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INDENTOR PRESSURE TEST USED FOR ESTIMATION
OF POTATO COOKING QUALITY WITHOUT COOKING

VTLACOVACI TEST UZITY K ODHADU VARNE KVALITY BRAMBOR
BEZ VARENI

J. Blahovec
Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: Raw potato tubers of four varieties were tested by cylindrical indentor with flat tip and the basic parameters
of the test were determined. Moreover, the ratio of the firmness and the apparent modulus (FAMR) was also calculated. This
new relatively stable parameter was shown as a good indicator of cooking type of the tested tubers.

pressure test; Young's modulus; bioyield point; quasi-elastic deformation; potato tuber; cooking type; starch content

ABSTRAKT: Syrové hlizy &tyf odriid brambor byly testovdny penctradnim vélcem s plochym &elem. Ze ziskanych defor-
macnich kfivek se stanovovaly zdkladni parametry vnikaciho testu. Navic se urovaly hodnoty poméru vnikaci pevnosti
a zddnlivého modulu pruZnosti. Tento novy a relativné stabilni parametr se ukézal byt dobrym indikdtorem varného typu

testovanych hliz.

vnikaci test; Youngiv modul; biologickd mez makrodeformace: kvaziclastickd deformace: bramborové hliza; varny typ;

Skrobnatost

INTRODUCTION

Quasi-static pressure tests use rigid indentors for
force penetration into the tested products to determine
some characteristic parameters in force-deformation re-
lation. The test parameters have been used in a number
of applications to plant products. Mohsenin (1970) lists
eight applications of mechanical properties: charac-
terization of the material; optimum time to harvest;
optimum method of detachment; separation from unde-
sirable materials; mechanical processing; texture, qual-
ity evaluation and control; damage in collection,
handling and first group storage. These applications
can be focused into two groups; firstly, for charac-
terization of the product including evaluation of its
quality, and, secondly, for determining possible mecha-
nical damage to the product, and mechanical methods
of processing. It is clear that determination of product
properties can be applied in horticulture as well as in
product processing.

The common basis of all the pressure tests is the
deformation curve obtained at constant deformation
rate (Fig. 1) with four important characteristic parts:
i) the initial pre-Hookean or pre-Hertzian, ii) the quasi-
elastic Hookean or Hertzian, iii) the bioyield, and
iv) the irreversible deformations after the yield area.

A special role is played by the proportional limit or
Hertzian limit (Fig. 1), the points dividing the deforma-
tion curve into two parts: the lower “quasi-elastic* de-
formations and the higher “non-elastic* deformations.
Tests performed at deformations less than PL (or HL)
are usually referred to as non-destructive, while tests
which lead to higher deformations are referred as
destructive tests.

Fig. 1a represents the typical deformation curve with
linear (Hookean) quasi-elastic part of deformation,
while Fig. 1b demonstrates the compression curves
with the power (Hertzian) quasi-elastic part of de-
formation. Both parts of quasi-elastic deformation are
preceded by some part of irregular pre-Hookean and or
pre-Hertzian deformations that are more frequent and
expressive for deformation of flaccid agricultural pro-
ducts, e.g. long stored potatoes, root vegetable, and
most of fruits. This non-linear part of the deformation
curve can easily be distinguished from the linear Hoo-
kean part in case of Fig. 1a. The same operation is more
difficult in cases plotted in Fig. 1b, where the initial
irregular parts arc non-linear, like as the Hertzian part.
Moreover, the measured forces increase very slowly
with increasing small deformations and it becomes
difficult to determine exactly the initial points of the
deformation curves in those cases.

* The paper was supported by Grant 525/96/1398 of the Grant Agency of the Czech Republic.
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1. The main characteristic of quasi-static pressure tests that can be determined directly from the deformation curves

a — penetration of a cylindrical indentor with a flat tip: b — penetration of a cylindrical indentor with a spherical tip. Abbreviations: PH —
pre-Hookean area (a) or pre-Hertzian area (b), HO — Hookean area, HE — Hertzian area, PL. — proportional limit (a), HL — Hertzian limit
(b), BYP — Bioyield point (also UYP — upper yield point, LYP — lower yield point)

Elastic theory can be used for describing of the
quasi-elastic parts of the deformation curves. This can
be formulated for small deformation (i.e., for strain
values lower than appr. 5%) in the differential forms:

dF=EAd2d£' n

for penetration of the cylindrical indentor with a flat tip
in the Boussinesq problem (E4 — apparent modulus of
elasticity, €’ — ratio of penetration depth to the diameter
of the tip d) and

sl o
dF = EAd% 2 de'2

for penetration of a cylindrical indentor with a spher-
ical tip in the Hertz problem (g'" — ratio of the penetra-
tion depth to the radius of the testing sphere — d/2).

Bioyield force is very frequent parameter of the
pressure tests. It plays crucial role also in the traditional
simple tests (¢.g. Magness-Taylor test — see Mohsenin,
1970) in term of firmness. More exact tests performed
in Universal Testing Machines made possible to deter-
mine also Apparent Modulus from Egs. (1) and (2)
applied to Hookean and Hertzian parts of deformation
curve, respectively. The relation between the two va-
lues: the bioyield and the apparent modulus is not
simple (Blahovec, 1989), because two non-elastic parts
(Fig. 1) appear at the deformation curve prior bioyield
point. Previously (Blahovec, 1989), different firmness
— apparent modulus relations were observed for apples
and potatoes. The ratio bioyield and modulus of elastic-
ity in Texture Profile Analysis was found as an indica-
tion of potato cooking quality in another previous paper
(Blahovec et al., 1999). The variety differences of this
ratio were found nearly constant during cooking until
the tubers were overcooked.

The ratio between bioyield stress (firmness) and
apparent modulus of potato varieties with different
starch content and different cooking quality is studicd
in this paper.

82

MATERIALS AND METHODS

Potato (Solanum tuberosum L.) varieties Agria,
Javor, Nicola and Panda were grown at the Potato Re-
search Institute in Havli¢kav Brod (Experimental Sta-
tion ValeCov). Nicola and Agria belong to varieties
with a lower starch content (about 16—-17%). Panda and
Javor are varieties with a higher starch content (19-21%).
The tubers were harvested in full maturity at the be-
ginning of October 1997. They were healed three
weeks after harvest at 20 °C and 95% relative humidity.
Only perfect tubers 55-80 mm in diameter were used
for experiments. These tubers were stored in boxes at
6 °C and 95% humidity until test. They were removed
from the box 24 hours before test performed in middle
of January 1997. Special laboratory cutter was used for
cutting 2.5 cm thick plates from the middle parts of the
tubers, which were perpendicular to the axis of the
tuber.

The plates were put on the supporting table of
Instron Universal Testing Machine (UTM - Model
4464). Load cell of the UTM is located on the movable
cross bar of the machine and is connected directly with
the cylindrical indentor with a flat tip and 6 mm in
diameter. Every of the test consisted in 10 mm penetra-
tion at constant deformation rate 0.167 mm.s™", follo-
wed by unloading into the initial position. The obtained
data were recorded by a data acquisition system linked
the Instron machine and used to determination of (he
basic parameters of the test: apparent elastic modulus
(E,) was calculated from the Hookean part of deforma-
tion curve (Fig. 1b) using Eq. (1). The firmness
expressed here as the mean pressure on the indentor tip
at bioyield point (Fig. 1b) were given by the formula:

IR =4 F 2
FIR =4 I‘BYP/(nd ) 3)
where Fpyp is force at bioyield point and d diameter of

the indentor. The bioyield strain was calculated as
a ratio of bioyield deformation (Fig. 1b) and diameter
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of the indentor. The last value calculated from the rest in this paper. The test was repeated 17 times for
single data was the firmness to apparent modulus ratio  every variety.
(FAMR), the parameter that is object of the main inte-

I. The measured values (LSD — Fisher's least significant protected difference, FAMR - Firmness to Apparent modulus ratio)

Apparent modulus . Firmness FAMR Bioyield strain
Variety MPa MPa - -
LSD 0.24 0.077 0.049 0.042
Agria 3.58 1.670 0472 0.543
Javor 324 1.842 0.571 0.654
Nicola 3.87 1.626 0.425 0.486
Panda 3.74 1.866 0.506 0.560
0.8
x|
& X

0.6

Firmness to Apparent Modulus Ratio (-)
oO

o
04 P o + Agria [
60 ¥ X Javor 2. Firmness (o Apparent modulus ratio
o Nicola (FAMR) plotted against bioyield strain for
A Panda single tests. The grey line indicates the results
for ideal sharp deformation curve (see text),
0.2 the black line indicates the states with firmness
2 04 0.6 0.8 1 to apparent modulus ratio equaled to bioyield
strain
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3. Firmness to Apparent modulus ratio (FAMR) expressed in term of the cumulative probability. Every ordered experimental of a single
curve represents increase of the cumulative probability about 100/18%. The curves were calculated by numerical integration of the Gauss
integral using experimental statistical data (mean values and standard deviations)
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RESULTS AND DISCUSSION

The basic statistics of the results are given in Tab. I.
This table shows that at least three parameters:
Firmness, Bioyield strain (BS) and Firmness to Appa-
rent modulus ratio (FAMR) expressed significant diffe-
rences between the above mentioned two groups of
varieties: with lower starch content (Agria and mainly
Nicola) and with higher starch content (Panda and
Javor). Fig. 2 shows that FAMR for the deformation
curves with low BS are approximately equalled to BS
and decrease with increasing BS. For the ideal sharp
deformation curves, at which the whole part prior the
bioyield point is linear, the FAMR should be given by
4 BS/m. Our observations indicate that even for the
deformation curves with most linear initial parts the
non-linear i.e. non-elastic character of this part is
responsible for about 20% of deformation prior to
bioyield point. For some higher BS the quantity increa-
sed up to 50%. It means that the FAMR has an
important meaning as a measure of the elastic part of
BS. When multiplied by n/4 the FAMR can be
understood as the elastic part of the bioyield strain.

Firmness can be also used as a parameter for crude
evaluation of starch content of the tested tubers. But
firmness is changed dramatically during tuber cooking
and its relation to the cooking quality of tubers is not
clear. Also BS cannot be understood as a stable para-
meter, because it is very sensitive to the storage para-
meters and especially to turgor propertics of the pro-
duct. The older tubers are more flaccid and the more
flaccid tuber flesh the higher BS are.

The FAMR is the most stable parameter that
contains information about cooked tuber texture. Fig. 3
shows that FAMR probability curves are well approxi-
mated by the curves of Gaussian character, which were
calculated from mean values and standard deviations
(n = 17). Standard deviations are approximately the
same for the tested varicties with only one exception:
the variety Agria for which the SD is about 5/3 of the
others.

Fig. 4 illustrates the relation between FAMR and
cooking type of tubers. The higher degree of cooking

g

B
Cooking Type

4. Firmness to Apparent modulus ratio (FAMR) plotted against
cooking type (CT — Anonymous, 1997; Vacek. 1997). Generally the
cooking quality decreases with increasing cooking type (from A to
D). ‘The decrease of cooking quality consists mainly in increasing
disintegration Slf thé cooked tubers. Regression line FAMR = 0.29 +
0.0904 CT (R” = 0.8130) was obtained for lincar CT scale with the
following substitution: A= 1,B= 2,C= 3

O 1988, d=4 mm
0 1997, d = 6 mm, January

¢ 1997, d = 6 mm, March

FAMR =0.0177 SC + 0.224
R =0.264

FAMR =0.0261 SC + 0.0364
R?=0.5533

FAMR =0.0162 SC + 0.2739
R?=0.9048
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5. Firmness to Apparent modulus ratio (FAMR) plotted against starch content (SC) for data of this paper (January 1997) and the other data

obtained in our laboratory
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types (A, B, C) the higher is FAMR. Fig. 5 represents
relation between FAMR and the tuber starch content
observed in this and previous papers. The FAMR value
increase with increasing starch content. The potatoes of
class A and B should have the FAMR values below 0.5.

CONCLUSIONS

Firmness to Apparent modulus ratio (FAMR) is the
stable texture parameter that correlates to cooking type
and starch content of tubers. The FAMR is determined
at the tubers in raw state and the obtained values make
possible to estimate the product quality in the cooked
state without any cooking test. The higher FAMR the
higher is cooking type (A, B, C) of the tubers.
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TEORIE A MERENI VZNIKU POSKOZENI BRAMBOR
VYNASECIM DOPRAVNIKEM NATE

THEORY AND MEASUREMENT OF THE ORIGIN OF POTATO TUBER
DAMAGE DUE TO THE HAULM CONVEYOR

B. Hanousek

Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: Problems of the origin of potato tuber damage due to the haulm conveyor action were approached with respect
to the speed of its working strand. Laboratory measurements of tuber damage at various speeds in the range of v, = 0.5 ms~ to
4 ms™! were performed. The results of regression and correlation analysis of the relation of tuber damage and conveyor
speed P, = f (v;) were interpreted by means of the function P, = a — b.vy + c.\'g (%) derived under certain simplifying
assumptions. The coincidence of measurement results and of the course of the function is conclusive. The least values of
tuber damage with respect to gross damage were found at the haulm conveyor speed of v, = 0.9 m.s™ to 1.06 m.s™".

tuber damage; total damage; maximum damage; bar haulm conveyor: haulm conveyor speed

ABSTRAKT: Problematika vzniku poskozeni bramborovych hliz pfi separaci naté ve sklize¢i brambor prutovym vynasecim
dopravnikem je feSena z hlediska rychlosti pohybu jeho pracovni vétve. Byla provedena laboratorni méfeni poskozeni hliz
pii rdznych rychlostech v rozmezi v, = 0.5 m.s~ a2 4 ms7\. Pro interpretaci vysledkd regresni a korela¢ni analyzy mezi
poSkozenim hliz a rychlosti dopravniku P, = f (v,) byla pouZita funkce, odvozend za uritych zjednodusujicich predpokladd
ve tvaru P.=a—b.vy + c.v% (%). Shoda vysledkti méfeni s pribéhem uvedené funkee je pritkaznd. Nejmensi hodnoty poskozeni
hliz, s ohledem na hruba poskozeni, byly zjistény pii rychlosti vyniSeciho dopravniku naté v, = 0,9 m.s™ az 1,06 ms™

poskozeni hliz; celkové poskozeni; maximilni poskozeni: vyniSeci prutovy dopravnik naté; rychlost vyndseciho dopravniku

0voD

Separace hrubych rostlinnych pfimési, pfedeviim
naté, probihd ve sklize€ich brambor zpravidla na fid-
kych prutovych dopravnicich, na jejichZ pohybujici se
homni v&tev pada separovani smés z konce prosévaciho
ustroji. Pfi tom se také podili na poSkozeni hliz sklize-
nych sklizeCem. Na nékterych sklizeCich jsou pouZity
vyniSeci dopravniky nat® s pruty opatfenymi hicky
a lze se domnivat, Ze v dusledku vétsi moznosti styku
s nimi budou tyto dopravniky poSkozovat v&§i mnoz-
stvi hliz neZz vynaSeci dopravniky s pruty bez hicku
(nebo i jiné b&Zné typy).

METODA

Odvozeni zivislosti poskozeni hliz na rychlosti vy-
naleciho dopravniku nat€ a zpracovini naméfenych
hodnot:

Za predpokladu rovnomé&rného rozloZeni hliz ve vrst-
v& padajici na vyniSeci dopravnik, kdy maji vSechny
hlizy stejnou pravdépodobnost byt zasaZeny jeho pohy-
bujicimi se pruty, lze pfi ur€itém zjednoduseni odvodit
rovnici vyjadfujici procentudlni poSkozeni hliz v zdvis-

losti na rychlosti dopravniku vz (obr. 2). Pfedpokladej-
me, Ze hlizy maji kulovy tvar, stejnou velikost a padaji
po urcitou ¢asovou jednotku ¢ = 1 na vynaseci doprav-
nik ve svislé vrstvé konstantni rychlosti vy (m.s_'). Pri
prichodu prutu vrstvou hliz vznikne ve vrstvé objem
V1, ve kterém se nachdzejici hlizy budou prutem prav-
dépodobn¢ zasazeny. Predpoklidejme, Ze prut se pohy-
buje vrstvou stojicich hliz (—v; = 0) rychlosti v (m.s™),
kterd je geometrickym souctem rychlosti vz a vj

=N i oh ] D |
v= wh+|2 (ms ) (1)

Za Casovou jednotku r = 1 wurazi prut rychlosti v
drdhu L| = v.t = v a vznikne objem

3

V=(d+2D)‘l.L‘=(d+2D).I.v (m”) (2)

Hlizy mohou byt zasaZeny prutem v objemu

V. =(d+2D).1.§, =(d+2D).l —=— (m}) 3)
! 1 cosQ

Za Casovou jednotku 1 prob&hne vrstvou hliz ur€ity
pocet prutl

RES. AGR. ENG., 46, 2000 (3): 86-92



kde: N je polet hliz v jednotkovém objemu, vyjadifuje pravdepo-

Ll v Vv.cosa dobnost zasaZeni hliz pruty vyniSeciho dopravniku, a
"Ewmoom om @ v,
! 7100
Jestlize kaZdy prut zasdhne hlizy v objemu Vi, bu- "
dou za Casovou jednotku ¢ zasaZeny hlizy v objemu je procento zasaZenych hliz, které oviem nemusi byt viechny posko-
zeny.
n
v,= > Vi=n.V, (m®) Pravd&podobnost poskozeni zasaZenych hliz lze vy-
1 jadrit pom&rem objemu, ktery by zaujimaly poSkozené

hlizy (V3) k objemu zasaZenych hliz (V2)
a po dosazeni z rovnic (3) a (4)

v :
3

_v.cosa. ¥ .3 3 P=y (8)
Vz— = (d+2D).l.wsa— [ (m”) (5) V2

Za predpokladu, Ze pravdépodobnost vyskytu posko-

Za stejnou ¢asovou jednotku budou hlizy f;ﬂdﬂjici ve sengch hliz (p2) a pravdSpodobnost zasaZeni hliz pruty

. 2 — 3
er;::v,: o peifezn 4 (aa) eychlostt wn (mia ™) zayiims dopravniku (p1) neni pravdépodobnosti podminénou
V=8, (m) (6) P(AB) = P(A).P(B)

bude z piedeslych rovnic (7) a (8) pravdépodobnost

Pomér objemu nebo pocti hliz v t&chto objemech podkozent hliz

Vv,
B e ) P=V_3=I’|~I72 ©)
Py VN h
h h
_ 8000
PR\ 28
1 2
Z-401
i
Iomahilig
. w
!
1. Schéma zafizeni k m&feni vlivu rychlosti vyné3eciho dopravniku nat& na po¥kozeni hliz — Schematic layout of equip for measuring

the impact of haulm conveyor speed on tuber damage

1 — podévaci dopravnik — feeding conveyor

2 - elektromotor s m&nitelnymi otdtkami — electric motor with variable revolutions

3 — vynéSeci dopravnik nat® — haulm conveyor

4 a 5 — zachycovaci plachty — retaining canvasses; vi — rychlost podévaciho dopravniku — feeding conveyor speed; v2~— rychlost vynédSeciho
dopravniku naté — haulm conveyor speed
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Dosazenim za py z rovnic (7), (5) a (6) a po Gpravé bude

p=k.(nl+bl.v§) (12)

(d+2D)? . v? 2
p=p2-\l AT 2 )

2 2 2
. vh n v:

Procento poSkozenych hliz pak bude

= =k 2
PovaZujeme-li d, m, D a vj, za konstanty, je zfejmé, P=100.p=k,-(a, + by-vy 0 S

Ze pravdépodobnost zasaZeni hliz pohybujicimi se pru-
ty vynaseciho dopravniku pi je zdvisla na jeho rychlos-
ti vz (m.s") a lze pfedpokladat, Ze také pravdépodob-
nost poSkozeni zasaZenych hliz p2 bude na ni zévisla.
Budeme déle predpoklidat, Ze pravdépodobnost poSko-
zeni zasaZzenych hliz p2 bude uméma pravdépodobnosti

V pripadg, Ze Ghel sevieny ob&ma vektory rychlosti
vy a v je ostry nebo tupy, bude mit rovnice vyjadfujici
poSkozeni hliz tvar obecné paraboly (A a B — obr. 2).

