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TEORETICKA A EXPERIMENTALNI ANALYZA - -
FOTOMETRICKEHO MERENI PEVNYCH NECISTOT- ... |
V EXPLOATOVANYCH MOTOROVYCH OLEJICH, .. "' |

THEORETICAL AND EXPERIMENTAL ANALYSIS OF PHOTOMETRIC
MEASUREMENT OF SOLID CONTAMINANTS IN EXPLOITED ENGINE
OILS

Z. Bohuslavek

Czech University of Agriculture, Praha, Czech Republic

" ABSTRACT: Theoretical analysis of photometric investigation of the value of solid indissoluble materials in an exploited
engine oils was done. The optical sensor RAKOR 34 was developed and proved for the investigating solid contaminants in
an undiluted engine oil with range of CCR (CCT) nearly to 4%. The experiment proved the hypothesis that the optical
transmission of an exploited oil dominantly depends on the value of carbonized contaminants which are defined as the
difference of Conradson carbon residue and ashes of investigated oil. The closest regression function for the dependence of
output voltage of the sensor (y) on the value of defined carbonized contaminants (x) was examined on the basis of many
experiments with a sensor RAKOR 34. The regressive fuction is defined by exponential equation y = GBI with
correlation index /yy = 0.976.

analysis of photometric measurement; tribotechnical diagnosis of exploited engine oils; solid contaminants in engine oils;
optical transmission of exploited oil

ABSTRAKT: Podrobili jsme teoretické analyze fotometrické zjisfovani obsahu pevnych nerozpustnych litek v exploatova-
ném motorovém oleji. Byl navrZen a ovéfen opticky senzor RAKOR 34 k zjidfovani pevnych nedistot v nefedéném motoro-
vém oleji s hodnotou CCT (CCR) aZ 4 % h. m. Experimentédlné byla ovéfena hypotéza, Ze optickd propustnost exploatovaného
oleje dominantn& zdvisi na obsahu karbonizujicich netistot definovaném jako rozdil Conradsonova karboniza¢niho zbytku
a popele zkoumaného vzorku oleje. Na zdkladé experimentl se senzorem RAKOR 34 byla statisticky vySetfena nejtésnéjsi
regresni funkce pro zdvislost vystupniho napéti senzoru (y) na obsahu vySe definovanych karbonizujicich neistot (x).
Regresni funkce je popsana exponencidlni rovnici, y = g H2B14=3,1553) ¢ dosaZenym indexem korelace Iyy = 0,976.

analyza fotometrického méfeni; tribotechnicka diagnostika exploatovanych olejii; pevné necistoty v motorovém oleji; opticka
propustnost exploatovaného oleje

UvVoD

Spalovaci motory se v soucasné dobé neobejdou bez
kvalitni olejové naplné, jejiZ cena se velmi vyrazné
promitd do nakladovych poloZek. Obzvlast u velkych
olejovych naplni je snaha vyméiiovat olej po co nejdel-
§i dobé provozu. Tato tendence se oviem nesmi uplat-
fiovat na ukor zvySeného opotfebeni soulasti, které
zplsobi narist ndkladi na opravy a prostoje. ReSeni
tohoto problému podéavé tribotechnickd diagnostika
oleju, ktera kromé diagnostiky stroje umozZfiuje uréovat
optimdlni interval vymény olejové naplné. Laboratorni
metody vyuZivajici ¢asové naro¢né postupy nebo in-
vesti¢ni i provozné nakladné pfistroje nelze aplikovat
do provoznich podminek, v nichZ je potfebné rychle
a levné ziskavat zakladni diagnosticky signél k stano-
veni okamZiku vymény olejové néaplné i k sledovani
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bezporuchového provozu stroje. Zde pfichéazeji ke slo-
vu provozni diagnostické pfistroje, které s urlitou
uspé¥nosti dosahuji vysledki odpovidajicich laborator-
nim zkouSkadm. Teoretické a experimentélni vy3etfeni
vhodnosti fotometrické metody k stanoveni obsahu
pevnych necistot v motorovém oleji pfi souasném né-
vrhu a ovéfeni vhodného senzoru je tématem tohoto
pfispévku.

METODA

Zékladnim cilem je teoretické a experimentélni vy-
Setfeni vlastnosti fotometrického zji§tovani obsahu
pevnych nedistot v exploatovaném motorovém oleji.
Soucasti toho je navrh nového senzoru vyuZivajiciho
tuto metodu méfeni, pfiCemZ méfici postup musi vyka-



zovat funkéni prednosti a odstrafiovat nedostatky zné-
mych senzorii a méficich metod. Pro splnéni daného
cile byl stanoven tento zdkladni metodicky postup:

a) Analyza vlastnosti fotometrického zjiStovani kon-
centrace pevnych Castic v heterogennim roztoku (sus-
penzi). VySetfeni obecné zédvislosti a faktordi zpisobu-
jicich odchylky od ni.

b) Navrh senzoru pro méfeni optické propustnosti
mikrovrstvy exploatovaného oleje.

¢) Experimentdlni vySetfeni statické pfevodni cha-
rakteristiky senzoru pro vstupni veliinu odvozenou
z hodnot laboratornich zkouSek oleje. Vyhledani re-
gresniho modelu pfevodni funkce s nejvétsi mirou tés-
nosti zavislosti, tzn. vyhledani druhu necistot, ktery do-
minantné ovliviiuje optickou propustnost zkoumaného
oleje.

VLASTNI PRACE

a. ZJIISTOVANI KONCENTRACE CASTIC
DISPERGOVANYCH V HETEROGENNIM ROZTOKU
(SUSPENZI) POMOCI FOTOMETRICKYCH METOD

Zadany problém fotometrického méfeni obsahu pev-
nych netistot v oleji Ize formulovat jako dlohu zjistu-
jici koncentraci pevnych Castic dispergovanych v kapa-
liné ve formé& koloidnich &astic (107°=10"*mm) a &4stic
hrubsich (104 mm a vice). Dile jsou ¢astice nehomo-
genni z hlediska chemického sloZeni a fyzikéalnich
vlastnosti jako napf. morfologie, opticka propustnost,
specificka hmotnost atd. Z tohoto zadéni je zfejmé, Ze
je to tloha velmi sloZita a z pohledu pfesného zjidténi
¢astic fotometrickymi metodami velmi obtiZné feSi-
telna.

Fotometrickou metodu pfesto bude moZné vyuZit,
protoZe zadany ukol se tykd provozniho méfeni, jehoz
cilem neni presné zjiStovat obsah urcitych &astic, ale
s provozni piesnosti nahradit laboratorni zkousku sta-
novujici globalni obsah nefistot. K usp&3nosti pouZiti
této metody pfispiva skute¢nost, Ze zv1asté u oleji die-
selmotort tvofi prevdZnou &ast obsahu nelistot saze
a velikost drtivé vétSiny dispergovanych Castic neCistot
se pohybuje v intervalu od 0,5 do 2 um (Paehr,
1992).

Opticka propustnost roztoki

Fotometrické zji§tovani koncentrace latek v rozto-
cich vyuZivi Lambert-Beerova zakona, kte-
ry definuje zavislost optické propustnosti vrstvy dané
latky, resp. roztoku na tloustce této vrstvy a na dalSich
parametrech. Interpretaci tohoto zdkona a moZnosti je-
ho vyuziti uvadi vice literarnich pramend (Kortiim,
1962, 1969; Pl13ko, 1963; BroZ, 1974; Kros-
signani, Porto, 1975). Schéma na obr. 1 uvadi
poméry pii prichodu elektromagnetického zéfeni pro-
stfedim, v naSem pfipadé vrstvou olejového roztoku.
Vyjdeme-li z pfedpokladu, Ze odrazy na pfechodech

prostiedi jsou téméf konstantni a ¢ini malou &ast ubyt-
ku zéfeni, potom absorpce zifeni v prostiedi II bude
hlavnim optickym parametrem charakterizujicim pros-
tfedi II. Samoziejmé, Ze z obecného pohledu dochazi
pfi prichodu zéfeni prostfedim kromé& absorpce zéfeni
také k disperzi (rozkladu) a difizi (rozptylu) zéfeni, ale
z hlediska uZiti dané analyzy miZeme tyto ztrity zahr-
nout do absorpce. Navic, vzhledem k velikosti absorp-
¢niho koeficientu pouZitych motorovych oleju, Cini tyto
ztraty zafeni zanedbatelnou hodnotu.

2

1. Prichod zéfeni prostfedim — Transit of radiation through the me-
dium

Pro pokles intenzity elektromagnetického zareni
o nekoneéné malou hodnotu —dI priichodem prostiedim
po draze dx muZeme psat

—dl=A.I.dx (1
kde: A — absorp¢ni konstanta (cm")

Po separaci proménnych lze rovnici integrovat

1 x
st @
T 0
a dostaneme
~(nl-Inly)=A.x (3)

Disledek absorpce vyjadiuje pomér intenzit pred
prichodem zéifeni vrstvou a po ném a nazyva se pro-
pustnost — transmitance

'|:=l—lo=e"‘“ @

Rovnice je v podstaté vyjadienim Bouguer-Lamber-
tova zakona, protoZe jako prvni experimentoval a for-
muloval ibytek zafeni absorpci Bouguer (r. 1729)
a piesné matematicky ho formuloval Lambert
(r. 1760). Beer poprvé uskute&nil absorp&ni méfeni
s roztoky a rozsifil platnost tohoto zdkona pro prostfedi
specifikované roztoky molarni koncentraci rozpusténé
latky (c). Beerliv zdkon stanovuje vztah mezi absorp-
¢nim modulem a koncentraci absorbujiciho roztoku

A=y.c (%)
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kde: ¢ — molarni koncentrace (mol.l'l)
X — molérni absorp&ni koeficient (I.mol".cm")

V praxi je zavedeno vyjadieni zdkona (3) pomoci
dekadickych logaritmu, a proto po piepodtu jde o tzv.
extink&ni modul A’ =A . log e (cm™) a obdobn plati
vztah A" =y . ¢
kde: ' - x . log e — extink&ni molarni koeficient (em™ .mol™)

Upravou rovnice (4) dostaneme
Iy
E=logy=x.c.x (6)

kde: E - tzv. extinkce

Praktické vyuZiti zdkona spo&iva pfedeviim v tom,
Ze pfi odméfeni extinkce zkoumané latky, resp. roztoku
pfi znamé tloutce vrstvy (x) a znAmém molédrnim ex-
tinkénim koeficientu (Y") muZeme stanovit molarni
koncentraci roztoku (c).

Exploatované motorové oleje maji dost vysokou ab-
sorpci, protoZe absorp&ni konstanta A se u nich b&Zné
pohybuje v rozmezi od 200 do 3 000 em™, pfitemZ
hodnoty 2 000 a% 3 000 cm™" odpovidaji hodnotdm
znetidténi oleje v HEO vétSim neZ 3 % h. m. Tyto hod-
noty uvedl Meinicke (1990), a to pfi mé&feni nefe-
dénych vzorkd oleje na specialné upraveném fotomet-
rickém pfistroji. V této praci jsou uvedena méfeni na
skutegnych exploatovanych olejich a na uméle vytvo-
fenych vzorcich pomoci jemnych acetylenovych sazi.
Obdobné vysledky jsem zméfil na déle popsaném sen-
zoru. Z uvedenych hodnot vyplyva, Ze méfeni optické
propustnosti, resp. absorpce oleje neni bez vyrazného
fedéni realizovatelné standardnimi méficimi postupy
a pffistroji pro méfeni propustnosti.

-Faktory ovliviiujici odchylky od Lambert-Beerova
zékona pii méfeni heterogennich roztokl

Studiem metod reflexni spektroskopie lze ziskat du-
leZité informace o vlivu velikosti a koncentrace &astic
latek na optické vlastnosti prostiedi, které tyto &astice
obsahuje. Kortiim (1969) popsal vliv velikosti &stic
heterogeniho systému na absorp&ni koeficient K7. Ten-
to jev zkoumalo vice autord, napf. Felder (1964)
nebo Dyuckaerts (1955). V podstaté jde o vliv na
absorp&ni konstantu A.

Za predpokladu zanedbatelného rozptylu zéifeni ¢as-
ticemi, coZ je u exploatovanych motorovych oleju spl-
néno, byla na zdklad€ statistické vahy, kterou uvedl
Felder (1966), stanovena zévislost absorpéni kon-
stanty K7 na velikosti &astic v systému s kulovitymi
monodisperznimi &4sticemi

KT=—-2%.Q(PM).In[] - (1 -T,,)] )

P
O(Pm)
kde: d - primér &éstic (cm)

P - hustota - t&snost &istic, definovana jako

N n.d

P=z . ——

V' 6
kde: N — podet &astic
V - objem prostiedi
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@(Pm) - funktor maximélni t&snosti Pm
Pm - maximélni tésnost &astic [@(Pm) = Pm < 1]
T, - propustnost jednotlivé Castice

Propustnost jednotlivé &astice T, byla pak definova-
na (Dyuckaerts, 1955)

re—2 .
(k.cy.dy
kde: k - pfirozeny ,extink&ni* koeficient molekul (1.mol .cm")
k= 2,303 & (e - extink&ni koeficient, odpovida veli&ing x")
¢o — molérni koncentrace v &ésticich (mol.I™")
d - pramér ¢éstice (cm)

[l—(l+k.c0.d).e"k'”“‘d} ®)

Rovnice (7) fika, Ze absorpce pfi konstantni koncen-
traci ¢, stoupé s klesajici velikosti &astic a bliZi se li-
mitni hodnoté, kterd odpovida molekularné dispergova-
né latce, tedy d — 0. Pfi spInéni limitni podminky jiZ
piné plati Lambert-Beeriiv zdkon.

Grafické vyjadreni vlivu velikosti Eastic na optickou
absorpci &4stic v heterogennim systému ukazuje obr. 2,
pfevzaty z publikace, kterou uvefejnil Kortiim
(1969). Graf vyjadfuje funk&ni zavislost pomérné ab-
sorpce Ky/Kp(g_50) na parametru log k cod pro riiznou
pomérnou tésnost &astic P/¢(Pm). V intervalu 0,1 <
k. cg.d < 10 je zfejmy vyrazny vliv velikosti &4stic
na absorpci.

A.0
08| \
] \
-1
¥ |2
2
[1 74
[ o
P\
02
N
0
=2 -1 0 1 2
log ked

2. Vliv velikosti Eistic na pom&mou absorpci heterogenniho roz-
toku — The effect of size of particles on relative absorption of hete-
rogenous solution

Pfi hodnotach parametru vétSich nez 10 nebude jiZ
absorpce velikosti ¢astic podstatné ovlivnéna. Zvolené
hranice parametru na ose x odpovidaji témto pfipadim
(Kortiim, 1969): hodnota ¢y se pohybuje v f4du 10,
d v hodnotéch 107 ¢m a k v rozmezi 10* a2 10°. Pro
exploatované oleje vychazi ¢y = 10-50, d = 2.10%cm
ak=10>-10%

PouZijeme-li vysledek Meinickova méfeni (Mei-
nicke, 1990), ktery uvédi pro stiedné zne&isténé oleje



(2,5 % h. m. HEO) extink&ni modul A'=§ =1,5.10
cm™! a Pachriiv poznatek (Paehr, 1990), Ze &astice
o priméru d = 2.10%cm jsou &astice s nejvétsi Cetnos-
ti, pak hodnota

k.cg.d=23.% .cy.d=23 . A" .d=

=23.15.10°. 2107 =0,69

Pro hodnotu 0,69 vychazi log k . ¢y . d = -0,16, coZ
odpovida pasmu silnéj$iho vlivu velikosti Castic na ab-
sorpci, a tim Ize pfedpokladat, Ze optickd absorpce ex-
ploatovanych olejii bude ovlivnéna riznym rozdélenim
velikosti ¢astic. VIiv bude klesat se vzristajici velikos-
ti, koncentraci i extinkénim koeficientem &astic.

b. NAVRH SENZORU K RYCHLEMU MERENI
OPTICKE PROPUSTNOSTI NEREDENEHO VZORKU
MOTOROVEHO OLEJE

Reseni konstrukce senzoru vychazi z téchto teoretic-
kych poznatki:

— platnost zavislosti optické propustnosti heterogen-
niho roztoku na koncentraci dispergovanych &astic,

— maximalni tloustka vrstvy vzorku ~ 0,05 mm
(vzhledem k extinkénimu modulu oleje),

- nutnost pouziti izkopasmového zdroje zafeni.

