or decreased -
water desorption (40-100%, 10% step) and the equilib-
rium was searched under these new conditions again.
Each of the tests was repeated three times. The initial
moisture content of samples was about 12% (w.b.) and
the weight 3 000 mg * 100 mg. The experimental EMC
data were analyzed using nonlinear regression proce-
dure of UNISTAT (1995). The following four mathe-
matical models (Madamba et al., 1994; Stencl et al.,
1999) describing the relationship between EMC of wet
biological materials and a,, were studied: Chung-Pfost,
Halsey, Henderson and Oswin. The expression of their
modified form is as follows:

Chung-Pfost w, = % In (m a, “’%”) )
exp (a + br) \
Hal =|—— 2
alsey W, [ <rn ] @
In(1-a,)
Hend = — = 3
enderson  w, [ 2G+h) ] 3)
%
. aW
Oswin w, = (a+bt) [ J (4)
l-a,
where: aw — water activity
w, — equilibrium moisture content (EMC), % w.b.
t - temperature (°C)

a, b, ¢ - constants for the particular equation

RESULTS

Equations modeling the dependence of EMC of pop-
lar chips on a,, in the temperature range of 2045 °C
were investigated and reviewed. Analysis of residuals
and goodness-of-fit tests were carried out after deter-
mining the parameters. The comparisons of Chung-
Pfost, Halsey, Henderson and Oswin models are given
in Tab. I.

1. Comparison of Chung-Pfost, Halsey, Henderson and Oswin mo-
dels for adsorption and desorption of poplar (Populus maximoviczii
x P. nigra) chips

Model SEE P X R?

Chung-Pfost ads | 0.5643 3.7806 0.2106 0.9742
Halsey ads 0.7900 7.7461 0.8707 0.9495
Henderson ads 0.5646 5.8707 0.5658 0.9742
Oswin ads 0.6801 6.5990 0.3810 0.9626
Chung-Pfost des | 0.5118 3.1400 0.2335 0.9780
Halsey des 0.7866 | 3.5699 | 0.8012 | 0.9414
Henderson des 0.5196 3.1927 0.2696 0.9744
Oswin des 0.6776 4.5566 0.8511 0.9565

Notes: ads = adsorption, des = desorption
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I1. Parameter determination for Chung-Pfost’s model of EMC for poplar chips

Parameter ads Estimate Std. Error Parameter des Estimate Std. Error
a -0.4572 0.0130 -0.5037 0.0161
b 11.0244 1.6011 b 13.8320 1.1568
c 3543139 47.2258 c 680.6973 110.3250

Notes: ads = adsorption, des = desorption

4

4 t t + +—t
03 04 05 06 07 08 09
a,

2. Adsorption isotherm for poplar chips at 40 °C

6T o

4 +—t—t—t+—t+—+
03 04 05 06 07 08 09
aw

3. Desorption isotherm for poplar chips at 40 °C

The following statistics were compared: SEE — stan-
dard error of estimate, P — mean relative percentage
deviation, X — null hypothesis (Andél, 1978), and R? -
coefficient of determination.

The statistical values in Tab. I show that Chung-
Pfost’s model for poplar chips, both for water adsorp-
tion and desorption, has the smallest standard error of
estimate and the smallest mean relative percentage de-
viation. The standardized residuals of these models are
normally distributed (null hypothesis) and the coeffi-
cient of determination has also the highest value both
for moisture adsorption and desorption.

Adsorption and desorption parameters estimated for
model Chung-Pfost’s of EMC for poplar chips are pre-
sented in Tab. II.
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4. Adsorption isotherms of poplar chips in the temperature range of
2045 °C - Chung-Pfost’s model
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5. Desorption isotherms of poplar chips in the temperature range of
20-45 °C - Chung-Pfost’s model

As an example, the experimental adsorption and
desorption isotherms of poplar chips for 40 °C and
water activity ranging from 0.4 to 1.0 are shown in
Figs 2 and 3. Curves represent Chung-Pfost’s model.

Figes 4 and 5 were generated to illustrate the adsorp-
tion and desorption models of poplar chips given by
equation (1) using fitted parameters in Tab. II. The
interval a,, € (0.0; 0.4) was calculated according tothe
Chung-Pfost’s model.