Pro ¢ < 90° kdy

zasaZeni hliz pruty dopravniku p). v=V2+2v .cos@.v, +12
h h 2 2

Pak
py=kp, bude
kde: k je konstanta im&rnosti a ted =k i o, A

e Je Kons! anta umernost a te y P k().(az+[’2'|2+“2“2) (%) (14)

d 2 2

p=k.pf=k. %,_w}_“g a1y apro@>90°kdy

m m-.v
h

£y 2
\'=\/\"‘—2 LCOSQ. v, + Vo
i R (R R

Polozime-li

bude
P=k .(a,=b,.v . +c .vz) (%) (15)
(d+ZD)2_n (d+2D)? 073 T2 2
. L |
m "12.\,'
y

A —

5
%
0

vd

e
% £
Q|3 |
~|
+{®]
B[S X
[]
o
m m m
2. Pusobeni prutu vynddeciho dopravniku nate
'\"A L na vrstvu hliz — Effect of haulm conveyor bar

on the tuber layer

d — prim@r prutu = bar diameter

D - priimdr hlizy kulového tvaru — diameter of
ball shaped tuber

m — rozte® pruth — bar spacings

A — vektory rychlosti v, a v, sviraji ostry thel
= speed vectors v, and v, contain a sharp angle
B - vektory rychlosti v, a v, sviraji tupy dhel —
speed vectors v, and v, contain an obtuse angle
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3. Pilisobeni prutu vynaseciho dopravniku nat® na vrstvu hliz pfi m&feni vliva jeho rychlosti (v2) na poSkozeni hliz — Effect of haulm conveyor
bar on the tuber layer when measuring the impact of its speed (v2) on tuber damage

Konstanty odvozenych parabol ay, by a c; mohou byt
ovlivnény jednak konstrukénimi parametry vyniSeciho
dopravniku, tj. jeho vySkovou polohou vzhledem k po-
davacimu dopravniku, jeho sklonem, rozte¢i a kon-
strukci jeho prutd, jednak sklonem a rychlosti podava-
ciho dopravniku, na nichZ zivisi smér a velikost
rychlosti vrstvy hliz v oblasti pisobeni pruty vyniSeci-
ho dopravniku. Odvodi se obdobn& jako v uvedeném
pfipad€ pro ¢ = 90°.

Z obr. 3 je vidét, Ze pfi viech sériich zkouSek padaly
hlizy na vynaseci dopravnik naté rychlosti, jejiz vektor
(vi) svird s vektorem rychlosti prutd (v2) dhel ¢ > 90°.
Meéla by tedy naméfenym hodnotim poSkozeni hliz
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v zivislosti na rychlosti vynaseciho dopravniku naté
vyhovovat rovnice (15), v niZ ma linedrni €len ziporné
znaménko.

Poskozeni hliz, zjiSténé pfi zkouSkich ve vech sé-
riich, bylo hodnoceno procentem celkového Pc (%)
a maximdlniho P, (%) poSkozeni, ziskaného pfepoc-
tem jednotlivych druhu zjiSt€nych podkozeni P (c, m),
S (¢, m) a H (¢, m) (Bfetka, 1967). Kromé& toho bylo
poditino procento poSkozenych hliz ve vzorku bez
ohledu na stupeil poSkozeni, jeZ je soudtem jednotli-
vych druhii maximélnich pokozeni

I’i=I’+S+H (%)
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Utelem méfeni bylo zjistit, zda poskozeni hliz vy-
naSecim dopravnikem nat&, jehoZ pruty jsou opaticny
hacky, odpovida nebo je vétsi neZ poSkozeni, které je
v literatufe uvedeno pro vyniSeci dopravnik s hladky-
mi pruty (DoroSev, PleSakov, 1963). Dile bylo nutné
zjistit, jak se m&ni poSkozeni hliz v zivislosti na zméng
rychlosti vyniSeciho dopravniku.

K méfeni vlivu rychlosti vyniSeciho dopravniku na-
t& na poSkozeni hliz (Hanousek, 1968, 1992) bylo po-
uZito zafizeni, jehoZ schéma je na obr. 1. K mé&feni byly
pouZity hlizy odridy Sperber, které pro méfeni vyho-
vovaly pomé&mé vyrovnanym kulovitym tvarem. Tep-
loty pfi jednotlivych sériich mé&feni byly 10,9-11,5 °C.

Poskozeni hliz bylo méfeno pfi tfech riznych rych-
lostech podavaciho dopravniku v = 1,25 ms™, 1,5 m.s™!
a 2,0 ms™'- I, I a III. série zkouSek — a pfi pél
rychlostech vyniSeciho dopravniku naté v kazdé sérii
zkou¥ek v2 = 0,5 ms™, 2 ms™!, 3 ms™!, 4 ms™! -
zkouska 1/1, atd. az S/II. Kazda zkouska se vzorkem
200 obarvenych hliz byla &tyfikrdt opakovina, takZe

praimérnd hodnota poSkozeni pfi kazdé zkouSce byla
stanovena zhodnocenim 800 hliz.

VYSLEDKY

Problematika vzniku poSkozeni je sloZitd. Pfi ma-
lych rychlostech vyndSeciho dopravniku je pomérné
malé nebezpedi vzniku vESiho mnoZstvi poskozeni na
hlizich v dusledku jejich odrazu od pruty, a tim opa-
kovaného styku hliz s pruty. Pfi véich rychlostech je
toto nebezpedi vE§i a pfi hodnoceni naméfenych po-
Skozeni je nutné brit v Gvahu jejich opakovany vyskyt.
Ke zpracovini zjiSténych hodnot procenta poSkozenych
hliz v zdvislosti na rychlosti vynaseciho dopravniku je
pouZita rovnice (15), kterd byla upravena do tvaru

=a+b.v,+c.v?

(i.c.m) 2

kde: a = k,.a3: b = —k,.by. ¢ = k,.cy

I. Regresni rovnice zdvislosti procentudlniho mnoZstvi po¥kozenych hliz Pi (%) na rychlosti vynaseciho dopravniku naté v2 (ms v =
rychlost podivaciho dopravniku hliz — Regression equation of dependence of per cent quantity of damaged tubers Pi (%) upon the haulm

conveyor speed va (m.s").w = feeding conveyor speed

Série zkousek! vy m.s7h Regresni rovnice? Index korelace®
1 1.24 P; = 16,1947 = 14,468.v5 + 5.689.v3 0,999
1 1.5 P; = 10,987 = 4.618.v, + 2,979.13 0,996
11T 2.01 P; = 20,6428 — 3,536.v, + 4.702.\% 0,998

1 . 2 . . 3 . .
test series, ‘regression equation, correlation index

II. Regresni rovnice zévislosti celkového Pe (%) a maximélniho Pm (%) poSkozeni hliz na rychlosti vyniSeciho dopravniku natd v2 (m.s_l)»"l
= rychlost poddvaciho dopravniku hliz — Regression equation of dependence of total Pc (%) and maximum Pm (%) tuber damage upon the
haulm conveyor speed v2 (m.s_‘).vl — feeding conveyor speed

Série zkoudek' v (ms7h) Regresni rovnice® Index korelace®
I 1.24 P,y = 10,825 — 14,957.v5 + 6,3602.93 0,999
1l 1.5 Py = 9451 = 12.221.v, + 5.408.3 0,995
11 2,01 P = 8.858 — 8,331.vy + 3,990.3 0,999
I 1.24 Py = 7.366 = 9.317.v, + 443303 0,998
1 1.5 P, = 5,694 = 6,093.v + 3,362.13 0,997
1l 2,01 P,3= 7493 = 6,392.v, + 3,002.3 0,998

For 1-3 see Tab. |

III. Minimélni hodnoty po¥kozeni Pi, Po Pm (%) a odpovidajici rychlosti vyndseciho dopravniku naté v2 (m.s").vn — rychlost podévaciho
dopravniku hliz — Minimum damage values Pi, Pe, Pm (%) and corresponding speed of haulm conveyor v2 (m.s").w — feeding conveyor

speed
Série zkousek! v, (ms™h) Po¥kozeni® P; P, P,
% 6,99 2,03 2,47
I 1.24
¥, optimal 1,27 1.17 1,05
9. 54 93
I L5 % 9.19 2 2,9
v, optimal 0.77 113 0,90
0, 4,50 4,09
111 2,01 % 10:30 2
v, optimal 1,43 1,04 1,06

Ytest series, 2damage
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B (%1
50 40 e
Hy,) = 591153-8,50557v, + 4,22819v3
‘ H,yy = 48469 - 6,3892v, + 3,4 M2v3
40 5 A 30 p——
P.y = 10,8251 - 14,9568, + 6,36018v5 Hys = S.83478-5.81598v, +2,8698v3
Py = 94515 - 122213y, + 5.4079v
30 = 20 T
P,y =8,8583-8.3314v, +3.99v5 |
20 A 10
N~
10 0
0 1 2 3 4 vy
.
0 5. Hrubé po¥kozeni hliz (Flm) vyni¥ecim dopravnikem nat® — Gross
] 1 2 3 4 vy lmss) tuber damage due to the haulm conveyor

4. Celkové poSkozeni hliz (Pc) vyndSecim dopravnikem nat¢ — Total
tuber damage (Pc) due to the haulm conveyor

Pc1 - pfi rychlosti podivaciho dopravniku vi = 1,24 ms™ - at
feeding conveyor speed of v = 1.24 ms”
Po-piivi=15 ms —atvi =15 ms™!

Pc3 = pti v = 2,01 m.s™' = at vy =2.01 ms™

ReSenim normélnich rovnic byly vypoSitiny: kon-
stanty a, b, ¢ a indexy korelace, které jsou ve viech
sériich zkouSek velmi vysoké (0,996-0,999) a proka-
zuji, Ze odvozend rovnice paraboly (15) vyhovuje vel-
mi dobfe namé&fenym hodnotim procenta poSkozenych
hliz. Také zdporné hodnoty konstant linedrnich ¢leni
(=b.v2) odpovidaji odvozené rovnici. To oboji pfipous-
ti, Ze pfedpoklad imé&rnosti mezi pravdépodobnosti za-
sazeni hliz pruty dopravniku a pravdépodobnosti jejich
poSkozeni, uvaZzovany pfi odvozovini, neni v rozporu
s namé&fenou zdvislosti (tab. I).

Z vysledka méfeni je zfejmé, Ze v8echny druhy po-
Skozeni dosahuji nejmensich hodnot pfi urcitych opti-
madlnich rychlostech vyniSeciho dopravniku naté.
Z praktického hlediska ma nejvési vyznam (tab. II)
celkové (obr. 4) a maximélni poskozeni, nebot kromé
pIné hodnoty hrubého poSkozeni (obr. 5) zahrnuje
prakticky vyznamnou ¢ist hodnot povrchového a stied-
niho po¥kozeni hliz. Z tohoto hlediska md mit vyniSeci
dopravnik naté takovou rychlost, pfi niZz celkové a ma-
ximédlni poSkozeni hliz md privé minimdlni hodnotu.
Pro pfipad uvedeného méfeni, tj. pfi rychlosti podiva-
ciho dopravniku vy = 1,24-2,01 ms! je optimdlni
rychlost vynaSeciho dopravniku naté v2 v rozmezi 0,9—
1,17 m.s™ (tab. III).
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Ilmy = p¥i rychlosti poddvaciho dopravniku vy = 1,24 ms”! - at
feeding conveyor speed of vi = 1.24 m.s™!
Hp2—plivi= 1.5 ms™ —atv; = L5 ms”

Hm3 = pfi vi = 2,01 ms ' —at v =2.01 ms”

DISKUSE

Zkouskami bylo prokizino, Ze rovnice (15) odvoze-
né pro zivislost procenta poSkozenych hliz na rychlosti
vyniSeciho dopravniku naté vyhovuje velmi dobie na-
méfenym hodnotam.

Z vysledku zkousek je zfejmé, Ze vynaSeci doprav-
nik s pruty opatfenymi hicky poskozuje vice hliz nez
dopravnik bez hicku. Podle méfeni Doro3eva a Ple3a-
kova (1963) pfi sklonu vyndseciho dopravniku bez hic-
ki 30°, pfi rychlosti poddvaciho dopravniku vy = 1,3 ms™!
a rychlosti vyniieciho dopravniku vz = 2 ms™! bylo
potkozenych hliz piiblizng 1,5 %, pfi v2 = 4 m.s™'
pfiblizn¢ 2 %. Autofi neuvadéji pro jejich méfeni vzi-
jemnou polohu obou dopravniki. Pfesto uvedme, Ze pfi
naSem méfeni bylo pfi rychlosti podéivaciho dopravni-
ku vi = 1,24 m.s™" a rychlosti vynaSeciho dopravniku
s hicky v2 = 2,01 ms”! zjiSteéno 9,85 % poskozenych
hliz a pfi v2 = 4 m.s™! jiZ 49,65 % poSkozenych hliz.
Vysledky zkou3ek dile ukazuji, Ze v zdvislosti na rych-
losti vyniSeciho dopravniku naté se nejvice méni povr-
chové a hrubé poskozeni hliz. Tato poSkozeni, ale pfe-
devsim hrubé poSkozeni, ovliviiuji také nejvice celkové
P a maximdlni Py, poSkozeni hliz, kterd maji nejvEtsi
prakticky vyznam. NejmenSi hodnoty maximélniho po-
Skozeni Py min = 2,47-4,09 % byly zjiltény pfi opti-
mdlni rychlosti vynaSeciho dopravniku naté vaoprim =
0,9-1,06 m.s™",
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TRANSIENT HEAT TRANSFER SIMULATION OF LONG
TERM HERMETIC STORAGE EVENT

SIMULACIA NESTACIONARNEHO PRENOSU TEPLA
PRI DLHODOBOM HERMETICKOM SKLADOVANI

D. Brozman, K. E. Ileleji

Slovak University of Agriculture, Nitra, Slovak Republic

ABSTRACT: In this paper, a computer simulation of heat transfer in hermetically stored corn and a verification experiment
are presented. For this purpose a three-dimensional computer model of experimental silo was created in such a way that it
can be easily modified and used for next computer experiments relating to transfer phenomenon simulation. Patterns of
transient temperature variations in the silo due to ambient temperature fluctuations were predicted for a real long-term
(7 months) storage event. The simulation was accomplished for a thermal field continuum performing grain mass filling the
silo. The simulated transient temperature variations were compared with measured values at five different locations in the
hermetic stored corn mass. The simulated transient temperatures were in close agreement to the measured values and were
quite representative of the measured values, considering the relative low values of standard error of estimate ranging from
0.6 to 1.1 °C. The error was larger during last months probably due to internal heat generation which was not considered in
this modelling stage. The incorporation of this effect will be done in next research.

hermetic storage; heat transfer; computer modelling

ABSTRAKT: V ¢lanku je popisand pocitaCova simuldcia prenosu tepla v hermeticky skladovanej kukurici a jej experimen-
talna verifikdcia. Pre tento i&el bol vytvoreny trojrozmerny pocitatovy model experimentdlneho sila, ktory umoZiiuje modi-
fikdcie pre dalSie pripravované pocitatové experimenty v oblasti transportnych javov. RozloZenie teplét v sile vplyvom
okolitej teploty bolo predpovedané pre redlne uskutociiované sedemmesaéné skladovacie obdobie. Verifikaéné udaje boli
snimané v piatich miestach v skladovanej mase. Vysledky simulacie boli v dobrej zhode s meranymi hodnotami, ktorych
Standardnd odchylka bola od 0,6 do 1,1 °C. VigSie odchylky v priebehu simulovanych teplét v poslednych mesiacoch
experimentu boli pravdepodobne spdsobené vnitornou generdciou tepla, ktord v uvedenom modeli nebola uvaZovana. Pre

uviZenie tohoto efektu budi uskutodnené pomocné experimenty a nisledne doplneny pocitadovy model.

hermetické skladovanie; prenos tepla; komputerové modelovanie

INTRODUCTION

Temperature is one of the two most crucial factors
limiting the distribution and abundance of arthropods
and fungi that contaminate stored grain. Grain-infesting
insects are very sensitive to temperature. In stored-grain
ecosystems, temperature distribution is both spatial and
transient due to changes in the external environment —
diurnal and seasonal temperature fluctuations. The con-
sequence of this spatial and transient temperature vari-
ation is heat transfer within the stored grain mass, resulting
in moisture migration/transfer, moisture condensation,
hot spot development and grain spoilage. Therefore, an
understanding of heat transfer in hermetic stored grain
and an efficient method to simulate spatial and tran-
sient distribution of temperature within the hermetic
stored grain mass will aid in predicting the potential for
the development of spoilage in stored grain, and hence
the use of timely selective management strategies of

RES. AGR. ENG., 46, 2000 (3): 93-97

stored grain. This is in accordance with the basic prin-
ciple of integrated pest management.

Many investigators have studied spatial and transient
grain temperature changes in various types of storage
bins and storing grain ecosystems with aeration (Chang
et al.,, 1993), but limited studies on heat transfer in
hermetically stored grain are found in literature.
A number of mathematical models of heat transfer for
predicting temperature in bulk grain have been developed
and solved in one (Converse et al., 1973), two (Chang
et al., 1993; Brozman, Ileleji, 1998; Ileleji et al., 1998)
and three (Gough, 1985) dimensional fields, just to
mention a few. However, most of this models involve
rigorous mathematical formulations which were oriented
toward the particular grain stores and storage environ-
ment.

The finite element method (FEM) is the most widely
used method for modelling physical or engineering sys-
tems and processes, but it is rarely used in agricultural
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engineering. The fundamental concept of the finite ele-
ment method is that any continuous quantity, such as
temperature, pressure, stress or displacement, can be
approximated by a discrete model composed of a set of
piecewise continuous functions defined over a finite
number of subdomains called elements. The elements
are connected with each other in common points, called
nodes or nodal points (Spirakos, 1993). Its versatility
is due to its applicability to a number of problems and
a wide variety of ready available commercial software
which makes the modelling process a step easier for the
engineer or researcher. Some of these commercial
modelling softwares e.g. LUSAS (FEA Ltd. 1998) that
were used in this research, algorithmize the solving of
differential equations by the finite element method for
general purposes which incorporate facilities for struc-
tural and field modelling with linear or nonlinear ma-
terials.