Konstrukce spliiuje tyto diagnostické a obsluzné
podminky:

— moznost méfeni obsahu NRL u olejii s maximal-
nimi hodnotami Conradsonova karbonizaéniho zbytku
az 4 % CCT,

— zkoumany vzorek nesmi byt fedén,

— objem vzorku by nemél pfesdhnout mnoZstvi cca
tfi kapek,

— vysokd reprodukovatelnost hodnot a snadna opa-
kovatelnost méfent,

— jednoduchost obsluhy, pouze zaSkoleni personélu,

— doba zkousky kratsi nez 20 s,

— béhem provozu nesmi byt poru§ovany zasady bez-
pecnosti a hygieny prace ani poZarni predpisy.

Névrh senzoru s pracovnim oznafenim RAKOR 34
zahrnuje jak konstrukéni feent, tak i feSeni elektronic-
kych obvodu. Zakladni principy konstruk&ni i elektro-
nické ¢asti jsou chranény pfihla¥kou vynilezu PV
2050-92, z které je pievzaty nasledujici struny popis.

Obr. 3 znazorfiuje jednotlivé Casti optického snima-
&e ovladaciho mechanismu (19) a blok (16) elektronic-
kych obvodu.

Opticky snimac¢ se sklada z misky (1), ktera ma do
otvoru (3) ve dn&€ vloZenu opticky propustnou zitku
(8), pod niZ je umistén fotoelement (12). Na horni &elo
misky (11) dosedaji tfi vypuklé doteky (13), které jsou
soucasti vika (2) jeZ mé zaroveii na spodni stran& umis-
t€nu do otvoru (10) vypuklou &ocku (6). Za Cotkou (6)
je umistén druhy fotoelement (7). Pfi uzavieném optic-
kém snimaci, coZz znazoriiuje obr.3, je velmi pfesné
vymezovédna mikrovrstva oleje mezi vypuklym povr-
chem Cocky (6) a rovinnym povrchem zétky (8). Tato
vrstva je prozafovana fotoelementy (7) a (12), pfi¢emz

4

3. Schéma optického senzoru — Diagram of optical sensor
1 — miska - dish
2 — viko - cover

3 - dolni otvor misky — lower opening of dish

4 — pruZné rameno - flexible arm

5 - loZisko - bearing

6 — vypukla cocka — convex lens

7 - fotoelement — photoelement

8 — opticky propustni zétka — optically permeable plug

9 - ovlddaci paka - control lever

10 — otvor vika — opening of cover

11 - horni ¢elo misky — upper face of dish

12 - fotoelemtn - photoelement

13 - tfi vypuklé doteky - three convex contacts

14, 15 - aretaéni body — arrestment points

16 - blok elektronickych obvodi - block of electronic circuits
17 — distan¢ni mezikruZi - distance circular ring

18 — sestava ho snimace - bly of closed sensor
19 - ovlddaci h — control h
20 - loZisko — bearing

pomér okamZitého vyzéfeného a pfijatého modulované-
ho zafeni je vyhodnocovan blokem (16) elektronickych
obvodi jako informace o obsahu nedistot zkoumaného
oleje. Blok (16) elektronickych obvodi zpracovava
analogové signaly, digitalizuje je, &islicové aproximuje
pribéh podle zjisténé regresni zavislosti a samoziejmé
provadi vystup na vlastni zobrazova¢, event. na pfipo-
jeny pocitac (napf. kategorie IBM-PC).

Prednosti konstruk&niho feSeni:

Je dosaZeno opakovaného vymezoviéni prosvétlova-
né vrstvy oleje s vysokou piesnosti a dlouhodobou sta-
bilitou. Je odstranén vliv postupného znegiitovani po-
vrchll vymezujicich vrstvu oleje, znamy u pevnych
sond nebo sklenénych mikrokyvet. Vymezeni vrstvy
oleje pomoci segmentu tvofenych kulovym povrchem
a rovinou odstrafiuje vliv pfi¢ného posunuti fotoele-
mentl na vysledek méfeni a moZné kapilarni jevy pro-
dluZujici dobu nebo dokonce znemoZiiujici ustileni
méfené hodnoty. Princip zavirani snimade senzoru od-
straiuje vliv mechanickych tfeni a vili mechanismu na
velikost pfitlaéné sily vika snimace.
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¢. EXPERIMENTALNI VYSETRENI STATICKE
PREVODNI CHARAKTERISTIKY SENZORU PRO
VSTUPNI VELICINU ODVOZENOU Z HODNOT
LABORATORNICH ZKOUSEK OLEJE

Ukolem, resp. cilem tohoto méfeni bylo vyhledat
regresni model prevodni funkce s nejvétsi mirou tés-
nosti zavislosti, tzn. vyhledat druh necistot, ktery do-
minantn& ovliviiuje optickou propustnost zkoumaného
oleje. Jde tedy o stanoveni nejtdsn&jdi regresni zdvis-
lost senzorem namé&fenych hodnot na vstupnim para-
metru oleje daném udaji z laboratorniho rozboru oleje.
Samoziejm&, Ze musi jit o idaj laboratorni zkousky
bud pfimo, nebo nepfimo popisujici obsah nelistot,
resp. NRL.

Zpisob statistického vyhod i

Z hlediska statistického zpracovani je to dloha neli-
neérni regresni analyzy, pfi¢emZ z teoretického rozbo-
ru a predchoziho mé&feni pfi testovani fotometrickych
pristroji (Bohusléavek, 1996) vyplyv4, Ze jde o sta-
noveni t&snosti exponencialni funkce y = &4+ 5% Bude
vySetfovéana nejv&tsi t&snost pomoci korelaéniho inde-
xu pro rizné zvoleny typ vstupni proménné, resp.
vstupniho parametru. Korela¢ni index podédvé informa-
ci o tom, jak t&sn& se empiricky naméfené hodnoty pfi-
mykaji k vypoctené regresni funkci a také o spravné
volbé typu regresni funkce (Machéd&ek, Majer,
1990). Pro podatedni statistické vyhodnoceni byl pouZit
program STATGRAPHICS, ktery k odhadu regresnich
parametri pouZiva metodu nejmensich Ctverci a k hod-
noceni kvality nelinearniho regresniho modelu vyuZiva
matematicko-grafickych metod (Koschim et al,,
1992). Ziskat optimélni vysledky u tloh nelinearni re-
gresni analyzy pomoci tohoto programu nebyva jedno-
duché, a to vzhledem k poZadavku na relativné pfesné
zadani vstupnich hodnot. Z tohoto divodu byly vysled-
ky méfeni zpracovény je3té dal$im statistickym progra-
mem nov&jsi provenience od firmy Microcal Software
(USA).

Volba vstupnich parametri

K regresni analyze byly pouZity tfi vstupni veli¢iny
vytvofené ze dvou hodnot laboratornich rozbori vzor-
ki oleje: stanoveni Conradsonova karboniza¢niho
zbytku a stanoveni popele.

VétSina diagnostickych pfistroji T.D.P. uvadi dob-
rou korelagni zavislost mé&fenych hodnot bud na hod-
notach laboratorniho HEO-testu, nebo na obsahu Con-
radsonova karbonizagniho zbytku (CCT). Vidy jde
o hmotnostni podil latek vyjadieny procenticky, ktery
mimo jiné zahrnuje po&iteéni hmotnostni podil mine-
ralnich pfisad i hmotnostni podil Castic vzniklych oté-
rem, nebo prachovych &astic vzniklych vniknutim do
mazaciho systému z vnéj§iho prostfedi. ProtoZe hodno-
tu HEO-testu je obvykle nesnadné piesn& stanovit
a mezi ob&éma veliéinami je tésny linearni vztah (Pa-
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ehr 1992), byla jako prvni parametr pouZita
hodnota CCT.

Druhy vstupni parametr, oznafeny jako
prirtistek hodnoty Conradsonova karboniza&niho zbyt-
ku A;CCT, eliminuje rozdilny po&atecni podil mineral-
nich latek v &istém oleji, pfedeviim D-D pfisad maji-
cich maly koeficient absorpce svétla a velkou
specifickou hmotnost a €ini

A(CCT = (CCT),~(CCT), ©)

kde: (CCT). — nam&fen4 hodnota CCT exploatovaného oleje (% h. m.)
(CCT), - potitetni hodnota CCT Cistého oleje (% h. m.)

Rozdilnost podminek dokladuje po&éiteéni obsah
CCT v rozmezi 0,35 aZ 2 % h. m. CCT u ruznych dru-
hi &istych motorovych oleju. Lze pfedpokladat, Ze zpi-
sobuje rozdilné vychozi podminky, a tim i velky roz-
ptyl hodnot na po&atku prib&hu u regresni zavislosti.

Tieti parametr je stanoven na zakladé pfedpo-
kladu, Ze optickou propustnost oleje dominantné ovliv-
fiuje obsah uhlikatych karbonizujicich latek (saze, kar-
bony atd.), pfiemZ je nutné vyloutit odchylky vzniklé
extrémnim obsahem ot€rovych &astic nebo extrémnim
obsahem prachovych &astic. Podil prachovych (kfemi-
katych) Castic a &stic otérovych kovii miZeme zjistit
jako zakladni soucast popele vzorku oleje. Ten také
obsahuje je§t& po&atetni popelnaté latky Cistého vzorku
oleje. Celkem pfesné je mozné pfiristek obsahu uhli-
katych karbonizujicich latek exploatovaného oleje vy-
Eislit

ACCT = (CCT), - ([CCT],-pp) - pe

kde: pp — potiteéni obsah popele (% h. m.)
P, — popel exploatovaného oleje (% h. m.)

(10)

Druhy ¢len vztahu vyjadiuje podil karbonizujicich
latek &istého oleje a Cini obvykle 0,2 aZ 0,3 % h. m.
Pfihlédneme-li k chybam, které jsou normami zkousek
povoleny (napt. hodnota CCT podle CSN 65 6210 po-
voluje odchylku 10 %), a ke skutenosti, Ze po¢atedni
hodnoty oleji maji vyrobcem povolené odchylky, lze
potom hodnotu druhého ¢lenu zanedbat. Jako tieti
parametr postaCi vyCislit parametr

ACCT = (CCT),p, an

ktery rovnéZ dobfe charakterizuje pfiristek uhlikatych
karbonizujicich latek — Eastic.

Piiprava vzorki oleje a postup méfeni

Meéfeni bylo provedeno na souboru 32 vzorka ex-
ploatovaného oleje, ziskanych z VUPM Benzina, a. s.,
a MHD Autobusy Praha. U vSech vzorki byl znam
druh oleje a byl stanoven Conradsoniv karboniza&ni
zbytek podle CSN 65 6210. Stanoveni bylo provedeno
dvakrat, pokud se hodnoty neliSily vic neZ o 20 %, ji-
nak se délalo dal§i mé&feni. Ze dvou hodnot s odchyl-
kou mensi nez 20 % byla stanovena pramérna hodnota.
Obdobn& byl u vzorku stanoven obsah popela podle
CSN 65 6221. Pfed méfenim byly vzorky oleji stan-
dardnim postupem homogenizovany.
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K méfeni byl pouZit senzor RAKOR 34 a vyhodno-
covaci zafizeni (obr 4). Pfi méfeni timto senzorem se
plnéni, a tim i méfeni opakovalo tfikrat, ze zji§ténych
hodnot byl vypocitan primér a smérodatna odchylka.

VYSLEDKY

Vysledky méfeni jsou souhrnné uvedeny v tab. I.
Udaje byly dale zpracovany programem Statgraphics za
ucelem stanoveni nejtésné&jsich regresnich zavislosti
pro tfi rizné zvolené nezévislé (vysvétlujici) proménné
a jednu zavisle proménnou, konkrétn& napéti na vystu-
pu senzoru RAKOR 34. Procedurou Simple
Regression programu STATGRAPHICS byly nej-
prve vySetfeny prvotni odhady regresnich
zdvislosti s nejpfiznivéj§im indexem korelace Iyy.

Pro zdvislost vystupniho napé&ti senzo-
ru na hodnoté Conradsonova karboniza¢niho zbytku
vzorku oleje u = {CCT) byla jako nejtésné&jsi ziskana
mocninnd zavislost y = ax’, u niz byl dosaZen index
korelace Iyy= 0,81 a index determinace 65,64 %. Re-
gresni zavislost zachycuje obr. 5.

Pro zadanou druhou vysvétlujici ve-
li¢inu A|CCT, tedy pro zavislost u = {A;CCT), byl
ziskan nejtésné&jsi regresni model popsany exponenci-
4lni zévislosti y = £4*b% 5 indexem korelace Iyx=0,888
a indexem determinace 78,9 %. Regresni zavislost za-
chycuje graf na obr. 6.

Pro zadanou tfeti vstupni proménnou
A,CCT byla ziskana jako ncjtésnéﬁn regresni model
exponencidlni funkce y = e4+bx , jejiZ prubéh je zndzor-
nén na obr. 7. Kritéria procedury hodnotici t&€snost za-
vislosti ¢inila: index korelace Iyy = 0,98, index deter-
minace 97 %.

Nelinearni regresni analyza byla
provedena procedurou NONLIN progra-
mu STATGRAPHICS pouze pro tfeti vybranou vstupni
proménnou A,CCT, protoZe pfi posouzeni ziskanych
prubé&hu zavislosti a kritérii t€snosti je jednozna&né
nejlep$im regresnim modelem pro tuto vsjupni promé&n-
nou. Hodnoty regresnich koeficienti ziskané v proce-
dufe Simple Regression byly vstupnimi parametry pro
zadanou exponenciélni funkci. Analyzou byl ziskan re-
gresni model, posany exponenciélni funkci
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7 Regresni model z4vislosti napéti senzoru na parametru A,CCT -
model of d d of sensor voltage on A, CCT pa-

rameter

y= £(9:2814-3,1553 x) (12)

s indexem determinace (R-squared) = 0,953395 a in-
dexem korelace Iyy = 0,9764. Prib&h regresni zavis-
losti je zachycen na obr. 8 a je z n€ho zjevné vidét, Ze
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1. Vysledky mé&feni pevnych nedistot v exploatovanych motorovych olejich — Results of of solid in exploited
engine oils
Pofadi | Ozmateni | o .o | CCT, | cer, | ) CCT,—p, |CCT~CCT,| Mefens hodnota® (mV)
vzorku' vzorku? yp oleje % h. m. 0% 5;
| 17 MSADX 0,85 1,50 0,76 0,74 0,65 9123 0,41
2 16 M6AD 0,90 1,56 0,89 0,67 0,66 1025,1 1,03
3 18 M6AD 0,90 1,84 0,48 1,36 0,94 77.5 0,24
4 15 M7ADX 1,10 1,93 0,87 1,06 0,83 292,0 0,85
5 14 MSADX 0,85 1,93 0,69 1,24 1,08 99,2 0,24
6 11 M6AD 0,95 1,94 0,59 1,35 0,99 108,1 0,21
7 510b M7ADSIII 1,80 2,02 0,73 1,29 0,22 122,1 0,12
8 840 M6ADSII 1,30 2,03 1,38 0,65 0,73 1 340,2 0,45
9 L6 M7ADSIII 1,80 2,04 1,29 0,74 0,24 997,9 0,31
10 L17 M7ADSIII 1,80 2,18 1,23 0,95 0,38 380,1 0,14
11 L1 M7ADSIII 1,80 2,22 1,36 0,86 0,42 985,5 0,53
12 L2 M7ADSIII 1,80 2,38 1,45 0,93 0,58 800,3 0,42
13 19 MSBAD 0,80 2,41 0,45 1,96 1,61 26,2 0,08
14 L18 M7ADSIII 1,80 2,46 1,36 1,10 0,66 297.8 0,23
15 L8 M7ADSIII 1,80 2,50 1,33 1,17 0,70 240,2 0,20
16 12 M7ADX 1,10 2,51 0,95 1,56 1,41 73,6 0,15
17 L4 M7ADSIIT 1,80 2,53 1,38 L15 0,73 282,3 0,31
18 755b MSADX 0,85 2,56 0,86 1,70 1,71 40,0 0,05
19 LX M7ADSIII 1,80 2,63 1,26 1,38 0,83 135,2 0,08
20 20 M6AD 0,90 2,71 0,54 2,17 1,81 10,5 0,01
21 L3 M7ADSII 1,80 2,80 1,62 1,18 1,00 289,9 0,09
22 756a MSADX 0,85 2,92 1,03 1,89 2,07 23,0 0,05
23 21 MS5AD 0,65 3,06 0,62 2,44 241 49 0,008
24 LIS M7ADSIII 1,80 3,18 1,30 1,88 1,38 27,5 0,009
25 L9 MS5ADX 0,85 3,27 1,01 2,26 2,42 3,2 0,007
26 574 M7ADX 1,10 3,57 1,00 2,57 247 4,7 0,005
27 756b MSADX 0,85 3,59 1,01 2,58 2,74 39 0,004
28 788a MS5SADX 0,85 3,71 1,03 2,68 2,86 2,6 0,003
29 788b M5ADX 0,85 4,14 L10 3,04 3.29 04 0
30 510a M7ADSIII 1,80 5,04 1,65 3,39 3,24 04 0
31 L16 M7ADSIII 1,80 5,49 3,98 1,51 3,69 553 0,06
32 582 M7ADSIII 1,80 5,70 1,10 4,60 3,90 0,0 0
oY - pri 4 hod! - ge value

s; - smé&rodatnd odchylka — standard deviation

‘sequenc: of sample, *marking of sample, 3type of oil, *measured value

kiivka zavislosti je v tomto pfipadé nejlépe proloZena
body naméfenych hodnot.