CONCLUSIONS

The relationship between MC and a,, for most bio-
logical products follows a sigmoid curve representing
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3 T 3 "' 6. Residual plots for Chung-Pfost’s
24 ¢ 2+ . model of poplar (Populus maxi-
$ .. s moviczii X P. nigra) chips, water
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type II isotherm BET classification (Labuza, 1984).
The resulting curve is caused by the additive effects of
Raoult’s law, capillary effects, and surface water inter-
actions.

Part of the sorption isotherms measured in poplar
(Populus maximoviczii x P. nigra) chips (Figs 4 and 5)
show the type II BET classification shape. An increase
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in temperature causes an increase in a,, for the same
MC and, if a,, is kept constant, an increase in tempera-
ture causes a decrease in the amount of absorbed water.
It indicates that the material becomes less hygroscopic
at higher temperatures. These observations are impor-
tant for determining the conditions for different tech-
nological processes, especially drying and storing. The
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mathematical equation of Chung-Pfost, both for water
adsorption and desorption,

w,= % In [In a,, .(b_;l).]

was verified and diagrams of sorption isotherms (Figs
4 and 5) were developed. Theoretical values of this
model gave the best fit for data of EMC measured (Figs
2 and 3). Diagrams of residual plots (Figs 6-9) con-
firmed these conclusions. It was further demonstrated
that the critical EMC of poplar chips was approxi-
mately 10-11% (w.b.) at 20 °C as it is in equilibrium
with a,, = 0.6. Below this value the growth of moulds
does not occur (Beuchat, 1981). Rehydration of the
dried material resulted in hysteresis.
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USTREDNI ZEMEDELSKA A LESNICKA KNIHOVNA,
PRAHA 2, SLEZSKA 7

Ustfedni zem&d&lska a lesnicka knihovna v Praze (dile jen UZLK), ktera je jednou z nejvétSich zem&d&lskych
knihoven na svété, byla zaloZena v roce 1926. JiZ od poditku §lo o knihovnu vefejnou. Knihovna v sougasné dob&
obsahuje vice neZ jeden milion svazku knih, cestovnich zprav, dizertaci, literatury FAO, svazanych ro¢nika Casopisi
z oblasti zemédélstvi, lesnictvi, veterinarni mediciny, ekologie a dalich oborti. Knihovna odebird 750 tituli domécich
a zahrani&nich asopist. Informaéni prameny ziskané do fondu jsou v UZLK zpracovévany do systému katalogi — je
budovin jmenny katalog a pfedmétovy katalog jako zakladni katalogy knihovny a dile rizné specialni katalogy
a kartotéky. Po&atkem roku 1994 pfistoupila UZLK k automatizovanému zpracovéani knihovniho fondu v systému
CDS/ISIS.

Pro informaci uZivatelt o novych informa¢nich pramenech ve fondech UZLK zpracovdvd a vyddva knihovna
nasledujici publikace: Pfehled novinek ve fondu UZLK, Seznam &asopisti objednanych UZLK, Ptehled redersi a te-
matickych bibliografii z oboru zemédglstvi, lesnictvi a potravinafstvi, AGROFIRM - zpravodaj o pfirastcich firemni
literatury (je distribuovén na disketdch), AGROVIDEO - katalog videokazet UZLK.

V oblasti mezinarodni vymény publikaci knihovna spolupracuje s 800 partnery ze 45 zemi svéta. Knihovna je
¢lenem IAALD - mezindrodni asociace zemé&dé€lskych knihovnikt. Od zéfi 1991 je ¢lenem mezindrodni sit€ zemé&dél-
skych knihoven AGLINET a od 1. 1. 1994 je depozitni knihovnou materidli FAO pro Ceskou republiku.

Knihovna poskytuje svym uZivatelim nésledujici sluZby:

Vypujcni sluzby

Vypujéni sluzby jsou poskytovany viem uZivatelim po zaplaceni ro¢niho registraéniho poplatku. MimopraZiti
uzivatelé mohou vyuZit moZnosti meziknihovni vypujéni sluzby. Vzicné publikace a ¢asopisy se viak pujcuji pouze
prezencné.