MATERIAL AND METHODS

The storage silo used was an experimental bin that
was designed as a versatile storage apparatus for carry-
ing out experiments in heat and mass transfer studies.
The experimental bin structure of approximately 0.3 m’
in volume had cylindrical shape with dimensions of
@ 790 mm x 630 mm in height. The bin was made of
galvanized steel sheets of 1.25 mm thickness with bot-
tom steel plates strengthened with compressed wooden
boards (10 mm thickness). There were three holes fitted
with special airtight ports on the bin wall. The holes
serve as sampling ports (moisture content determination
in specified locations during the course of the storage
period ~ not presented in this paper) and as a port for
connection with a data logging instrument. Five tem-
perature sensors PT 1000 (platinum resistance) were in
the bin to monitor the temperature changes in specific
location during storage period. The sensors were con-
nected to a digital recording unit with one hour record-
ing interval having an accuracy of £ 0.1 °C. The unit
was followed by a personal computer via a serial port
for data collection. The data were retrieved monthly.
The whole structure was painted white because it re-
flects radiation and reduces interior bin temperatures.

The maize grain used for the storage experiment was
yellow maize, variety Florencia. The average moisture
content recorded on loading into the bin was 17%
(moisture meter Pfeuffer HOH-Express HE 50). Based
on laboratory analysis done, the average bulk density
was 715.3 kg.m"3, average percentage of foreign matter
per kg was 0.18%. Maize grain mass of 270 kg was
loaded in the bin. After loading the bin was herme-
tically sealed. The whole bin volume was filled, that
means no air layer was left above grain surface.

For a computer experiment a flexible three-dimen-
sional virtual geometric structure was created with di-
mensions according to the real experimental silo (Fig. 1).
The flexible structure (e.i. consists of components) was
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created in such a way that it can be easily modified and
used for next computer experiments relating to transfer
phenomenon simulations. An important step for the com-
parison of the modelled and simulated results is the
same location of sensors in the real bin and low order
entities (points or line intersections) of the virtual model
structure.

The general equation governing the unsteady heat
conduction in corn mass filling the silo can be writ-
ten as

praa—?:div(kVT)+S )

where: T - temperature
t — time
p — bulk density
¢ — specific heat
k — thermal conductivity
S - heat generation per unit volume

To model the problem based on this equation, the fol-
lowing assumptions were made to simplify equation (1):
1. the cylindrical silo is assumed as isotropic homoge-

neous field,

2. physical properties are constant (independent of
temperature),

3. internal heat generation and mass transfer within
hermetic silo are negligible.

Employing the stated assumptions, equation (1) can
be written in the following form:

OT 10 (, T\ 1 d(,9T) a(, T
pc T (lu ar}+ 2 [A a<p]+ % (I\ 92] (2)

where: r, z, ¢ — cylindrical coordinates

For a numerical solution the LUSAS software pack-
age was used. The Galerkin’s procedure of two-point
recurrence scheme was chosen because it has low sus-
ceptibility to oscilation and is sufficient for slow envi-
ronmental temperature fluctuation throughout an ex-
perimental period (Brozman, Ileleji, 1998). However,
an approximate time step which is essential for the

1. A flexible computer model of the silo geometry shows the internal
bin structure (metal body, loaded grain and wooden floor)
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2. Finite element model of the silo divided into 1620 three-dimen-
sional elements

solution stability has to be obtained from the diffusivity
of the modelled system as

?
At=p (3)

where: | - smallest length of an element side in the mesh struc-

ture of the created finite element model
a - diffusivity coefficient

To facilitate the solution the virtual geometric struc-
ture was meshed into 1620 hexahedral elements (Fig. 2).
Central part of the meshed bin is divided into elements
of a different shape because it complies with the con-
ditions of finite element solution accuracy (Spirakos,
1997). It caused neither material nor geometric discon-
tinuity in the computer model. The data inputs were
material properties of corn and the wooden floor (thermal
conductivity, specific heat and mass density at given
reference temperature), initial condition (initial grain
temperature), boundary temperature loadings (ambient
temperatures, and convective heat transfer coefficient)
and solution controls (transient time steps of input loads
through the storage period). Initial temperature of the
grain at the beginning of the simulation was set at 7 °C.
This value was the ambient temperature at the time of
loading grain into bin and seems to give the best esti-
mate of the grain temperature. The temperature sensors
in stored grain were initialized two days after the bin
was loaded and sealed air-tight. The storage event was
simulated through the whole experimental storage pe-
riod, it was from November 17, 1997 to June 24, 1998
(over seven months). A total of 1752 input temperature
loadings was used in the simulation (three hours duration
each). However, temperature recording in the physical
experiment were done hourly. The use of three hour
interval data saved computer processing time and did
not affect the accuracy of the simulation. The input data
of ambient temperatures were obtained from the ther-

RES. AGR. ENG., 46, 2000 (3): 93-97

I. Thermal and physical properties of the corn, bin wall and floor
materials. * — ASAE Standards (ASAE Standards, 1994)

Properties Corn® | Steel | Wood
Density (kg.m™) |715 7 304 550

Specific heat (klkg' K| 21 0.23 2.8
Thermal conductivity (W.m™'.K-') | 0.165| 64 0.2

mograph recordings at the university’s meteorological
station about 2.5 km from where the storage bin was
sited. The material parameters of the computer model
are given in Tab. L.

RESULTS AND DISCUSSION

In order to explain and understand the processes of
heat and mass transfer in the hermetic stored maize
grain, the condition of the stored grain at the end of the
seven months period was observed. The final condition
of the stored maize grain in the experimental silo was
good. No moulding was observed. Spatial and transient
temperature distributions in the monitored locations
showed a rotation symmetry of temperature pattern.
There was virtually very little difference in temperature
at the north and south locations (about 0.15 °C). For
this reason the equal boundary conditions — ambient
temperature course (Fig. 3) on whole bin shell were
assigned in the computer model. An example of com-
puted temperature distribution in the silo is shown in
Fig. 4 where the isotherms performed thermal state in
the silo on December 14, 1997 after relatively smooth
ambient temperature fluctuations during several days
(between y-axis and the first grid line in Fig. 3).

The effect of diurnal temperature fluctuations during
the course of a day, i.e. daytime and nighttime tempera-
tures was not observed in the stored grain mass. How-
ever, the trend in ambient temperature rises or falls
through the period of several days, about five days,
resulted in corresponding rise or fall of the stored grain
temperature. Temperatures close to the bin wall was
cooler than at the centre during the whole winter and
the opposite occured during spring, as expected in stored
grain ecosystems.

Several simulation runs were done for different values
of thermal properties of maize according to different
references (ASAE Standard, 1994; Chang, 1986;
Brozman, Ileleji, 1998).

To test for the accuracy of the computer simulated
experiment, the transient temperature of nodes in the
model, corresponding to points of location of the tem-
perature sensor measurements in the stored corn mass
was compared. Simulation with the thermal properties
quoted in Tab. I gave the least value of standard error
of estimate. The error was calculated using the root
mean square error (Reicosky et al., 1989) to reflect the
overall accuracy of the shape of the predicted curve,

95



3. Course of the ambient temperature for
storage period at the university’s meteoro-
logical station

The closer the simulated temperatures are to the meas-
ured temperatures, the smaller 6 is. An example of the
measured and simulated transient temperature vari-
ations due to ambient temperature fluctuation, at the
silo center in the hermetic stored corn mass is shown
in Fig. 5. The simulated transient temperatures were in
close agreement to the measured values and are quite
representative of the measured values, considering the
relative low values of the standard error of estimates.
The largest errors occured at the peaks and troughs of
the transient temperature curves. It should also be men-
tioned that some error may have arisen due to the use

9
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4. Temperature contours (°C) show thermal state in the silo after
a weather changes (first two main peaks in Fig. 3) on December 14, 1997

with regards to estimated hourly air temperatures, de-

fined by
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of incorrect ambient temperature values which are not
a true representative of the environment in which the
experimental silo was located. This is because the bin
was located on a roof top at about 8 m height and the
ambient values were collected from the meteorological
station at a level of 2 m height and 2.5 km from the
silo location. But this being the most likely possibility
to be encountered in a real situation where the mete-
orological station may be sited miles away from the
storage building. In a more controlled experiment (tem-
perature sensor on the silo wall) the simulated tempera-
ture values were much closer to those of the experi-
ment (Brozman, Ileleji, 1998). Obvious error growth
of the modelled values can be observed during last
months of the storage period probably due to internal

here: - ber of v-y;’ S . . . . .
Seierae &, SRIneRS abecvations : heat generation which was not considered in this
T — simulated temperature at any time delli
Tyy— measured temperature at any time modelling stage.
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| 5. Simulated (full line) and
5 - SR measured (dashed line) tran-
‘ sient temperatures at the silo
-10 - - e center during seven months
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CONCLUSION

Results of transient and spatial temperatures in the
hermetic stored corn of the computer simulated experi-
ment were in close agreement with those of the physi-
cal experiment for the storage period of over seven
months.

In comparison with other approaches for modelling
heat transfer in stored grain, the use of a commercial
software such as LUSAS Finite Element System elimi-
nates the rigors of formulating and solving the under-
lying mathematical models. This approach is much
more flexible and less arduous and gives space to the
researcher to test alternative simulation trials within
a limited time. The graphical software accompanying
these packages makes modelling and results analysis
easier and clearer. The simulation can be used as
a more cost effective, less laborious and a more ex-
ploitative method of monitoring heat transfer for stored
grain management in large commercial stores.
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KINEMATICKY A SILOVY VYPOCET PROJEKTU
KONDICIONERA TRAVNYCH PORASTOV

KINEMATIC AND FORCE ANALYSIS OF A GRASS SWATH
CONDITIONER PROJECT

J. Sestak, J. Gadus, J. Rédl, R. Beller

Slovak University of Agriculture, Nitra, Slovak Republic

ABSTRACT: Treatment of mown grassy mass is a principal operation which increases the effect of grass drying. A mecha-
nical treater of swath is then one of the machines included into the technology of fodder harvesting. In this contribution we
present a development phase of the mechanical treater of swath which consists of a classical disk mower, with a drum cutter
of swath placed above it. There were completed kinematic analyses of mechanism for taking up of the aggregate and its
operational load-removing in a less bearing grassy terrain. Accomplished force analyses are set for allocation of final load
vector of main parts of the mower — drum adapter of conditioner. Specification of unit pressure of mower bracket has been
experimentally made directly on the mower. Quasi-static calculations of reactions in basic joint parts are based on equilibrium
equations. To calculate the relief spring there were used kinematic joints and equilibrium of subgroups. The results were
implemented in the design of a conditioner, the model of which has been successfully tested in field conditions.

mechanical treatment of grassy swath; project of a conditioner; kinematic and force analysis

ABSTRAKT: Uprava pokosenej trivnej hmoty je urdujiicou opericiou, ktord zvySuje efekt jej vysudovania. Mechanicky
upravovac pokosu je potom jednym zo strojov zaradenych do technoldgie zberu krmovin. V prispevku prezentujeme vyvojovi
etapu projektu mechanického upravovaca pokosu zloZeného z klasickej diskovej kosacky, nad ktorou je namontovany bubnovy
ldma¢ hmoty pokosu. Uskutoénené st kinematické analyzy mechanizmu zdvihania agregitu, jeho odlahCovanie pri praci na
menej unosnych trdvnych povrchoch. Vykonané silové rozbory st uréené na stanovenie vysledného vektora zataZenia hlav-
nych skupin zostavy kosatka — upravovaci bubon kondicionéra. Specifikicia merného tlaku nosnika kosatky je urobena
experimentdlne na samotnej kosacke. Kvézistatické vypolty reakcii vo vizbach hlavnych skupin vychddzaji z rovnovaZnych
rovnic. Na vypolet amortizatnej pruZiny boli vyuZité kinematické vdzby a rovnovdha podskupin. Zistené vysledky boli
uplatnené v konStrukcii kondicionéra, ktorého prototyp bol v polnych skiskach uspesny.

mechanick4 tprava travnych pokosov; projekt kondicionéra; kinematické a statické rozbory

UvoD

Mechanicka tprava pokosenej trivnej hmoty bola
cielom vyvojovych pric, ktoré robil Klinner (1975).
Nim navrhnuty bubnovy lamac¢ je zdkladom doteraz
pouZivanych upravovafov pokosov. Do nasej technolo-
gickej linky pre zber travnych porastov bol zaradeny
bubnovy upravova¢ pokosov krmovin, ktory popisali
Sestak a i. (1992). Vykonané experimenty a ich vyhod-
notenie preukazali jeho praktické uplatnenie. Schuning
(1980) svojou vyskumnou pracou potvrdil, Ze rychlost
vodného deficitu v pokose travy, ktory je mechanicky
upraveny, je v porovnani s neupravenym pokosom
1,5 aZ 2krét vy$Sia. V3etky zavery doteraz vykonanych
prac jednozna¢ne potvrdzuji, Ze vyvoj projektov no-
vych typov mechanickych upravovacov je v praxi Zia-
dany.
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MATERIAL A METODY

Kompletni zostavu kondicionéra v agregécii s dis-
kovou kosackou uvadzame na obr. 1.

STANOVENIE REAKCIE NOSNIKA KOSY
NA PODLOZKU

Pre kaZdi vySku H, ktori sme menili polohou troj-
bodového zavesu traktora, bola vdZenim zisten4 hodno-
ta reakcie R a jej poloha Y, priCom nosnik kosy mal
vodorovni polohu (obr. 2). Medzi nosnik kosy a vahu
bola vloZena trubica, ktora simulovala plo$ni vizbu.
Hodnoty namerané u diskovej kosatky MARAGON
MDS, na ktorti bol montovany kondicionér na dpravu
pokosov, si uvedené v tab. I a potvrdili opodstatnenost
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Polohovaci hydra

Vahadlo N B

1. Zostava kondicionéra s diskovou
kosatkou — Conditioning set with disk
mower

2. Urenie reakcie podloZky pre
kosatku MARAGON MDS - Es-
tablishing the base reaction force
for the MARAGON MDS5 mower

odlahCovacia pruZina - relief
spring

zéives — hitch

polohovaci hydraulicky vilec —
positioning hydraulic cylinder
vahadlo - balance beam

reakcia podloZky — base reaction
force

nosnik kosy — cutter bar bracket
viha - balance

viizba — joint

ulicky vdlec

Reakcia podloZky - R

/ Nosaik kosy

Viha

‘i]_

Vazbo

experimentu. Pri najvacSom predlZeni ,odlah&ovacej
pruZiny* s rozmermi AB = 860 mm a AB 867 mm je
reakcia podlozky 1000 N. Zmen$ovanim predlZenia od-
lah&ovacej pruZiny reakcia podloZky stipa. Analogicky
v projekte kosatky MD5-K s adaptovanym kondicioné-
rom re$pektujeme, Ze reakcia podlozky v maximalnom
prediZeni odlah&ovacej pruZiny neprekro&i hodnotu
1000 N.

I. Namerané hodnoty — Measured values

KINEMATIKA MECHANIZMU

Systémova schéma projektu kosacky s namontova-
nym kondicionérom je zobrazena na obr. 3.
Tu predpokladidme:
— drZiak kondicionéra @ je vidy vertikalny,
— nosnik kosy je v kaZdej polohe vodorovny.
Praktickym ciefom je stanovit zavislos{ medzi
dlzkou odlah&ovacej pruZiny LP a vy¥kou zivesu

Pokuls AB l H I <D I h I z | L I Y I d | R | k | ! R
¢islo (mm) N
1 831 815 974 455 95 827 687 200 14 545 255 1 420
2 821 850 971 455 95 846 660 200 14 545 329 1620
3 860 868 976 455 95 795 915 200 14 545 245 1 060
4 800 820 970 455 95 865 623 200 14 545 353 1812
5] 867 880 977 455 95 800 1024 200 14 545 245 920
lexpen'mcnt No.
RES. AGR. ENG., 46, 2000 (3): 98-103 99
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dr¥iaka @ H1. Zmenu dl¥ky zdvihacieho hydrovalca
oznadujeme celkovou dl¥kou medzi jeho zédvesmi LH.
Pre projekéné parametre vyznacené v obr. 3 plati:

= \/(H2+H4) +P

_ H2 + H4
X = arceos | =
" LV +PV BV
SACS| TV PV
H6 H5
& = arctan
b % +HV PV
TR0 TR CHVLLY
o= arcsin L
= Lv
'
‘l‘=a—8+§—x

) 7
LP=\/PV +LK -2.PV.LK.cos ¥

LD=NI4" + (H6 - H5)

Struktira mechanizmu popisaného &lenmi ® - @ —
@ - @ bude mat v maticovom zapise tvar:

Ti3. T3 . rac=T4-Taq-14c (¢))
cosa —sinat 0| [ coso sinat LV| [ 0]
sinot cosot Of.|-sino cosa. O [.|H2|= 2
0 o 1[{| o o 1flo]
cost sin§ O| [cost —sint —LD| [LH]
=|—sin§ cosE Of.|sint cost 0 |.| 0 |
o o 1f|lo o 1 |L1]
100

3. Kinematicka schéma kosacky —
Kinematic scheme of mower

Dostaneme dve nelineirne rovnice v tvare:

LV.cosat— LH . cost . cos§ — LD . cos§ —
—LH .sint . sin =0

3)

LV.sino.+ H2+ LH . cost. sin§ — LD . sinE —
—LH . sint.cos§ =0

(C))

Na rieSenie rovnic bol pouZity segment programu
Mathcad S5Plus s vysledkom v tvare:

Find (LH, ©) = (L” J

Nakoniec uréime dl#ku odlah&ovacej pruZiny LD.
RieSenim stiboru predchidzajicich rovnic dostaneme
zavislost:

()]

LD =f{H1) (6)

SubeZne stanovime projek&ny parameter zmeny vy-
tahu hydromotora LH.

SILOVY ROZBOR

Struktdrna schéma mechanizmu s vyznatenim zata-
#ujicich sil je na obr. 4.
Dopliiujice premenné:

: sin¥
Q= arcsm(LK “"LP J

B=a-8+Q
n
Y=5+ E-1
V pociato¢nej polohe bude odlah&ovacia pruZina vy-

kazovat silu PF, ktora udrZi v rovnovahe jedine vahad-
lo zataZené vlastnou tiaZou GV. Potom bude:

XD - PF .sinf=0

YD+ PF .cosp—-GV=0

PF .sinB . PV . cos(o.— 8) — PF . cosp .
. PV .sin(0—8)—GV.LT.coso.=0

@)
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Riefenim rovnic (7) dostaneme vysledok v tvare:

X D)
Minner (XD, YD, PF)=|YD
PF )

Ak podla obr. 4 ozna¢ime konStanty:

@®)

W=GL + GK,

U=GL.LL] + GK.LL3,

W4 = PV.cos(o.— 8).sin B,

W6 = LH.cosY.siny,

V=-GL(LLI - LV.coser) - GK.(LL3 + LV.cosr) —

— GV.LTcose,

W5 = (H1 - H6)siny, W1 = (H6 — H5)siny, W2 = LA4.cosy,
W3 = PV.sin(c - y).cosB,

Z=GV+GL+GK

a dostaneme rovnovazne rovnice celej sistavy v tvare:
OX - FH siny=0 9
R+ OY + FH.cosy=W
(W2+WI1).FH+RLL2=U
DX — FH.siny— FP.cosB=0 r
DY + FPsinP + FH.cosy=Z—-R
(W5 — W6).FH + (W3 — W4).FP —

-~ R.(LL2+ LV.coso)=V )

Ich rieSenim dostaneme reakcie OX, OY, R, DX, DY
a silu v hydrovalci FH pre definovani silu v odlah&o-
vacej pruZine FP.