Vzhledem ke zndmym nedostatkim star§iho progra-
mu STATGRAPHICS byla nelinedrni regresni analyza
provedena dalSim statistickym programem ORIGIN fir-
my Microcal. Program nalezl regresni model exponen-
cidlni funkce popsany vyrazem

y = 740,20 e(0.8475—x)10‘3167 (13)

pfi¢emZ pribéh kfivky byl shodné proloZen body
naméfenych hodnot se stejnym F-testem regresni funk-
ce i shodnym indexem determinace (0,953395) jako pfi
analyze prvnim zpusobem. O shodnosti re-
gresnich modelu (12) a (13) se miZeme snadno
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presvéd¢it matematickou tipravou vztahu (13) tak, Ze re-
gresni koeficient a = 740,02 pfevedeme do exponentu.

ZAVER

Z teoretické analyzy méfeni optické propustnosti he-
terogenniho roztoku (exploatovaného motorového ole-
je) vyplynulo, Ze zavislost propustnosti na
koncentraci dispergovanych pevnych
nelistot rovnéZ sleduje Lambert-Bee-
riv zakon. Bylo zjist€no, Ze opticka absorpce ex-
ploatovanych oleji je ovlivnéna riznym rozdélenim

-velikosti Castic a Ze tento vliv klesé se vzristajici veli-
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8. Regresni model pfevodni charakteristiky senzoru ziskany proce-
durou NONLIN programem STATGRAPHICS a programem ORI-
GIN - Regression model of transfer characteristics of sensor ob-
tained through the procedure NONLIN by STATGRAPHICS and
ORIGIN programs

kostf &astic, jejich koncentraci i extink&nim koeficien-
tem.

Byl navrZen novy typ senzoru, ktery umoZiiuje mé&-
feni obsahu NRL u oleji s maximalnimi hodnotami
Conradsonova karboniza&niho zbytku aZ 4 % h. m.
Zkoumany vzorek nemusf byt fed&n a jeho objem &inf
dvé aZ tfi kapky. Mé&fici postup vykazuje vysokou re-
produkovatelnost hodnot a doba odméru i s pffpravou
vzorku nepfesdhne 20 s. Typické je jednoduchost ob-
sluhy.

Byla hledédna vstupni veli¢ina odvozena z hodnot la-
boratornich zkouSek, kterd daleko tésnéji koreluje
s hodnotami optické propustnosti oleje. Tak byly zis-
kdny vysledky regresni analyzy pro tfi
vstupnf parametry zvolené na zdkladg
znalosti o metoddch laboratornich
zkouSek a optickych i fyzikédlnich
viastnostech jednotlivych sloZek ex-
ploatovaného motorového oleje.

Nejlepsich vysledki bylo dosaZeno u tfetf funk&nf
zdvislosti s nezdvisle prom&nnou danou parametrem
A,CCT podle vztahu (11) stanovenym jako rozdil mezi
zméfenou hodnotou CCT a popelem exploatovaného
oleje, o kterém lze tvrdit, Ze pfedstavuje spalitelné kar-
bonizujicf latky pfevazné uhlikatého pivodu. U tohoto
modelu sledovaly body koreladniho pole mé&fenych
hodnot nejt€sn&ji prvotni odhad regresni zavislosti
a nevykazovaly ani 24dné individudlni odchylky.
Z t&chto divodu byla provedena nelineé4rnf analyza jen
pro tfeti parametr.

Detailnf nelinedrnf regresni analyza byla provedena
procedurou NONLIN uréenou pro stanovenf regresnich
nelinedrnich prab&hd. Pro tfeti parametr byl zfs-

kin vyhodné&ji proloZeny prubé&h
gresni funkce s rovnici

= (02814-3,1553.0)

re-

y

a byly dosaZeny hodnoty indexu korelace Iyy = 0,9764
a hodnoty F-testu udavajici také velmi silnou korelaci
ziskané funkce. Shodné vysledky dosaZené programem
Origin potvrdily vysokou pravdépodobnost optimal-
niho feSeni nelinedrniho regresniho modelu, ktery je
popsén exponencidlni funkci.

Na zévér je moZné konstatovat, Ze zéavislost optické
propustnosti exploatovaného oleje na koncentraci kar-
bonizujicich latek sleduje exponenciélni zavislost ob-
dobné& jako zévislost optické propustnosti roztoku na
jeho koncentraci (Lambert-Beeriv zékon). Pfistroje za-
loZené na fotometrickém principu jsou schopny vyteg-
né méfit obsah karbonizujicich latek v exploatovaném
motorovém oleji tvofeny obsahem sazf, karbonu, tvr-
dych a m&kkych pryskyfic atd. Koncentrace t&chto ne-
distot velmi siln& sleduje starnuti oleje. Naopak zjisto-
vénf obsahu tvrdych nedistot vné&j§ich (prach)
a otérovych (kovy) je touto metodou problematické
a pfi stanoveném poZadavku na méfeni malych nebez-
peénych koncentraci je nemoZné. K urdeni obsahu
té€chto nedistot musi byt pouZity jiné metody (ferogra-
fie, polarografie apod.).
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PARTICLES FLIGHT MODELLING AND OPTIMISATION
FOR TECHNOLOGICAL PROCESSES IN MECHANISED
AGRICULTURE: IDENTIFICATION PROBLEMS

MODELOVANI LETU CASTIC A OPTIMALIZACE
TECHNOLOGICKYCH PRVKU PRI MECHANIZACI ZEMEDELSTVI:
URCOVANI KOEFICIENTU

V. G. Vitliemov, 1. V. Ivanov, R. R. Tanov

University of Rousse, Bulgaria

ABSTRACT: The present work introduces a method for identifying the coefficients in the aerodynamic forces laws as
extreme problems solutions of the mathematical model which describes the trajectory process of a projected particle. These
solutions should satisfy experimental data for the boundary conditions of motion of a particle. The work analyses the relative
deviation of the identified parameters at given variation of the experimental data from its nominal values. The preconditions
for applying this method at modelling the aerodynamic influence on a particle of arbitrary shape are being defined.

particle’s flight; aerodynamic influence; mathematical model; parametric identification; optimization

ABSTRAKT: PfedloZend préice pfedstavuje metodu uréovani koeficientu zakonu aerodynamickych sil jako fedeni extrémnich
problémi matematického modelu, ktery popisuje proces trajektorii projektované éstice. Tato feSeni by méla byt v souladu
s experimentalnimi idaji pro mezni podminky pohybu &4stice. Prace analyzuje relativni odchylku uréenych ukazateli pti dané
varianté experimentédlnich Gdaji z jejich nominalnich hodnot. Jsou zde uvedeny pfedpoklady pro aplikaci této metody pfi

modelovani aerodynamického vlivu na &éstici libovolného tvaru.

let &astic; vliv aerodynamiky; matematicky model; uréovéani parametri; optimalizace

INTRODUCTION

Various technological processes in mechanised ag-
riculture deal with the flight of projected in an air me-
dium particles which represent bodies of poor stream-
lining and quite different dimensions, density and
shape. This could quite impede the modelling of the
aerodynamic influence upon them. Therefore, at defin-
ing the coefficients of the aerodynamic forces laws
often some methods and procedures using experimental
data are utilised (Law, Collier, 1972; Tsuji et
al., 1985; Hofstee, 1992).

Very often the coefficient of aerodynamic resistance
is calculated from the dependency K = g/V,z, after
defining the terminal velocity V, at particle’s free fall
in a still air medium or at air flow-around in a special
air separator (Hofstee, 1992). The thus defined co-
efficient K, corresponds to a mean value of the resis-
tance force, arising at translatory motion with velocity
V, of particles with similar aerodynamic characteristics.

Observed deviations of the actual projected particle
trajectory from the modelled with a constant coeffi-
cient K, one are due to the complex law of variation
of the resistance force as well as due to the influence
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of other forces of less influence. A typical example of
such a complementary influence on the particle is the
Magnus force caused by its rotation, which could in-
crease or decrease the flight length. As particles of
arbitrary shape have chaotic rotation, to define this
force is always a difficult task and it is nolens volens
ignored.

Computer simulations of very similar trajectory
processes of particles require adequately exact identifi-
cation of the coefficient values in the models of the
aerodynamic forces applied. This rather difficult task
motivates the interest for some new identification prob-
lems arising for particles free flight.

A very attractive idea seems to be defining the co-
efficients K, and K; with the help of the classic mathe-
matical model (Lokshin et al., 1992) describing the
motion of the centre of mass P of the particle with
a solid weightless shell having its form hinged to it.
Thus the coefficients are being defined from the con-
dition for satisfying the experimental data for the initial
and terminal positions of the point P. In the present work
this idea is used for identifying the aerodynamic forces
coefficients as solutions to one-parametric optimal control
problems of the point P trajectory process.



MATHEMATICAL MODEL

Let us consider the motion of the centre of mass P
of a projected in a still air medium particle, described
by the mathematical model proposed by Vitliemoyv
et al. (1996). The initial state of the point P is defined
by the parameters V=V, 0 =, ¥ = H, X = 0, while
its terminal state by the condition ¥Y(X = L) = 0. We
would presume that the values of V), o, H, L have been
experimentally defined.

With the help of the transformations:

X W H A2 __n
x=py=ph= ey o= k=Kpl A= I(L‘/_
the model of Vitliemov etal. (1996) could be con-
verted into the following dimensionless expressions

_ =2(kv+sin y)

s v(0)=c (O]

7&\[— cos L 60)=a
v cos 8

=tg6,y(0)=h,y(1)=0
where: Y =0 +7y
() = d/dx
x€ [0; 1]

IDENTIFICATION PROBLEMS FORMULATION

The mathematical model (1) includes two unknown
parameters k and A, which are to be identified. For each
set of values of k and A some trajectory process corre-
sponds to the dynamic system (1) for which in general
applies y(1) # 0. The proximity of the chosen values to
the required ones of k and A for which y(1) = 0 may be
evaluated through the terminal functional ®[y(1)] =
[y(l)]2 — K orits equivalent integral functional

1 1
I= j[aq’(” ]dx=2j'(ytge)dx @)
0 0

To provide a unique solution to the boundary-value
problem (1) it is necessary to separate the identification
of the parameters k and A.

Let us consider an oval particle with already defined
coefficient k which flies with a considerable Magnus
effect. For this particle from (1) and (2) we could ob-
tain the following extreme problem for identifying the
parameter ¥ = A:

1
u.=a:g min,, {J-I(ytge)dx
0

=2 (kv +sin y)
cos @ &
wl—cosy o0

W0)=c,b= vcos 0

y=1g8,)0)=h}
In cases of a particle of arbitrary shape we could

treat u = k as a generalised control parameter of the
model (1). Thus, the influence of difficulty to define
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dynamic factors upon the flight length may be balanced
by changing the quantity K, in the resistance force law.
Under this precondition the extremal problem for de-
fining the generalised coefficient k takes the form

1
w' =arg min, (J= [ (ytg ) dx; v =-2(tg 0+ w1+ 1278 } (&)
) AN

W0)=¢,0="1,80)= 1,5 =15 0, (0) =)

where it is a priori accepted that u 20, y=0,A =0

NECESSARY CONDITIONS FOR OPTIMUM

An effective method for solving problems of para-
metric optimization of dynamic systems is developed
by Vincent, Grantham (1981). Using the ob-
tained results there are necessary conditions for opti-
mum (Theorem 6.1, p.199), the problems (3) and (4)
are transformed into the following boundary-value
problems

=2 (kv +siny), v(0)=c 5)

{;:

u\f— cos y
vcos 8 » A=

=tg0,y(0)=h
) -2
A s (kA + A, [(kv+sin y) tg 8 + cos y]}

; -1
Hg= vc096‘2
+ A, [sin g+ (" Vv —cos y) tg 8] + Vv)

(2 cosy —u* W)+

Ay=(1+tg 8)Ay, A0, ") = Ay(0, u*) = A(0, u*) = 0
I=(1+tg20)yAy + Ay tg 0,10, u") =T(1,u") =0

and

=_z(:ge+uWW§) ©)

V(0)=C-9=:vl,9(0)=0»)'?=t59-y(0)=h

A, =—2[v+u'A, +A u'vtg0+m)]m
A2='v—’:'. A0, 1) = Ay0,u")=0
Ay=(1+120)A,, A4 (0,u")=0

F=(1 +1g°0)yA, + Ay tg 6, T(0, u*) =T(1,u")=0

BV(x. u’)

where: Ay(x,u’)= L Aa(x u') =

0(x, u”)
u

As(x, u") =2%. T(x, u") .%l are the functions of

sensitivity of the phase coordinates v, 8, y and the optimum
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.
criterion J to variation of the control parameter u; u - the
required optimum value of «

COMPUTATIONAL PROCEDURE

The problems (5) and (6) have a higher dimension
than the initial boundary-value problem (1), because
they contain sensitivity models for the parameter u.
Additional information obtained for these models could
be used to speed up the u-localisation iteration process.

The examined boundary-value Prob]ems have just
one unknown parameter namely # and one condition
of identification T'(1, u") = 0. This facilitates their nu-
merical solution through the shooting method
(Stoer, Bulirsch, 1993). With an aim to over-
come some difficulties of the non-linear boundary-value
problems with an unknown parameter in Vitlie-
mov (1993) a computational procedure VINCENT
1.0 has been developed, which implements an im-
proved version of the standard shooting method algo-
rithm. The example identification problems examined
below have been solved using this procedure.

EXAMPLES

Example 1: K; Identification

The work of Tsuji et al. (1985) analyses the Mag-
nus force effect upon a spherical particle’s flight, fall-
ing with no initial rotation from a varying height H,
and bouncing off an inclined at an angle ¥y plane (Fig. 1).
Tab. I shows the measured values for V;, o, L, obtained
for two values of H,,.

For a spherical particle the parameter K, could be
calculated with a greater precision from the experimen-
tal dependency (Tsuji et al., 1985)

3 K, K
Ko=ﬂ(xl+—z+—“) ™

where: Ki, K2, K3 — coefficients given in Tab. II
d=0.005m
pa= 1.2 kg/m’
pp = 1 040 kg/m’

1. Results for Example 1

1. Schematic diagram of a spherical particle’s flight after bouncing
off an inclined plane

The data stated has been utilised for identifying the
coefficient K; using the model problem (5). The de-
fined values of K; and the intervals of variation of
Reynolds number are given in Tab. L.

Fig. 2 shows the results from the investigation of the
influence of the relative errors of Vj;, o, y and L upon
the relative error 8K; = AK;/K;. The data for Hy =
0.3 m from Tab. I have been accepted for nominal va-
lues. The dependencies thus obtained show high level
of parametric sensitivity of the error 8K}, the dominant
influence being that of the variation of Vj from its
nominal value. For example, a relative error of 8K; <
10% could be achieved only if AV(yV, < 0.17%.

The presence of an impact influence on the investi-
gated particle and the established high relative error
8K at experimental data variations make the method
of Tsuji etal. (1985) for defining the Magnus effect
unusable for particles of arbitrary shape.