Reprografické sluzby

Knihovna zabezpeéuje pro své uZivatele zhotovovani kopii obsahii asopisti a nasledné kopie vybranych &lank.
Na pockani jsou zhotovovany kopie na pfani uZivateli. Pro prazské a mimoprazské uZivatele jsou zabezpeCovany tzv.
individudlni reprosluzby.

Sluzby z automatizovaného systému firemni literatury
Jsou poskytoviny z databéze firemni literatury, kterd obsahuje témé&f 13 000 zaznami 1 700 firem.

Referencni sluzby

Knihovna poskytuje referen¢ni sluzby z vlastnich databézi kniZnich novinek, odebiranych &asopisi, refer¥i a te-
matickych bibliografii, védeckotechnickych akci, firemni literatury, videotéky, dile z databézi prevzatych — Celostatni
evidence zahrani¢nich Casopisu, bibliografickych databazi CAB a Current Contents. Cilem je podat informace nejen
o informaénich pramenech ve fondech UZLK, ale i jiné informace zajimajici zeméd&lskou vefejnost.

Pijcovani videokazet

V AGROVIDEU UZLK jsou k dispozici videokazety s tematikou zemédg&lstvi, ochrany Zivotniho prosttedi a pfi-
buznych oborii. Videokazety zasili AGROVIDEO mimopraZzskym zdjemcim postou.

Uzivatelim knihovny slouZi dvé studovny — vieobecna studovna a studovna ¢asopisi. Ob& studovny jsou vybaveny
priru¢kovou literaturou. Ctenafi zde maji volny piistup k novinkdm pirastka knihovniho fondu UZLK.

Adresa knihovny:
Ustiedni zemédélska a lesnickd knihovna
Slezska 7
120 56 Praha 2

Vypujéni doba:

pondéli, utery, Etvrtek 9.00-16.30
stieda 9.00-18.00
patek 9.00-13.00
Telefonické informace:
vedouci: 24 25 50 74, e-mail: IHOCH @uzpi.cz
referencni sluzby: 22 52 22 46, e-mail: bartos@uzpi.cz
Casopisy: 24 25 66 10
vypujéni sluzby: 24 25 79 39/linka 415
meziknihovni vypajéni sluzby: 24 25 79 39/linka 304
fax: 24 25 39 38

e-mail: UZLK@uzpi.cz
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STANOVENI ROVNOVAZNYCH VLHKOSTI SEMENE
PRADNEHO LNU

THE EQUILIBRATE MOISTURE DETERMINATION OF THE FIBRE
FLAX SEEDS

J. Krupicka, V. Ostadal in mem., B. Hanousek

Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: Knowledge of equilibrium moisture content of agricultural crops is of great importance for defining the mode
of their drying. Water is bound in all organic materials either as chemically bound component (constituting the substance of
the material: cannot be separated without destroying the material itself) or as hydroscopically bound water or as loose water.
In the area of hydroscopically bound water there exists the relationship of equilibrium moisture content of the material, which
is to be understood as stabilized status between the material moisture and the relative air humidity at a constant temperature,
ie. u = f (@) at T = const. The sorption isotherm is, depending on the change of relative air humidity, either desorptional (at
decreasing relative humidity ¢) or adsorptional (at increasing relative humidity ¢). Between both curves there exists the
hysteretic effect and they can be plotted for different temperatures. The equilibrium moisture content of flax seeds was
determined by means of air conditioning chambers ILKA 1250. Specific moisture contents of forty seed samples were
measured at a changing relative air humidity in the chamber in intervals of approx 6 h so as to find the relationship of changes
of specific moisture content («) and of exposition time (T) at constant temperatures and consequently the changes of sorption
isotherms u = f (¢). Changes of relative air humidity are presented in Tab. I. The measured values u = f (1) were treated by
means of nonlinear regression function in the form of u = A + B.e“' where: u — specific moisture content of material (kg.kg"),
T — time of expoition (h). Regression coefficients (parameters) and values of correlation indices are presented in Tab. II. For
the draft of sorption isotherms there was selected the Chen-Clayton equation ¢ = exp [—A.Te.cxp (=C.T?.4)], in the form of
u = f (¢), where: ¢ - relative environment humidity (%), T - temperature (°K). Its regression coefficients and correlation
indices are presented in Tab. III, courses of « = f (@) in Figs 1 and 2. The equation is suitable for description of sorption
isotherms for flax seeds. Sorption isotherms can be plotted for more detailed scaling of temperature, can be used in modelling
the drying mode and for programming controllers of the drying process.