(©)]

HRANICNE HODNOTY V ODLAHCOVACEJ PRUZINE

Pre stanovené H1;, uréime minimalnu dl#ku pru-
Ziny LP i, a z rovnic (7) minimélnu silu PF = PF ;..
Pre stanovené Hl,,, uréime minimilnu dl#ku odlah-
Covacej pruZiny LP,,, a pre miniméilnu hodnotu reak-
cie medzi nosnikom kosy a podloZkou R, ;, velkost si-
ly v odlahovacej pruZine PF,,,, zo sistavy rovnic (9).
Potom kon3tanta pruZiny bude:

e e

max min

Potiatoén4 diZka pruZiny vo volnom stave bude:

FP_;
LP(0)=LPmin—-—k"ﬂ 11
Korigovana konStanta (tabulkovy Standard) s oznale-
nim k" definuje dizku odlah&ovacej pruZiny zo vztahu:
FP_.
LP(0) = LPy;;, - _':“2
k
Nakoniec stanovime reakcie zdvesu adaptéra. Podla
obr. 4 plati:

(12)

AX —B— DX + FP.cosp + FH.siny=0
AY - DY - FH.cosy— FP.sinB=0

DY.LS + B.H3 — FH.LS.cosy— FH.H2.siny —
— FP(P+ LS).sinB — FP.(H2 + H4).cosp =0

RieSenim dostaneme AX, AY, B.

(13)
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VYSLEDKY A DISKUSIA

Vstupné konStanty vyznalujeme v tab. II a okrajové
podmienky pre odlah&ovaciu pruZinu s uvedené v tab. III.

Potom podla vztahu (10) bude konStanta odlah&ova-
cej pruZiny:

-1
k=36,09 N.mm
volna dlzka:
LP(0) = 980,58 mm

Vybranim $tandardu pre k" =40 N.mm™" bude volna
dl¥ka LP(0) = 983 mm. V projekte aplikujeme dve pa-
ralelné pruZiny s kon$tantou k = 20 N.mm™!. T4to zos-
tava je zobrazena na obr. 5. Vysledky silovych a reak¢-
nych parametrov siborne dokumentujeme v tab. IV.
Vizualizicia vypo&itanych hodnét je na obr. 6. Zdviha-
nim adaptéra od podloZky klesa reakcia medzi nosni-
kom a podloZkou a je aktivnou funkciou odlah&ovacej
pruZiny. Je preukazné, Ze tito poZiadavka praxe je spl-
nend. Rovnocenne je splneni kon¥truk&na poZiadavka,
aby maximalne predlZenie odlahZovacej pruZiny bolo
75 mm, &o je vyznacené na obr. 7.

II. Vstupné parametre — Input parameters

Premennd' Hodnota? Jednotka®
Hl i 580 mm
Hl o 750 mm
600, 620, 630, 650,
Intervaly zmien* H1 | 670, 690, 700, 710, mm
720, 730
HS 250 mm
LV 1100 mm
L4 250 mm
H2 480 mm
H6 415 mm
H4 20 mm
P 100 mm
PV 890 mm
HV 260 mm
LL1 770 mm
LL2 960 mm
LL3 1150 mm
LS 120 mm
H3 490 mm
LT 400 mm
GK 1750 N
GL 1 750 N
GV 1 000 N
'variable, *value, *unit, *interval of changes
101



4. Schéma silového rozboru —

. =1 Force analysis scheme
@ |
I
o TN (i
HIPANVA 1
r:g i L] '\\ X
i Vo
DX_(XD) A “ ™ N y
10 oY
1
Q 5. Zostava odlahcovacich pruZin — Re-
lief spring set
, T L P T T T P T TR R SRRl RN
\ \
© \
4000 1090
3500 4— & 1080 ;
- X (x/ E 1070 4
2500 N a 1060 »’/
2 N 2 1050 Py
& 2000 2 /
@ o0 % 1040 ] 7
o
- //- \ g 10 ~7
il .% 1020 /
500 1010 p s
o 1000
560 600 650 700 750 800 550 600 650 700 750 800
zdvih zAvesu H1 /mm/ zdvih zdvesu H1 /mm/

6. Priebeh reakcie R a sily FP v pruZine — Reaction R and force FP
courses in the spring

sila — force

zdvih zdvesu — hitch stroke

—+— reakcia podloZky R - base reaction force

—— sila v amortizacnej pruZine — force in amortization spring

II1. Okrajové podmienky — Marginal conditions

7. Predlzenie odlah&ovacej pruZiny v zavislosti od zdvihu — Relief
spring stretching in dependence of the stroke

dlzka pruZiny — spring length

zdvih zdvesu - hitch stroke

—— predlZenie odlah&ovacej pruZiny — relief spring stretching

HI LH T Dy | Dy FP oo | o FH
mm mm rad N

580 1451 1,044 532,5 343,67 845,184 0 0 0
750 1475 1,169 7 486 -5 544 3 480 5078 4033 § 353

Pre H1 = 750 mm je reakcia podloZky R = 900 N - base reaction force R = 900 N for Hl = 750 mm
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IV. Vysledkova zostava — Resulting set

HI Oy oy FH R Dy by | Fp | A Ay B
(mm) N

580 -28,2 22,4 -46,4 3514 624,1 493,12 840 987,4 985,6 9874
600 1529 -1214 2515 2717 2437 -973 1184 3016 1783 3016
620 2619 -2 080 4308 2159 3776 -2 076 1527 4523 2341 4523
630 3 049 -2 421 5015 1939 4328 -2 539 1699 5 147 2561 5147
650 2748 -2977 6 166 1581 5 266 -3 342 2042 6214 2919 6214
670 4291 -3 408 7 059 1303 6 040 -4 029 2384 7 102 3197 7102
690 4723 -3 751 7770 1081 6 696 -4 633 2726 7 861 3419 7 861
700 4907 -3 898 8073 987,14 6989 -4 913 2 897 8203 3515 8 203
710 5074 —4 030 8 347 901 7262 -5 180 3 068 8 523 3 598 8523
720 5225 -4 150 8 596 824,6 7518 -5 437 3239 8 825 3675 8 825
730 5363 -4 259 8 822 754,1 7759 -5 685 3410 9111 3 746 9111
740 5488 -4 359 9028 689,8 7 986 -5925 3 581 9 381 3810 9 381
750 5603 -4 450 9 218 631 8 200 -6 158 3752 9 639 3 869 96 389
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POROVNANI STRUKOVYCH NAVLECEK NA ZAKLADE
°. o ¥
TEPLOTNICH STAVU STRUKU

COMPARISON OF RUBBER LINERS BY MEANS OF TEMPERATURE
STATES OF TEATS

P. Kuncl, | Km’ikovél, M. Koubkovéz, J. Flusser3, 0. Dolezal'

'Research Institute of Animal Production, Praha-Uhrinéves, Czech Republic

2Czech University of Agriculture, Faculty of Agronomy, Praha, Czech Republic
Institute of Information Theory and Automation, Academy of Sciences, Praha, Czech
Republic

ABSTRACT: The objective of this study was to compare rubber liners from producer A and producer B by means of changes of
surface teat temperature. Thermographic measurements were conducted in milking parlour 2 x 10 (rapid exit herringbone, vacuum
42.6 kPa) in 64 dairy cows. Rubber liners of producer A were placed on left side, rubber liners of producer B were placed on right
side in milking parlour. Scheme of measurement was following: 1st day: evening milking — old liners, 2nd day: morning milking
— old liners = 2nd day: evening milking — new liners, 3rd day: morning evening — new liners. Thermal responses of teats were
recorded: before milking, after milking immediately, 1 min after milking, 2 min after milking and 3 minute after milking. Irwin
5.3.1. computer program was used for data and thermogram analyses. ‘The results showed that milking increased the temperature
of teats. The highest values were obtained after milking immediately. This trend was recorded in liners of producer A as well as
in those of producer B. New liners increased temperature of teats more then old liners, but the differences were not significant.
The highest decline in teat surface temperature was obtained to 1 minute after milking then the decline was gradual (2nd and 3rd
minute). But surface teat temperature was not reverted to the starting value before milking. The regress time to starting temperature
of teats will be longer than 3 minutes after milking. The course of the temperature changes of teats is shown in graphs 1 and 2.
The differences in the temperature states of teats were not significant between rubber liners of producer A and producer B (Tab. I).
Significant injuring influence of tested liners on teats were not recorded. Thermography can produce important information where
conventional diagnostic techniques have exhausted their possibilities.

milking; rubber liners: teat surface temperature; thermography

ABSTRAKT: Cilem price bylo termografickou metodou porovnat intenzitu traumatizace struki dojnic strukovymi nivlec-
kami dvou vyrobet na zikladé zmén povrchové teploty strukt. V rybinové dojirné byly u 64 dojnic sledoviny teplotni reakce
na strukové nivlecky vyrobee A a vyrobee B pred vyménou a po vyméné. Termogramy byly porizoviny pied dojenim, po
dojeni, 1 minuty, 2 minuty a 3 minuty po dojeni. Z vysledki vyplynulo, Ze pfi strojnim dojeni dochdzi ke zvySeni teploty
struky; nejvyssich hodnot bylo dosaZeno bezprostiedné po dojeni. Nové strukové nidvledky zatéZovaly struky nesignifikantné
vice neZ staré. Nejvy38i pokles v teplotich strukd byl zji¥tén do jedné minuty po dojeni, v dal§ich minutich po dojeni byl
zaznamendvin pokles pozvolnéjsi, aviak do tfi minut po dojeni se povrchovi teplota strukil nevritila na svou vychozi hodnotu
pied dojenim. Lze se domnivat, Ze doba ndvratu na pivodni teplotni troven je del$i. Mezi nivlie¢kami vyrobce A a B byly
zjiStény statisticky nevyznamné rozdily a nebyl zaznamendn vyrazn¢ traumatizujici vliv na struky. UZiti termografie pro
posouzeni strukovych nédvleCek se ukdzalo byt vhodné, nebot sleduje bezprostiedni odezvu mlééné Zlizy na proces dojeni.

dojeni; strukové nédvleky: povrchovi teplota struki; termografie

UvoD hrotu strukd, cyanézy strukl, strangulace zikladny

atd.), zjistitelnych aspekci bezprostiedné po sejmuti

Dojici zafizeni ovliviiuje svou funkci zdravotni stav
mlééné Zlizy, nebot se béhem dojeni dostivi s mléénou
Zlazou do piimého kontaktu. Strukové navlecky maji
pak bezprostfedni kontakt s timto velmi senzitivnim
orgdnem. RySinek, Babik (1996) poukazuji na vyskyt
priznakd mikrotraumatizace strukd (lokdilni anecmizace

strukovych nidsadcd. Av3ak b&hem dojeni dochdzi i ke
vzniku raumatizaénich zon, které se projevuji pouze
zvySenou teplotou zejména na strucich. Tyto projevy
traumatizace nelze detekovat zrakem a nejsou postih-
nutclné ani m&fenim kontaktnim teplomérem (Hamann,
1985; Maskovi, 1991). Tyto zony se vyskytuji i v pfi-

* Re¥eni bylo uskute&nno v rimei projektu Grantové agentury CR 523/99/1489 a projektu NAZV & EP 0960006313 a MSM 412100003.
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padech, kdy technické charakteristiky dojeni jsou
v souladu s doporuCenimi vyrobcu. Pro cely detekee
zmén teploty povrchu struki je proto vhodné pouZit
termografii, kterd plosné zaznameniva zmény teplot
sledovanych objektu.

Termografickym méfenim procesu dojeni se zabyval
Hamann (1985), ktery zjistil, Ze b&Zné dojici systémy
zvy3uji teplotu struku o 2 °C. Kejik, Maskova (1989)
a Malik et al. (1989) vyhodnocovali na ziklad¢ termo-
grafickych snimki povrchovych teplot vemen trauma-
tizani z6ny v zdvislosti na kvalit¢ strukové gumy.
Maskova (1991) pomoci termografic hodnotila novy
tvar strukové gumy a zjistila, Ze hrot struku neni no-
vym tvarem vyznamné namdhin. Kunc, KniZkovi
(1997) sledovali teplotni reakce vemene na vyménu
strukovych nivleek. Na ziklad€ zhodnoceni teplotnich
rcakci mlééné Zlizy konstatovali, Ze vyménou struko-
vych ndvleCek byla ovlivnéna dynamika zmén teplot
vemene a strukd. Po vyméné strukovych nivlecek bylo
zaznamendno delSi pfetrvavini vySSich teplot struku
oproti teplotnim stavim pfed vyménou. Kunc et al.
(1999) sledovali vliv zm&ny podtlaku na teplotni stavy
mlé¢né Zlazy a vliv nivle¢ek kruhového a trojihelni-
kovitého prifezu na zmény teploty mlééné Zlazy. Ter-
mografické snimky prokazaly, Ze sniZeni podtlaku ze
45 na 40 kPa se projevilo pozitivné u nivlecek s kru-
hovym prifezem, ale u navlecek s trojahelnikovitym
prifezem pfi sniZeni podtlaku nedoSlo ke sniZeni trau-
matizace struku.

MATERIAL A METODA

Cilem price bylo netradi¢ni diagnostickou metodou
porovnat intenzitu traumatizace strukt dojnic strukovy-
mi ndvleCkami dvou vyrobel na zdkladé zmén povr-
chové teploty strukt dojnic.

Termografickd méfeni se uskutecnila v rybinové do-
jirn€ 2 x 10 (rychly odchod, odista vemen vlhéenymi
jednordzovymi utérkami, pocet dojenych krav 400,
podtlak 42,6 kPa), kde leva strana dojimy byla osazena
strukovymi nivleCkami vyrobce A a pravi strana stru-
kovymi nivleckami vyrobce B. Schéma méfeni bylo
ndisledujici:

— 1. den: vecerni dojeni — staré¢ strukové nivlecky,
— 2. den: ranni dojeni — staré¢ strukové nivilecky;
= vyména strukovych nivledek:

— 2. den: veceri dojeni — nové strukové névlecky,
— 3. den: ranni dojeni — nové strukové nivlecky.

Ke sledovani bylo nihodné vybrino celkem 64 doj-
nic (34 dojnic dojeno s nivleckami vyrobee A, 34 doj-
nic s ndvle¢kami B, plemeno holstynské, praméma ro¢-
ni uZitkovost 8 200 1).

Termogramy (teplotni zaznamy) strukd byly pofizo-
vény termovizni soupravou AGA 880, a to u kazdé
vybrané dojnice v nisledujicich intervalech:

— bezprostfedné po nistupu dojnice na dojici stini,
— bezprostfedn¢ po sejmuti dojiciho stroje,
— 1 minutu po dojeni,
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— 2 minuty po dojeni,
— 3 minuty po dojeni.

Z nasnimanych teplotnich ziznamu byly v kazdém
intervalu stanoveny pramémé teploty jednotlivych stru-
ki pomoci vyhodnocovaciho softwaru Irwin 5.3.1, byly
vypocteny teplotni zmény mezi jednotlivymi intervaly
méfeni a vysledky byly statisticky zpracoviny.

Béhem kazdého dojeni byly Milkotestem 2000 zjis-
toviny fyzikilni parametry dojeni, aby se vyloucil vliv
pfipadnych technickych nedostatkd.

VYSLEDKY A DISKUSE

U starych strukovych nivlecek vyrobce A byl zjis-
t&n rozdil v teplotich strukd mezi stavem pfed dojenim
a po ném 1,91 °C, u novych nivletek 2,02 °C, u vy-
robce B Cinil tento rozdil u starych néivlecek 1,95 °C,
u novych nivlecek 2,16 °C. Rozdily nebyly statisticky
vyznamné jak v porovndni mezi vyrobci, tak v porov-
ndni mezi starymi a novymi ndvleCkami v rimci jed-
notlivych vyrobcu.

Pfi porovnini teplotniho stavu v prvni minuté po
dojeni sc stavem bezprostiedné po dojeni je patrné, Ze
u starych strukovych ndvleéek vyrobce A doglo ke sni-
Zeni teploty o 0,49 °C, u novych o 0,62 °C, u vyrobce
B bylo zjit¢no sniZeni teploty o 0,58 °C u starych
strukovych nivlecek a o0 0,72 °C u novych strukovych
nivlecek. Rozdily opét nebyly statisticky vyznamné.

Mezi prvni a druhou minutou jiz doSlo k méné vy-
raznému sniZeni teplot strukd; u starych strukovych na-
vlecek vyrobee A byl zaznamendn pokles teploty struki
0 0,15 °C, u novych nivletek o 0,22 °C, teplota strukd
po pouzZiti starych strukovych nidvleéek vyrobce B vy-
kiazala pokles pouze o 0,04 °C, a 0,05 °C u novych
nivlecek tohoto vyrobee. Rozdily byly opét statisticky
nevyznamné.

Ani mezi druhou a tfeti minutou nebylo zazname-
ndno vyrazndjsi sniZeni teplot strukt. U starych struko-
vych nivile¢ek vyrobee A Cinilo toto sniZeni 0,11 °C,
u novych ndvlecek 0,03 °C, u vyrobce B ¢inil tento
rozdil u starych nivlecek 0,08 °C u novych pak 0,16 °C.
ZjisiEn¢ rozdily nebyly statisticky vyznamné.

Porovni-li se teplotni stav ve (feti minuté po dojeni
(posledni minuta sledovini) s teplotnim stavem zjisté-
nym bezprostiedné po dojeni, je z rozdilu ziejmé, Ze
v tomto pfipad¢ do tfi minut po dojeni celkové klesla
teplota strukd po uziti starych strukovych navlecek vy-
robce A 0 0,75 °C, u novych nivlecek o 0,87 °C, u vy-
robce B Cinil tento rozdil u starych strukovych navle-
¢ek 0,70 °C a u novych navieSek 0,93 °C. Rozdily
ncbyly opCt statisticky vyznamné.

Poslednim zjiSlovanym ukazatelem byl rozdil mezi
teplotnim stavem pied dojenim a (fi minuty po dojeni.
U starych strukovych ndvlefek vyrobce A byl zjidtén
tento rozdil 1,16 °C, u novych 1,15 °C, u starych stru-
kovych ndvleCek vyrobce B pak 1,24 °C a u novych
1,23 °C. Rozdily ncbyly opét statisticky vyznamné jak
v porovnini mezi vyrobci, tak v porovnini mezi stary-
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I. Teplotni stavy strukd v zdvislosti na pouZitych nivle&kich a vyrobci — Temperature states of teats in dependencies on used rubber liners

and producers
Vyrobce A' Vyrobce B2
staré navletky? nové navletky* staré navieky? nové névleéky‘

Teplotni stav (°C)° X6 s? X6 s7 x5 s? X s7

po dojeni® 32,96 3,40 32,83 3,31 33,12 3,48 32,81 3.34

pred dojenim’ 31,05 4,30 30.81 421 31,17 4,43 30,65 4,58
Rozdil'® 1,91 2,02 1,95 2,16

1 min po dojeni!! 32,47 3.40 32.21 3.56 32.54 3.47 32,09 3.34

po dojeni® 32,96 3,40 32,83 3.31 33,12 3,48 32,81 3,34
Rozdil' —0,49 —0.62 —0,58 -0,72

2 min po dojeni'? 32,32 3,39 31,99 3.57 32,50 3,45 32,04 3,69

1 min po dojeni'’ 32,47 3,40 3221 3,56 32,54 3,47 32,09 3,34
Rozdil'? -0,15 —0,22 0,04 -0,05

3 min po dojeni'? 32221 3,37 31,96 3,20 32,42 341 31,88 3,68

2 min po dojeni!? 32,32 3,39 31,99 3,57 32,50 345 32,04 3,69
Rozdil'® -0,11 -0.03 -0,08 -0,16

pred dojenim® 31,05 4,30 30.81 421 31,17 443 30,65 4,58

3 min po dojeni'? 3221 337 31.96 3.20 3242 341 31,88 3.68
Rozdil'® -1,16 -1.15 -1,24 -1,23

3 min po dojeni'? 32,21 3,37 31.96 3.20 3242 341 31,88 !

po dojeni® 32,96 3.40 32.83 331 3312 3.48 32,81 3,34
Rozdil'® -0,75 -0.87 -0,70 -0,93

lprodm:er A, 2pmduce\' B, Sold rubber liners, ‘new rubber liners, "lcmpernlure state (°C).