Example 2: K, Identification

In Saraydarov (1972) there are some data from
experimental investigations on spreading particles (d =
0.003 + 0.005 m) of granular mineral fertilizer by
means of a cone centrifugal apparatus. The particles are

H, Y Vo L Re K,
m rad m/s m - /s
0.2 -n/4 1.602 - 0.770 0.696 527-1113 -0.0350
0.3 -n/4 1.898 0.807 0.980 623-1306 -0.0778

1I. Values of coefficients in formula (7)

Re K, K, Ky
102 < Re <10? 0.3644 98.33 -2778
10° < Re < 5.10° 03571 148.62 -47 500
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projected from a height H = 0.7 m with a velocity V3
(Vo =21.2 m/s; o = 0.0931 rad) identified by means of
a high speed photography.

The obtained distribution of the particles quantity Q
on a horizontal surface (y = 0) is shown in Fig. 3. Most
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2. Relative error 8K, dependency on 8,

1-8p = AVYY,
3-8p=A0/a

2-8p=Avly
4-8p=ALL

of the particles (Q = 34%) have reached a distance L =
8 m, and the minimum and maximum flight distances
corresponding to Q= 1% are Ly =4.5mand Ly = 10 m
respectively.

By solving problem (6) for the stated distances L,
L, L, the following values were obtained for the coef-
ficient Kp: 0.400 m~'; 0.115 m™'; 0.0540 m™'. Fig. 3
shows the simulated trajectories for thus defined values
of the coefficient Kp,.

Fig. 4 illustrates a considerably lower than Fig. 2
level of relative error 8K = AKp/Kp, at varying experi-
mental data for the case of L = 8 m. The precision of
Kp is limited by the precision at defining the charac-
teristics of vector V(’). The required precision for this
purpose could be provided by means of a high speed
photography or filming, or with the more precise
method proposed by Hofstee (1994).

CONCLUSION

The main idea of the proposed method for identify-
ing the coefficients K; and Kp consists in defining
them as solutions to one-parametric optimizational
problems (3) and (4) for the dynamic model (1) which
describes the trajectory process of the projected particle
centre of mass P at satisfying experimental data for its
initial state (V;, o, H) and its terminal position (L). The
formed boundary-value problems (5) and (6) are solved
with a computational procedure based on the shooting
method.

The observed high sensitivity of the coefficient K},
to variations in experimental data values significantly
limits the possibilities for its reliable identification
through the Tsuji et al. (1985) method. With regard
to this, treating the parameter Kp in problem (4) as
a generalised aerodynamic coefficient has an important
methodological significance.
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1 - K, =0400m™
2-Kp=0115m™
3 - Kp=0.0540 m™
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4. Relative error 8K;, dependency on 8p

1 -8 = AVyV,
3-8p = AH/H

2-%p=Awa
4-8p=ALIL

At sufficient precision of the data used for the vector
V(’, the method proposed here could be used for model-
ling the aerodynamic influence on projected particles
of arbitrary shape.

NOTATION
P — particle centre of mass
Re - Reynolds number (-)

X, Y - particle P position co-ordinates (m)
H — initial height (m)

L - flight length (m)

d — characteristic particle dimension (m)
o

Y

Kp

projection angle (rad)

ground incline angle (rad)

aerodynamic resistance coefficient (m”l)

KL coefficient at the Magnus force (s")

V, 0 - velocity coordinates (m/s; rad)

Vo, Vi — values of the initial and the terminal veloci-
ties (m/s)
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g — gravitational acceleration (m/sz)
Pa, Pp — air and particle densities (kg/m3)
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CHANGE IN CELL WALL EXTENSIBILITY DURING
GIBBERELLIN-REGULATED GROWTH OF PEA ROOTS

ZMENY PRUTAZNOSTI BUNECNYCH STEN PRI GIBBERELINEM
RIZENEM RUSTU KORINKU HRACHU

E. Tanimoto], R. Yamamoto®

1Biology Laboratory, College of General Education, Nagoya City University, Nagoya, Japan
2Laboratory of Biology and Chemistry, Tezukayama College, Nara, Japan

ABSTRACT: Mechanical properties of plant cell walls were studied on pea (Pisum sativum L.) roots by three types of
methods: stress relaxation (constant strain), load-extension (constant strain rate) and creep (constant load). The three methods
were compared with each other using gibberellin (GA) — regulated root elongation as a probe. GA-effect on mechanical
properties of the cell wall was apparent when root cell walls were tested by creep and load-extension analyses at slow
extension rate, whereas it was obscure in the stress-relaxation analysis after quick pre-extension. These results suggest that
GA increases the extensibility of the root cell walls by affecting the slowly relaxing or high viscosity components of the cell
wall.

pea; root; cell wall; relaxation; stress; creep; extensibility

ABSTRAKT: Prispévek navazuje na star$i origindlni prace autorl. Jde zejména o metodiku testovéni pritaZnosti buné&nych
st&n, zaloZenou na tahovém testovani kli¢ka ¢i kofinkl v umrtveném stavu s pouZitim rovnice (1) s moZnosti oddélit elastic-
kou a neelastickou &ast prodlouZeni. V prici je jako experimentdlni material pouZit hriach (Pisum sativum L., odr. Alaska)
péstovany hydroponicky v roztocich, které byly poslednich 24 hodin doplnény ancymidolem a riznymi davkami gibberelinu.
Asi 15 mm dlouhé apikalni &asti vypéstovanych kofena byly umrtveny pétiminutovym povafenim v metanolu a pak testovany
s pouZitim tahového relaxa¢niho testu (asi pétimilimetrovy usek kofene ze vzdilenosti 2 aZ 7 mm od $pi¢ky kofene) a dvéma
typy creepovych zkoudek (load test v trhadce Tensiron — obr.1 a creep analysis v Reometru RE-33005 - obr.2). V3echny tfi
pouZité metodiky se od sebe trochu lifi, ale dosaZené vysledky jsou navzdjem konzistentni. Vliv gibberelinu byl vyrazny ve
viech piipadech, v nichZ pfevlddala pomalé relaxace nap&ti. Naznaduje to, Ze gibberelin zvétSuje pritaZnost buné&&nych stén

zejména pusobenim na vysoce viskosni slozky deformace bunécnych stén.

hréch; kofinek; bun&&na sténa; relaxace; napéti; creep; pritaZnost

INTRODUCTION

Plant cell enlargement is driven by cell wall expan-
sion and water absorption of young cells which have
developing primary cell walls. Cell wall expansion is
controlled by cell wall extensibility and turgor pres-
sure, a pressure from the inside (cytoplasm) against the
cell wall. Thus, studies on physical and biochemical prop-
erties of the primary cell walls are inevitable for under-
standing the mechanism of plant cell enlargement.

Physical or mechanical behavior of cell wall has
been studied by several types of methods in relation to
plant growth (Cleland, 1971; Masuda, 1978;
Taiz, 1984). Instron (constant strain rate) and stress-
-relaxation (constant strain) methods have been more
extensively used because of the ease and rapidity of the
measurements, although creep (constant load) most
closely resembles in vivo extension of plant cells.

ZEMEDELSKA TECHNIKA, 43, 1997 (1): 15-19

Stems of liana plants and coleoptiles of cereals are
rapidly growing organs which are very sensitive to
a growth hormone, auxin. Using auxin-induced exten-
sion of cell walls as a probe, changes in mechanical
properties of cell walls during auxin-induced elonga-
tion growth have been extensively studied by Instron
and stress-relaxation methods. The Instron technique
revealed that auxin increases the plastic and the elastic
compliance within the early stage of auxin-induced
elongation (Cleland, 1967; Masuda, 1968,
1969). The technique of stress-relaxation test has been
applied to the analysis of auxin-induced changes in cell
wall extensibility (Yamamoto et al, 1970;
Cleland and Haughton, 1971) in attempting to
describe cell wall properties by physically defined pa-
rameters. Yamamoto et al. (1974) analyzed stress
relaxation curves of coleoptile cell walls using an em-
pirically derived equation: )
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S=b.log

where: § - stress
b - relaxation rate (slope of the curve AS/Alog 1)
To — minimum relaxation time
Tm — maximum relaxation time
¢ - residual stress at the end of the relaxation period

They found that auxin specifically decreases Ty by
30-65% and increases b by about 20-25% (Yama-
moto et al, 1970; Tanimoto and Masuda,
1971; Yamamoto and Masuda, 1971; Masu-
da etal, 1972; Sakurai et al,, 1982). In addition,
effect of GA on the mechanical properties of stem cell
walls were reported on the hook and young elongation
zone of pea stem using these physical parameters
(Nakamura et al, 1975; Miyamoto et al.,
1992).

Plant root is another elongating organ which shows
hormone-regulated elongation growth. Since externally
applied auxin does not strongly promote root elonga-
tion, auxin-induced elongation growth could not be
used as a probe for the analysis of root cell walls. How-
ever, some inhibitors of gibberellin biosynthesis were
recently found to inhibit root growth and this inhibition
was reversed by the external application of gibberellin
(Tanimoto, 1987, 1988). Thereafter, studies on hor-
monal regulation of mechanical properties of root cell
walls became possible by using gibberellin- and the
inhibitor-regulated root growth as a probe.

In this report, stress-relaxation, load-extension and
creep analyses of root cell wall recently conducted in
our laboratories are presented with special interest in
gibberellin-regulated elongation growth of pea root,
and the effect of gibberellin on the mechanical proper-
ties of root cell walls is discussed. A part of this study
has been reported previously (Tanimoto, 1994).

MATERIALS AND METHODS
Plant material

Pea roots (Pisum sativum L. cv. Alaska) were grown
in humid chamber in the dark as described elsewhere
(Tanimoto, 1988). The elongating roots, 25 £ 5 mm
long, were treated by ancymidol (Anc) with or without
gibberellin A3 (GA) in hydroponic culture solution for
24 h. After the treatment, apical 15 mm portion of the
roots was excised and killed in boiling methanol for
5 min. Methanol was replaced with fresh methanol
twice and kept at 4 °C until mechanical properties were
analyzed. Before analyzing mechanical properties, root
segments were rehydrated with distilled water.

Stress-relaxation analysis

Rehydrated root segments were subject to analysis
with a Tensiron RTM-25 tester (Toyo Baldwin; Tokyo,
Japan). Root segments were secured between two
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clamps, leaving a 5-mm distance (2-7 mm from tip) for
extension. Experimental conditions for cell wall exten-
sion was reported elsewhere (Yamamoto et al,,
1970, 1974).

Load extension analysis

Load extension analysis was carried out by three
modes of measurement in the Tensiron tensile tester.
Load-extension up to 8 g load, creep at 8 g for 60 s and
shrinkage of the root segments were recorded. The typi-
cal load-extension curve is shown in Fig. 1. Three pa-
rameters were obtained from each curve: (A) extension
during initial loading from 0.8 g to 8 g; (B) extension
during loading with 8 g for 18 s; and (C) shrinkage
during reduction of the load from 8 g to 0.8 g. In order
to minimize the fluctuation in the initial extension due
to slackening of root specimens, the initial extension
was read from a 0.8 g load (10% of the full load).

8 m
! g
S S
e F I}
.| Iy 3
S4r a&\° 5

2} & 2
0.8
0 f 1

Time (8)

1. Typical load-extension curves of the root cell wall obtained by
slow extension at 0.5 mm.min~" in a Tensiron tensile tester. When
the load reached 8 g, the extension speed was adjusted to hold the
8 g load (creep) for 18 s, and then the root segment was allowed to
shrink by releasing the load. Three parameters were obtained: A —
extension during initial loading from 0.8 to 8 g; B — extension during
loading with 8 g for 18 s; C — shrink during reduction of the load
from8gto 08 g

Creep analysis

Creep properties of root cell walls were analyzed by
a Rheoner RE-33005 (Yamaden, Tokyo, Japan). Rehy-
drated root segments were secured between two clamps
leaving a 3-mm distance (2.5-5.5 mm from root tip) for
extension. Extension was recorded during three sequen-
tial loadings at 10 g for 2 min, 20 g for 2 min and 30 g
for 3 min. The load was then removed and the shrink
of the segment was also recorded. Typical extension
and shrink curves were shown in Fig. 2. The extensions
by every 10 g loading, E g g, Eag ¢ and E3g , were read
at 2 min, 4 min and 7 min after the start of loading.
The elastic extension (EE) and plastic extension (PE)
were read 3-min after releasing the load. A drop of
distilled water was supplied to the extending roots dur-
ing measurement to keep the root segment wet.

ZEMEDELSKA TECHNIKA, 43, 1997 (1): 15-19



Extension (mm)
o o -
a © o
T T T
8
-]

e
bS
T

0 I i i
0 1 2 3 4 5
Time (min)

2. Typical creep curve of the root cell wall obtained by sequential
loading of 10, 20 and 30 g. The load was then removed and the
shrink of the segment was also recorded. The extensions by every
10 g loading, Ey . E; ; and Ey; , were read at 2 min, 4 min and
7 min after the start of loading. The elastic extension (EE) and
plastic extension (PE) were read 3 min after releasing the load

RESULTS AND DISCUSSION

Stress-relaxation process of root cell wall was ana-
lyzed by the same method as reported by Yamamo-
to et al. (1970, 1974) adopted for coleoptile segments.
Since Ty and b in Eq (1) were significantly affected by
auxin treatment in coleoptiles, these parameters were
compared between Anc-treated and (Anc + GA)-treated
roots. Mean values of T and b obtained from 20—
30 roots were 25.0 + 0.8 ms and 4.84 £ 0.09 mg.s_I
respectively for Anc-treated roots, whereas those for
(Anc+GA)-treated roots were 25.1 = 0.9 ms and 4.50 +
0.11 mg.s", respectively (Tanimoto, 1994). The ef-
fect of GA on T, and b over control were 0.4% and
—7%, respectively. Thus, GA did not significantly af-
fect the cell wall parameters at least in the present ex-
perimental condition. However, in stress-relaxation
analysis, pre-extension process strongly affects the
relaxation process (Fujihara et al., 1978a, b). For
example, T is influenced by the pre-extension rate, and
the auxin effect on lowering T, is obscured if the pre-
extension rate is too slow (Fujihara et al., 1978a,
b). In the analyses of auxin-treated oat coleoptiles, pre-
extension rate was 20 mm.min~'. Then we have further
tested root cell walls by two different extension rates,
0.5 and 10 mm.min"". The processes of slow extension,
constant creep and shrink were recorded and three pa-
rameters A, B and C were obtained as shown in Fig. 1.
Three parameters were compared between Anc-treated
and (Anc + GA)-treated roots. When root cell walls
were extended at 0.5 mm.min~', GA effects on three
parameters were apparent, 26-41% promotion over no
GA control, whereas GA effect was obscure when roots
were extended at higher speed, 10 mm.min', where
GA effects on A, B and C were 8%, —10% and 5%,
respectively. These results suggest that every viscoelas-
tic components of the cell wall contribute to the relaxa-
tion process when pre-extension speed is very high,
whereas only the high viscosity components may con-
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3. Viscoelastic model of cell wall extension at different extension
speed as shown by dashpots and springs. When the cell wall was
extended slowly, low viscosity component (left dashpot) will quickly
decay and only high viscosity component (right dashpot) may con-
tribute to the slow extension process

tribute to the relaxation process when pre-extension is
slow, since the low viscosity components quickly de-
cay during slow extension (Fig. 3).

Quick extension speed such as 20 mm.min™", and
even 0.5 mm.min~" are very fast compared to the native
speed of cell wall elongation which falls in the order
of 0.01 mm.min~". Since creep test most closely resem-
bles in vivo extension of plant cells, we have next
measured creep properties of root cell walls. Five pa-
rameters, Eq o, Eyg 4, E3g 4 PE and EE, were com-
pared between Anc-treated roots and (GA + Anc)-
-treated roots. GA (GA + Anc treatment) increased all
parameters by 17-33% over control (Anc treatment
without GA) as shown in Fig. 4. In Fig. 5, GA effect
was compared among extensions by every 10 g loading
and elastic and plastic extensions. GA effect was great-
est in extension by 20-30 g loading, suggesting that
GA increases cell wall extensibility of roots by affect-
ing heavier load-bearing components of the cell wall
rather than light components. In case of stress-relaxa-
tion analysis of auxin-regulated elongation growth,
auxin specifically lowers minimum relaxation time, T,
which is thought to represent the average molecular
weight of the viscoelastic flow units. This physical
finding was supported by the extensive biochemical
findings that auxin increases the activities of polysac-
charide-degrading enzymes (Tanimoto and Ma-
suda, 1968; Masuda and Yamamoto, 1970;
Tanimoto and Igari, 1976) and that auxin lowers
the average molecular weight of matrix polysaccha-
rides in the cell wall (Loescher and Nevins,
1972; Sakurai, 1991; Hoson, 1993). Thus, auxin
may loosen the load-bearing components of the cell
wall which works when cell walls were quickly ex-
tended, by breaking down the cell wall polymers. In
contrast, GA may loosen the load-bearing component
of the cell wall which works when cell walls were
extended slowly, by unknown biochemical or biophysi-
cal mechanism.

