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DARBA AKTUALITATE

Piena lopkopiba strauji izplatdas govju slaukSanas robotu jeb
automatiz€to slaukSanas iekartu (AMS) izmantoSana, bet to ievieSana izmaina
govju &dinasanas norisi, jo bariba tick izsniegta vairakas vietas. Tacu lidz §im
nav pietiekosi izpétits velamais baribas sadalijums pa $tm &dinasanas vietam,
ne vienmér tiek nodroSinata sp€kbaribas iz€dinasanas linijas bezatteikuma
darbiba, nav veikts lopbaribas maisijuma sagatavos$anas un izdales tehnologiju
un tehnologisko iekartu ekonomiskais izvertgjums.

Vadoties péc promocijas darba veiktajiem zinatnisko pétijumu
apkopojumiem un to analitiskiem veért&jumiem, iesp&jams secinat, ka lidz §im ir
realiz&ti plasi petijumi par baribas devu planosanu, lopbaribas sagatavosanu, ka
arT govju &dinaSanas metozu novertéSanu, bet daudz mazak pétita precizas
tehnologijas izmanto$ana govju &dinasana, to saistot ar govju robotiz&to
slaukSanu un kombingétas spekbaribas izdales iekartu racionalu izmantoSanu.

Govju robotizétas slaukSanas tehnologijas ievieSana ir viens no
lielakiem izaicinajumiem precizaja piena lopkopiba. Tacu pagaidam, ievieSot
$o jauno tehnologiju, nakas saskarties ari ar dazadam grutibam.

Ta, pieméram, LLU macibu un pétijjumu saimniecibas Vecauce piena
razo$anas ferma ,Ligotnes” péc robotizétas slaukSanas sistémas (AMS)
ievieSanas atklajas vairakas kombinétas spékbaribas iz€dinasanas problémas:
baribas nospriiSana transportieri, Iinijas automatiskas darbibas atteikumi, u.c.
Tas mazinaja AMS izmantoSanas efektivitati, jo robotizétas slaukSanas
gadijuma spékbaribas iz€dinasana nodroSina govis ne tikai ar nepiecieSamam
baribas vielam, bet kalpo ari ka stimulators slaukSanas stendu biezakai
apmekl&sanai.

Tade] promocijas darba ir liela vériba pievérsta spekbaribas linijas
darbibas izpétei, jo ta nodroSina kombinétds spékbaribas piegadi lidz
iz€dinasanas vietam un tas izdali dzivniekiem.

Liela nozime ir arT pamatbaribas maisijuma racionalai sagatavosanai un
izdalei, jo taja médz ieklaut ne tikai zalaugu lopbaribu un dazadas piedevas, bet
ari nelielu spekbaribas daudzumu, kas uzlabo $1 maisjjuma gar§u un
ap€damibu. Tacu tas var samazinat robotiz&éto slaukSanas stendu apmekl&jumu.
Tade] ir lietderigi noskaidrot spékbaribas ieklausanas nepiecieSamibu
maisTjuma sastava, ka ari ekonomiski izdevigakos maisijuma sagatavosanas un
izdales variantus.

Paslaik Latvija ir ieviesti, galvenokart, firmas Delaval razotie govju
slaukSanas roboti, kuri ieguvusi atzinigu novertgjumu. Tadel Sis promocijas
darbs ir saistits ar lopbaribas izdales tehnologiju un tehnisko risinajumu izpéti
slaucamo govju kiitis, kuras izmanto §1s firmas razotos slaukSanas robotus.



PETIJUMU OBJEKTS, HIPOTEZE, MERKIS UN
UZDEVUMI

Pétljumu objekts — piena razoSanas fermas, kurds ieviesta govju
robotizéta slaukSana, lietojot firmas Delaval piedavatos robotus VMS.

Pétijjumu hipotéze — slaucamo govju fermas, kuras ieviesta robotizéta
slaukSana, var uzlabot lopbaribas izdali, izveloties konkrétajiem apstakliem
piemérotakos tehnologiskos risinajumus un nodro§inot spekbaribas izdales
Imijas bezatteikuma darbibu.

Darba meérkis — noskaidrot racionalakos lopbaribas izdales
tehnologiskos un tehniskos risinajumus piena razo$anas fermam, kuras izmanto
govju robotizéto slauk$anu.

Darba uzdevumi.

1. Izvertét robotizéta slauk$ana izmantoto govju &dinasanas tehnologisko
sistému, kurai raksturiga spékbaribas izédinasana tiis dazadas vietas: pie
baribas galda (to icklaujot lopbaribas maisijuma sastava), robotiz&tajos
slauks$anas stendos un spékbaribas izEdinasanas stacijas.

2.  Izstradat teorGtisko pamatojumu un konstruktivo risindjumu pilnveidotam
kombingtas spckbaribas transportierim, kas uzlabo sp€kbaribas izdales
tehnologiskas linijas darbibu ekspluatacijas apstak]os.

3. Veikt kombinétas spekbaribas izdales tehnologiskas linijas p&tijumus pie
nevienmériga spekbaribas paterina atseviskas tas izdales vietas.

4. lIzstradat lopbaribas izdales tehnologisko risinajumu salidzina$anas un
ekonomiskas efektivitates noteik§anas matematisko modeli.