6avernge "standard deviation, *after milking

immediately, %before milking, Wdifference, ''1 min after milking, 122 min after milking, 33 min after milking

mi a novymi navleCkami v ramci jednotlivych vyrobcu.
Zjisténé teplotni stavy struku i jejich rozdily ve sledo-
vanych intervalech v zdvislosti na pouZitych navlec-
kdch a na vyrobci doklida tab. 1. Obr. 1 a 2 pak zni-
zoriluji prub&h teplotnich zmén u starych a novych
navlecek u jednotlivych vyrobeu.

Z vysledku je patrné, Ze dojeni zvySuje teplotu stru-
ku; nejvysSich hodnot bylo dosaZeno bezprostiedné po
sejmuti strukovych nidsadcu. Tento trend byl zazname-

nin jak u ndvleek vyrobce A, tak i u vyrobce B. To
koresponduje se zjiSténim Hamanna (1985), ktery uva-
di, Ze b&Zné uzivané dojici systémy zvysuji teplotu
strukd po dojeni v priméru o 2 °C. Tomu odpovidala
i naSe zjiSt&ni. Pfi porovndni starych a novych ndvlecek
je viak zfejmé, Ze nové strukové ndvleCky zatéZovaly
struky po dojeni vice neZ niavleCky staré, i kdyZ rozdily
byly statisticky nevyznamné. To potvrzuje i termogra-
fickou studii Kunce, Knizkové (1997), ktefi po vyméné

33,67
—&—vyrobce A

&7 33,554 ®— vyrobce B

< rove F 33,17
2 7~ :
K 33,05 g
> L 3267 >

! [
o 32,55 4 il
3) o
% - 32,17 3

205 4
E 32,05 g
3 s
o - 31,67 =2
§' 31,55 1 §.
31,05 F— - 31,17
pred dojenim| podojeni |1 min po dojeni | 2 min po dojeni | 3 min po dojen{
=@ vyrobce A 31,05 32,96 3247 32,32 32,21
== ==vyrobce B 31,17 33,12 32,54 32,50 32,42

1. Pribeh teplotnich zm¥n strukdi (staré névledky) — Course of the temperature changes of teats (old rubber liners)
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33,31 33,15
S 32,811 L3265 3
2 2
] e
S °
1 32,31 { - 32,15 .
Z b=
1.8 - 31,65
E 31,81 g
2 g
§' 3131 - 31,15 g'
30,81 - - - - 30,65
pied dojenim1 po dojeni 1 min po dojeni | 2 min po dojeni | 3 min po dojent
(wen@—vrobce A 30,81 32,83 32,21 31,99 31,96
*vyrobce B 30,65 32,81 32,09 32,04 31,88

2. Pribeh teplotnich zm&n strukil (nové ndvletky) — Course of the temperature changes of teats (new rubber liners)

strukovych ndvle¢ek zaznamenali delSi pietrvivini
vysSich povrchovych teplot strukd.

Nejvy$si pokles v teplotich struku byl zjidtén do
prvni minuty po dojeni, poté uZ byl zaznamenivin jen
pokles pozvolny (druhd a tfeti minuta). Tento prib&h
byl shodny u ndvlecek vyrobce A i B i v porovnini
nivleCek novych a starych. Jednoznadné vSak Ize kon-
statovat, Ze do tfi minut po dojeni se povrchovi teplota
strukd nevrétila na svou vychozi hodnotu pied dojenim.
Pfi pouZiti starych strukovych nivle¢ek vyrobee A byla
teplota struki vy$si o 1,16 °C, resp. 0 1,15 °C u novych
oproti vychozimu teplotnimu stavu, u starych struko-
vych ndvledek vyrobee B pak o 1,24 °C u starych, resp.
0 1,23 °C u novych navleCek. Z price Kunce et al.
(1999) je patrné, Ze do dvou minut po dojeni teplota
strukd neklesla na vychozi hodnotu pfed dojenim. Na
z4ikladg tohoto méfeni lze viak konstatovat, Ze ani do
tfi minut po dojeni nedochizi k odeznéni tepelného
projevu traumatizace strukd a Ize se domnivat, Ze doba
ndvratu na pavodni stav pfed dojenim je delSi.

Po zhodnoceni vSech rozdild v teplotich struku
a z prib&hu teplotnich zmén strukd vyplynulo, Ze mezi
nidvleckami vyrobce A a vyrobce B jsou rozdily statistic-
ky nevyznamné, zjisténé hodnoty se liSily jen velmi ne-
patrng a u Zidnych zkoumanych strukovych nivlecek ne-
byl zaznamendn vyrazny traumatizujici vliv na struky
dojnic. UzZiti termografické metody pro posouzeni struko-
vych nivleek se ukizalo byt vhodné, nebot sleduje bez-
prostfedni odezvu organismu, resp. mlécné Zldzy na pro-

ces dojeni a prinaSi vyznamné poznatky tam, kde b&Zné
diagnostické prostfedky vycerpaly své moZnosti.
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HODNOTENIE SPOSOBILOSTI VYROBNEHO PROCESU

VALUATION OF PRODUCTION PROCESS CAPABILITY

J. Hrubec, O. Svec

Slovak University of Agriculture, Nitra, Slovak Republic

ABSTRACT: In this time producers are forced to introduce still more effective and operative quality control systems
especially in accordance with ISO 9000 norms. One of major requests presented in these norms is the introduction of statistical
methods into the production process. The paper deals with methodics of regulation diagrams by measuring, which goal is to
submit the production process under statistical control. As far as the process is under statistical control, its quality is
predictable and it is possible to proceed to discovering the capability of production process. Capability of production process
was followed by drilling holes in tractor engine block Z 8602 for location of the camshaft. Capability of process was followed
in accordance to average chart X and range chart R. Reached results proved that production process of hole drilling in the
engine block is not suitable and is even not getting near the capability because values of capability index ¢, and ¢, are lower
as is assessed value.

control chart; capability index; quality of production process

ABSTRAKT: Vyrobné podniky si v si¢asnom obdobi nitené zavidzaf stile efektivnej¥ie a G¢innejSie systémy riadenia
kvality, najmi podla noriem ISO radu 9000. Jednou z hlavnych poZiadavick uvedenych v tychto norméch je zavedenie
Statistickych metdd do vyrobného procesu. V prispevku je rozpracovani metodika regulaénych diagramov, meranim ktorych
cielom je dostal vyrobny proces pod Statistickd kontrolu. Pokial je proces pod Statistickou kontrolou, je jeho kvalita pred-
povedatelnd a mdZe sa pristupil k zisteniu spdsobilosti vyrobného procesu. Spdsobilost vyrobného procesu bola sledovani
pri vyvrtdvani dier v bloku traktorového motora Z 8602 pre uloZenie vackového hriadela. Spdsobilost procesu sa sledovala
podla regulaéného diagramu pre priemer X a diagramu pre rozpitic R. Dosiahnuté vysledky ukizali, Ze vyrobny proces
vyvrtdvania dier v bloku motora nie je spSsobily a k spdsobilosti sa ani nepribliZuje, nakolko hodnoty ukazovatela spdsobi-

losti ¢, a ¢, si menSie neZ je stanovend hodnota 1.

regulaény diagram; ukazovatel sp8sobilosti procesu; kvalita vyrobného procesu

uvoD

Kvalita je v si¢asnom konkurenénom boji na trhu
posudzovani ako prioritnd GCinnd zbrai na ziskanie,
resp. udrZanie si podielu na trhu. Aby boli podniky
konkurencieschopné a udrZali si hospodirsku vykon-
nost, si nitené zavidzal stdle efektivnejSie a ucinnejie
systémy riadenia kvality, najmii podla noriem ISO radu
9000, ktoré konkretizuju jednotlivé prvky systému ria-
denia kvality, a tym vytvdraji predpoklad k certifikdicii
(Husti, 1999).

Certifikdciou systému kvality, prostrednictvom ne-
zdivislej certifikatnej organizdcie, potvrdi podnik navo-
nok konformitu s normami ISO 9000. Jednou z hlav-
nych poZiadaviek uvedenych v tychto normdich je
zavedenie Statistickych metéd do vyrobného procesu.

V Struktire vyrobného podniku je vela procesov,
ktoré su Statisticky nestabilné. Normy ISO radu 9000
kladu doraz na Statistickd reguliciu procesu znimu pod
skratkou SPC (Statistical Process Control) ako metodi-
ku pre odstranenie pri¢in nestability vyrobného proce-
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su. Skusenosti podnikov poukazuji na to, Ze sprivna
aplikicia Statistickej regulicie stabilizuje priebeh vy-
robn¢ho procesu a zvySuje kvalitu a produktivitu price.

MATERIAL A METODY

Statistické met6édy mozno rozdelit podla ndro€nosti

do troch kategorii:

— jednoduché Statistické metody,

— stredne ndro¢né Statistické metédy,
— ndrocné $tatistické metody.

Do prvej kategorie patri sedem ndstrojov: Paretov
diagram, diagram pri¢in a efektu, postupovy diagram,
kontrolne listky, histogram, korelaény diagram a regu-
la¢né diagramy (Shewhartove).

V praxi sa najCastejSie pouZivaji regulaéné diagra-

.my, ktorych cielom je dostat vyrobny proces pod Sta-

tisticku kontrolu. Proces pod 3tatistickou kontrolou je
proces, u ktor¢ho s jedinou pric¢inou rozptylu ndhodné
priiny. Tento stav je ciefom, ktory mozno dosiahnut
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vylicenim vietkych vymedziteInych (systematickych)
pricin rozptylu. Pokial je proces pod Statistickou kon-
trolou, je jeho kvalita predpovedateInd a moZno posi-
dif, do akej miery budu splnené poZiadavky zdkaznika
(Chajdiak, 1995).

Pre analyzu variabilnych a atributivnych znakov boli
vyvinuté rdzne typy regulaénych diagramov. Klasifiki-
ciou regulatnych diagramov sa zaoberd norma STN
ISO 8258.

Pomocou regulaéného diagramu meranim — zdklad-
né hodnoty nie si stanovené — bolo treba zistit spdso-
bilost vyrobného procesu vyvrtivania dier pre uloZenie
valkového hriadela v bloku traktorového motora
Z 8602 (traktor ZTS 16145).

Na ziskanie spdsobilosti vyrobného _procesu bol vy-
brany regulacny diagram pre priemer (X) a diagram pre
rozpiitie (R).

ZOSTROJENIE REGULACNYCH DIAGRAMOV

Pred meranim je treba nastavit stroj na menovity
rozmer a potas kontroly toto nastavenie nemenit.

Z vyrobného procesu v kontantnych Casovych in-
tervaloch je nutné odobrat minimilne 20 podskupin
o rozsahu n = 7, tj. celkovy pocet merani N = 140.

Z nameranych hodnét je treba vypodital priemerni
hodnotu znaku v podskupine:

n
2 |
X=— ZXU (1
j=1

prei=12.maprej=12..n
a rozpiitie v podskupine:
R.= MAX(X.) - MIN(X )

U UJ UJ
prei=12..m

Vypotitané vyberové charakteristiky X; a R; sa za-
kreslia do prislusnych diagramov.

Pre vypolet strednej hodnoty priemerov v podsku-
pindch sa pouZije vzorec

(3)

4

=<

a R v diagrame tvoria centrdlnu priamku.

Regulatné medze pre hodnotenie stability procesu
sa vypoCitaji takto:
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- hornd regulaéni medza pre X

UCL_=X+A, R )
— dolnd reguladnd medza pre X;
UCL.=X-A,.R ©)
X 2
— hornd reguladnd medza pre R:
UCLR =D A -R (7
— dolnd regulacnd medza pre R:
LCL,=D,.R (8)

Hodnoty koeficientov A2, D3, D4 st uvedené v tab. II
v STN ISO 8258. !

Ak su vietky hodnoty vyberovych charakteristik X;
a R; vo vnitri pisma ohrani¢eného regulanymi medza-
mi, dany proces je stabilny a mdZe sa pristipit k ziste-
niu sposobilosti vyrobného procesu.

Ak sa vyskytni niektoré hodnoty mimo regulacnych
medzi, proces nie je stabilny a dané regulatné medze
neplatia. Je potrebné ndjst a odstranit priciny nestabili-
ty. Po odstrineni pricin je potrebné postupovat od za-
Ciatku uvedeného postupu.

SPOSOBILOST VYROBNEHO PROCESU

Sposobilost vyrobného procesu predstavuje chova-
nie vlastného vyrobného procesu. Vyjadrujeme ho uka-
zovatclom (indexom) spdsobilosti procesu ¢p a cpi.

Ukazovatel spdsobilosti procesu sa vypogita:

USL - LSL
o e i
ST & g
d R
kde: USL a LSL — hornd a dolnd toleran&n4 medza (hranica).

Skuto¢nid hodnota smerodajnej odchylky vo vnitri
podskupin sa urdi:

(10)

kde: koeficient da — uvedeny v tab. II STN ISO 8258.

Proces Ci je sprivne centrovany udiva ukazovatel
sposobilosti procesu korigovany. Vypocita sa podla
rovnice:

= U:fL L (11)
} 'GE
c =X_ Bl (12)
Pk 3.0}

Pre vyhodnotenie procesu sa berie menSia hodnota cpy.
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Vyhodnotenie:
Cp < 1 — vyrobny proces nie je spdsobily,
Cp = 1 — vyrobny proces je blizky spdsobilosti,
Cp 2 1,33 — vyrobny proces je spdsobily, je schopny
produkovat vyrobky poZadovanej kvality.
To isté vyhodnotenie plati pre cpx.

VYSLEDKY

U bloku traktorového motora Z 8602 sa sledovala
technologicka operdcia priemerov vyvrtanych dier pre
uloZenie vackového hriadela. Vykresovy rozmer sledo-
vanych dier je 48,0375 + 0,0125 mm. Vyvrtivanie dier
sa robilo na horizontdlnej vyvrtivacke. Priemery vyvr-
tanych dier sa merali pomocou trojosového stdradnico-
vého pristroja KOMEG.

Z vyrobného procesu bolo premeranych 20 blokov
motora. Na kazdom bloku sa premeralo 7 dier, tj. cel-
kovy podet merani bol 140. Styri namerané hodnoty
mali vi¢Si priemer ako je stanovena horna toleran¢ni
medza USL = 48,050 mm a $est hodnot malo namerany
priemer mensi ako je dolnd toleran¢nd medza USL =
48,025 mm. V dosledku toho podiel nezhodnych vy-
robkov bol 7,1 %. .

Z regulacného diagramu pre priemer (X) ako aj
z diagramu pre rozpitie (R) je vidiet, Ze body vybero-
vych pricmerov Xm4, Xm14, Xm1s a jeden bod vybero-
vého rozpitia Rm1s leZzia mimo regulaénych medzi
(obr. 1). V dosledku toho mdZeme konStatovat, Ze vy-
robny proces nie je pod Statistickou kontrolou. Treba
zistil priciny tohoto stavu a pokracovat v ich odstriane-
ni.

Ukazovatel spdsobilosti procesu dosiahol hodnotu
iba ¢p = 0,780 a ¢pr = 0,679. Dosiahnuté ukazovatele

Néazov vyrobku: blok motora (name of product: engine block)
Podzostava (assembly part):

Odberatel (customer):

Vyrobné opericia (production operation): 025

Cislo stroja (machine number): JUS125447501056
Vykresovy rozmer (drawing dimension): 48,0375 mm

C. v. vyrobku (drawing number of product): 89 002 599
C. v. podzostavy (drawing number of part):

€. zikazky (order number):

Stredisko (centre): 1 621

Hornd tolerancia (upper tolerance): 48,050 mm

Dolnd tolerancia (lower tolerance): 48,025 mm

Sposobilost procesu X-R (capability of process x4 R)

Maximélna hodnota (max. value)
Minimélna hodnota (min. value)
Ukazovatel spdsobilosti procesu (capability index)
Ukazovatel sposobilosti procesu (capability index)
Nad toleranciou (over tolerance)

Pod toleranciou (under tolerance)

Podiel nezhodnych vyrobkov (non-conforming products ratio)

ucL v: 48.045
Xx / ﬁ\/—"\ ............ 48,039
LCL \ 48,033
LI T T | [N R R N T R R B | | S S R |
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
| 1 ! to ! [ AR ) | 1 1 [ I I 1 | 1
0,028
0,014
4
0,001
Potet merani (number of measurings) N =140
Potet vyberov (number of selections) m =20

max = 48,053 mm
min = 47,994 mm
¢, = 0,780

Cp = 0,679

+NG =4

-NG =6
P=71%

—

. Reguladné diagramy — Regulation diagrams
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jednozna¢ne potvrdzuji, Ze vyrobny proces nie je
spOsobily, a ani sa k spOsobilosti nepribliZuje, nakolko
hodnoty ¢p a cpx s menSie neZ je stanovend hodnota 1.

ZAVER

Na traktorovom motore Z 8602 bola sledovani
spdsobilost vyrobného procesu vyvrtivania dier v blo-
ku motora pre uloZenie vatkového hriadela. Spdsobi-
lost procesu sa sledovala podla reguladného diagramu
pre priemer (X) a diagramu pre rozpiitie (R). Dosiahnu-
té vysledky ukazali, Ze vyrobny proces vyvrtivania dier
v bloku traktorového motora nie je pod Statistickou
kontrolou.