1
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4. Effect of GA on the five par Eio Eop E3g PE
and EE, in creep analysis of the root cell wall. GA effect was pre-
sented as per cent of control (ancymidol treatment without GA).
Means of 15-20 roots with standard errors

We have still limited information about the mecha-
nical properties of root cell walls, although several
types of methods has been employed to measure me-
chanical behavior of root cell walls, such as bending
method (Silk and Beusmans, 1988), stress-re-
laxation and load-extension method (Tanimoto,
1994). Although creep method most closely resembles
the native extension process of plant cell walls, the
creep process is relatively difficult to describe it in
terms of physically defined parameters. The physically
defined description of creep process of plant cell walls
is open question for further investigation.
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DYNAMIC LOAD ACTING ON A TRACTOR DURING
PLOUGHING

DYNAMICKA ZATIZENI TRAKTORU PUSOBICI PRI ORBE

V. Mi§un1, F. Bauer’

Technical University of Brno, Institute of Mechanics of Solids, Brno, Czech Republic
Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: Relations and algorithms for transformations of dynamic load affects in individual draw bars of a three-point
suspension transferred into a tractor’s centre of gravity are mentioned in this paper. Transformation has been based on a static
equivalence of the load effects. The ploughing with an attached plough has been employed for this purpose. This algorithm
can be used for monitoring dynamic responses of a tractor’s model used, evaluating its necessary pulling properties, dynamic
forces between the wheels and soil, etc. Reliability of- the created algorithm has been tested and verified according to the
terrain measurements.

tractor; ploughing; three-point suspension; force transformation

ABSTRAKT: V pfispévku jsou uvedeny vztahy a algoritmus pro transformaci prib&hi zatéZovacich dynamickych sil v jed-
notlivych téhlech tiibodového zavésu do t&Zisté traktoru. Méfené prib&hy viech téchto sil jsou nahrazeny v t&Zisti traktoru
vyslednymi silovymi ¢inky. Pro vytvofeni a ovéfeni algoritmu byla zvolena pracovni operace orba. Transformace je zaloZena
na maticovém vyjadfeni statické ekvivalence silovych uginkd. Algoritmus muZe byt déle pouZit pro sledovani dynamickych
odezev modelu traktoru a jeho taZnych sil i pro vyhodnoceni sil orby, pro vypocet zatéZovacich dynamickych sil, které pusobi

mezi jednotlivymi koly traktoru a piidou. PouZitelnost vytvofeného algoritmu byla ovéfovana méfenimi v terénu.

traktor; orba; tfibodovy zavés; transformace sily

INTRODUCTION

The goal of the whole agricultural society is to de-
crease the degree of energy demands, to cut down the
running fuel and its consumption within the norms of
problems connected with work ecology. The agricul-
tural ploughing is classified as the most important work
operation as to the consumption of the direct energy,
e.g. diesel fuel (Bauer, 1985).

Special attention must, therefore, be given to the
ploughing which is the most important phenomenon as
to the forces which stress the tractor and its effects
acting on the soil as compared with any other working
operations of a tractor.

Ploughing is done using duckfoot share ploughs in
most cases. If the agricultural operations have to lower
energy consumption and to keep the degree of diffi-
culty down to the basic soil procedure applications then
the theory of stress affect attributes which influence
greatly the pulling properties of the tractor, wheel
forces, directional stability, etc. during ploughing must
first be cleared. The dynamic forces originating during
the very process of ploughing (cutting-off, grinding,
mixing, loosening, turning) play a great role in the dy-
namic process which goes on between the tractor’s
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wheels and the soil causing also unwanted compacting
of the top soil layers.

That’s why it is important to know the dynamic
forces that act on the ploughing body of the trac-
tor.These forces, then, can be used to solve the prob-
lems connected with dynamic responses of the tractor’s
model serving as a mechanical structure.

Analyses of dynamic stress effects, as to the plough-
ing process alone, and an algorithm for their transfor-
mation into the tractor’s centre of gravity is shown in
this paper. The task is then ready to solve the dynamics
of the tractor’s model and its responses in the selected
nodal points.

EXPERIMENTAL ANALYSES OF FORCE EFFECTS
FORCE EFFECTS ACTING ON A PLOUGH

In view of the plough forces acting on the tractor,
the spatial forces distribution and their sizes are impor-
tant factors. The need to know their propper effects is
very important from several reasons.

In case of a draw bars of a three-point suspension,
it is important to consider the impuls regulation during
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1. Scheme of tractor — plough system. Location of tensometers at a
three-point suspension

c - centre of gravity of tractor
AL, Ar, H - joints (index L - left, R - right)
- tensometer

ploughing using force or mixed regulatory system. The
type of regulation strongly influences the adhesive
forces acting on the tractor’s drive wheels resulting in
skidding, diesel oil consumption, and output power of
the ploughing aggregate system.

The stress effects between the ploughing system and
the soil can be divided into useful and parasite ones
(Bauer, 1985). Both of them are continuously distrib-
uted and are influenced by many different causes. In-
dividual parts of these stress effects are very difficult
to recognize. Some inertial force effects of the culti-
vated soil layers will also occur.

As to the tractor dynamics alone, it is necessary to
evaluate the resulting stress effects by which the
ploughing device acts on the tractor via suspension’s
path. These stress effects will certainly include stress
effects coming from the ploughing process, parasite
stress effects between the ploughing device and the
soil, and also by the force of gravity of the plough.

The forces transferred from the plough towards the
tractor can be evaluated by measuring forces presented
in the draw bars of the three-point suspension (Fig. 1),
and by their following tranformation onto more simple
stress effects in a carefully selected point within the
tractor’s space. This point seems most probably to be
the tractor’s centre of gravity.

FORCES ACTING IN DRAW BARS OF
A THREE-POINT SUSPENSION

Force measuring methods in individual draw bars of
a three-point suspension during ploughing published
Bauer et al. (1989).

Fig. 2 shows a geometrical drawing of a three-point
suspension illustrating measured axial forces in indi-
vidual draw bars. The pulling forces are considered as
positive as long as they are directed from draw bar
joints.
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2. Scheme of a three-point suspension

All draw bars of a three-point suspension have been
equipped with electric resistance strain gauges (ten-
someters). A telemetric system Ja RTSE R45 has been
used to monitor the results. A detecting tape recorder
4S17-V and a loop oscillograph 8LS-1 has been used to
record the obtained values (Bauer, 1985).

Let’s mark the forces in the draw bars:

— in an upper draw bar, F

—in a lower draw bars, Fg;, Fpp

—in a lift-up draw bars, F;, Fp
where: index L - left side. R - right side

The following have been used:

— tractor type Zetor 7245,

— plough type PH 1-426,

— ploughing of medium density soil.

Fig. 3A to 7A show courses of measured forces in
the individual bars of the three-point suspension.

Next, all geometrical parameters specifying the size
and position of individual draw bars and their joints at
a three-point suspension in a given basic tractor’s
space (marked as 1) are known. In the tractor’s centre
of gravity (Fig. 1) a relative (basic, global) coordinate
system Oxyz has been chosen, where axis x is a longi-
tudinal axis of a tractor. Axes x, z are situated in a lon-
gitudinal vertical plane of the tractor and axis y is per-
pendicular to this one. A tractor driving with its right
side wheels in the furrow is side-tilted by an angle a,
where

h
tga=— 1
g L ()
where: h - depth of ploughing
Ls — wheel track of a tractor

FILTERING OF THE TIME FORCE COURSES

Time courses of the measured forces in the draw
bars of a suspension are very unstable due to various
occasional causes (e.g. impacts due to the joint’s clear-
ance). It is then suitable to filtrate the gained measured
values with a help of a high frequency suppression fil-
ter so that the unwanted high frequency components
can be eliminated from the measured signals.

A method of a floating filter (method of a floating
average) has been used for the time smoothing the
measured force courses.

Filtering of measured values (time force courses) for
i-th time value of force Fg(i) has been calculated ac-
cording to:
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6. Force F; in suspension's draw bar

Fyli) = Fli4) + 4.Fli=2) + 6.F i) + 4.Fgli +2) +

+Fyli+4) )

where: i- 1, 2,..N (total number of discrete values in time ap-
pointed signal)
constants 1, 4, 6, 4, 1 - have been taken from Pascal’s tri-
angle
index K = H, BL, BR, L, R

Fig. 3B to 7B represent a smoothed force courses in
draw bars of a three-point suspension of a tractor cor-

responding to the measured courses according to Figs
3A to 7A.

TRANSFORMATION OF FORCE EFFECT

Every part (draw bar, member) of a three-point sus-
pension occupies a different position as to the basic
space 1 (space of the tractor). It is recommended to
define the local coordinate systems connected with in-
dividual members of the suspension system.
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8. Global and local coordinate systems

Let Oxyz is used for the local coordinate system for
any j-th member of a three-point suspension. The ori-
gin points Oj of these local coordinate systems are se-
lected in the suspended points on the tractor’s body
(Fig. 8). The positions of these points (x,y,z, coordi-
nates) within the treactor’s space are known.

Let’s express the measured force effects in the draw
bars of a three-point suspension in individual local co-
ordinates using vectors and then, on the basis of the
static equivalence, let them be transferred into the trac-
tor’s centre of gravity (Bauer et al., 1990)

TRANFORMATION OF POSITION VECTORS

It is necessary to transform the position vectors of
the suspension’s points of individual members of
a three-point suspension into a basic coordinate sys-
tem, e.g. into a space connected with a tractor’s body.

Any given point L of the j-th body has its coordi-
nates in a space:

— local coordinates: xL yj,zlf

— global coordinates: xL i ZL

The coordinates of the origin point O; in the basic
space of a tractor (space 1) are arranged into a column
matrix (column vector)

’1’-[x1‘)’x’11’]r 3
or in its extended form
% =000 07T @
Then, introducing a matrix of directional cosinus
(Bauer atal., 1989)
[ey cizen3
Cjy=|¢21 223 (5
€31 €32€33 i

for transformation of vectors from space j into the basic
space 1. The matrix for transformation of position vec-
tors of points from space j to space 1 is then given
(e, 0

Cy rll}

0 1]

where: 0 = zero row matrix

Ty = ©

Coordinates of any given point L in space j form a
column matrix
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An extended form of the column matrix of point’s
vecor L in space 1 has then a form

Wb T ®)
Every axes x;, Y;

Y, Z; intersecting points A o, )/q zA)
and B ():H,y“3 zy) in space 1 can be positively oriented
by a unit vector

- 2 w- )f‘
§=—37 -+ 73
=51|-’|+C|2-J|+C|3-k_l)

~L ~L
ry =1}l"j =

z"z"f+

= ©

where: i} ji7 K — unit vectors of Oxy; coordinate system

The distance of A, B points

AB=N& -+ 07 -+ @ -4

(10

TRANSFORMATION OF INDIVIDUAL FORCES

After a positive orientation of the individual axis of
the j-th coordinate system with an aid of unit vector e
according to relations (9), (10), every i-th force in the
draw bars of a three-point suspension acting in the
point L (L = H, A}, Ag, Dy, Dg) can be recorded using
vectors in space 1

B =Fh.8=Fh .+ F b I FL R an

By this way, axial forces Fy, F;, Fg in the draw bars
of the suspension can be expressed according to Fig. 2.

The common plane force systems are acting on the
lower draw bars. When using conditions of a static
equilibrium, the bond reactions in points A;, Ag can be
evaluated and then again be expressed in a vector's
form according to (11).

For individual force effects expressed by relations
(11), column vectors can be formed according to rela-
tion

Fb=(FY, Foy Rl

it Fis1 Finl (12)
In the basic coordinate system, an operational matrix
Ry ¢ will be formed containing coordinates of any given

point L in space 1

0 —z{‘ yf
Rye=| 2 0 =
N X% 0

Individual force Fg (K = H, A}, Ap, L, R) from point
L to the tractor’s centre of gravity C = O, is then
tranferred. The tranformation is based on a static
equivalence. A column vector of force effects (force
bivector) is then obtained from each force Fg in the
tractor’s centre of gravity

] _[&
Sﬁ"LMf]#[‘*w]'F'+

where: Ea - unit matrix of the 3 x 3 size

(13)

(14)
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Using relations (14), the force effects acting in indi-
vidual points of a three-point suspension can be trans-
ferred step by step into the centre of gravity of the
tractor or into other selected suitable points in the basic
space.

RESULTING FORCE EFFECTS IN THE
TRACTOR’S CENTRE OF GRAVITY

RESULTING FORCE AND RESULTING MOMENT

Using tranformational relation (14) in the sence of
a static equivalence, force effects in individual suspen-
sion’s points are substituted in the tractor’s centre of
gravity. The sum of them will give us a resulting bivec-
tor in the tractor’s centre of gravity.

$5= Sfi = (Fyx Fyy FyzMyxMyyMy;)" 1s)

i

where: i — H, AL Ar. DL Dr

Force effects of a three-point suspension are then
substituted by the resulting effects in the tractor’s cen-
tre of gravity, which are:

- resulting force

Fy=Fyx. P+ Fyy P+ Fyz R} (16)
- resulting moment

My=Myx. T+ My 7+ Myz. B (17)

Their illustrations are given in Fig. 9.

0,=C
Ya X4

-
-
M,

b

o

9. Resulting force effects in the tractor’s centre of gravity

The value of these resulting force effects are as fol-
lows:

Fy=VFy* + (Fyp + (Fyp) (18)
My=NMy )% + My + (My)° (19)

TIME COURSES OF THE RESULTING FORCE
EFFECTS

Due to the fact that all measured forces in the draw
bars of a three-point suspension are variable in time
(see Fig. 3 to Fig. 7), the resulting force effects Fy, My
after tranformation to the tractor’s centre of gravity will
vary with time as well (Fig. 10, 11).
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10. Time courses of resulting force components

Knowledge of the Fy, My courses is required in case
when there is a need to solve time courses of dynamic
forces between the tractor’s wheels and the topsoil to
obtain the peak value of these forces, their spectrum,
etc. The task of this kind must be solved with a help of
an adequate numerical integrational method applied
during solution of the tractor’s model response. This
traktor model system is realy non-linear because of the
skidding properties of tyres.

When using linear model of a tractor, it is possible
to consider the measured forces in the draw bars of
a three-point suspension as a random process with their
corresponding statistical characteristics (mean values,
dispersion, spectrum).

Then it is also possible to consider even the resulting
Fy, My as random ones. The evaluation technique of
the model’s response is then other and a frequency
transfer properties of a tractor’s model can be used.

These evaluated resulting force effects Fy, My
which act in the tractor’s centre of gravity can be fur-
ther used for solving dynamics of the tractor alone, as
well as for response monitoring the dynamic system.
After creating a suitable dynamic model of a tractor, it
then can be tested using these resulting force effects

25



A1) COMPONENT MOMENT NVX

0y

MYX [ KNMD

Vol o T e T T T T T o al dal da

T (SEC)
g 8 CONPONENT NONENT MVY
i
o
nf]
-
¢
oty
.
>7
z 4
i
Vo T e e T e e T e i T e T e i e
[
8 C] CONPONENT MOMENT MVZ
8|
ng
K|
&
Sk
¥
8
Yol dal dlal sl T ‘.’mT"gFEE)' Vo T ilo T do T o7 do
11. Time courses of Iting C p

and the tractor’s response can be calculated and ana-
lysed MiSun, Bauer, 1992).

The given algorithm allows to evaluate the resulting
force effects in selected time intervals. Tab. I shows
five selected time intervals with measured forces in the
draw bars of a three-point suspension including com-
puted components and the resulting force effects.

BASIC STATISTICAL CHARACTERISTICS OF
RESULTING FORCE EFFECTS

Courses of the dynamic force effects of a loaded
tractor during ploughing have a stochastic character.
This character is kept even with the resulting force
effects in the tractor’s centre of gravity.