5. Noteikt lopbaribas maisijuma sagatavosanas un izdales agregatu
ekspluatacijas parametrus, ka ari veikt So agregatu tehnologiski
ekonomisko izvertejumu.

6. Izstradat ieteikumus praksei par lopbaribas izdales tehnologiju un
tehnologisko iekartu izvéli, ievieSanu un ekspluataciju.

Petijumu metodes

Darba izmantotas analizes, modeléSanas, prognozeésanas,
eksperimentéSanas (laboratorijas apstaklos), statiskas un ekonomiskas
novértéSanas pétijjumu metodes.

Aizstavesanai izvirzitas tézes

1. Turot augstrazigas govis, ir nepiecieSama spekbaribas izédinasana ne tikai
pie baribas galda un robotizetaja slaukSanas stenda, bet arT spekbaribas
stacijas.

2. Spékbaribas transport€Sanai no uzglabasanas tilpnes Iidz stacionaram
patérina vietam ir lietderigi izmantot kombin&tu spekbaribas transportieri,



kurs slipaja posma darbojas ka gliemeztransportieris, bet horizontalaja —
ka spiraltransportieris.

Ja spekbaribas iz€dinasanas stacijas ir nevienmérigs baribas patrins, tad
iespgjami spekbaribas piegades partraukumi atseviskam stacijam, kurus
var noverst ar atbilstoSu spekbaribas izdales linijas montazu.

Slaucamo govju fermai piemérotaka lopbaribas maisijuma sagatavoSanas
un izdales tehnologija ir atkariga no taja eso$a ganampulka lieluma.

Darba zinatniska novitate un praktiskas izmantoSanas iesp&jas

Izstradats teor€tiskais pamatojums un konstruktivais risinajums
pilnveidotam sp&kbaribas transportierim (LV patents Nr.14605.
Spekbaribas izdales linija ar spiraltransportieri).

Pieradita spekbaribas staciju izmantoSanas nepiecieSamiba piena

razoSanas fermas, kurds tiek turStas augstrazigas govis un ir ieviesta

firmas Delaval piedavata govju robotizeta slauksanas sistéma.

Izstradats ekonomiska izdeviguma novértéSanas matematiskais modelis

raksturigakam  lopbaribas maisTjuma sagatavoSanas un izdales

tehnologijam, ka arT veikts $o tehnologiju savstarpgjais salidzinajums.

Izstradati ieteikumi praksei, kas jaievéro, ievieSot govju robotizEtu

slaukSanu, ka arT ievieSot spékbaribas izE€dinasanas stacijas:

o lictojot govju robotizéto slaukSanu, ir bitiski nodrosinat spekbaribas
izdales linijas bezatteikuma darbibu. Ja konkrétaja situacija
spekbaribas spiraltransportiera montazas slipums parsniedz 30°, tad
Saja slipaja posma spiraltransportiera spiralé ir jaievieto elastiga
plastmasas caurule, kura aizpilda spirales centralo dalu. Tas novér§
lopbaribas atpakalatbirSanas iesp&jas un kritiskas situacijas uzlabo
transportiera darba razigumu,

e ja pedgja spekbaribas izédinaSanas stacija, pie kuras piestiprinati
baribas aug$gja un apaksgja limena sensori, ir mazaks spékbaribas
patérin$ neka citas stacijas, tad, iesp&jami transportiera ieslégsanas
automatikas darbibas traucgjumi. Lai tos noverstu, izmantojami
sekojosi risinajumi:

o attaluma samazinaSana starp transportiera ieslégSanas un
izslégSanas sensoriem;

o  visvairak noslogoto spékbaribas staciju uzkraSanas tilpnu
ietilpibu palielinaSana;

o Imijas parmontéSana, lai tas p&deja stacija bitu viens no
lielakajiem spekbaribas pateriniem.

e attalumam starp spekbaribas linijas ped&jo un priekSp&dejo staciju
jabut tik lielam, lai sp&kbaribas daudzums, kur§ uzkrajas Saja
spiraltransportiera posma, neparsniegtu starpsensoru dalas ietilpibu
pedgjas spekbaribas izdales stacijas baribas uzkraSanas tvertne, citadi
tiek trauc&ta spekbaribas transportiera automatikas darbiba;



e ja ganampulka lielums ir robezas no 100 lidz 375 govim, tad baribas
sagatavoSanai un izdalei ir v€lams izmantot traktora agregatu, kura
ietilpst traktora prieksdala piemontets greifera tipa iekravejs, bet
aizmugurgjepiekabinats maisitajs izdalitajs. Iekraujot tranSeja
konservéto zalaugu lopbaribu, traktoru atkabina no maisitaja
izdalitaja. Ja ganampulka lielums parsniedz 375 govis, tad baribas
maisTjuma sagatavoSanai un izdalei lietderigi izmantot pasgaj¢ja tipa
mobilo maisitaju izdalitaju.
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3. LLU zinatniskais projekts Nr.XP 131 ,Govju slaukSanas robota
ekspluatacijas petfjumi LLU macibu un p&tijumu saimnieciba ,,Vecauce”.
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Sanemtais patents

1. Spekbaribas izdales Iinija ar spiraltransportieri. Patents Nr.14605.
Public.20.11.2012. Ipasnieks LLU. Izgudrotaji: J.Priekulis, A.Salins,
A Laurs, A.Vicinskis.