Ukazovatele spdsobilosti procesu ¢p a cpx jedno-
znacne potvrdili, Ze vyrobny proces nie je ani spdsobi-

1y, ani sa k spdsobilosti nepribliZuje, nakolko ukazova-
tele cp a cpk st menSie neZ je stanovend hodnota 1.
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RUSTOVA KRIVKA MODELOVANA DVOJICI
EXPONENCIALNICH FUNKCI, RESENI V MAPLE

PATTERN OF GROWTH AND ITS MODELLING BY TWO
EXPONENTIAL FUNCTIONS, MAPLE SOLUTION

S. Bartoni, I. KFivinek

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: The aim of the work is a mathematical formulation of algorithms of computation of coefficients of new form
of growth pattern in form of two different exponential functions, applicable in definite interval only. Thus, F(f) = a; + b, ,”"
for —eo < ¢ < & and Fy(f) = ay + by, ™ for & < t < 0. The first function is describing the increasing weight of animal, starting
at natal weight. The second function is describing decrease of weight growth until the constant weight of adult animal. The
functions are continuous, including the first derivative in time & and including general time interval change of function validity
&, containing 7 free coefficients, 3 of them non-linear. Two linear coefficients are given by conditions of continuity. The rest
of coefficients, 2 linear and 3 non-linear c;, ¢, and & is determined by combination of least square method and Newton's
iterative method. Considering the high mathematical difficulty of given problem, the solution of algorithm is derived in
symbolic algebra programme MapleV.5.1.

growing curve; exponential function; Heaviside function; non-linear coefficients; Newton’s iterative method; symbolic alge-
bra; Maple

ABSTRAKT: Cilem price je matematickd formulace a algoritmus vypoctu koeficientl nového tvaru riistové kiivky ve tvaru
dvou rozdilnych exponencialnich funkci platnych pouze v uritém intervalu, tedy: F\(f) = a; + b, ,’/" pro—ee <1< Ea Fy(n) =
a, + bz,"/C2 pro & < t < oo, Prvni funkce popisuje zrychlujici se zvySovani hmotnosti zviiete postupné od jeho porodni
hmotnosti, druhd funkce popisuje pokles pfiristki hmotnosti aZz po ustdlenou hmotnost dospélého zvifete. Funkce na sebe
spojité navazuji, i s prvni derivaci, v ase &, a v&etn& obecného Casového intervalu zmé&ny platnosti funkci &, obsahuji sedm
volnych koeficientd, z toho tfi nelinearni. Podminky spojitosti ur¢i dva linearni koeficienty. Zbyvajici dva linearni koeficienty
a tfi nelinedrni c,, ¢, a & se ur¢i pomoci kombinace metody nejmenSich Ctvercli a Newtonovy iteraéni metody. Vzhledem
k vysoké matematické naro¢nosti problému je algoritmus feSeni odvozen v prostfedi programu symbolické algebry Map-
leV.5.1.

ristova kfivka; exponenciélni funkce; Heavisidova funkce; nelinedrni koeficienty; Newtonova iteraéni metoda; symbolicka

algebra; Maple

UvoD

Rustové kfivky jsou $iroce pouZivanym pojmem
a byly jiZ popsany celou fadou matematickych funkci.
Pokud pomineme aproximaci ristové kiivky polyno-
my, pfipadaji v dvahu rustové kiivky, které odvodili
Brody F(r) = A(1-Be™), Berjanalffy F() = A(l-
Be™)3, Gompertz (F(f) = Ae B¢, Richards F(t) = A(1-
Be™ ™M nebo logistickd kfivka F(f) = A(1-Be ™y,
Vlastnosti téchto kiivek jsou podrobné diskutovany
napf. v préci autorii Robelin, Tulloth (1992), ve které
je 1 detailné zpracovana bibliografie tohoto problému.
Tyto kiivky vice nebo méné piesné popisuji zavislost
hmotnosti zvifete na ase, ale vétSinou jde o uméle od-
vozené funkéni zavislosti, bez pfimého vztahu k pfi-
rodnim zékonim. Hlavnim hlediskem pro volby tvaru
ristovych kfivek nebylo ani tak respektovéni pfirod-
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nich zdkont, ale pokud moZno snadnd vydcislitelnost
potiebnych koeficienti. VétSinu matematickych vztahi
popisujicich uvedené kiivky lze bud alespoii pribliZzné
linearizovat, nebo jsou predem stanovovany hodnoty
vybranych nelinedrnich koeficientl. V krajné obtiZném
piipadé zbyva urit pouze jeden nelinedrni koeficient,
coZ neni z hlediska numerické matematiky piili§ obtiZ-
ny ikol. Nové navrhovana funkni zavislost respektuje
exponencidlni narist hmotnosti zvifete v obdobi jeho
mladi — i v prenatalnim stadiu — a postupné sniZovani
prirustki jeho hmotnosti v obdobi dospivéani — aZ po
ustdlenou hmotnost dospélého zvifete. Novy tvar ris-

.'tové kfivky podporuji ve svych pracich i Chladek et al.

(1997, 1998). Prace, které uveiejnili Jefabek, Machal
(1983) a Jefabek et al. (1987) zase naznaluji, Ze navr-
hovana funkéni zavislost by mohla popsat snaskové
kfivky slepic.
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Novy tvar funkéni zavislosti rastové kiivky by nemél prakticky vyznam, pokud by zéroveii nebyl doplnén
spolehlivou metodou pro nalezeni potfebnych koeficientli. Vzhledem k nutnosti ur€it dva lineérni a tfi nelinedrni
koeficienty jde o matematicky naro&ny problém. Proto bylo matematické feSeni provedeno v prostiedi programu
Maple. Velkou vyhodou tohoto postupu je moZnost snadné kombinace analytickych a numerickych metod a pre-
hlednost feSeni. Hotovy algoritmus je moZné v programu Maple snadno spoustét jako aplikaci nebo exportovat
ve tvaru zdrojového kédu pro jednoualelovy uZivatelsky poéitatovy program. Podrobnosti o programu Maple
a jeho ovladani lze nalézt napf. u autori Buchar, Hrebicek (1993), Heal et al. (1998), Monagan et al. (1998),
Bartoii et al. (1999).

METODA

MATEMATICKE ZAKLADY

ReSeni problému si vyrazné usnadnime, pokud pouZijeme 1
Heavisidovu funkci (obr. 1), pomoci které dokdZeme praco-
vat s funkci definovanou po ¢astech jako s jedinou funkei. y
Vzhledem k nédro¢nosti vypoétu budeme pfi odvozovani
pouzivat jak standardni matematickou notaci, tak pfikazy 5 2 0 1 ! 3
Maple. Kombinace obou metod oziejmi jak matematicky po-
stup vypottu, tak odpovidajici piikazy programu Maple. Vy- |, Heavisidova funkce - Heaviside function

¢lenéni pfikazi programu Maple do samostatné Casti bez ko-
mentiii a vystupli z programu by vyrazné sniZilo piehled-
nost této ¢asti.
Nejprve zadame zakladni tvar prvni a druhé funkce:
> restart; with(linalg): f1:=t->a1+b1"exp(t/c1); f2:=t.->a2-b2"exp(-t/c2);
1
fl:=t—al +ble‘!

)
2=t — a2+ b2e?

Pfedpokladejme zménu platnosti funkci v zatim nezndmém &ase t = §, pak je moZné z podminky spojitosti

@) =12(8) a [ f1(1)/d1], - £= [8 f2(1)/3t), - ¢ urtit koeficienty a; a b,.
>e1:=f1(xi)=f2(xi): e2:=diff(f1(xi),xi) =diff(f2(xi),xi): sol:=solve({e1,e2},{a2,b2});

5 £ £

cl cl 1

sol: = a2=alcl+blc|e + b2c2e ) b2=blcle‘
cl 5

cle?

Koeficienty dosadime a vytvofime finlni funkci F(¢) = f1(t) HE-t) + f2())(1-H(E~t)), kde H je Heavisidova
funkce. Pro ¢ < & tak F(f) nabyva hodnoty f1(¢), pro t > € nabyva F() hodnoty f2(¢). Vzhledem k tomu, Ze budeme
pozdgji provadét fadu derivaci podle proménné &, pouZijeme prozatim pro Heavisidovu funkci oznadeni G(i),
protoZe i bude index oznacujici itou hodnotu ¢asu T; a odpovidajici hmotnosti Y;. S&itaci index i ve funkci G(i)
tak bude urlovat, zda tato hodnota bude mit vyznam pro prvni f1(¢) nebo druhou funkeci f2(2).

VYPOCTY
VYPOCET LINEARNICH KOEFICIENTU

Po dosazeni vytvofime vztah pro vypocet kvadrétu rezidui s.
> assign(sol); a2:=*collect(a2‘[exp,b1]): b2:=combine(b2,exp):
> Fi=unapply(f1(t) G()+f2(t) (1-G()),1): s:=((Y[il-F(T[i])) ~ 2);

£ £.8) %

(cl +c2) blec! blc2elc! 2)e <2
+al +

cl c2

2

T,
sti= Y,-—[al +b1e3]G(i)— (1-G@)
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N
Nyni je naim tkolem nalézt takové koeficienty al, b1, cl, ¢2 a &, které budou minimalizovat z 5. Vyraz s
i=1
roznasobime a budeme s¢itat jeho jednotlivé ¢leny. Vzhledem k tomu, Ze vyrazy s kterymi budeme déle pracovat,
jsou zna&né rozséhlé a nepfehledné, nebudeme jiZ vypisovat viechny odpovédi programu Maple.

> se:=subs(Y[i] ~ 2=K"Y[i] ~ 2,a1 ~ 2=K"a1 ~ 2,expand(s)): Se:=map(u->sum(u,i=1..N),se):
Lineédrni koeficienty al a b1 se vypoctou klasickym postupem. Jejich tvar, ktery bude funkci zbyvajicich
nelinedrnich koeficientl c1, ¢2 a &, uloZime do proménné AB.
>Sa1:=diff(Se,a1): Sb1:=diff(Se,b1): sol1:=solve({Sa1,Sb1},{a1,b1}):
>AB:=subs(a1=A(c1,c2,xi),b1=B(c1,c2,xi),G(i) ~ 2=G(i),sol1):
V promé&nné AB se nachazi velmi mnoho rozli¢nych sumaci - jejich celkovy pocet je okolo tfi set; proto je

vhodné napsat proceduru, kterd jednotlivé sumace provéii z hlediska jejich opakovani tak, aby se kazda sumace
provedla jen jednou.

> SumS:=proc(SET::set) local W, W1

W:=map(u->op(u),{SET}): Wi:={};

> while W <> {i} do

> W1:={Wi1[],map(u->"if‘(hasfun(u,sum) and type(u,function),u,NULL),W)[]};
>  W:=map(u->op(u),select(has,W,i));
>

>

v

od:

Proceduru SumS pouZijeme k nalezeni nezdvislych sumaci v proménné AB. Nalezené sumace ocislujeme a ulo-
Zime do proménné Su.

> sigma:=SumS(AB): Ns:=nops(sigma): N1:=Ns: Su:=[seq(sigma[j]=Sigma.j,j=1..Ns)]:

Skute¢né nezavislych sumaci pii vypoctu AB je 12. Znamena to, Ze kdyZ nejprve vycCislime proménnou Su
a pak budeme do AB dosazovat hotové soucty, urychli se vypocet AB vice neZ 25krét!

VYPOCET NELINEARNICH KOEFICIENTU

Dal¥im tkolem je nalézt hodnoty cl, ¢2 a &, minimalizujici soudet &tvercii rezidui; v naSem vypodtu jde
o proménnou se. Odtud plyne logickd podminka pro existenci minima. Koeficienty musi byt feSenim systému
nelinearnich rovnic

dSe dSe aSe

— =0 —=0 —=0

el Y3 M
které vyre§ime numericky za pomoci Newtonovy iteraéni metody, (Ralston, 1973). Zikladem této metody je
linearizace funkce v okoli zvolené hodnoty = nahrazeni funkce Taylorovym polynomem 1. fidu a nésledny
vypocet opravy k této zvolené hodnoté. Zde je nutné pfipomenout, Ze i koeficienty al a bl jsou funkcemi
koeficientl c1, ¢2 a &. Proto byla pii tvorb& promé&nné AB provedena substituce al = A(cl, ¢2, &), bl = B(cl, ¢2, E),
kterd ndm umoZni elegantn& pocitat prvni derivace:

[Maa_@

3b1 b1 b1
3c1'3c2’ %€ ___] @

dcl’9c2’ 9
Jde vlastné o gradient Se, tedy grad(Se).
> ABc1:=map(u->diff(u,c1),AB): ABc2:=map(u->diff(u,c2),AB): ABxi:=map(u->diff(u,xi),AB):

Nasledné i druhé derivace
2 2 2 2 2 2
dal odal 0dal dbl 9bl 9Jbl

ac|2 dcle2 aclg aclz dcle2 aclg

2 2 2 2 2 2
dal dal dal dbl dbl 9bl

) 3
dclc2 8522 0c2E | dele2 5,7 9c2E &

dal dal dal | 3b1 3Bl 3B
dclé 92 aF,z dclE  ac2E agz
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> ABcic1:=subs(Su,map(u->diff(u,c1),ABc1)): ABc1c2:=subs(Su,map(u->diff(u,c2),ABc1)):
> ABc1xi:=subs(Su,map (u->diff(u,xi),ABc1)): ABc2c2:=subs(Su,map(u->diff(u,c2),ABc2)):
> ABc2xi:=subs(Su,map(u->diff(u,xi),ABc2)): ABxixi:=subs(Su,map (u->diff(u,xi),ABxi)):

Prvky ABclcl,..., ABEE jsou prvky Hessovy matice — Hess(AB). Jak pfi vypo&tu gradientu, tak i hessianu je
mozné pouZit Maple, my v3ak potfebujeme provést substituce za Casto se opakujici sumace a nalézt v ¢lenech
hessianu i gradientu pifipadné nové sumace. Ty budeme pocitat zvlast a do vypoctu budeme dosazovat finalni
numerické hodnoty.

> ABc1:=subs(Su,ABc1): ABc2:=subs(Su,ABc2): ABxi:=subs(Su,ABxi):

> sigma:=SumS({ABc1,ABc2,ABxi,ABcic1, ABc1c2,ABc1xi,ABc2c2,ABc2xi,ABXixi});
> Ns:=nops(sigma): Su:=[Su[],seq(sigmalj]=Sigma.(j+N1),j=1..Ns)]:

> N1:=N1+Ns: ABc1:=subs(Su,ABc1): ABc2:=subs(Su,ABc2): ABxi:=subs(Su,ABxi):

Procedura SumsS propatrala prvky gradientu i hessianu a nalezla 18 novych sumaci, celkem tedy jde o 30 riz-
nych sumaci. Vzhledem k tomu, Ze jsme sumace hledali v nékolika na sobé nezdvislych krocich, provéfime
nasledujici procedurou, zda se nékteré sumace mezi sebou neli§i pouze tvarem zapisu jednotlivych ¢leni nebo
nasobenim konstantou. V pfipadé, Ze by tomu tak bylo, procedura by vypsala, které dvé sumace se daji nahradit
sumaci jedinou a jaky je mezi nimi vzdjemny vztah.
> for j to N1 do; for jj from j+1 to N1 do;
> podil:=simplify(op(1,Ihs(Sulj]))/op(1,Ihs(Suljj])));
> if not has(podil,i) then print(’j’=j},’jj’=jj,'podil’=podil);fi;
> od: od:

V3ech 30 sumaci je na sob& nezavislych. Zde je nutné podotknout, Ze bez procedury SumS by bylo nutné
provést celkem 437 riznych sumaci. Procedura SumS vede tedy ke 14nasobnému zrychleni vypoétu. Nyni vytvo-
fime proménnou, kterd po vydcisleni zajisti zpétné dosazeni numerickych hodnot sumaci do viech potfebnych
proménnych.

> BSU:=[seq(rhs(Sulj])=factor(lhs(Su[j])),j=1..N1)];
N _L_ N _T_, N _2£ N N 2_7L N I,_
BSU:=[ 1= G@e 2,32=3 Gi)Ye!, Y 3= G@)e %L Y4=3 Y, 5= G(i)e ', Y 6=Y, Giec!,
i=1 i=1 i=l i=l i=1 i=1
7, N T,

N N T, N N 7, N
7= 72, 38=F 2, T9=F 1, T10=3 6@y, T11 = 2 G@Ye 2, 312=Y G
i= i=1

i=1 i=1 =1 i=1

At X )
G(x)Te *a G(t)Te ) G(x)TYe @ = G(.)r el TYe
2i3= Z 214 Z 2 Z Z Z 217 Z -
i=1 c2 c c2 c2
i T, A 2n
N T N N =g
Te @ GO)T, Ye , G0Te @
283~ Y 8a Y ——7— 220 2 221 T
=1 € i=1 ¢ c i=1 L3

_.I:a

===
T(c2-T)e <2 G(l)T(ch + T)e‘l G()T; Y(2c] +T)e¢
B h S i IS e e nf ) var A L O

T2-3 4 $8-3 Sx% z

i=1 c = cl cl
T, 7
N Ty@a-T)e @ N GU)Tcl + T)e ) N GWTY (22 -T)e?
Sas=y - TR 2 o 34 UM, 5y 5 - SO0
=1 ¢ =1 cl = 2
T T T,
N Ty@a-T) 2 N GiT2c2-T)e @ N Gi)T(2c2-T)e @
2AB=3 g T H=F —‘—‘230 b
i=1 c2 i=1 c2 i=1 c2

NEWTONOVA ITERACNI METODA

Na zavér je jesté€ nutné pfipravit zpétnou substituci derivaci (2) a (3), které jsou nutné pro Newtonovu iteraéni
metodu. V souhlase s Ralstonem (1973) je moZné zkracené zapsat iteracni postup numericky fesici (1)
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e 2 2
0Se dSe dSe

gﬁ o1’ dclc2 Aclk
el 2 7 del
dSe dSe dSe dSe £
Ll e .| de2 =0 )
oc2| |aclc2 3022 ac2€ &
dSe 2 2 2
a_g dSe dSe dSe
aclE  9c2k 2 cl =il
L= L aﬁ J Jdle2=c2i
E=8i

Podstata (4) je nasledujici:

. odhadnou se pfiblizné hodnoty koeficientt cli, ¢2i a &i, vyhovujici systému rovnic (1),

2. vypocte se grad(Se) a Hess(Se),

3. dosadi se ¢l = cli, ¢2 = ¢2i a § = &i. Vektorova rovnice (4) se tak stane systémem tfi linedrnich rovnic pro
del, dc2 a dE,

4. systém rovnic (4) vyfesime pro dcl, dc2 a d§, coZ jsou numerické opravy pro cli, ¢2i a &i,

. provedeme vypo&et novych hodnot cli = cli + dcl, ¢2i = ¢2i + dc2 a &i = Ei + dE,

6. pokud nejsme s vysledkem pravé provedeného iteracniho kroku spokojeni, zopakujeme cely postup podle bodi
1 aZ 6 znovu.

> As:=A(c1,c2,xi); Bs:=B(c1,c2,xi):

> DSu:=[diff(As,c1,c1), diff(As,c1,c2)=Ac1c2, diff(As,c1,xi)=Ac1xi, diff(As,c2,c2)=Ac2c2,
diff(As,c2,xi) =Ac2xi, diff(As,xi,xi)=Axixi, diff(Bs,c1,c1)=Bc1c1, diff(Bs,c1,c2)=Bc1c2,
diff(Bs,c1,xi) =Bc1xi, diff(Bs,c2,c2)=Bc2c2, diff(Bs,c2,xi)=Bc2xi, diff(Bs,xi,xi) =Bxixi,
diff(As,c1)=Ac1, diff(As,c2)=Ac2, diff(As,xi)=Axi, diff(Bs,c1)=Bc1,diff(Bs,c2)=Bc2,
diff(Bs,xi)=Bxi, As=A, Bs=B, Sul[]]:

Derivace obsaZené v (4) vypoéteme snadno pfi pouZiti zpétnych substituci

—

W

> Se:=subs(al=A(c1,c2,xi),b1=B(c1,c2,xi), map(u—>remove(has,u,i)'sum(select(has,u,i),i=1..N),se)):
> Sec1:=diff(Se,c1): Secic1:=subs(DSu,diff(Sec1,c1)): Sec1c2:=subs(DSu,diff(Sec1,c2)):

> Sec1xi:=subs(DSu,diff(Sec1,xi)): Sec2:=diff(Se,c2): Sec2c2:=subs(DSu,diff(Sec2,c2)):

> Sec2xi:=subs(DSu,diff(Sec2,xi)): Sexi:=diff(Se,xi): Sexixi:=subs(DSu,diff(Sexi,xi)):

> Sec1:=subs(DSu,Sec1): Sec2:=subs(DSu,Sec2): Sexi:=subs(DSu,Sexi):

> ABci1c1:=subs(DSu,ABc1c1): ABc1c2:=subs(DSu,ABc1c2): ABc1xi:=subs(DSu,ABc1xi):

> ABc2c2:=subs(DSu,ABc2c2): ABc2xi:=subs(DSu,ABc2xi): ABxixi:=subs(DSu,ABxixi):

> ABc1:=subs(DSu,ABc1): ABc2:=subs(DSu,ABc2): ABxi:=subs(DSu,ABxi): AB:=subs(DSu,AB):

NUMERICKA ITERACE

N N
Pomocnou proménnou K, jejimZ poslanim je vytvofit soucin v sumaci typu Z Y;— 2 KY;, poloZime K = 1
i=1 i=1
a dosadime G(i) = Heaviside(§-Ti). V pfipadé, Ze by v prub&hu vypoltu nastalo § = Ti, poloZime Heaviside(0)
= 0.5. Data, kterymi budeme proklddat navrhovanou ristovou kiivku, vytvofime pomoci Gompertzovy ristové
kiivky y a funkce generujici ndhodné chyby. Pfesnost vypoéta zvolime na 20 platnych &islic. Po&étedni hodnoty
vyhovujici (1) odhadneme ¢l = 180, ¢2 = 450 a & = 350. Pomoci promé&nné Start budeme sledovat spotiebu
strojniho ¢asu a proménna n bude potitat jednotlivé iteraéni kroky.