specific moisture content; relative humidity; equilibrium moisture content; fibre flax seeds; air conditioning chamber; sorption
isotherm

ABSTRAKT: V pfispévku je uveden zpusob méfeni rovnovaZnych vlhkosti Inného semene. Byly vyuZity klimatizované
komory s moZnosti regulace teploty a relativni vlhkosti vzduchu. Méfeni zahrnovala sledovani zmén mérné vlhkosti semene
pfadného Inu pii desorpci a adsorpci v zdvislosti na dobé expozice. Vhodnym matematicko-statistickym zpracovanim byly
stanoveny izotermy rovnovéaznych vlhkosti Inéného semene.

mérnd vlhkost; relativni vlhkost; rovnovaZna vlhkost; semeno pfadného Inu; klimatizaéni komora; sorp&ni izoterma

UvoD

Znalost rovnovaznych vlhkosti zemédélskych mate-
ridli ma velky vyznam pro stanoveni reZimu jejich su-
Seni. Lze napf. stanovit, kdy bude materidl suSen a kdy
zvlhCovan, jakych parametr suSiciho média je potieba
dosdhnout, aby byl material vysuSen na poZadovanou
vlhkost (zpracovani), jaké parametry musi mit okolni
vzduch pro zaji$téni dlouhodobého skladovéni. Pomoci
kfivky rovnovazné vlhkosti 1ze zpétné stanovit vlhkost
materidlu.

Ve viech organickych materidlech je voda vazana
nékolika zpusoby: chemicky vazana voda (tvofi podsta-
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tu latky, nelze ji oddélit bez destrukce materialu), hyd-
roskopicky vazana voda a volné vazana voda.

V oblasti hydroskopicky vazané vody plati vztah
rovnovazné vlhkosti materidlu jiZ rozumime ustdleny
stav mezi vlhkosti materialu a relativni vlhkosti vzdu-
chu pfi konstantni teploté, tj.

u = f(¢) pfi T = konst.

kde: u — m&ma vihkost materidlu (kg.kg™')
@ - relativni vlhkost vzduchu (%)
T - teplota (°K)

Kfivka zavislosti u = f (¢), sorp&ni izoterma, je z4-
visld na zméné relativni vlhkosti vzduchu desorp&ni
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I. Relativni vlhkost vzduchu v klimatiza¢ni komofe — Relative air
humidity in air conditioned chamber

Rezim! Desorpce? Adsorpce?
1 290 % na75 % 275 % na 90 %
2 z 75 % na 60 % 260 % na75 %
3 z 60 % na 50 % 2 50 % na 60 %
4 2 50 % na 40 % 2 40 % na 50 %
5 z 40 % na 30 % z 30 % na 40 %

. 3 .
'mode, zdesnrpuon. “adsorption

(pfi postupn& se zmen3ujici relativni vlhkosti ¢) a ad-
sorpéni (pfi postupné se zvétSujici relativni vlhkosti @).

Mezi ob&ma kfivkami existuje hysterezni jev a lze
je konstruovat pro ruzné teploty.

Problematikou mé&feni rovnovéaznych vlhkosti riiz-
nych organickych materidli se zabyvali ruzni autofi.
V literatufe se uvadéji i hodnoty rovnovaZnych vlhkos-
ti riznych materialt, jde vSak v pfevazné vétSiné o zr-
niny, luskoviny a picniny (Brooker et al., 1938; Gerzoj,
Samocetov, 1955; Lykov, 1955). O rovnovazné vlh-
kosti Inéného semene pojednali jiZ Coleman a Fellows
(1925).

METODA

Pro méfeni hodnot rovnovaZnych vlhkosti Inéného
semene byly vyuZity dvé klimatizaéni komory ILKA
1250. Provoz lze regulovat v mezich teplot 10 az 60 °C
s pfesnosti +0,3 °C a relativni vlhkost vzduchu nastavit
v rozmezi 40 aZ 90 % s piesnosti 20,7 %. Pfi zvysené
intenzité vymrazovani Ize vlhkost sniZit aZ na 30 % pfi
presnosti + 2,2 %.