It is useful to know at least some basic statistical
characteristics of these resulting force effects. The ba-
sic statistical characteristics of the arbitrary random
time variable

y=y (20)
where: y(1) = Fyx(1), Fyy(1), ... Mvz(t)

can be obtained from relations:
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L. Resulting force effects in selected time intervals

Time Fy (kN) My (kNm)
) | Fyx | Foy | Foa | Fy | Myx | Myy | My | My
02 | 161 23 9.5 18.8 05| -95| 20 9.72
20 | 166 1.9 9.2 19.1 00| -9.8| 26 |10.14
3.8 173 | 24 9.1 19.7 0.2 [-10.0| 24 |[10.28
6.0 | 183 1.8 9.7 | 208 | -0.3 |-10.0| 3.0 |10.83
80 | 182 | 1.8 | 9.6 | 206 02 |-104 | 28 |10.77
— for mean value
; T
m, =7,Iy(1) di @1
0
— for dispersion
T
D=1 2 d 2
VET (1) = my]” . dt (22)
0

— for standard deviation (root-mean-square value)
G, = ND Y
Fig. 12 demonstrates the time course of random

variable, y(f), its mean value, my, and the standard de-
viation, Gy.

(23)

y(t)

N Y N W s OO
AT
I e

my
T lim;t

12. Basic statistical characteristics of random variable y(/)

Now we can calculate the basic statistical charac-
teristics of the random forces and moments acting in
the centre of gravity of the tractor. The considered time
period has been chosen, T = 8.0 s.

The following is evaluated in individual compo-
nents:

— mean values

mpyx=1T.TkN;  mpyy=19kN; mpyz=9.3 kN

myyx=0.LKNm;  mypyy=-9.8KkNm;  my=2.7 kNm

— standard deviations

Opvx = 116N;  Opyy=17N; Opyz=58N

Opyx = 10 Nm; Opyy = 64 Nm: Opmyz = 19 Nm

Using mpyy to my,y> mean value components given
above, we come to the evaluation of a mean values of
the resulting force effects.
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Resulting mean force
mpy=20.08 kN
Resulting mean moment

mygy=10.16 kNm

EVALUATION OF THE ALGORITHM

The offered algorithm allows to evaluate the result-
ing dynamic force effects acting on a tractor during
ploughing together with tools being used with a high
level of precision. These transformed force effects can
further be used for additional analyses of force loading
of a tractor, its dynamic characteristics during a se-
lected agrotechnical operation — such as ploughing.

This algorithm has been tested using a loaded tractor
model during ploughing when the monitored tractor has
been towed by another tractor using a rope. The stress
in the ropes have been measured using tensometers and
the measured values have been compared with a com-
ponent Fyy together with a passive resistance of the
tractor (Bauer et al., 1989). The results of this com-
parison are in a good agreement and show a high pre-
cision of the created algorithm and its usability for
solving the tractor’s loading capacity during ploughing.

This algorithm can also be used for evaluation of
ploughing force, impulsive forces in the draw bars of
a suspension as inputs of force or for mixed regulation,
as well as for calculation of the so called sinking mo-
ment of the original ploughing.

After creating a suitable dynamic model of a tractor
or a tractor-soil model, the system’s response in the
selected points of the tractor can be evaluated and
monitored. The dynamic stress acting on the wheels of
a tractor, on pivots of the wheel, and the directional
stability can also be monitored.

CONCLUSION

Basic relations and algorithm for transformation of
dynamic forces measured in the draw bars of a three-
point suspension in the tractor’s centre of gravity dur-
ing the ploughing process are mentioned in this paper.
A matrix method of static equivalence of force effects
acting in various points of a tractor’s space has been
used for this transformations.

The presented algorithm can be used in many other
ways. It is an useful contribution for evaluation of force
effects acting on the whole system, e.g. aggregated
tractor equiped with working tools. It allows to eva-
luate the useful pulling and working properties of
a tractor. It allows to evaluate the dynamic forces
which cause the undesirable compacting of the lower
sections of the top soil layers by the wheels of the
tractor.

This fact plays an important role in germination of
seeds at its beginning as well as in the final agricultural
yield.

The research presented in this contribution has been
done under the governmental grant No. 101/94/1839.
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OSETROVANI A SKLADOVANI POTRAVINARSKYCH
ZRNIN V ZASOBNICICH O KAPACITE 200 t

TREATMENT AND STORAGE OF FOOD CEREALS IN STORAGE SILOS
OF CAPACITY 200 t

P. Kroupa

Research Institute of Agricultural Engineering, Praha, Czech Republic

ABSTRACT: The work p results of during tr of food cereals by intensive aeration in tower
storage silos of unit storage capacity 200 t. Basal board, including distribution and aeration canals, were designed and tested
for these silos. Medium-pressure fans were used for the aeration proper (one aeration fan for each silo) which can supply
25-30 m® of air per 1 tonne of stored grain per 1 hour. The greatest attention has been paid to the main parameter — outlet
air velocity forom a layer of stored grain in its intensive aeration. It follows from the values taken that average outlet air
velocity from a layer of stored grain along the circumference of the storage silo is 0.084 ms~, average outlet air velocity in
the middle of the silo, then in the top of the filling cone, whose height was 1.2 m, amounts to 0.023 m.s”". It follows from
the values measured that outlet air velocity from a layer of stored grain in silo of unit storage capacity 200 t is sufficient and
hence, there is no risk of rising the airtight condensation layer and hence depreciation of stored grains. Food wheat Hana of
average moisture 19% was stored in silos. For 25 days of intensive aeration the moisture fell to 14.7%. The total consumption
of electric power for grain treatment by intensive aeration during 25 days, at decrease in grain moisture from 19% to 14%,
amounted to 1.534.8 kWh.

tower silo; aeration fan; air distribution; outlet velocity; grain temperature; grain moisture

ABSTRAKT: V préci jsou uvedeny vysledky méfeni pfi odetfovéni potravinafskych zrnin intenzivnim provzdusiiovdnim ve
vé&Zovych zasobnicich o jednotkové skladovaci kapacité 200 t. Pro tyto zdsobniky byla navrZena a ovéfena zdkladova deska
véetné rozvodnych a provzdusiiovacich kandlkd. K vlastnimu provzdusiiovéni byly pouZity stfedotlaké ventilatory (na kaZdy
zasobnik jeden provzdusiiovaci ventilator), které jsou schopny zajistit 25 az 30 m? vzduchu na 1 tunu uskladnéného zma za
1 hodinu. Nejvétsi pozornost byla vénovana hlavnimu parametru: vystupni rychlosti vzduchu z vrstvy uskladnéného zrna pfi
jeho intenzivnim provzdudfiovini. Z nam&fenych hodnot vyplyvi, Ze prim&rna vystupni rychlost vzduchu z vrstvy uskladng-
ného zrna po obvodu zasobniku je 0,084 ms™, primérnd vystupni rychlost vzduchu uprostfed zésobniku, tedy na vrcholu
nasypného kuZele, jehoZ vy$ka byla 1,2 m, je 0,023 ms™. Z naméfenych hodnot plyne, Ze vystupni rychlost vzduchu z vrstvy
uskladnéného zrna v zasobniku o jednotkové skladovaci kapacité 200 t je dostatetnd a tudiZ nehrozi nebezpeli vzniku
neprody3¥né kondenzadni vrstvy a tim znehodnoceni uskladnéného zrna. Do zésobniki byla naskladnéna potravinafska pSenice
HANA o primérné vlhkosti 19 %. Za 25 dni intenzivniho provzdusiiovani se vlhkost sniZila na 14,7 %. Celkova spotfeba
elektrické energie pro o3etfeni zrna intenzivnim provzdusfiovinim za 25 dnu, pfi sniZeni vlhkosti zrma z 19 % na 14,7 % byla
1 534,8 kWh.

véZovy zasobnik; provzdusiiovaci ventildtor; rozvod vzduchu; vystupni rychlost; teplota zrna; vlhkost zrna

UVOD poZadavky na zdravou vyZivu), kterd jsou odli¥na od

oSetfovani a skladovani ostatnich zrnin.

Zikladnim poZadavkem raciondlni vyZivy je pfisnd
kontrola, Setrné zpracovani a pfirodni stav potravinaf-
skych zrnin. Hlavni zdsadou jsou minimélni upravy,
které nesméji sniZit biologickou hodnotu potravinaf-
skych zrnin.

Potravinafské zrniny se dosud ve vét¥in& pfipadi
o¥etiuji, skladuji a popiipadé pfedzpracovévaji na po-
skliziiovych linkach. Technicka troveii téchto zafizeni
je viak vétsinou nevyhovujici.

OSetfovani a skladovéni potravinafskych zrnin ma
své specifika (pfedevSim nutnosti respektovat vechny
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Potravinéiské zrniny se v soucasné dobé skladuji ve
velkokapacitnich skladech, kde neni moZnost rozdélit
napf. potravinafskou pSenici podle mlynafskych a pe-
kafskych vlastnosti. Potom se stivd, Ze v jednom za-
sobniku je uskladnéna potravinéiska pSenice s rozdil-
nymi mlynafskymi a pekafskymi vlastnostmi.

OfSetfovéni potravinafskych zrnin je feSeno aktivnim
provzdudiiovanim v zdsobnicich pfi zna¢né nerovno-
mérnosti vystupni rychlosti vzduchu. Z toho plyne, Ze
nékteré partie uskladnéného zrna v zasobniku jsou
wpresuleny*, nékteré dosahuji standardni vlhkosti a né-
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které partie maji vlhkost vys§i nez predepisuje CSN.
K aktivnimu provzdusiiovani jsou Casto pouZivany
i nevhodné ventilatory, které neodpovidaji poZadova-
nym parametrim jak v mnoZstvi vzduchu, tak poZado-
vanym tlakem.

Proto je tfeba oSetfovani a skladovani potravinai-
skych zrnin vénovat zna¢nou pozornost, vlastni sklizeit
provadét v pIné zralosti, ofetfovani zrna feSit intenziv-
nim provzduSiiovanim, které by mélo byt rovnomérné,
a vlastni skladovani feSit v zasobnicich o jednotkové
skladovaci kapacité do 200 t.

POPIS ZARIZENI

Cilem vyzkumného feSeni bylo:

— navrh a ovéfeni vzduchotechniky v zdkladové des-
ce pro véZové zasobniky systém LIPP o jednotkové
skladovaci kapacité 200 t;

— vyhodnoceni intenzivniho provzdusiiovani (zjisto-
vani vystupni rychlosti vzduchu z vrstvy uskladnéného
zrna v zasobnicich).

Ke skladovani potravinaiskych zrnin byly navrZeny
a ovéfeny malokapacitni véZové zasobniky s rovnym
dnem, systém LIPP, o priméru 6 m, vysce 11 m a jed-
notkové skladovaci kapacité 200 t. V&Zové zasobniky
byly navrZeny a ovéfeny u linky na pfijem, o¥etfovani
a skladovani potravinafskych zrnin v ZD Mezno. Pfi-
jem linky je 80 th™' a celkova skladovaci kapacita
1 200 t uskladnéného zrna. V&Zové zdsobniky jsou po-
staveny na zédkladovych deskach (jde tedy o zasobniky
s rovhym dnem), ve kterych je provzduSiiovaci systém
fe§en podidroviiovymi provzdusiiovacimi kanalky.

Vzduchoventilaéni rozvodny systém se skldda
z hlavniho rozvodného kanélu, ktery je vyroben z ple-
chu a je pfimo napojen na provzduSiiovaci ventilator.
Tento rozvodny kanal véetné provzdusiiovaciho venti-
latoru je umistén vné zédsobniki. Rozméry hlavniho
rozvodného kandlu jsou 0,5 x 0,35 m. Plechovy roz-
vodny kandl, ktery je umistén vné& zdsobniku a je napo-
jen na provzdusiiovaci ventildtor, ma dvé odbocky, kte-
ré jsou napojeny pfimo na provzdus$iiovaci kandlky
v zakladové desce. Provzdusiiovaci kandlky jsou za-
kryty specidlnimi provzdu$iiovacimi sity. Rozméry
provzdusiiovacich kanalkl, které jsou umistény v bez-
prostfedni blizkosti technologického vyskladiiovaciho
kanalu, jsou 0,4 x 0,25 m. Ostatni provzdusiiovaci ka-
naly maji rozméry 0,2 x 0,25 m. Rozte¢ provzdusiiova-
cich kandlku je 0,6 m.

Kazdy véZovy zdsobnik je osazen jednim stfedotla-
kym provzdu$iovacim ventilatorem typu RSH-500
o téchto parametrech:
mnoZstvi vzduchu 6 000-8 000 m*h~!,
pretlak 1 500-2 000 Pa,
piikon 7,5 kW.

Usporadani provzdusiovacich kanalku v zakladové
desce je zndzornéno na obr. 1.

11000

— B =

w1
=

"

1. VE&Zovy zdsobnik 200 t - zikladova deska — Tower storage silo
200 t - basal board

| — provzdusiiovaci kandlky - aeration canals
2 - technologicky kanil - technological canal
3 — uzavér - closure

4 - rozvodny kandl - distribution canal

S - ventildtor — fan

6 — zdkladova deska - basal board

7 - ¥nekovy dopravnik — worm conveyer

NASKLADNOVANI ZRNA DO VEZOVYCH
ZASOBNIKU

Z dopravnich prostiedka se zrno sklapi do pfijmo-
vého ko3e, ktery musi byt dimenzovan tak, aby umoZz-
fioval skldpéni zrna z dopravnich prostfedki do boku
i nazad. Uzavér pfijmového koSe musi byt ovladan sho-
ra. Z piijmového koe je zrno dopraveno pasovym do-
pravnikem pfes aspiraéni zafizeni (hrubé pied&isténi zr-
na) do kore¢kového elevitoru a spidovym potrubim je
samospddem naskladnéno do zdsobnikid. Aspiratnim
zafizenim se oddéli 70 az 75 % necistot a pfimési
a 0,06 aZz 0,09 % po3kozenych a nevyzrélych zrn.
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VYSKLADNOVANI ZRNA Z VEZOVYCH ZASOBNIKU

K vyskladiiovani zrna je v zdkladové desce umistén
technologicky kanal, prochézejici stfedem zisobniku
po celém priméru zikladové desky. Ve vyskladiiova-
cim kanalu o prifezu 0,7 x 0,5 m je umistén pésovy
dopravnik, jehoZ délka presahuje polomér zasobniku
o jeden metr. Pasovy dopravnik ma dopravni pés o $if-
ce 0,5 m a ze zdkladové desky je vyveden tak, aby
z n&ho zrno pfepadévalo do nasypky koreCkového ele-
vétoru a potom samospadem do expedi¢nich zésobni-
ku. Vyskladiiovaci kandl je zakryt dfevénymi deskami
a uzivéry, kterych je nad dopravnim pisem celkem
Sest. Otevirani uzavéru je ovladano z vnéjsi strany zakla-
dové desky zdsobniku, a to pdkovym mechanismem.

Pakovy mechanismus je feSen tak, Ze nejprve se mu-
si otevfit sttedovy uzavér. Dali uzavéry se oteviraji aZ
tehdy, nepada-li stfedovym otvorem Zadné zrno (to
znamena, Ze zrno v zasobniku je rozmisténo pod syp-
nym dhlem, ke stfedu). Pfi dal§im otevirani uzavéri je
pasovym mechanismem otevien uzivér v bezprostfedni
blizkosti obvodu zdsobniku, ¢imZ se umoZni otevieni
vstupniho otvoru do zisobniku. Pak obsluha postupné
jiZz rugné otevird dal$i vyskladiiovaci otvory. Timto
zpisobem se ve vrstvé uskladnéného zrna v zasobniku
vytvofi vyskladiiovaci koridor (opét pod sypnym th-
lem) nad vyskladiiovacim kandlem. Gravitaci je tedy
vyskladnéno cca 70 aZ 80 % uskladnéného zrna. Zby-
tek zrna se z véZového zasobniku vyskladiiuje obéz-
nym ¥nekovym dopravnikem, ktery se nasune do zi-
sobniku vstupnim otvorem a ve vytvofeném koridoru
nad vyskladiiovacim kanidlem se smontuje. Vykonnost
$nekového vyskladiiovaciho dopravniku je az 40 th!
s mérnou spotfebou elektrické energie 0,055 kWh.t™.

METODIKA

Ukolem vyzkumu bylo navrhnout a ovéfit ofetfova-
ni a skladovani zrna intenzivnim provzdu$fiovanim ve
véZovém zéasobniku o priméru 6 m a skladovaci kapa-
cité 200 t.