> K:=1: G(i):=Heaviside(xi-T[i]): err:=evalf(rand(-500..500)/50): y:=45+650"exp(-exp(-t/250) 6):
> T:=[seq(j 2.,j=0..200),seq(j's.,j=81..200)]: Y:=[seq(evalf(subs(t=T[jl,y+err()),4),j=1..nops(T))]:
> Digits:=20: Heaviside(0):=0.5: ¢1:=180: ¢2:=450: xi:=350.; N:=nops(T):

> dcli:=c1: dc2i:=c2: dxii:=xi: Start:=time(): n:=0:

Vse je jiZ pfipraveno pro spusténi iteraéni procedury. Pob&Zi, dokud relativni zm&na proménnych cl, ¢2 a §
neklesne v absolutni hodnoté pod 0,

> while max(abs(dc1i/c1),abs(dc2i/c2),abs(dxii/xi)) 10" (-12) do;
> n:=n+1: Bsuf:=evalf(BSU): ABf:=subs(Bsuf,AB): ABfc1:=subs(Bsuf,ABc1):
> ABfc2:=subs(Bsuf,ABc2): ABfxi:=subs(Bsuf,ABxi): ABfc1c1:=subs(Bsuf,ABcic1):
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ABfc1c2:=subs(Bsuf,ABc1c2):ABfc1xi:=subs(Bsuf,ABc1xi): ABfc2c2:=subs(Bsuf,ABc2c2):
ABfc2xi: =subs(Bsuf,ABc2xi): ABfxixi:=subs(Bsuf,ABxixi): Sefc1:=subs(Bsuf,ABf,ABfc1,Sec1):
Sefc2:=subs(Bsuf,ABf,ABfc2,Sec2): Sefxi:=subs(Bsuf,ABf,ABfxi,Sexi):
Sefc1c1:=subs(Bsuf,ABf,ABfc1,ABfc1c1,Secicl):
Sefc1c2:=subs(Bsuf,ABf,ABfc1,ABfc2,ABfc1c2,Sec1c2):
Sefc2c2:=subs(Bsuf,ABf,ABfc2,ABfc2c2,Sec2c2):

Sefc2xi: =subs(Bsuf,ABf,ABfc2,ABfxi,ABfc2xi,Sec2xi):

Sefxixi: =subs(Bsuf,ABf,ABfxi,ABfxixi,Sexixi):

Ec1:=Sefc1+Sefc1c1 de1+Sefc1c2*de2+Sefc1 xi”dxi:

Ec2:=Sefc2+Sefc1c2 dc1+ Sefc2c2*dc2 + Sefc2xi” dxi:

Exi:=Sefxi+Sefc1xi"dc1 +Sefc2xi*dc2 +Sefxixi “dxi:
sol:=solve({Ec1,Ec2,Exi},{dc1,dc2,dxi}): xi:=xi+subs(sol,dxi); dxii:=subs(sol,dxi):
cl:=c1+subs(sol,dc1); dcli:=subs(sol,dc1): c2:=c2+subs(sol,dc2); dc2i:=subs(sol,dc2):

VVVVVVVVVVVVYV

v
o
Q

Nejprve zjistime, kolik strojniho €asu a kolik iteraénich kroki bylo zapotiebi
> Krok[n]:=(time()-Start) "sekund;
Krok8:=137,891 s

Na zéavér vypiSeme finalni funkci a vykreslime jeji pribé&h spole¢né se zadanymi hodnotami (obr. 2). Vysledky
budeme zaokrouhlovat jiZ jen na $est platnych &islic. Jméno funkce Heaviside zkratime na H.

> Digits:=6: alias(H=Heaviside): Ft:=subs(a1=A,b1=B,ABf,f1 (t)'H(xi-t) +f2(t)'(1 -H(xi-t));
0.005157858 1 ~0.00182767 1

Fr. =(9,657861 + 29,4023¢ ) H (386,917 — 1) + (837,434 — 1238,74¢ )(1-H (386917 -1
2. Rustovi kfivka skotu — Growth curve of cattle
600 -
m [kg]
500
400 -
300 -
200 |

100

t [dny]
0 200 400 600 800 1000

> plot({Ft,[seq([T[i],Y[i]],i=1..N)]},t=0..T[N]);
Rozdil mezi obéma funkcemi je patrny aZ z grafu prvnich derivaci (obr. 3).
3. Derivace Gompertzovy funkce (slab&) a ristové kfivky

z obr. 2 (siln€) — Derivation of the Gompertz curve (thin) and
of the growth curve from Fig. 2 (thick)

N dmvdt
[kg/den]
0,81

0,61
0,41

0,21

0 200 400 600 800 1000
> plot({diff(Ft,t),diff(y,t)},t=T[1]..T[N]);
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VYPOCET KOEFICIENTU KORELACE

Kvalitu aproximace dat zadanych novou kiivkou ohodnotime pomoci vypo¢tu korelacniho koeficientu. Tento
vypocet je velmi snadny. Nejprve vypoclteme funkéni hodnoty Yd, funkce Ft pro &asy, které byly pouZity pro
vytvofeni vektoru funk&nich hodnot ¥ Gompertzovy funkce y. Korela¢ni koeficient vypo¢teme za pomoci kni-
hovny statistickych funkci programu Maple.

> Yd:=map(u->evalf(subs(x=u,Fx),4),X): with(stats): Korelace:=describe[linearcorrelation](Yd,Y);
Korelace: = 0,99939067902221379617

Jak vidime, je korelagni koeficient po zaokrouhleni roven 0,99940, coZ je moZné povaZovat za dikaz velmi
dobré shody mezi zadanymi daty a jejich aproximaci pomoci funkce Ft. Korelalni koeficient po&itany podle
Andéla (1985) ma stejnou velikost.

PRAKTICKE APLIKACE
VYKRM VEPRU - POROVNANI S RICHARDSOVOU KRIVKOU

Aplikujme uvedeny postup na konkrétni data. Skvélych vysledkd s aplikaci Richardsovy rustové kfivky pfi
sledovani chovu vepili plemene Hampshire dosahl kolektiv vedeny Vaclavovskym. PouZijme data, ktera publiko-
vali Viaclavovsky et al. (1995), v&etné rustové kfivky, jejiZ koeficienty byly v citované praci uvedeny.

1
-0,025 ¢ 1,22850

(1 +21,540e
> T:= [seq(i"10,i=0..24)]:
> Y:= [1.64,2.68,5.81,7.45,9.98,12.51,15.34,19.07, 23.24,28.90, 35.60, 42.90, 51.39, 61.07, 69.71,
79.54, 88.03, 95.18, 100.42, 105.01, 108.07, 111.87, 115.12, 118.01, 120.67]:

Vektory dat T a Y byly ziskany digitalni analyzou grafu uvedeného v citované praci. Koeficienty kfivky Ft
vypotitime zcela stejnym zpisobem, jaky je uveden v Casti Numericka iterace. Odhadneme po&atedni hodnoty
koeficientii c1 = 50,0, c2 = 120,0 a & = 120,0. Po deseti itera¥nich krocich a 40 sekundéch trvéni vypo&tu obdrZime
vyslednou funkci

y=128,12 &)

0,015581 ¢ -0,015617 1
Ft=(=7,12794 + 8,93589 e ) H (132,355 — 1) + (133,240 - 553,848 ¢ ) (1-H (132,355 -1)) (6)
120 4. Vykrm vepii plemene Hampshire, data
? m [kg] a Richardsova ristova kfivka (Vaclavovsky et
1 al., 1995) - (slab&) a navrhovand k¥ivka — (siln&)
100 - — Fattening of Hamsphire pigs, data and

Richards growth curve (Viclavovsky et al.,
1995) — (thin) and the proposed curve — (thick)
80 —~

60—
40

20

4

1 t [dny]
077720 40 60 80 100 120 140 160 180 200 220 240

Vykreslime-li do spole¢ného grafu (obr. 4) vypoétenou ristovou k¥ivku (6) — siln& a data uvedend autory
Viclavovsky et al. (1995) i jimi proloZenou Richardsovu rustovou kfivku (5) — slabg, vidime, Ze vypo&tena kfivka
(6) aproximuje rust vepiu lépe neZ Richardsova ristova kfivka y, kterou uvad&ji Vaclavovsky et al. (1995). Této
skuteCnosti odpovidaji i vypoétené koreladni koeficienty. Pro vypo&tenou funkci (6) je korelaini koeficient
odpovidajici datovym vektorim T a Y roven 0,999921, pro Richardsovu funkci (5) je koreladni koeficient roven
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0,999610. Znamen4 to tedy, Ze navrhované funkce vy-
hovuje 1épe neZ Richardsova kfivka. Podle téchto auto-
ri ma korelaéni koeficient mezi datovymi vektory 7, Y
a Richardsovou kfivkou hodnotu pouze 0,9993, z Ce-
hoZ vyplyva, Ze chyby datovych vektorti T a Y vzniklé
pfi digitalnim sejmuti dat z grafu uvedeného v citované
préci lze zanedbat. Ze Sesti datovych souborli uvede-
nych v citované préci byla pouZita ristova kfivka vepiii
plemene Hampshire pravé proto, Ze méla nejvyssi ko-
relaéni koeficient.

VYKRM SKOTU - JINY TVAR RUSTOVE KRIVKY

Uvedené postupy lze pouZit i pro pfipady dalSich po
éastech definovanych funkci. Napfiklad pro proloZeni
ristové kiivky daty, ktera ziskali Zeman a Hodbod, ne-
ni rastova kfivka ve tvaru dvojice exponencidlnich
funkci vhodn4, nebof nedochézi k poklesu pfiristka
(obr. 5). V pribéhu iterace by se to projevilo tim, Ze

- vypodet by pro hodnotu ¢2 nekonvergoval a hodnota c2
by se v absolutni hodnoté stale zvétSovala.

400+

m [kg]
300 K °“ i
200 Y &

° £ L]
100
t [dny]
0 50 100 150 200 250 300 350

5. Vykrm skotu — ristova kfivka — Cattle fattening — growth curve

Po vyhlazeni grafu, napf. klouzavym primérem, by
se piiristky hmotnosti pro vyssi asy t mohly projevo-
vat jako konstantni, druha ¢ast ristové kiivky by tedy
mohla byt pfimkou. ProloZeni riistové kfivky ve tvaru

L
(al +ble")H(§—t)+(aZ+b2l)[l -HE-n] (@]

necini Zadné problémy. Vzhledem k tomu, Ze v kfivce
(7) ubyl jeden nelinedrni parametr — ¢2, je nutné ve
vypocetnim postupu nahradit v§ude derivace podle c2
nulou. SniZeni po&tu nelinedrnich promé&nnych po-
chopitelné zjednoduSuje a zrychluje vypolet. Po
vypoétu vyZadujicim 44,1 s strojniho asu a devét ite-
racnich kroku ziskdme vysledek ve tvaru

0,002976 ¢

(197,8 +226,0 YH(298,7-1)+
+(-130,8 + 1,636 1) [1 — H (298,7 —1)]
Odpovidajici korela¢ni koeficient je 0,99212.
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DISKUSE A ZAVER

Jak je z vypoétenych koreladnich koeficientu zfej-
mé, vyhovuje nové navrhovana funkéni zéavislost ve
srovnani s klasickymi rustovymi kfivkami stejné dobfie,
popf. i lépe. Navrh na rozdéleni obdobi vyvoje organis-
mu na dvé &asti neni novy. Je moZné pfipomenout dis-
kusi okolo hledani inflexniho bodu Richardsovy kfivky
v praci autortt Hrouz, Gotthardova (1996).

Novym pfistupem je pfimé rozdéleni ristové kfivky
na dveé relativné nezivislé &asti. Relativn& nezévislé je
nutné zduraznit, protoZe podminky spojitosti obou
funk&nich zavislosti vytvafeji vzdjemné vztahy mezi
tvary obou funkci. Je moZné namitnout, Ze Zivy orga-
nismus se nemiZe chovat tak, Ze najednou pfepne
z jednoho zpusobu vyvoje na druhy, tak jak to &ini
Heavisidova funkce. Zde lze argumentovat nékolika
zpusoby.

1. Obé funkéni zévislosti je moZné volit ve tvaru jed-
noduchych funkei, které dobfe koresponduji s cho-
vanim biologickych systému.

2. Je opét nutné zduraznit spojitost obou funkei i spo-
jitost prvnich derivaci obou funk&nich zévislosti.

3. Ve skutecnosti v organismu dochézi k pozvolnému
poklesu vyznamu prvni Easti ristové kfivky a k né-
rustu vyznamu druhé &asti riastové kiivky, obé &asti
se prolnou. Matematicky popis tohoto prolnuti po-
moci Heavisidovy funkce je vlastné jeho zakladni
aproximaci a dali zpfesnéni bude nésledovat.

4. Bod ndvaznosti obou funkci je hledanym inflexnim
bodem (Hrouz, Gotthardova, 1996). V &ase t = &
jsou pfiristky organismu maximalni.

5. Vyraznou vyhodou algoritmu je p#imy a exaktni vy-
pocet inflexniho bodu ristové kfivky.

6. Algoritmus je moZné podle potfeby modifikovat i na
jiné tvary funkénich zévislosti.

Vsechny vypocty byly provedeny na poditaci Auto-
cont, Pentium II, 266 MHz, 64 MB RAM.
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INFORMATION

NEW COST-COMPETITIVE SOLAR ENERGY TECHNOLOGIES

On the basis of the analysis of modern technologies,
costs of manufacturing and marketing solar modules
the nearest (2 USD/Wp) and long-term goal (1 USD/Wp)
for decrease of the production cost of silicon solar mod-
ules are formulated. For realization of the specified
objective the search of new ways and directions in tech-
nology, the development of new principles, ecologi-
cally pure methods and designs of installations are pro-
posed allowing for lower expenses on manufacture of
system components, for increasing efficiency of solar
up to 20%, excluding pollution in production process,
and for lowering the costs of solar grade silicon.

The total amount of solar energy supplied to the
surface of Russia per week exceeds the energy of all
Russian reserves of petroleum, gas, coal, and uranium
together (Tab. I). Also the solar energy in Russia has
the high gross potential, more than 1548 billion t o.e./
/64.7.10° billion GJ.

Therefore solar energy is likely to become the basic
and primary source of energy for future sustainable
development of Russia.

The potential resources of solar energy throughout
Russia regions are shown in Tab. II. The most favor-

—

. Potential energy resources in Russia (min.t 0.e./GJ)

There is a widely spread opinion that the solar en-
ergy is an exotic one, and its practical utilization is
a matter of the far future (after 2020). One of the goal
of this paper to show that this is not so, and that the
solar energy is a serious alternative to the traditional
energy already nowadays.

Energy strategy should be based on world energy
prices, even though a significant part of the social cost
of energy production is not reflected in prices in most
countries of the world.

If these hidden costs were to be included in energy
prices, most renewable energy technologies would be-
come competitive against current power-engineering
methods and financing for projects involving ecologi-
cally safe power production would be found.

THE NEW SOLAR ENERGY TECHNOLOGIES

One of the most promising solar technologies in-
volves the photovoltaic energy conversion with 12 to
15% efficiency. Laboratory models have achieved effi-
ciency rates as high as 30%. The new photovoltaic
technologies will be described as following:

Renewable energy resources Non renewable energy resources
Solar 1.55 x 106/64.8 x 10° Coal (202...235.5) x 10%/(8443.6...9844) x 10°
Wind 1.75 x 10%73.1 x 10 Petroleum (13.5...27) x 10%(564.3...1128.6) x 10°
Biomass 0.67 x 10428 x 10* Gas, trillion cub. m 13.5...27/564.3...1128.6
Mini-hydro 242.3/10128 Primary, energy, production 1001/41842
Geothermal | (77.4...13.5) x 10%/(323.53...564.3) x 10°

able areas of the Russian Federation for the installation
of solar power plants, producing an annual 200 kWh
per square meter of solar cells are: Astrakhan region,
Kalmykija, Tuva, Burjatija, Chita Region, the Maritime
area, the coast of the Caspian and the Black seas (Streb-
kov, 1994).

The main disadvantage of solar radiation is its insta-
bility and dependence on the condition of the atmos-
phere, the time of the day, and on the season. In prac-
tice, this means that for stand-alone operation solar
power station must have an accumulator or a stand-by
generator: and for grid-connected operation, the capac-
ity of solar power stations there should not be greater
than 15% of the capacity of the electric power system.
Moreover, extensive use of solar power stations gives
rise to problems of local thermal imbalance due to the
local change in the albedo of the Earth.
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I1. Solar power potential resources over Russian regions (mill. t 0.e./GJ)

Region n’g;'; Mini-hydro Ge(ztil:;‘r)mal
North 7.43/310.57 - 6/250.8
North-West 0.86/36 17.8/744 0.34/14.2
Central 1.72172 1.8/75.2 -
Central-Chernozem| 0.7/29.26 0.34/14.2 -
Volga-Vyatski 1.4/58.52 - -
Volga Region 2.8/117.04 4.7/196.5 3.03/126.6
North Caucasus 1.72/72.02 8.2/342.8 21.2/886.1
Urals 3.28/137.27| 7.54/315.2 1.2/50.2
West Siberia 8.7/362.32 | 16.3/681.3 33.3/1392
East Siberia 9.1/380.34 | 25.5/3574 1.48/61.9
Russian Far East 1.61/67.5 98.9/4134 54.5/2278.1
Russia total 53.8/2250.51| 241.8/10107.2 | 124/5057.8
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New crystalline silicon technology for solar cells

plasmic technology of monocharge manufacture
from silicon dioxide and black, using natural metha-
ne and quartz;

technology of manufacture of high purity silicon di-
oxide and carbon black monocharge from rice husk;
chlorless technology for manufacture of high purity
silicon;

environmentally benign plasmothrone technology of
solar grade silicon production;

low cost carbotermic reduction process of high pu-
rity natural silica in the arc furnace.

Physical principles of photovoltaic conversion of
concentrate solar radiation were developed. In this
case, the concentration of carriers injected by the radia-
tion is greater than the concentration of the majority of
carriers, the traditional theory of linear photoresponse
no longer works, and the following new physical ef-
fects arise (Lidorenko, Evdokimov, 1994):

— photoconductivity, which is likely to solve the prob-
lem of internal Joule losses;

— an increase in the life time of the minority charge
carriers;

— the build-up of volumetric voltages;

— an increase in the collection efficiency of the gene-

rated charge carries;

— an increase in the voltage of the p-n-junction and the
isotype p-p*-junction up to the level of the potential

— new ecologically clean technological processes for barrier in the equilibrium state.
silicon solar cell technology;

— low cost monocrystalline and polycrystalline silicon
solar cells;

- solar modules with new types of concentrators;

- long life non-organic material solar module encap-
sulation technology.