Pro vlastni experimentalni zji§tovani sorp¢nich izo-
term byly vyuZity dv& rizné teploty, a to 20 °C a 40
°C, aby bylo moZné ovéfit piepocet na jiné teploty po-
moci rovnice podle autori Chen, Claytone (1971).

Ze zjisténych vychozich hodnot doby ustaleni pfi
zméné& expozice a zvolené hmotnosti vzorku byl stano-
ven postup méfeni. Spocival ve zjistovani hodnot rov-
novazné vlhkosti materiali pro desorpci (skokové se
ménici relativni vlhkosti média v klimatiza¢ni skfini
z 90 % na 30 % s postupnou zménou po 10 %) a na-
sledné obdobné pro adsorpci (pfi postupné zméné rela-
tivni vlhkosti suSiciho média z 30 % na 90 % s krokem
zvySovani relativni vlhkosti 10 %) (obr. 1, 2).

NeZ bylo méfeni zahdjeno, bylo dlouhodobou expo-
zici pfi jednotlivych teplotich 20 °C a 40 °C dosaZeno
rovnovaZné vlhkosti semene pfi relativni vlhkosti kli-
matizovaného prostoru 90 %.

Zménou desorpEniho reZimu na adsorpéni — zvySe-
nim teplot o 20 °C a nésledné ustilenim na méfenych
teplotiach 20 °C a 40 °C - se ustalila rovnovazna vih-
kost semene pro méfeni v reZimu adsorpce.

Pfi zméné relativni vlhkosti vzduchu v klimatiza¢ni
skiini v intervalu cca 6 hodin byly jednotlivé vzorky
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vlhkosti vzduchu (@) — desorpce — Depend of specific
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2. Zavislost m&mé vlhkosti (4) semene pfadného Inu na relativni
vlhkosti vzduchu (@) — adsorpce — Depend: of specific
content (u) of flax seeds on relative air humidity (¢) — adsorption

védZeny ve 20 opakovanych méfenich. Celkovd doba
expozice na jedno méieni byla zhruba 60 hodin.

VYSLEDKY

Pro zpracovani naméfenych hodnot 4 = f (t) byla
pouZita nelinearni regresni funkce ve tvaru

u=A+B.eCT

kde: u — m&ma vlhkost materidlu (kg.kg")
A - asymptotickd hodnota mé&rné vlhkosti pfi dosaZeni
rovnoviZného stavu (kg.kg")
B - hodnota poklesu (pfi desorpci) nebo naristu (pfi adsorpcei)
mémé vihkosti (kg.kF")
C - &asovi konstanta (h™)
T - doba expozice (h)

Zmeény relativni vlhkosti vzduchu ¢ (%) v klimati-
za&ni komofe jsou uvedeny v tab. L.

V tab. II jsou uvedeny vypodtené parametry A, B, C,
regresni funkce a korela¢ni indexy vSech zavislosti u =
f(z) pro teplotu 20 °C a 40 °C (ss = Inéné semeno).
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I1. Parametry regresni funkce u = A + B.e€ -

Inu - P: of ion function u = A + B.e - flax seeds

Typ sorpee; Oznadeni méfeni? Bemensy fonko? Korelagni index?
teplota A B C
ss RVD 20 90 0,2389 = = =
55209075 0.1710 0,0679 -0,0303 0,9986
Desorpee 5520 75 60 0,1223 0,0491 ~0,0343 0.9899
ke 55 20 60 50 0,1056 00180 -0,0548 0,9984
s 20 50 40 0.0902 00152 -0,0536 09877
55 20 40 30 0,0707 00185 -0,0313 09984
ss RVA 20 30 0,0653 = = =
5520 30 40 0,0848 -0,0195 ~0,0211 0,9984
Adsorpee s 20 40 50 0,1027 ~0,0134 -0,0803 0,9989
i 55 20 50 60 0.1185 ~0,0158 -0,0743 0.9991
55 20 60 75 0,1549 -0,0368 -0,0454 09992
5520 75 90 0,2024 -0,0471 -0,0264 0,9981
ss RVD 40 90 0.1623 - = =
554 90 75 0.1198 0,042 ~0,0673 0,992
Desorpce ss 40 75 60 0,0879 00313 0,129 09922
ne ss 40 60 50 0.0749 00124 -0,0649 09947
ss 40 50 40 0.0678 0,0067 -0,1020 0.9965
ss 40 40 30 0,0566 0,1080 -0,1561 0,9875
ss RVA 40 30 0,0540 » - =
55 40 30 40 0,0654 00111 -0,2203 0,9905
?giocrpce 55 40 40 50 0,0708 -0,0055 0,1865 0,9830
ss 40 50 60 0,0837 -0,0129 -0,1752 0,9951
ss 40 60 75 0,1049 -0,0209 -0,0771 09975
s 40 75 90 0,1387 -0,0336 -0,0594 09971