1. TEORETISKIE PETIJUMI

Lai efektivi risinatu problémjautajumus, kuri saistiti ar lopbaribas izdali,
lietojot robotiz€to slaukSanu, nepiecieSami teorétiski petijjumi par veélamo
spekbaribas iz&dinasanas vietu daudzumu un veidu, ka arT spekbaribas izdales
Itnijas darbibu.

1.1. Govij izedinamas spekbaribas daudzums un ta sadalijums pa
atseviSkam édinasanas vietam

Lietojot govju robotizeto slaukSanu, spekbaribu var iz&€dinata tris vietas:
lopbaribas maisijuma sastava, kuru izsniedz pie baribas galda, robotizetajos
govju slaukSanas stendos (AMS) un spekbaribas iz€dinasanas stacijas.
Spekbaribas izdali vada govju ganampulka menedzmenta sist€éma (1.1.att.),
izmantojot datus, kuri raksturo iz€dinamos baribas Iidzeklus, govju
ganampulku un baribas maisijuma sastava ieklauto spekbaribas daudzumu. St
sisttma izskaitlo katrai govij diennakti nepiecieSamo kop&jo spékbaribas
daudzumu, ka ar7 vada tas izsniegSanu govju slauksanas stendos un spékbaribas
iz€dinasanas stacijas.

Kopgjais spekbaribas daudzums, kuru viena govs var sanemt, izmantojot
AMS, ir

an = an.m +an.s +an.r ! (1-1)
kur Qam — kopgjais govij iz€dinatais spékbaribas daudzums,
kg diennakti *;
Qinm — baribas maisijuma ietvertais spekbaribas

daudzums, kuru govis apéd pie baribas galda, kg
diennaktt %;

Quns — spekbaribas izeédinaSanas stacijas izsniegtais
spekbaribas daudzums vienai govij, kg diennakfi *;
Qdnr — robotizeta slauksanas stenda izedinatais

spekbaribas daudzums vienai govij, kg diennakti ™.

Tacu debatgjams ir jautdjums par spekbaribas staciju izmantoSanu, jo
praks€ tas biezi nelieto, bet visu govim nepiecieSamo sp&kbaribas daudzumu
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iz€dina slauksanas laika un pie baribas galda. Tadg] tika skaidrots spekbaribas

daudzums, kuru govs sanem pie baribas galda un sp€kbaribas iz&dinaSanas
stacijas

The fodder amount necessary for one cow per day

f

Number of
Feed aids used cows, milk
for cow feeding, —™ COW HERD *— vyield, age, their
their feed value MANAGEMENT lactation phase
SYSTEM
The amount of The amount of The amount of
fodder in partially fodder fed in the fodder fed at the
mixed ration milking stand fodder stations
(PMR)

I I |

The actual amount of fodder that one cow can receive per day

1.1.att. Govim izédinama Spékbaribas daudzuma aprékinasanas un izdales
shéma, izmantojot ganampulka menedZmenta sistému

Fig. 1.1. The scheme of calculating the amount of fodder fed to cows and its
distribution, using herd management system

an.m = ﬂ’s 'va (12)
kur As — spékbaribas piejaukuma koeficients baribas
maisijumam;
Qn - vienas govs  apéstais baribas  maisijuma

daudzums, kg diennakti™,

Savukart maksimalais sp&kbaribas daudzums, kuru govis var sanemt
robotizeta slaukSanas stenda, ir atkarigs no govs uzturéSanas ilguma $aja stenda
un spekbaribas ap&Sanas atruma:

Qanr =Vs N - (1.3)
kur A — govs vidgjais spekbaribas &8anas atrums, kg min™;
N — slauks$anas reizu skaits diennaktt
[ — vienas slauk$anas reizes vidgjais ilgums, min.
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Tadg| spekbaribas stacijas ir vajadzigas tada gadijuma, ja

an.o +an.p > /’i’s : Qm +Vg - Ng 'ts (1.4)
kur Qano — normativais spékbaribas daudzums, kurs attiecigai
govij biitu jasanem atbilstosi tas produktivitatei un
fiziologiskajam stavoklim, kg dienn™;
Qdnp — papildus izé€dinama spekbaribas daudzuma dala,
kura parnesta no ieprieksgja diennaktt neap@stas
spekbaribas daudzuma, kg dienn™.

Izmantojot LLU macibu un pétijumu saimniecibas Vecauce slaucamo
govju fermas , Ligotnes” menedzmenta sistéma uzkratos datus par vienu
ménesi ilgu periodu un formulu (1.4), tika noskaidrots, ka sp€kbaribas
iz€dinasanas stacijas ir nepiecieSamas, ja govju izslaukums parsniedz 30 kg
diennakti.