Zikladova deska s navrzenymi provzdu$iiovacimi
kanélky pro véZovy zasobnik byla ovéfena z hlediska
vzduchotechniky. Vystupni rychlost vzduchu z vrstvy
uskladnéného zrna byla méfena lopatkovym anemo-
metrem. Pro piesné zachyceni vystupni rychlosti vzdu-
chu z vrstvy uskladnéného zrna byl vyroben speciélni
pfipravek ve tvaru komolého jehlanu, ktery zabraiioval
vnikéni okolniho vzduchu. Z4kladna tohoto pfipravku
méfila 1 x 1 m. Rychlost vystupu vzduchu z vrstvy
uskladnéného zrna uvnitf zasobniku byla méfena na
&tyfech soustfednych kruZnicich, pfiCemZ na kaZdé
kruZnici bylo vykonano deset méfeni. Z naméfenych
hodnot byly vypodteny primérné hodnoty. Tato méfeni
jsou zékladnim kritériem pro ndvrh optimélni vzducho-
ventilaéni sit€ provzdustiovacich kanalkd.

Ogsetfovani zrna intenzivnim provzdusiiovanim bylo
ovéfovano u linky na piijem, ofetfovani a skladovéni
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v ZD Mezno. Teplota uskladnéného zrna v zasobnicich
byla indikovana tyCovymi silotermy Ptk-100 o délce
2000 mm. Prostorové byly silotermy usporadany tak,
aby postihly teplotné cely prifez vrstvy zrna uskladnéné-
ho v zasobniku. Vlhkost zrna uskladnéného v zisobniku
byla zji§tovana vlhkomérem HE-50 pfimo na pracovisti.

VLASTNI PRACE

Malokapacitni véZové zasobniky systém LIPP
o pruméru 6 m a jednotkové skladovaci kapacité 200 t
byly ovéfovany u linky na pfijem, oSetfovani a sklado-
vani potravindfskych zrnin v ZD Mezno.

Celkova skladovaci kapacita linky je 1200 t. Na za-
kladé teoretického rozboru a zku3enosti s intenzivnim
provzdu$iiovanim uskladnéného zrna ve velkokapacit-
nich zasobnicich byla navrZena zakladova deska v&etné
systému provzdusiiovani pro tyto zasobniky, které se
v CR dosud nevyrabé&ly. Toto uspofadani provzdustio-
vacich kanalki umoZfiuje osadit kazdy véZovy zasob-
nik pouze jednim stfedotlakym provzdusiiovacim ven-
tilstorem.

Vzduchotechnickd méfeni byla zaméfena na zjisto-
vani vystupni rychlosti vzduchu z vrstvy uskladnéného
zrna v zasobnicich opét pfi jeho intenzivnim provzdus-
flovani. Méfeni bylo sledovéno v riznych mistech vrs-
tvy uskladnéného zrna, a to vZdy na soustfednych kruz-
nicich (obr. 2, 3).

— misto A — soustfedna kruZnice o priméru 1 m,
- misto B — soustfedna kruZnice o pruméru 2 m,
— misto C — soustfedné kruZnice o priméru 4 m,
— misto D — po obvodu véZového zasobniku.
Naméfené hodnoty jsou uvedeny v tab. L.

I. Vystupni rychlost vzduchu z vrstvy uskladnéného zrna ve vé&Zo-
vém zisobniku LIPP o priméru 6 m a jednotkové skladovaci kapa-
cité 200 t (ZD Mezno) - Outlet air velocity from a layer of stored
grain in tower silo LIPP of 6 m in diameter and unit storage capacity
200 t (Cooperative Mezno)

Pocet Vystupni rychlost vzduchu (m.s™!) Pramémé
mé&feni' v jednotlivych mistech vrstvy zma? | hodnoty?

A B € D m.s~!

1 0,025 0,041 0,068 0,085 0,054

2 0,021 0,039 0,061 0,088 0,052

3 0,023 0,042 0,066 0,085 0,054

4 0,028 0,045 0,064 0,081 0054

5 0,020 0,040 0,062 0,083 0,051

6 0,022 0,044 0,066 0,084 0,054

7 0,026 0,041 0,063 0,087 0,054

8 0,024 0,044 0,068 0,088 0,056

9 0,027 0,043 0,065 0,081 0,054

10 0,023 0,041 0,067 0,086 0,054

:;“;’:::y"é 0,023 | 0042 | 0065 | 0084 | 0053

Inumber of measurement, 2mnlel air velocity (m.s") in individual
sites of grain layer, “average values
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2. Prub&h vystupni rychlosti vzduchu v zdvislosti na mistech
méfeni — LIPP primér 6 m, kapacita 200 t (ZD Mezno) — The course
of outlet air velocity in dependence on sites of measuring — LIPP
6 m in diameter, capacity 200 t (Cooperative Mezno)

vrstva A - layer A
vrstva B - layer B
vrstva C - layer C
vrstva D — layer D
Cislo méfeni (1...10) — number of measuring (1...10)

Vzduchotechnické méfeni bylo provedeno za téchto

podminek:

— hmotnost uskladnéného zrna v zésobniku 188 t,

— pramérna vlhkost potravinarské pSenice HANA 19 %,
— predCiSténi zrna aspiratnim zafizenim,

— ofetfovani uskladnéného zrna aktivnim provzdusiio-
vanim v zdsobniku systém LIPP o praméru 6 m, s rov-
nym betonovym dnem, o jednotkové skladovaci kapa-
cité 200 t,

— relativni vlhkost vzduchu 52 %,

— teplota vzduchu 23 °C.

Z naméfenych hodnot vyplyva, Ze:

— primé&rnd vystupni rychlost vzduchu z vrstvy
uskladnéného zrna po obvodu zasobniku je 0,084 ms;

— pramérna vystupni rychlost vzduchu uprostied z4-
sobniku, tedy na vrcholu néS{pného kuzZele, jehoZ vys-
ka byla 1,2 m, je 0,023 m.s™".

Z naméfenych hodnot plyne, Ze vystupni rychlost
vzduchu z vrstvy zrna uskladnéného v zasobniku LIPP
o jednotkové skladovaci kapacité 200 t je dostatecna
a Ze nebezpedi vzniku neprody3né kondenzacni vrstvy
ani znehodnoceni uskladnéného zrna nehrozi.

TEPLOTA ZRNA

Teplota uskladnéného zrna v zasobnicich o jednot-
kové skladovaci kapacité 200 t byla indikovédna $esti
tyCovymi silotermy Ptk-100 € o délce 2 000 mm, které
byly rozmistény po obvodu zasobniku. Teplota usklad-
néného zrna byla zapisovana vZdy tfikrat denné v 7.00,
13.00 a 17.00 hodin. Z naméfenych hodnot byly stano-
veny primérné teploty pfi aktivnim intenzivnim pro-
vzdusiiovani a byly vyneseny do grafu na obr. 4 v z4-
vislosti na dobé skladovani. ’
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3. Schéma méfenych mist v zdsobnicich pfi jeho aktivnim
provzdu$iiovani — Diagram of measured sites in storage silos at its
active aeration

A = primér | m - | m in diameter
B = primér 2 m — 2 m in diameter
C = primér 4 m — 4 m in diameter
D = po obvodu - along circumference

Prubéh teploty vnéjiho vzduchu je znazornén na
obr. 5.

Znaéné kolisani teploty uskladnéného zrna v zasob-
nicich, patrné z grafu na obr. 4, je zpisobeno teplotou
vnéj§iho vzduchu a dychdnim uskladnéného zrna. Pri-
mérné teploty uskladnéného zrna v zasobnicich byly
naméfeny vidy v 7.00 hodin vy38i, neZ byla teplota
vnéjsiho vzduchu. Bylo to zpusobeno piedeviim dy-
chanim uskladnéného zrna v dobg, kdy nebylo inten-
zivné provzdusiiovano.

VLHKOST ZRNA

Primérna vlhkost potravinaiské pSenice, kterd byla
do véZovych zasobnikl naskladnéna, byla 19 %. Vzor-
ky zrna pro zji¥fovani vlhkosti byly odebirany pfi in-
tenzivnim provzdusiiovani kazdy den, a to ze spodni
a z vrchni &asti zasobniku. Z namé&fenych hodnot byly
uréeny primérné denni hodnoty vlhkosti zrna. Praimér-
né hodnoty sniZeni vlhkosti uskladnéného zrna pfi in-
tenzivnim provzdusiiovani v z4vislosti na dobé sklado-
vani jsou patrny z grafu na obr. 6.

Vzorky byly odebirdny z horni vrstvy zrna usklad-
néného v zasobnicich vzorkovaéem z maximélni
hloubky 2 000 mm, ve spodni &4sti byly odebirdny pres
uzavér zasobnikd z pasového dopravniku, ktery je
umistén v technologickém kanale kaZdé zakladové des-
ky zéasobniki.

Zjiténa zéavislost ma nelinearni charakter a jeji pru-
béh lze vyjédfit exponencilni funkci:

— horni vrstva  y'1 = 18,75 . 0,989*

I,=0967
— spodni vrstva "2 = 17,38 . 0,992F
I, = 0,894
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U obou zdvislosti byl stanoven index korelace /y,,
ktery dokumentuje, Ze v obou pkipadech jde o velmi
silné koreladni zéavislosti o velké vystiZnosti, s niZ zvo-
lené regresni funkce tuto zavislost popisuje.

DISKUSE A ZAVER

Zhodnotime-li souhrnng ziskané vysledky, lze kon-
statovat, Ze oSetfovan{ potravinai'skych zrnin, které jsou
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uréeny pro racionélni vyZivu, v zasobnicich o jednotkové
skladovaci kapacité¢ 200 t metodou intenzivniho pro-
vzduSovéani pIn& odpovida poZadavkim CSN 46 1100-2.
V této normé jsou uvedeny poZadavky na vychozi suro-
vinu (p3enici) pfed jejim findlnfm zpracovéanim.

Z naméfenych vysledkd plyne, Ze k intenzivnimu
provzdusiiovani uskladnéného zrna v zésobnicich je
tieba vyhradn& pouZit stfedotlakych ventilatord, které
jsou schopny zajistit 25 aZ 30 m® vzduchu na tunu
uskladnéného zrna za hodinu.
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Zakladnim kritériem intenzivniho provzdusfiovani
uskladnéného zrna v zasobnicich je vystupni rychlost
vzduchu z vrstvy uskladnéného zrna. Z naméfenych
vysledku plyne, Ze vystupni rychlost vzduchu z vrstvy
uskladnéného zrna je dostateSna, takZe nebezpeti vzni-
ku neprody¥né kondenza&ni vrstvy nehrozi.

Do zasobniki byla naskladnéna potravinarska pSeni-
ce HANA o primérné vlhkosti 19 %. Za 25 dni inten-
zivniho provzdusiiovani se vlhkost sniZila na 14,7 %.
V prib&hu zkouSek bylo dosaZeno pomérné nizkého
poklesu vlhkosti o$etfovaného zrna, coZ bylo zplisobe-
no vys§i relativni vlhkosti vzduchu nasavaného venti-
latory. Dokumentuje to i spotfeba elektrické energie.
Celkova spotfeba elektrické energie pro oSetfeni zrna
intenzivnim provzdusiiovdnim za 25 dnl pfi sniZeni
vihkosti zrna z 19 % na 14,7 % byla 1534,8 kWh.
Hmotnost naskladnéného zrna ve véZovém zésobniku
byla 188 t. Mérné spotieba elektrické energie pfi sni-

Zeni vlhkosti z 19 % na 14,7 % byla tedy 8,16 kWh na
1 tunu uskladnéného zrna.
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DAVKOVANIE JADROVYCH KRMIV PRI VAZNOM
USTAJNENI HOVADZIEHO DOBYTKA

DOSAGE OF CONCENTRATES DURING STANCHION HOUSING
OF CATTLE

S. Zeman

University of Agriculture, Nitra, Slovak Republic

ABSTRACT: Dosing machine is designed for group and individual dosage of concentrates and briquetted feeds. The design
of dosing unit was based on prerequisite that a feed ration should be inserted into the feed trough in such a way that dosing
device runs at a constant speed. Based on technical conditions, efficiency of threading machine was designed and calculated
— 0.3808 kg per revolution. Dosing was controlled by turning the threading hine, that is by ing of its position using
contactless sensor. The length of trough was recorded by the sensor MIME P10 which after covering a path of 1.125 m gives
421.8 impulses, processed by control system and dosing threading machines are put into operation. It was found from
experimental measurements that daily and adjusted feed rations up to 1.0 kg are not recommended, because they exceed an
evenness of dosing by more than +5 %. In measuring of the distribution of feed ration in trough very good results were
obtained at wheel traffic velocity of dosing machine 0.322 ms™

of dosing; ev

of distribution of feed ration

dosing machine of concentrates; threading device; ev

ABSTRAKT: V ¢lanku st uvedené vybrané vysledky merania rovnomernosti davkovania jadrovej kfmnej zmesi pre hovidzi
dobytok pri nastavenych kfmnych dévkach 0,4, 1,0, 2,0 kg. Z experimentilnych vysledkov sme zistili, Ze nastavené kfmne
davky 0,4 a 1,0 kg prekraduji dovoleni hodnotu viac ako o *5 %. Dalej si uvedené vysledky rovnomernosti rozloZenia
kifmnej davky v kfimnom ZlIabe, kde sme zistili, Ze pri kfmnej divke do 2,0 kg je vyhovujica pojazdova rychlost ddvkova&a

05ms a optiméalna pojazdové rychlost je 0,322 ms™ pre véa&sie i mensie kimne davky.

davkovat jadrového krmiva; zavitovka; rovnomernost davkovania; rovnomernost rozloZenia kfmnej davky

UvoD

Jadrové krmivad maji vyznamni idlohu predoviet-
kym na zaciatku laktacie. V tomto obdobi je ich podiel
na celkovej suine v zdvislosti od dojivosti 40 aZ 50 %.
Uprostred laktéicie sa podiel jadrovych krmiv zniZuje
na 20 aZ 40 %, v poslednom obdobi lakticie a v obdobi
zasuSenia tvoria jadrové krmiva z celkovej spotreby su-
Siny 0az20 % (Sommer, Pajta§, 1995). Potreba
jadrovych krmiv bude zévisief od produk¢nej tcinnosti
objemovych krmiv a obsahu energie v jadrovych krmi-
vach (Pajtas, 1992).

Z uvedeného vyplyva, Ze potreba jadrovych krmiv
na jednotku produkcie je variabilna a Ze pri dal3ej in-
tenzifikacii vyroby mlieka sa bez jadrovych krmiv ne-
zaobideme. Technolégie v chove hovidzieho dobytka
smeruju k bezobsluZznym technol6giam s individual-
nym uspokojovanim potrieb na vyZivu a Zivotné pro-
stredie. Zavadzanie bezobsluZnych systémov moZe byt
rie$ené po dielich krokoch a systémom individuélne-
ho ddvkovania jadra v automatickych kfmnych boxoch
(Mihina, 1992; Vegricht, 1994). Pre programo-
vanie velkosti ddvok boli vypracované rézne spdsoby
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(Auenhammer, 1986; Mihina, 1990). Davkova-
e pre podavanie jadrovych krmiv su vicSinou zaloZené
na objemovom principe ddvkovania, kde treba velkost
porcie limitovat 200 aZ 300 g (Pirkelmann, 1981;
Scholtysik, 1982).

Pri ustajneni s privizovanim sa na individuélne po-
davanie jadrovych krmiv pouZivaji pohyblivé elektro-
nické voziky, ktoré si pohaiiané elektromotorom napa-
janym zo siete alebo z akumulétora a pohybuji sa po
priamej drihe tam a spit (Pirkelmann, 1982,
1987).

Vzhladom na to, Ze na Slovensku su prejazdné ob-
jekty s vaznym ustajnenim zastipené 36 %, riesili sme
zakladanie jadrového krmiva prive pre tento spdsob
ustajnenia zvierat. Stanovili sme technické podmienky
pre zakladanie jadrového krmiva do Zlabu. Technicky
sme vyrie§ili umiestnenie zdsobnika jadrového krmiva
na nosnom rame. Horna Cast zasobnika so zvislymi ste-
nami m4 tvar obdf#nika, ktory prechddza v spodnej
Casti do tvaru ihlana. Sklon boé&nych stien v dolnej &asti
musi zodpovedat vlastnostiam obsahu zasobnika tak,
aby sa materidl plynule zosypéval po stendch a nevy-
tvérali sa klenby (Hofman, 1970; DraZan, Jefa-
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bek, 1979). Vykonnost zdvitovky a jeho kon3truk&né
parametre sme stanovili tak, aby kfmna davka bola za-
loZen4 pocas jazdy ddvkovada (Hofman, 1970; Ze-
man, 1985; Lobotka et al,, 1988; Velebil et
al., 1988).