ss = Inéné semeno — linseed

lsurption type, temperature, measurement 1D, *function parameters, 4correlation index, 5desorplion. 6ndsorption

II1. Parametry regresni funkce ¢ = exp [—A.f’.exp (-—C.T”.u)] — Parameters of regression function @ = exp [—-A.T”.exp (-C.TD.u)]

P: try funkce? 1 i A
Materidl! T i arametry funkce Korelagni indexy
A B C D k 20 k 40
5 desorpce® 8,418.10” 3,480 1,839.10°'¢ 6,847 0,9985 0,9971
Semeno Inu i
adsorpee’ 9,905.107 4,711 2,799.107"7 7,217 0,9974 0,9989
1 s 2 . - 4 Yoo o 6 6 — .
material, “sorption type, par cor indices, “flax seeds, "desorption, ‘adsorption

Pro néavrh sorpéni izotermy (s respektovanim vlivu
teploty a moZnosti pfepotu na obecnou teplotu) byla
zvolena Chen-Claytonova rovnice (Chen, Clayton,
1971) — (tab. III)

@ = exp(-A. 7“.exp[—C.1‘D.u)]

v inverznim tvaru u = f (@)

kde: ¢ - relativni vlhkost vzduchu (%)
A, B, C, D - parametry rovnice
u — mérmd vlhkost materidlu (kg.kg")
T - teplota (°K)
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VLIV PRACOVNICH PODMINEK NA UCINNOST
VODNYCH TENZIDOVYCH ODMASTOVACICH
PRIPRAVKU

EFFECT OF WORKING CONDITIONS ON THE EFFICIENCY
OF TENSIDE DETERGENTS

L. Zouhar, V. Chrast

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: Due to stringent requirements concerning environmental protection, there was a dramatic reduction in the use
of highly efficient degreasing agents based on chlorinated hydrocarbons in the field of cleaning and degreasing in machinery
and repair workshops. One of the possible ways how to solve this problem is to substitute these dangerous compounds with
tenside detergents. When testing the efficiency of these compounds, the following preparations were used at temperatures of
20 °C and 50 °C: STAR 50 PN and AQUACLEAN A 125 in concentrations of 1 : 5, 1 : 10 and 1 : 15. The tested steel
samples with dimensions of 100 x 65 x 0.5 mm were greased with oil PP 90. All samples were degreased and washed for 5 minutes.
After degreasing, the residual greasing was evaluated in accordance with the standard CSN 038215. Results of these tests are
presented in Tabs I and II and in Figs 1, 2. Values of residual greasing of samples ranged from 0.051 to 0.718 g.m'Z. The
highest degreasing efficiency of 99.66% corresponded with the residual greasing of 0.051 g.m'z. The obtained results indicate
that the efficiency of aqueous tenside detergents increases with the bath temperature; effect of higher concentrations of
detergents was less pronounced. ’

degreasing; aqueous tenside detergents, residual greasing; degreasing efficiency; bath concentration; bath temperature