Vienai govij stacija izédinamais spékbaribas daudzums

an.s = an.o +an.p _ﬂ“s 'Qm +V - N 'ts (15)
Bet ferma vajadzigais baribas staciju skaits

n > an.sl ' Zgl +an.52 'Zgz +""+ansn -z (Zgl +Zg2 ot Zgn) ’ (tie +tiz) +t

gn + serv ,
o 24.qSt 24 (1.6)
kur Ngt — attiecigaja ferma nepiecieSamais
baribas izdales staciju skaits;
Zg1: Zg2. Zgn — govju skaits attieciga pirmaja,
otraja un N-taja izslaukuma grupa;
Qunst: Quns2: Qansn  — stacijas iz€dinamas spekbaribas deva

attiecigi pirmas, otras un N-tas
izslaukuma grupas govim, kg (govi

dienn.)™;
Ost — spekbaribas izdales vidgjais

raZigums viena baribas stacija, kg h™;
tie; i — laika pat@rins govs ieieSanai un

izieSanai no baribas stacijas, h dienn'l;
tsny — laika patg€rin$ sp€kbaribas stacijas

apkop@ém (servisa laiks), h dienn™.
1.2. Spekbaribas izdales Iinijas p&tijumi

Spekbaribas izdales liija sastav no spekbaribas uzglabasanas tvertnes,
transportieriem un baribas izdales stacijam. Ka pieméru apskatisim spekbaribas
izdales Iinijas shému LLU macibu un pétjjumu saimniecibas ,,Vecauce”
slaucamo govju ferma ,, Ligotnes” (skat. 1.2. att.).
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1.2. att. Spekbaribas izdales Iinijas tehnologiska shema
1 - kombingétas spekbaribas uzglabasanas tvertne; 2 - spékbaribas transportieris; 3 -
baribas pliismas sadalitajs; 4 - papildus transportieris spekbaribas piegadei lidz
robotizetajiem slaukSanas stendiem; 5, 9 - transportieru piedzinas elektromotori ar
reduktoriem; 6, 13 - atseviskas izédinaSanas vietas ierikotas spekbaribas uzkrasanas
tilpnes; 7 - spekbaribas dozators; 8 - spekbaribas izsniegSanas vieta robotizetajos
slauksanas stendos; 10 - spekbaribas transportieru ieslégsanas un izslégsanas sensori; 11
- spekbaribas izé€dinasanas sile; 12 - spekbaribas izdales stacija

Fig. 1.2. Technological scheme of the fodder distribution line
1 — mixed fodder storage container; 2 — fodder transporter; 3 — feed flow spreader;
4 — additional transporter for fodder delivery to the robotised milking stands;
5, 9 — electromotors of transporters drive with speed-reducers; 6, 13 — fodder storing
containers set in separate feeding places; 7 — fodder dosimeter; 8 — fodder distribution
place in robotised milking stands; 10 — switching on and switching off sensors of fodder
transporters; 11 — fodder feeding trough; 12 — fodder distribution station

Veicot pétijumus ekspluatacijas apstaklos, tika konstatéts, ka Sada
spekbaribas transport€Sanas un izdales Iinija nenodroSindja savlaicigu visu
spekbaribas uzkrasanas tilpnu piepildi ar baribu un nozimigakie spekbaribas
piegades atteikuma iemesli ir meklgjami tas transportéSanas sistema.

Ka redzams no 1.2. att€la, spiraltransportieris 2 vispirms virza baribu
slipi uz augSu, bet, sasniedzot vajadzigo augstumu, t0 parvieto horizontala
virziena. Ja transportgjamai baribai ir palielinats mitruma saturs, palielinata
sadrumstalotiba vai arT piemit kadas citas fizikali mehanisko 1pasibu novirzes,
tad slipaja posma ir iesp&jama spiraltransportiera nospri$ana.

Lai wuzlabotu spekbaribas transportéSanu pac€lumu vietds, esam
izstradajusi konstruktivo risinajumu kombin&tam spéekbaribas transportierim
(LV patents Nr.14605), kurs§ paceéluma vietas darbojas ka gliemeZtransportieris,
bet vietas, kur spekbariba jatransporte horizontala virziena un ltkumos — ka
spiraltransportieris.

13



Tadel tika pétiti galvenie faktori, kuri ietekme spiraltransportiera
darbaspgjas atkariba no ta novietojuma slipuma lenka.

1.3. Spiraltransportieru darba raZigums

Tehniskaja literattira (Grigorjevs, 1972; Melnikovs, 1978; Minkins,
2006; Uzklingis, 1995) noradits, ka spiraltransportieru un gliemeztransportieru
darba razigums ir atkarigs no to konstruktivajiem parametriem un pildijuma
koeficienta, raziguma koeficienta, kas ieverté transportiera kravas pacel$anas
lenka ietekmi uz ta razigumu, turklat

2
QSpZGOﬂD w.s.n.yo.csp, (1.7)

kur Qs — spiraltransportiera darba razigums, t h;

D — spirales argjais diametrs, m;

S — spirales solis m;

n — darbigas dalas grie§anas atrums, min™;

%0 — transportgjamas masas blivums, t m”;

o — transportiera pildijuma koeficients. Saja gadijuma

¢ tick uzskatits par attiecibu starp materiala
aizpildtto vidgjo laukumu transportiera caurulé un
gliemeza normalas projekcijas laukumu.

Csp — raziguma koeficients, kas ieverte transportiera
kravas pacelSanas lenka ietekmi uz ta raZigumu.