New photovoltaic technologies

Experimental results of investigation of planar and
multijunction solar cells at high light intensity are
shown in Fig. 1 and Tab. ITL

At the St. Petersburg Physicotechnical Institute,
a team supervised by Zh. I. Alferov and V. M. Andreev
developed a technology for making highly effective
cascade heterojunction solar cells from GaAlAs-Gal-
New solar photovoltaic systems nAs that showed an efficiency of 30%. The property of
heterojunction solar cells to retain their efficiency in
the event of a rise in the concentration of solar radia-
tion by one thousand times was used in developing
high-performance solar modules having a capacity of
10-15 W and power units based on such modules with
a capacity of up to 500 W.

A simple and highly efficient technique for produc-
ing solar cells has been worked out at the All-Russia
Research Institute for the Electrification of Agriculture:

— solar pump, using low potential solar radiation;

— portable solar stove and water heater with concen-
trators and photovoltaic receivers;

— PV-driven solar dryer and solar conditioner;

— solar greenhouse with Fresnel lenses and photovol-
taic converters;

— hybrid solar systems for power supply of farmer’s
dwelling; ’

— solar-fuel power plants with new solar optical con-
centration system;

— solar-hydrogen system on a basis of electrolyses and
electrochemical generators with solid polymer elec-
trolyte;

— new solar desalination system.

Advantages of VIESH solar cell technology

- no usage of silver for the grid;
— no limitation for silicon resistivity and orientation;

Use of photovoltaic technology in Russia began in - one step diffusion for N*-P-P* cell structure forma-
1958 with the launch of the third satellite with solar tion;
arrays. Space programs stimulated development of pho- - tantalum pentoxide antireflection coating;
tovoltaic technology for the terrestrial applications. At - no vacuum processes;
the moment Russia has a well developed photovoltaic - low energy consumptions;
industry, highly skilled staff of scientists and technolo- - opportunity to produce low concentration and bifa-
gists (Strebkov, Koshkin, 1996). cial solar cells.
PLANAR SOLAR CELL MULTIJUNCTION SOLAR CELL
& . O— n|p O Hn |p o
; f o o
o o
H - -
| 0 g —© O 1. Configuration of diode structure and
O oé 0O 00000 electron flow in planar and multijunc-
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tion solar cells

122 RES. AGR. ENG., 46, 2000 (3): 121-127



111, Comparison of experimental parameters for silicon planar and multijunction solar cells

Experimental parameters

Planar solar cell Multijunction solar cells

Voltage density (V/cm?)

Illumination intensity range for effective operation (W/cm?)

Maximum electric output in the laboratory (W/cm?)

Maximum efficiency in the laboratory

0.1-1 10-100

0.-1 ordinary )
1-100 special design 10710
30 3600

28 (solar radiation) 36 (laser radiation)

Russian plants facilities possess the technology and
production facilities to turn out 10 MW of solar cells
and solar modules annually. If several plants were to
specialize in the production of solar cells, output could
rise to over 200 MW by the year 2000, and to 2,000 MW
per annum by the year 2010. For this to become reality,
however, the investment for the support of emerging
energy technologies, especially for solar silicon pro-
duction technology, must be forthcoming.

In view of its much greater environmental safety, the
enormous amount of renewable solar energy available,
and 40 years of experience in the development of pho-
tovoltaic technologies, it is becoming more and more
obvious that solar photovoltaic stations will play a stra-
tegic role in future energy production in the world.

Solar power plants can be used to solve both local
and global power production problems. At 12% effi-
ciency, Russia’s entire energy needs could be met by
solar power plants with an aggregate active area of
4,000 square kilometers (0.024% of the nation’s terri-
tory).

Solar photovoltaic energy production costs are inde-
pendent of the size or capacity of the generating unit,
so that it is often advisable to build a modular system,
placing units on the roofs of rural houses or farm build-
ings. Owners of solar power units can sell their energy
to an electric network during the day and buy energy
from a utilities company at night, using a second elec-
tric meter. Apart from encouraging small scale inde-
pendent energy production, this technique has the ad-
vantages of saving on support structures and land, and
combining the functions of roof and power source.

A modular solar power station with a one million
kW capacity provide electricity for 500,000 rural
dwellings.

PRODUCTION COST AND THE PV MARKET

Photovoltaic market today is about 80 MWp per
year, increasing annually at 10-20%.

One of the application where PV electricity may
already be cost competitive is the rural electrification.
This application may have a tremendous social value.

On the basis of the analysis of production cost of
technologies, market of solar cells and modules nearest
(2 USD/Wp) and long-term goal (1 USD/Wp) are for-
mulated on decrease of the production cost of solar
modules, lowering the cost of solar electricity per
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watt — hour to USD 0.12 (nearest goal) and to USD 0.6
(long-term goal). The solar world market is expected to
be 5 GW to 50 GW per year, depending on the cost.

There are no restrictions for utilization of a solar
energy in such scales, however it is necessary to solve
many scientific, technological and economic problems
to reach such of application of solar energy technolo-
gies.

In the reduction of the solar electricity cost two main
options are competing: semiconductor material and
concentration.

SEMICONDUCTOR SILICON TECHNOLOGY

Crystalline silicon has acquired a domineering role
in the photovoltaic industry.

Considering that one kilogram of silicon in a solar
cell will generate at one-sun irradiance 300 MWh of
electricity in the course of 30 years, we can easily de-
termine the oil equivalent of this silicon. Directly cal-
culating the 300 MWh of electricity that can be pro-
duced by oil with a heating value of 43.7 MJ/kg, we
find that 25 tons of oil is equivalent to one kilogram of
silicon. Assuming the efficiency of an oil-fired thermal
power station to be 33%, one kilogram of silicon in
terms of generated electricity is equal is about 75 tons
of oil.

For this reason, silicon is frequently referred to as
the oil of 21-st century profitable as investment in the
oil industry.

The principal limitation for high PV cost reduction
is the high cost of the solar grade silicon — 90 to
120 USD/kg. Therefore, development of new technolo-
gies of silicon production, providing a radical reduction
of its cost, is the problem number one in solar energy
technologies.

The situation with solar grade silicon can be com-
pared with the situation with aluminum after its discov-
ery in 1825, when it costed like silver and was used for
ornaments. Only after the development of the technol-
ogy of electrolysis in 1886 aluminum became a cheap
and practicable material.

The content of silicon in the earth-crust is 29.5%
(8.10'8 t) and exceeds the content of aluminum by
3.35 times. Solar silicon with a purity of 99.99% costs
like uranium for nuclear power plants, though the con-
tent of silicon in the earth-crust exceeds the content of
uranium by 100,000 times.
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The world trustworthy reserves of uranium are esti-
mated as 2,763,000 t. The uranium fuel cycle, including
the production of uranium hexaflouride, is considerably
more complicated and dangerous as compared with the
chloro-silane method of production of solar silicon.
Taking into account the scattering and low content of
uranium in the Earth — crust as compared with silicon,
it is difficult to understand, why uranium fuel for nu-
clear reactors and silicon for solar power plants have
the same cost. There are several reasons explaining
such a situation. Billion sums are invested in the devel-
opment of the technology and production of uranium,
they were allocated mainly to military programs, and
the outputs of uranium exceed to outputs of solar sili-
con by six times.

The chloro-silane technology of production of solar
silicon developed about 40 years ago practically has not
changed up to nowadays, preserving all the negative fea-
tures of chemical technologies of the fifties: a high energy
consumption a low yield of silicon, an ecological danger.

The conventional technology of semiconductor sili-
con production includes the transferring of metallurgi-
cal silicon into volatile compounds (usually chlorsi-
lanes); the purification of chlorsilanes by rectification;
the hydrogen reduction of purified compounds into sili-
con and the ingots growth. This scheme in similar for
electronic quality and solar grade silicon, so the con-
ventional technology of solar grade silicon uses the
same processes as electronic quality silicon.

The principal material for production of silicon-sil-
ica in the form of quartzite or quartz sand makes up
12% of the lithosphere mass. Russian quartzite are
among the purest in the world; their available deposits
are sufficient for solar photovoltaic plants with a ca-
pacity of over 1,000 GW.

A high binding energy of Si-0-464 kJ/mole causes
high expenditures of energy on the reducing reaction of
silicon and its subsequent purification by chemical meth-
ods — 250 kWh/kg, and the silicon yield is 6 to 10%.

The specified goals PV module cost reduction can
be realized at the cost of the crystalline silicon wafer
0.8-1 USD on peak watt (nearest goal) and 0.3-
0.25 USD on peak watt (long-term goal) and the cost
of polycrystalline solar grade silicon 25 USD/kg (near-
est goal) and 10 USD/kg (long-term goal).

Since 1970 investigations were carried out in Rus-
sia, Germany, Japan, Norway and USA in creation of
new technologies of production of silicon excluding the
chloro-silane cycle.

Now three new chlorless technologies of solar grade
silicon are ready for final development and commer-
cialization.

New technology for the production of solar grade
silicon using high purity Russian quartz

The proposed method of solar silicon production is
based on the direct carbothermic reduction of high pure
natural raw materials with employing specially de-
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signed processing of raw material and equipment en-

suring sufficient purity of the resulting product.

There are some rich deposits of the high pure quartz
and graphite (a content of boron and phosphorous, for
example, less than 0.1-1 ppm) in Russia. The analysis
show that these materials can be used without addi-
tional chemical purification.

The solar silicon production is proposed to realize
in new arc furnace by carbothermical reduction of natu-
ral high purity quartz. As a reduction material it is sup-
posed to use: natural graphite or soot carbon (variant 1)
or natural gas (variant 2). The closed reaction chamber
ensures the high ecological parameters of the process
and decreases the electrical energy consumption in
10 times per solar silicon mass unit. The lowering of
labor-intensity and increasing the silicon output up to
80% will allow to decrease the solar silicon cost to
25 USD/kg.

The equipment was developed and the samples of
solar grade silicon are manufactured which confirmed
the correctness of the proposed technology.

The products and co-products available:

- 99.999% purity raw solar grade silicon for ingots
growth;

— 0.2-0.4 Om.cm p-type polycrystalline solar grade
silicon ingots;

— crushed high purity silicon dioxide for optical devi-
ces (optical fibers, optical glass) manufacturing;

— soot carbon with the 99.99% purity in powder or in
grains for the needs of polygraphic, paint, electro-
chemistry and rubber industries.

The main advantages of this technology are:

— the low cost of solar silicon (2-3 times less then
produced by conventional method);

- the reducing of energy consumption for solar silicon
production (in several times);

- the use of patent-clear technologies;

- the ecological safety of technological process.

Chlorless technology of high purity silicon feedstock

The technical silicon of 96-98% purity will be used
as starting material. The synthesis of silicon feedstock
have to proceed in accordance with following scheme:
a) purification of crushed (up to the particles of 20—

60 pum in size) metallurgical silicon with using of

alkaline solution;

b) preparation of the homogeneous mixture of silicon
powder with a catalyst;

c) alcosilicification of silicon by alcohol and picking
of triethyl silane from the reaction mass;

d) producing of monosilane by using of catalytic dis-
proportionation of a triethyl silane;

e) adsorption purification of monosilane with using of

* the hard sorbents;

f) producing of raw silicon by pyrolisis of monosilane.

Each item will be tested in the terms of experimental
production. Process (d) has a exceptional selectivity to

RES. AGR. ENG,, 46, 2000 (3): 121-127



synthesis of monosilane and prevents the formation of
the volatile compounds with the bad impurities in sili-
con. This situation makes easier the purification of the
monosilane.

Process (a) connected with using of closed cycle of
treatment with regeneration of the applied acids. All
technologies are used the available large scale produ-
cing raw materials: metallurgical silicon and absolute
alcohole.

Advantages:

The specific feature of the offered technologies is an
using of the cheap initial materials, excluding of un-
healthy chloride substances and producing of the non-
expensive high quality raw silicon. The problem of
a deficit of silicon will be solved possibility of founda-
tion of a large scale production will be opened. The
dependence of PV industry from production and use of
an electronic grade silicon can be lowered.

Solar grade silicon technology, based on rice husk
treatment

The rice husk is used as a initial raw material. In this
case the process of producing of a raw silicon con-
cludes the following basic stages:

a) chemical treatment of the rice husk for separating of
the organic impurities and producing of the food and
medicine preparates (for example vanillin, csilit etc.);

b) fast hydrolysis of the rice husk in a controlled am-
bient for producing of a mixture of amorphous SiO,
and carbon;

c¢) preparation of a monocharge (granulation);

d) carbothermal reducing of silicon in the arc discharge
furnace.

The following problems will be solved:

a) using of the rice wastes;

b) pollution of the unhealthy substances during the
non-chloride synthesis of monosilane can be redu-
ced in many times in comparetion with the standard
chloride technology.

The annual world volume of production of the use-
less rice husk is the tens of million tons. So this product
is an unlimited raw source for production of SGRS.

Plasma technologies are also offered for manufac-
turing raw silicon of solar purity at one tenth of the
power consumption in the chlorosilane technology.

Crystalline silicon this films and ribbons

In laboratory and under experimental-commercial
conditions samples of solar cells were obtained from
polycrystalline silicon-bearing ceramics and graphite
fiber, and profiled ribbons of silicon drawn through
dies of various shapes including thin-wall tubes and
polyhedrons.

The efficiency of solar cells made from silicon rib-
bon reached 10-12%. The technology for creating films
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and ribbons from polycrystalline silicon has been de-
veloped since 1967; however, these materials are not
yet ready for commercial use.

In the future, the technologies for making ribbons,
thin films, and spheres from polycrystalline silicon may
be greatly developed and will be competitive to tech-
nologies for creating silicon ingots because methods of
cutting ingots into blocks mechanically are entailed
with losses of silicon and require a great amount of
labor and power.

SOLAR CONCENTRATOR TECHNOLOGY

The total value of the traditional PV solar plants
including the cost of installations, charge controller,
invertor and chemical batteries is 10-15 USD/W.

A real way to lower the cost of solar power plants
with high cost of solar cells is to use the solar concen-
tration technology. It makes possible to increase the
power output of one solar cell and to decrease the total
cost of solar cells per watt. But the attempts to design
the solar modules with concentrators, which were un-
dertaken by different firms in reality could not go far-
ther than experimental units. In the first place it is ex-
plained by the unsuccessful design of modules in the
whole, where the concentrator (Fresnel lenses or
paraboloid concentrators) have to be at a large distance
(i.e. at distance of the optical focus) from the solar cell,
this increases the dimension and material expenses. The
solar cell must have an active or passive cooling sys-
tem, that makes the module more expensive. More over
these modules require precision systems for orientation
on the Sun with the accuracy of about 5-20 angular
minutes.

New types of solar concentrators were developed on
the basis of technologies used in holography, and also
prismatic and compound concentrators.

The following new optical schemes for solar stations
using concentrators were proposed: a terrestrial station
working together with a space-based heliostat, focusing
heliostats combined with secondary concentrators, and
stationary concentrators with follow-up receivers.

The new solar concentrator module uses the princi-
ple of operation of prism (Fig. 2; Bezrukih et al., 1997).

Another type of the module is devised as empty
body with transparent front surface, filled by special
liquid for passive solar cell cooling.

The advantage of the module are:

- real compactness;

— reliable protection of solar cell;

— the absence of special solar cell cooling system (the
cells are cooled by the liquid which fills the empty
concentrator and also used as light-guide material);

— the high concentration ratio (is up to 10) with the
low orientation accuracy + 1 degree;

— simplicity of manufacturing, assembling and instal-
lation.
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150 mm

Solar concentration system with new type ,,Sliding
Beam* concentrator is proposed by Dr. E. Tver-
janovich. Solar power plant of enclosed type (ET)
looks like a greenhouse. It has transparent roof, optical
systems, tracking systems and support frames situated
inside. Plant consists of identical modules, which can
be delivered as units ready for use. In modules the
tracking system is operated by a common hydraulic
system. Cleanliness inside solar power plant is kept by
cleaning inner air and creating a small positive pressure
inside. Concentration ratio on receiver can reach
20-2,000. Taking into account the fact that all plant’s
mechanisms are protected from atmosphere the lifetime
of plant can be 40-50 years.

Radiation injection device is developed in several
modifications, for example based on Fresnel lenses.
Concentric Frensel lens, which turn around their fo-
cuses, have installed optical devices converting incom-
ing radiation to the sliding beam. All incoming radia-
tion is focusing on receiver or on the secondary
concentrator.

We can note that ET plant will be more effective
when it is necessary to transfer heat over a long dis-
tance. Then heat transfer efficiency will be more higher
than in conventional solar plant and total efficiency
will increase. As a receiver steam turbine, Stirling en-
gine and PV array may be used.

The solar power station is proposed to fulfill in
a modular performance. The electric rating of energy
module is about 50 kW. The power station may consist
of 1-10 such solar modules.

CONCLUSIONS

1. Physical principles for the conversion of solar
radiation were worked out and used in developing theo-
retical models and new designs for following types of
solar cells: cells based on heterostructures; cells of
varizone structure having an ultimate efficiency of
93%; cells of a n™-p-p~ — structure from silicon having
a theoretical efficiency of 44%; and multijunction
high-voltage solar cells. The technology of bifacial low
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2. Bifacial solar cell with prism concentrator

Prism concentrator

concentration 100-125 mm round solar cells with effi-
ciency of 12-13% for operating surface and 10-11%
for real surface at solar irradiance 1000 W/m?2, AM 1.5
and temperature 25 °C was developed.

2. A maximal efficiency of 30% was measured in
cascade solar cells based on heterostructures that were
developed at the St. Petersburg Physicotechnical Insti-
tute. In an experiment that involved the conversion
concentrated radiation, the ultimate electral capacity of
the high-voltage multijunction solar cell was 3.6 Wicm?,
the voltage density was 100 V/em?, the maximal volt-
age of solar battery was 32 kV.

3. The problem of silicon shortage for large scale
PV production can be solved if new chlorless technolo-
gies for low cost solar grade silicon manufacture would
be commercialized.

4. Modified prism concentrating modules, using dif-
fuse and direct radiation were designed with ratio con-
centration 1.8 for each surface of round bifacial solar
cell. The square shape of concentrator improves the
packaging factor of solar PV array, comparing with the
round solar cell array. New classes of holographic, pris-
matic and parabolic concentrators were developed and
optical schemes were designed for following systems:
solar station with a space-based heliostat, focusing he-
liostats and stationary concentrators; solar station of the
light-guide type with a sliding beam; and others. Con-
structing such station as a result of concerted interna-
tional efforts will substantially reduce the cost of elec-
tricity and the energy pay back time.

5. On the basis of an analysis of existing technolo-
gies, production costs and the market for solar modules,
the industry set the short-term (USD 2 per Watt) and
long-term (USD 1 per Watt) targets for cutting down
the production costs for solar modules made of silicon.
To meet these objectives, the industry must seek new
ways and directions in technology, and use new prin-
ciples and environment friendly methods and designs
for installations; this will serve to cut the cost of pro-
duction and distribution of electricity and increase the

-+ efficiency of solar modules to 20%; it also will exclude

emissions of harmful substances in the production of
silicon and cut the cost of silicon.
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