ABSTRAKT: Vysledky testi odmastovaci i¢innosti vodnych tenzidovych odmastovacich pfipravku prokézaly, Ze pfi zvySeni
teploty lazné& z 20 °C na 50 °C se sniZuje zbytkové zamasténi povrchu vzorkl a zvySuje odmasfovaci t€innost. Oplach vodou
rovnéZ zvy3uje odmasfovaci i¢innost. Vliv koncentrace 14zn& nebyl zcela jednoznaény. Za optimélni povaZujeme koncentraci
obou testovanych pfipravki 1 : 10. NejlepSich vysledku bylo dosaZeno u pfipravku AQUACLEAN A125 pfi teploté lazné 50 °C
s oplachem a koncentraci 1 : 5, kdy bylo dosaZeno tirovné zbytkového zama3téni 0,051 g.m'z. tj. odmastovaci i¢innosti 99,66 %.

odmastovani; vodné tenzidové odmastovaci pfipravky; zbytkové zamasténi; odmastovaci ui¢innost; koncentrace 14zng; teplota 14zn&

UvoD

Soudasti takika vSech technologickych procest ve
strojirenskych a opravérenskych provozech je odmas-
fovani povrchu soucasti. Na kvalité odmaStovani zavisi
kvalita nasledujicich operaci a velmi &asto i kvalita fi-
nalniho vyrobku. Mimofadny vyznam ma operace od-
mastovani v technologiich povrchovych ochran kovii.
Odmastovat Ize v organickych rozpoustédlech nebo ve
vodnych roztocich alkalickych nebo tenzidovych pfi-
pravki. Zvy$ené tlaky na ochranu Zivotniho prostfedi
se projevuji v novych trendech odmastovacich techno-
logii. Hygienicka a ekologicka rizika vyrazné omezuji
aplikaci vysoce G&innych chlorovanych uhlovodiki. Na-
hrada chlorovanych uhlovodiki jinymi t&kavymi orga-
nickymi pfipravky je problematickd vzhledem ke sta-
novenym limitim uniku t&€kavych latek do ovzdusi.
Aplikace vodnych odmastovacich pfipravki s biologic-
ky odbouratelnymi tenzidy nabyva na vyznamu, pfinsi
vak také riizné problémy, které je nutné fesit. Témito
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otdzkami se zabyval véti podet autora (napf. Soukup,
Ruml, 1978; Antos, Kalendova, 1996; Szelag, Taitlova,
1998; Kreibich, 1998).

Utinnost odmastovani ovliviiuji kromé pouZitého pfi-
pravku i dalsi faktory. Jsou to zejména: teplota, oplach
a koncentrace lazné.

Cilem naSeho prispévku je ukazat, jakym zpusobem
uvedené faktory ovliviiuji G¢innost vodnych tenzido-
vych odmas$fovacich pfipravki, konkrétné pfipravku
STAR 50 PN a AQUACLEAN A 125.

MATERIAL A METODY

Vliv pracovnich podminek na odmastovaci d¢innost
vodnych tenzidovych odmaStovacich pfipravku byl
hodnocen v laboratornich podminkéch.

Plechové ocelové vzorky mély rozmér 100 x 65 x
0,6 mm. Primérné zamasténi bylo stanoveno nisledu-
jicim postupem:
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— odmastény a zvaZeny vzorek se ponoii do oleje PP
90 na dobu 1 minuty pfi teploté 20 °C. Po vyjmuti se
necha 24 hodiny okapat. Na tfech vzorcich se stanovi
prumérné zamasténi v g.m'z.

Pro hodnoceni odmastovaci ucinnosti odmastova-
cich pfipravki byla pouZita metoda hmotnostni podle
CSN 03 8215. Zbytkové zamasténi je rozdil hmotnosti
vzorkl po odmasténi v hodnoceném pfipravku a vzor-
ki idedlné odmasténych, vztaZzeny na plochu I m2. Za
vzorek idealné odmastény je povaZovan vzorek odmas-
tény v perchloru.

Hodnoceni odmastovaci tcinnosti probéhlo za téch-
to podminek:

1. Hodnoceni pfipravku AQUACLEAN A 125 — Evaluation of
AQUACLEAN A 125

(g.m™) (%)
Koncentrace® | : 5
1 20 - 0,282 98,14
2 20 20 0,128 99,16
3 50 - 0,103 99,32
4 50 50 0,051 99,66
Koncentrace 1 : 10
5 20 - 0,103 99,32
6 20 20 0,103 99,32
7 50 - 0,103 99.32
8 50 50 0,077 99,49
Koncentrace 1 : 15
9 20 - 0,231 98,48
10 20 20 0,154 98,98
11 50 - 0,128 99,16
12 50 50 0,128 99,16