Tacu, lai ieglitu precizas raziguma koeficienta vértibas, kas ieverté
transportiera kravas pacelSanas lenka ietekmi uz ta razigumu, ir nepiecieSami
papildus aprékini. Sim nolikam tika izstradatas teorétiskas likumsakaribas
koeficienta noteikSanai, kas ieverté transportiera kravas pacel$anas lenka
ietekmi uz ta razigumu, ja spiraltransportieris atrodas horizontala stavokli, ka
arT tad, ja lopbariba tiek transporteta slipi uz augsu.

Peédgja gadijuma aprékiniem izmanto noteikto integrali, kas ieverte
transportierT nepiepildito laukumu.

Spiraltransportiera darbibas shéma, kura izmantota aprékiniem, ir
redzama 1.3.attela.

Lai aprékinatu raziguma koeficientu c, kas ievérté transportiera kravas
pacelsanas lenka ietekmi uz ta raZigumu, jaapskata 1.3. attéla iezimétais
laukums F. No apaksas to ierobezo taisnes I un II, kuras att€lo lopbaribas
dabiga nobiruma virsmas baribas transportéSanas laika, bet augsdala So
laukumu ierobezo transportiera apvalkcaurules iek$gja virsma.

Ar noteikta integrala palidzibu nosakam ar spekbaribu neaizpildito
laukumu F starpsola attaluma s.

14



A4

1.3. att. Spiraltransportiera raziguma koeficienta, kas ievérte transportiera
kravas pacelSanas lenka ietekmi uz ta razigumu, aprékina shéma,
pienemot, ka transportiera spirale izvietota simetriski transportiera
apvalkcaurulei

r — spirales radiuss, R-r — attalums starp spirales argjo malu un apvalkcauruli,
[ — spekbaribas dabiga nobiruma lenkis, o, — kravas pacel$anas lenkis, s — transportiera
spirales solis, 1 — transportiera apvalkcaurule; 2 — transportiera spirale; 3 — lopbariba.

Fig.1.3. Calculation scheme of spiral transporter productivity coefficient,
which estimates the influence of the transporter load lifting angle on its
productivity, accepting that transporter spiral is situated symmetrically to
transporter casing pipe
r —spiral radius, R-r — distance between spiral outside edge and casing pipe, f — fodder
natural spillage angle, o — load lifting angle, s — transporter spiral step, 1 — transporter
casing pipe; 2 — transporter spiral; 3 — fodder.

Péc integréSanas funkciju veikSanas iegiita sakariba, kas raksturo
koeficientu, kas ieverté transportiera kravas pacelSanas lepka ietekmi uz ta
raZigumu.

c - 4R-s-((R=r)+r)
P r(R-r) . (R-r)? L (R-1)-t9a. (1.8)
cag(f-a) 2cg(B-a) ctgs

Lai aprékinatu spiraltransportiera darba razigumu 1.8 formula, ir
jaievieto darba raziguma aprékina pamatformula.

2 —
607D (p-s-n~7/0-csp:47D2- 4R-s-(R-r)+r)

-S-n- .
rR0, R R nwa 7

ag(f-a) 2tg(f-a) ctgp

Qy =

(1.9)
legiita sakariba raksturo spiraltransportiera darba razigumu, atkariba no
ta novietojuma slipuma vai kravas pacelSanas lepka o.
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1.4. GliemeZtransportiera darba razigums

Gliemeztransportierim, at$kirtbha no spiraltransportiera, centralo dalu
aiznem varpsta. Tadeé] Sim transportierim darba laikd nenotiek butiska
lopbaribas atpakalatbir§ana (Minkins, 2006), un $is faktors uzlabo baribas
transportésanu. Tacu transportiera lietderigo tilpumu negativi ietekmé gliemeza
varpsta, kura aiznem dalu no apvalkcaurules ieksgja skérsgriezuma laukuma un
papildus samazina transportiera pildijumu

Gliemeztransportiera darbibas shéma, kura izmantota aprékiniem, ir

redzama 1.4. attela.

1.4. att. GliemeZtransportiera raziguma koeficienta, kas ieverte
transportiera kravas pacel§anas lenka ietekmi uz ta razigumu aprékina
shéma
r — spirales radiuss, R-r — attalums starp spirales argjo malu un apvalkcauruli,
R- apvalkcaurules iekSpuses radiuss, r, — gliemeza varpstas radiuss, p — spekbaribas
dabiga nobiruma lenkis, a — kravas pacelSanas lenkis, s — gliemeza vijuma solis,
1 — transportiera apvalkcaurule; 2 — transportiera spirale; 3 — spekbariba.

Fig. 1.4. The calculation scheme of the worm transporter productivity
coefficient, which estimates the influence of the transporter load lifting angle
on its productivity
r — spiral radius, R-r — distance between spiral outside edge and casing pipe, R- casing

pipe inner radius, r. — screw shaft radius, B — fodder natural spillage angle, a. —load
lifting angle, s — screw twine step, 1 — transporter casing pipe; 2 — transporter spiral;
3 — fodder.