MATERIAL A METODA

Model davkovada jadrového krmiva je ureny pre
skupinové a individudlne davkovanie jadrovych a tva-
rovanych krmiv. Schématické znéazornenie modelu
uviedli Zeman a Kol&ak (1994).

Davkova¢ obsahuje pravo- a [avotogivé zavitovky,
ktoré si pohaiiané z vyvodového hriadela traktora cez
prevodovku s kuZelovym stkolesim a prevodovym po-
merom 1 : 1.

Pri navrhu zavitovkovej ddvkovacej jednotky sme
vychadzali z jednoduchej konStrukcie mechanizmu.
Tito podmienku spliia zdvitovka, ktora sa velmi dobre
zalefiuje do automatizovanych kfmnych liniek. Jej jed-
noducha konitrukcia déva zéruku spolahlivej funkcie.
Zabera maly priestor. Zakladanie jadrového krmiva do
kimneho Zlabu bude rieSené tak, aby zvolend kimna
davka bola zaloZena pocas prejazdu davkovacieho za-
riadenia, ktory sa pohybuje v kfmnej chodbe. To zna-
mend, Ze kon$trukéné parametre zavitovky bude
ovplyviovat hmotnost kimnej davky a pojazdova rych-
lost ddvkovaca.

Na zédklade technickych podmienok sme navrhli
konstrukéné parametre zavitovky, vypocitali a zmerali
vykonnost zévitovky za jednu otiCku. Pre regulaciu
davkovania krmiva sme pouZili bezkontaktny snimac
otd¢ok RMS 003 A, pri ktorom sme jednu oticku roz-
delili na §tyri rovnaké impulzy, ktoré boli spracované
a vyhodnotené riadiacim systémom.

Technické tdaje zavitovky: priemer zavitovky 156 mm,
priemer hriadela 27 mm, stipanie zdvitovky 45 mm,
otatky zédvitovky 4.5, dlzka zavitovky 945 mm.

Vykonnost zdvitovky za jednu otdtku sme vypoti-
tali 0,3808 kg. Pri experimentdlnych meraniach sme
pouZili jadrové krmivo pre kimenie hovidzieho dobytka
s obsahom su$iny 87,62 %, vlhkosti 12,38 % a hustote
550 kg.m'3. Experimentdlne merania sme uskuto&nili
na Katedre mechanizécie ZivoliSnej a potravinirskej
vyroby VSP v Nitre.

MERANIE ROVNOMERNOSTI DAVKOVANIA

Kvalita prace davkovata bola posudzovani podla
rovnomernosti ddvkovania jadrového krmiva. Limit-
nym ukazovatelom bola hodnota nerovnomernosti davky
z hladiska zootechnickych poZiadaviek, ktora je urena
odchylkou +5 % od poZadovanej davky. Jednotlivé re-
gulované davky jadrového krmiva sme davkovali do
vzorkovnic. Pre sledovanie presnosti davkovania sme
pouZili kontrolni vihu s presnostou 0,001 kg.

Pre dokonaly prenos kritiaceho momentu z vyvodo-
vého hriadela traktora na davkovacie zavitovky je po-
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trebné, aby ho elektromagnetické spojky prenasali bez
preklzu lamiel. Tieto spojky musia byt optimalne na-
stavené, aby dévkova¢ splital poZiadavku na presnost
davkovania.

Cinnost elektromagnetickych spojok opisali Ze-
man, Kol&ak (1994).

MERANIE ROVNOMERNOSTI ROZLOZENIA
KRMNEJ DAVKY V KRMNOM ZLABE

Pri ustajneni hovidzieho dobytka s privizovanim
pripada na jedno ustajnené zviera dlZzka Zlabu 1,125 m.
Preto bolo potrebné navrhnuf zariadenie na snimanie
dlzky ?Iabu. Meranie sme robili snimatom typu MIME
P10. Schéma zariadenia je na obr. 1. Prevodovy pomer
medzi kolesom (4, 6) je 4,86. Po prejdeni drihy
1,125 m snima& (5) udeli 421,8 impulzov, ktoré spra-
cuje riadiaci systém a da povel na zapnutie elektromag-
netickych spojok. Tym sa uvedd do &innosti ddvkova-
cie zavitovky. Vyhodnotenie vysledkov sme spracovali
na potitali PC 486 s programom pre grafiku HAR-
WARD GRAPHIC.

1. Schéma snimada drahy — Diagram of sensor of path

1 - zévlatka - split pin

2 - hriadel - shaft

3 - koleso — wheel

4 - koleso snimaga — wheel of sensor

5 - snima& MIME P 10 - sensor MIME P 10

6 — pogumované koleso — rubber-coated wheel
7 - tiahlo — draw bar
8 - otvor @ 8 mm -

. -
g of 8 mm in

P

VYSLEDKY A DISKUSIA
MERANIE ROVNOMERNOSTI DAVKOVANIA

Rovnomernost davkovania sme sledovali z hladiska
hmotnosti zaloZenej davky. Kfmne davky sme naprog-
ramovali do riadiaceho systému pre kfmne Z#laby &. 1
a 2, s rozsahom kimnych davok od 0,4 + 2,6 kg s kro-
kom po 0,2 kg.
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2. Nerovnomernost davky krmiva vyjadrend odchylkou od nastavenej a priemernej hodnoty — nastavend kfmna dévka 0,4 kg, denné kfmna

davka 0,8 kg — Nonuniformity of the feed ration exp

d by d
ration 0.8 kg

Skratky k obrizkom 2 aZ 4 — Abbreviations to Figs 2 to 4:

s
from adj

d and average value — adjusted feed ration 0.4 kg, daily

ond - odchylka od nastavenej davky (kg) — ond - deviation from adjusted ration (kg)
opd - odchylka od priemernej divky (kg, %) - opd - deviation from average ration (kg, %)

Vysledky namerané a spracované pre nastavenu
kfmnu davku 0,4 kg a denni kimnu davku 0,8 kg pre
kfmne Zlaby ¢&. 1 a 2 st na obr. 2. Prekrogenie nastave-
nej davky pri rannom davkovani sme namerali na sto-
jiskach &. 4, 5,9, 10 a pri veCernom davkovani na $ies-
tich stojiskdch. Z hodnotenia dennej davky u kfmneho
Zlabu &. 1 moZno konstatovat, Ze z daného merania od
priemernej davky vyhovuji v Siestich pripadoch. Pri
merani rovnomernosti ddvkovania jadrového krmiva
bolo zistené, Ze pre kfmny Zlab &. 2 bola dovolena
hranica zootechnickych poziadaviek prekrodena
0+5 % pri rannom a vefernom zakladani jadrového
krmiva na troch stojiskéach.

Z vyhodnotenia nameranych hodnét pri zakladani
jadrového krmiva pri nastavenej davke 1,0 kg a dennej
davke 2,0 kg (obr. 3) vidno, Ze sa kfimne davky vy-
rovnali. U kfmneho Zlabu ¢&. 1 bola pri rannom zakla-
dani jadrového krmiva dovolen4 hranica prekrofend
0 2,407 %, a to len v jednom pripade, pri veernom
davkovani v Styroch pripadoch, a to maximélne
4,780 % nad dovolend hranicu zootechnickych poZia-
daviek. Denné kfmne dévky spliiaji zootechnické po-
Ziadavky. Pre kimny Zlab ¢. 2 sme prekroCenie name-
rali len v jednom pripade, a to 0 0,473 % nad dovoleni
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hranicu pri rannom zakladani krmiva, pri ve¢ernom za-
kladani v dvoch pripadoch, a to maximalne o 1,486 %
nad dovolend hranicu.

Nerovnomernost ddvkovania a jej vyhodnotenie pre
nastavenid ddvku 2,0 kg a dennd divku 4,0 kg uvidza
obr. 4 pre kimne Zlaby ¢&. 1 a 2. MéZeme konstatovat,
e nastavené ranné, veferné a denné davky spliiaji
zootechnické poZiadavky pre ddvkovacie zariadenia,
ktoré st uvedené v karte poZiadaviek pre ststavu pol-
nohospodérskych strojov (Vegricht, Svoboda,
1989). Daldim zvySovanim kfmnych dévok sa presnost
davkovania zdvitovkovym ddvkovatom vyrazne zvySuje.

MERANIE ROVNOMERNOSTI ROZLOZENIA
KRMNEJ DAVKY K POZDLZNEJ OSI KRMNEHO
ZLABU

Model davkovaZa je neseny vzadu na kolesovom
traktore Z-4011. Z rychlostnych parametrov traktora
sme zmerali pojazdovi rychlost, aby vyhovovala poZia-
davke maximélneho rozloZenia davky v kfimnom Zlabe.
Princip merania vidno na obr. 5. Na zaciatku merania
bol vyznaleny stred modelového kimneho Zlabu, kde
na obe strany predstavovala dl?ka stupnice 1,125 m,
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3. Nerovnomernost davky krmiva vyjadrend odchylkou od nasta

davka 2,0 kg ~ Nonuniformity of the feed ration expressed by deviation from ad

ration 2.0 kg

simulujica model dl?ky jedného stojiska pre vizné
ustajnenie zvierat. Po zaloZeni kfmnej davky dévkova-
cim zariadenim do modelovych kimnych Zlabov sme
odmerali rozloZenie kimnej davky od vyznaeného
stredu kimneho Zlabu pre jednotlivé stojiskd vpravo
a vlavo podla zvoleného smeru pozorovania.

Vysledky merania pri pojazdovej rychlosti ddvkova-
%05 ms a nastavenej kfmnej davke 2,0 kg si uve-
dené v tab. I. RozloZenie kimnej davky je na hranici
technickych poZiadaviek pre davkovacie zariadenie.
Dal§im zvySenim kfmnej ddvky by sa rozloZenie
kfmnej davky prekrodilo o £5 cm.

DalSie merania sme robili pri pojazdovej rychlosti
0,322 m.s™! ktora bola najpriaznivej$ia aj pre maximal-
nu nastavenu davku 2,6 kg. Vysledky merania uvedené
v tab. II preukazujii vysoki presnost riadenia ddvkova-
nia s maximalnou zmeranou odchylkou od stredu
kfmneho Zlabu prislichajice pre jedno ustajnené zviera
+5 cm. Maximalna odchylka vpravo predstavuje 4,1 %
a vlavo 7,1 % od priemerného rozloZenia kimnej dav-
ky od stredu kfmneho Zlabu.

ZAVER

Vysledky z experimentidlnych merani v laboratér-
nych podmienkach maju sldZit na ziskavanie vedomos-
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DENNA DAVKA [kg]
j a pri ) hodnoty — 4 kfmna davka 1,0 kg, dennd kfmna
d and ge value - adjusted feed ration 1.0 kg, daily

ti o davkovacich zariadeniach, ale hlavne na poznanie
jednotlivych konStruk&nych &asti, ktoré ovplyviiuju je-
ho funkciu.

Navrhnuté davkovacie zariadenie umozZiuje indivi-
didlne a skupinové davkovanie podla iZitkovosti jed-
notlivych skupin zvierat pri menitelnom kfmnom prog-
rame. Z nameranych kimnych divok sme zistili, Ze
nastavena kfmna déavka 0,4 kg bola v 42,5 % pripadov
prekrogena viac ako o 5 % a denna davka 0,8 kg v
35 % pripadov. Pri nastavenej davke 1,0 kg sme zazna-
menali prekroenie nastavenej davky cca u 20 % pri-
padov, ale denné davky 2,0 kg spliiali zootechnické
poZiadavky. Pri ostatnych meraniach, napr. pri nastave-
nej davke 2,0 kg a dennej davke 4,0 kg, sme nezazna-
menali prekro&enie kfmnej davky viac ako +5 %. Této
nepresnost ddvkovania bola spésoben4 technickymi pa-
rametrami davkovacej jednotky, a preto pre takéto ma-
1é hmotnosti ddvok jadrového krmiva neodporiame
zakladal krmivo do kimneho Zlabu. Rovnomernost
dévkovania je ovplyvnena dal§im faktorom, a to vel-
kostou vzduchovej medzery medzi kotvovou doskou
a magnetovym telesom u elektromagnetickej spojky
(Zeman, Kol&idk, 1994).

Pojazdovi rychlost 0,5 m.s™! pri kfmnej davke vic-
3ej ako 2,0 kg neodporicame preto, lebo by sa krmivo
rozloZilo na dfzku viac ako 0,6 m, &o je nepripustné pre
zaloZenie kfmnej davky pre jednu dojnicu pri ustajneni
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4. Nerovnomernost davky krmiva vyjadrend odchylkou od nastavenej a priemernej hodnoty - nastavena kfmna dévka 2,0 kg, dennd kfmna
déivka 4,0 kg — Nonuniformity of the feed ration expressed by deviation from adjusted and average value — adjusted feed ration 2.0 kg, daily
ration 4.0 kg

zvierat s privizovanim. Optimalna pojazdova rychlost  krmiva v kimnom Zlabe, a to s maximélnou odchylkou
bola 0,322 m.s”, kde pri maximélnej nastavenej ddvke  vpravo 14,6 % a vlavo 7,8 % od priemerného rozloZe-
2,6 kg sme dosiahli poZadovani presnost rozloZenia nia kimnej davky.

L. Vysledky merania ddvkovania jadrového krmiva pri pojazdovej rychlosti v,,; = 0,5 m.s™' a hmotnosti ddvky 2,0 kg — Results of measure-

ment of dosage of concentrate feed at wheel traffic velocity v,,; = 0.5 m.s™" and weight of ration 2.0 kg

Soto Rozlogenie divky v kimnom Hsbe od | priemerné rozloZeni Odchylka*
< ) stredu pozdlZneho usporiadania? (cm) dévky od stredu® (cm) (%)

vpravo® vlavo® (em) vpravo vlavo vpravo vlavo

1 28 31 =25 +0,5 -8,2 +1,6
2 29 30 -1,5 -0,5 -4.9 -1,6
3 30 32 -0,5 +1,5 -1,6 +4.9
4 30 33 -0,5 +2,5 -1,6 +8,2
5 32 31 +30,5 +1,5 +0,5 +4,9 +1,6
6 30 33 -0,5 +2,5 -1,6 +8,2
7 31 30 +0,5 -0,5 +1,6 -1.6
8 29 31 -1,5 +0,5 -4,9 +1,6
9 27 33 =35 +2,5 -11,5 +8,2
10 30 30 -0,5 -0,5 -1,6 -1,6

priemerné rozloZenie divky * od stredu: 30,5 cm — average distribution of ration + from centre: 30.5 cm
maximélna odchylka vpravo: +1,5 cm = +4,9 % - right maximum deviation
maximélna odchylka vlavo: -0,5 cm = -1,6 % — left maximum deviation

'measurement No., “distribution of ration in feed trough from centre of longitudinal arrangement, ]avcrage distribution of dose from centre,
4deviation, sright. Sleft
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II. Vysledky merania davkovania jadrového krmiva pri pojazdovej rychlosti v, . = 0,322 m.s™ a hmotnosti diavky 2,6 kg — Results of

poj ~
=0.322ms™ and weight of ration 2.6 kg

measurement of dosage of concentrate feed at wheel traffic velocity v,,;
Cislo RozloZenie davky v ki‘mpom ?Igbe od | Priemerné rozloZenie Odchylka*
iiecantal stredu pozdlincho usporiadania® (cm) davky od stredu?® (cm) )

vpravo® vlavo® (em) vpravo vlavo vpravo vlavo

1 26 27 -0,9 +0,1 -33 +0,4

2 25 27 =19 +0,1 =71 +0.4

3 26 28 -0,9 +1,1 -33 +4,1

4 28 25 +1,1 -1,9 +4,1 -7.1

5 25 28 +26,9 -19 +1,1 -7,1 +4.1

6 27 27 +0,1 +0,1 +04 | 404

7 27 26 +0,1 -0,9 +0,4 -3.3

8 28 28 +1,1 +1,1 +4,1 +4,1

9 26 27 -0,9 +0,1 -33 +0,4

10 28 29 +1,1 +2,1 +4,1 +7.8

priemerné rozloZenie davky + od stredu: 26,9 cm
maximdlna odchylka vpravo: +1,1 cm = +4,1 %
maximdlna odchylka vlavo: -1,.9 cm = -7,1 %

5. Meranie dlzky stojiska - funkény model — Measurement of length
of standing — functional model
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