2 y ;
'measurement No., “temperature, Ywash, *residual greasing, Sde-
greasing efficiency, Sconcentration

L5 1:10 LS
Koncentrace

1. Zbytkové zamasténi po aplikaci pfipravku AQUACLEAN A 125 -
Residual greasing after the application of AQUACLEAN A 125

zbytkové zama3téni — residual greasing
koncentrace — concentration

bez oplachu — without wash

s oplachem — with wash
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— pouzité pfipravky — STAR 50 PN a AQUACLEAN
A 125,

— teplota odmastovacich lazni — 20 °C, 50 °C,

— koncentrace odmastovacich pfipravka — 1 : 5, 1 : 10,
1515

— doba odmastovani, popfipadé oplachu — 5 minut,
vzorky v pohybu,

— pramérné zamasténi vzorka 15,154 g.m’z.
Odmastovaci GCinnost O; (%) byla vypoctena ze

vztahu

0,=100-21% (g

kde: A — hmotnost naneseného oleje v gAm'2 (pramé&rné zamasténi)
B - hmotnost oleje po odmasténi (zbytkové 3téni)

VYSLEDKY

Ziskané hodnoty zbytkového zama$téni a odpovida-
jici hodnoty odmastovaci Gcinnosti za zvolenych pod-
minek zkou$ek jsou uvedeny v tab. I a II a graficky
vyhodnoceny v obr. 1 a 2.

I1. Hodnoceni pfipravku STAR 50 PN — Evaluation of STAR 50 PN

” 2 3 Zbytkové | Odmastovaci
S\l;;:ni' Te(elg)(a OI()‘!“CL)h zama§téni® G¢innost®
(g.m™) (%)
Koncentrace | : 5§
1 20 - 0,256 98,31
2 20 20 0,231 98,48
3 50 - 0,205 98,65
4 50 50 0,179 98,82
Koncentrace 1 : 10
5 20 - 0,256 98,31
6 20 20 0,205 98,65
7 50 - 0,231 98,48
8 50 50 0,153 98,99
Koncentrace 1 : 15
9 20 - 0718 95,26
10 20 20 0,512 96,62
11 50 - 0,410 97,29
12 50 50 0,231 98,48
] bezoph&u
[ =
08 / - s oplachem
e f |
B | }
206 [
| L o
04
é 02 20
] 50 TCO
0
) 587 1:10 1:15

Koncentrace

2. Zbytkové zamasténi po aplikaci pfipravku STAR 50 PN — Resid-
ual greasing after the application of STAR 50 PN
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DISKUSE A ZAVER

Na zékladé dosaZenych vysledkii miZeme konsta-
tovat, Ze u obou hodnocenych odmastovacich priprav-
ki bylo zbytkové zama$téni niZ8i, to znamen4, Ze od-
mastovaci Gcinnosti byla vysSi pfi aplikaci za teploty
50 °C s naslednym oplachem vodou stejné teploty jako
teplota lazné.

Rovnéz vyssi koncentrace lazné je predpokladem vys-
i u¢innosti. Z tohoto hlediska je vyjimkou pfipravek
AQUACLEAN A 125 pii koncentraci 1 : 5 za teploty
20 °C. Pii téchto podminkach ulpiva pfipravek na po-
vrchu vzorku a ani aplikace oplachu neni dost G¢inna.

U piipravku STAR 50 PN bylo dosaZeno nejniZi
ucinnosti pfi koncentraci 1 : 15, teploté 20 °C, bez
oplachu, a to 95,26 %, nejvyssi ucinnosti — 98,99 % —
pfi koncentraci 1 : 10, za teploty 50 °C s oplachem.

Pripravek AQUACLEAN A 125 prokdzal nejniZsi
ucinnost — 98,14 % — pii koncentraci 1 : 5 za teploty
20 °C, bez oplachu a nejvyssi uéinnost — 99,66 % —
rovnéZ pii koncentraci 1 : 5, ale za teploty 50 °C a s opla-
chem.

Vysledky ukazuji, Ze z provozniho hlediska je u obou
odmastovacich pfipravki optimalni volba koncentrace
1:10.
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