Rikojoties Iidzigi ka ieprieksgja gadijuma, tiek ieguts, ka
gliemeZztransportiera raziguma koeficients, kas ieverte transportiera kravas
pacelsanas lenka ietekmi uz ta razigumu

cgl:s~(2r)— o, der d-s- (1.10)
ag(f-a) cg(f-a) 2
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Lai aprékinatu gliemeztransportiera darba razigumu, formula 1.9 ir
jaievieto darba raziguma aprékina pamatformula

6072D?
le = 4

_ 2
@-S-N-y,-C, =47D"- 2 d-r dhs's'n'}/ﬂ'w.(l.ll)

S g -a) g (p-a) 2

legiita sakariba raksturo gliemeZtransportiera darba razigumu, atkariba
no kravas pacelSanas lenka a.

d(m)

N (m)

s (m)

beta (degress) . I—

covert to radians

multiply2

productivity (th)

alfs (radians)

*(m)

. M (m)

den (tm3)
multiply
1.5. att. Spiraltransportiera raZiguma koeficienta, kas ieverte transportiera
kravas pacel$anas lenka ietekmi uz ta razigumu noteik§anas
matematiskais modelis Matlab Simulink vide

Ar zalo krasu apziméti izejas dati, ar peléku — aprékinu bloki un konstantes, ar sarkanu —
aprekinatie lielumi. Izejas dati ir sekojosi: slipuma lenkis, dabiska nobiruma lenkis,
spirales solis, spirales argjais radiuss, atstarpe starp spirales malu un apvalkcaurules
malu.

Fig. 1.5. Matlab Simullink environmnet mathematical model for determining
the spiral transporter productivity coefficient, which estimates the influence
of the transporter load lifting angle on its productivity

Output data are marked with the green colour, calculation blocks and constants — with
the grey colour, calculated values — with the red colour. The output data are as follows:
incline angle, natural spillage angle, spiral step, spiral outside radius, distance between
the spiral edge and the edge of the casing pipe.

Lai veiktu spiraltransportiera un gliemeZztransportiera raziguma
salidzinoSos aprékinus pie attieciga kravas pac€luma lenka a, tika izmantots ar
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datorprogrammu Matlab Simulink izveidots modelis. Saja modeli izmantotas
ieprieks izstradatas transportiera koeficienta, kas ievérté transportiera kravas
pacel$anas lenka ietekmi uz ta raZigumu, formulas 1.8 un 1.10, ka ari
transportieru darba raziguma formulas.

Papildus izstradats matematiskais modelis, ar kura palidzibu aprékinams
transportiera raZiguma koeficients, kas ieverte transportiera kravas pacelSanas
lenka ietekmi uz ta razigumu, atkariba no ta novietojuma slipuma lenka (1.5.
att.).

1.5. Transportieru raziguma koeficienta salidzinajums, stradajot
gliemeZtransportiera un spiraltransportiera darbibas reZimos

Lai novertétu teorétisko pétijjumu rezultatus, tika salidzinati spekbaribas
transportéSanas risinajumi, mainoties transportiera slipuma (kravas pacelSanas)
lenkim (1.6.att.).

9
... a7

Fi 52 - .
lg 0.8 .h"'"--.h = Zpiral transporter
i T
3 "'h.‘h
.*E' 0.6 h‘h\ Worm transporter
E h
y 0.4 -
i &  Transporter filling
in horizontal position
0.2
a

0 3 & % 1215 18 21 24 27 30 33 36 39 42 45 48

Lifting angla deprees

1.6.att. Teoréetiski apréekinata transportieru razigum koeficienta izmainas
dinamika, stradajot gliemeZtransportiera un spiraltransportiera reZima
pie dazadiem transportiera novietojuma lenkiem
a — gliemeZtransportiera un spiraltransportiera raziguma koeficientu vértibu
krustpunkts

Fig. 1.6. The changing dinamics of theoretically calculated transporters
productivity coefficient working in worm transporter and spiral transprter
modes at different transporter placement angles
a - crosspoint of the worm transporter and spiral transporter productivity
coefficients values

Sim nolikam izmantots gan vienkarSotais aprékins (kad transportieris
atrodas horizontala stavokli), gan izteiksmes, kuras iegiitas ar integréSanas
palidzibu un derigas pie dazadiem kravas pac€luma lepkiem. Ka redzams no
att€la, abas iepriek$ apskatitas transportiera raziguma aprékina metodes dod
aptuveni I1dzigus rezultatus, kas liecina par integralas metodes un sastadito
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matematisko modelu pareizibu. Turklat var konstatét, ka pie kravas pac€luma
lenka mazaka par 30°, labaks raZiguma koeficients ir spiraltransportierim, bet,
ja Sis lenkis ir lielaks par 30°, tad labaks raZiguma koeficients ir
gliemeztransportierim.

1.6. Transportiera piedzinas griezes momenta noteik$ana

Komplektgjot spekbaribas pievades transportieri, bitiska nozime ir
pareizai piedzinas elektromotora izvélei, atkariba no transportiera darbinasanai
nepiecieSamas jaudas. To apliecina laboratorijas p&tijumi, kuros skaidrota
spiraltransportieru piedzipai nepiecieSama jauda atkariba no So transportieru
montazas Ipatnibam (garuma, slipuma lepka, pagriezieniem utt), un
transport€jamas lopbaribas Ipasibam (mitruma satura, sadrumstalotibas utt.).
Tadel katra konkréta gadijuma ir jaizmanto atbilstoSas jaudas elektromotors, jo
citadi tas tiek parslogots vai ari rodas lieks elektroenergijas paterins.

Nemot vera, ka spiraltransportieru un gliemeztransportieru piedzinai
visbiezak izmanto asinhronos elektromotorus ar konstantu rotacijas frekvenci
un vienpakapju reduktorus, tad transportiera piedzinas mainigais faktors ir
griezes moments, kuru A.Gegorjevs (Grigorjevs, 1972) rekomendg raksturot ar
sekojosu sakaribu

6kQL+Q—H
M=__ 36, (1.12)
n
kur M - griezes moments.
k=1,2+1,4 - koeficients, kas ieverte tukSgaitas jaudu;

Nemot veéra ieprieks iegiito spiraltransportiera raziguma formulu (1.9),
griezes momenta aprékina formulu (1.12) var parveidot sekojosa forma:

4.R-s-((R-r)+r1)

47.D%-a- . sn-y,-H

r-(R—r)+ (R-r) +(R—r)-tgoz

£K-47-D-q- 4-R-s-((R-r)+r) S dg(B-a) 2-clg(B-a)  cgp

r(R-n (R-1)? L(R-1) ga 0 3677
M = cg(f-a) 2:dg(f-a)  ctgp
n

’
(1.13)

Izmantojot iepriek$ iegiito sakaribu (1.13), ka ari Matlab Simulink
datorprogrammu, tiek modeléta griezes momenta izmaina atkariba no
transportiera slipuma lepka. Griezes momenta aprékina blokshéma ir ka
papildinajums ieprieks apskatitajai transportieru raziguma aprékina bloksheémai,
kura redzama 1.5. attéla.
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1.7. att. Transportieru piedzinai nepiecieSama griezes momenta aprékina
blokshéema Matlab Simulink vide

Zal$ — mainigie izejas dati, peleks — aprékinu bloki un konstantes, Q — transportieru
razigums p&c ieprieks aprékinatas blokshémas (skat. 1.5.attélu), sarkans — griezes
moments.

Fig. 1.7. Matlab Simulink environment calculation block scheme of torsional
moment necessary for transporter drive

Green — variable output data, grey — calculation blocks and constants, Q — transporters
productivity according to previously calculated block scheme (see Fig. 1.5),
red — torsional moment.

1.7. Spiraltransportieru automatiskas darbibas nodrosinasana, lietojot
vairakas baribas izédinasanas stacijas

Veicot eksperimentalos pétijjumus LLU macibu un pétjjumu
saimniecibas Vecauce lielferma Ligotnes, tika konstatéts (Salin§, Priekulis,
2009), ka spekbaribas piegades traucgjumi rodas ne tika transportieru
nepareizas izvéles vai ekspluatacijas del, bet arT tad, ja izmanto vairakas
spekbaribas izdales stacijas, kuras ir nevienmeérigs spekbaribas paterins. Tas
saistits ar linijas darbibas Tpatnibam spekbaribas staciju uzpildes laika.

Spekbaribas daudzumu, kas uzkrajas un virzas pa tehnologiskas linijas
dazadam vietam, var aprékinat pec 1.8. att€la dotas situacijas.

20



1.8.att. Spekbaribas piegades linijas aprékina shema
Fig. 1.8. Fodder delivery line calculation scheme

Nemot vera, ka transportierim stradajot automatiska rezima, baribas
uzkrasanas caurule pédgja dozatora uzpildas par starpsensoru zona esos$o
tilpumu, jabut speka sakaribai

M
M, <—%
v, (1.14)
kur M¢ — maksimali iesp&jamais izsniegtas spekbaribas

daudzums viena no pirmajam baribas stacijam
(iznemot pedgjo), kg;

Mp — spekbaribas daudzums, kas izsniegts pedeja
baribas stacija, kg.
14 — koeficients, kas ieverté kadu dalu no baribas

uzkrasanas caurules kopéja tilpuma aiznem tas
tilpums starp abiem sensoriem;

Koeficients, kas ieverte pie kada spekbaribas stacijas tilpnes pildijjuma
notiek spiraltransportiera iesl€gsana

u, (1.15)
kur c — koeficients, kas ieverte spekbaribas stacijas tilpnes
piepildes pakapi, pie kuras notiek
spiraltransportiera ieslégSanas;
I — attalums starp transportiera ieslégSanas un
izslégSanas sensoriem, mm.

Faktiski uzkratais spekbaribas daudzums atseviskas spekbaribas
iz€dinasanas stacijas, iznemot pedgjo, ir

mp
mg, =—
o, (1.16)
kur Mgy — faktiski iesp&jamais spekbaribas daudzums, kg;
mp — faktiski patéretais un pievaditais spekbaribas

daudzums p&dgja baribas stacija, kg.
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Faktiski patéréto spekbaribas daudzumu pedgja baribas stacija var
noskaidrot, izmantojot AMS menedzmenta sistémas ALPRO datorprogrammu.

Kludu, kas radusies kada no sp€kbaribas stacijam var aprékinat pé&c
formulas

m._—m
l — izsn fp 100 (117)
m,p ,
kur Mizsn — liclakais izsniegtais spckbaribas daudzums, ko

uzrada dators kada no spekbaribas izsniegSanas
stacijam, kg.

Apskatot ieprieks izstradatas sakaribas, var secinat, ka sp&kbaribas
transportiera bezatteikumu darbiba bilis nodro§inata, ja ievéros formulas (1.18)
un (1.19)

Ve —Vgy) A<V, (1.18)
Vo L (1.19)
P I

No formulas (1.19) seko, ka sp€kbaribas daudzumam, kas atrodas
spiraltransportiera posma starp p&€dgjo un priek§pedgjo baribas staciju, ir jabit
mazakam par starpsensoru dalas ietilpibu p&dgjas stacijas sp&kbaribas
uzkrasanas tilpné.

2. SPEKBARIBAS IZDALES EKSPERIMENTALIE
PETIJUMI

Lai risinatu 1. nodala minétas problémas, kuras saistitas ar spékbaribas
izdales Iinijas racionalu izmantoSanu un bezatteikuma darbibas nodrosinasanu,
tika veikti eksperimentalie pétijumi, ietverot transportéjamas spékbaribas
fizikali mehanisko Tpasibu pétifjumus un spekbaribas izdales linijas darbibas
petijumus laboratorijas un ekspluatacijas apstaklos.

2.1. Spekbaribas transportieru pétijumi laboratorijas apstaklos

So pétijumus mérkis bija noskaidrot spekbaribas transportiera razigumu
un piedzinas jaudu atkariba no to novietojuma slipuma (kravas pacelSanas
lenka), lai varétu salidzinat teorétiskos un eksperimentalos p&tijumu rezultatus
un tadejadi parliecinaties par teorétisko izvedumu pareizibu.

Pétljumiem izmantotais iekartu komplekts bija sakotn&ji paredzets
slaucamo govju precizai &dinasanai liellopu fermas, kuras lieto robotiz&to
slauksanas iekartu. Lai to pielagotu laboratorijas p&tijumiem, transportieris tika
papildinats ar transform&jamu atbalsta konstrukciju un dinamometrisko sensoru
transportiera darba varpstas griezes momenta registré$anai ar datora palidzibu.
Atbalsta konstrukcija nodro§indja transportiera €rtu parmont€Sanu vélama
novietojuma slipuma un ta papildinasanu ar Itkumotiem papildus posmiem.
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Dinamometriskais sensors tika patstavigi konstru€ts, veicot ta stipribas
aprekinu verpe. To izgatavoja viet€jas darbnicas, piestiprinot tenzorezistorus,
griezes momenta noteikSanai (2.1. att.). Me&rjjumu registréSanai izmantota
datorprogrammu PicoLog.

AL

2.1. att. Ar dinamometrisko sensoru aprikots transportiera piedzinas
varpstas starpgabals, transportiera piedzinas mezgls samontéta veida

Fig. 2.1. Transporter drive shaft intermediate section equiped with
dynamometric sensor, assembled transporter drive component

Petfjumi notika LLU Tehniskas fakultates Lauksaimniecibas tehnikas
institlita laboratorijas.

Eksperimentiem izmantoto transportieri bija iesp&jams darbinat gan
spiraltransportiera, gan gliemeztransportiera rezima,ka arl mainit lopbaribas
pacelSanas lenki un veidojot transporiera pagriezienu par 90°.

2.2.att. Laboratorijas pétijjumu norise divas atseviSkas telpas ar atSkirigu
griestu augstumu

Fig. 2.2. The process of laboratory studies in two separate rooms with
different ceiling height
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2.2. Transportiera griezes momenta pétijumi

Eksperimentalie p&tjumu rezultati liecina, ka spiraltransportiera griezes
moments nav konstants lielums. IeslégSanas bridi transportiera griezes
moments pieaug lidz pat 10—12 reizeém, jo ir japarvar ne tikai spirales berzes
speki, bet ar1 inerces speki. Tacu Sis periods ilgst tikai aptuveni 10
milisekundes. P& tam griezes moments nostabiliz€jas. Tacu nelielas ta
svarstibas ir veérojamas arl péc tam un tas ir saistitas ar spirales elastigam
deformacijam. Savos turpmakajos pétljumos esam izmantojusi griezes
momenta vidgjas vertibas to nostabilizétaja posma.

1.1. tabula ir paradita transportiera griezes momenta izmainas atkariba
no ta montazas ipatnibam (novietojuma slipuma un izlieckuma), ka art granulu
1pasibam (diametra un mitruma satura).

Peéc Siem petljumiem aprékinatas spiraltransportiera griezes momentu
ietekm@joso faktoru 1patngjas vertibas. Tadgjadi transportiera griezes moments,
lietojot granulas ar diametru 4 un 6 mm, ir aprékinams p&c empiriskas
izteiksmes

2.1.tabula
Spiraltransportiera griezes momenta palielinajumu ietekmeéjosie faktori,
lietojot firmas Delaval razoto spekbaribas spiraltransportieri ar
apvalkcaurules iek§ejo diametru 100 mm, R?=0.95

Apzime- Mera Lielums, ja granulu diametrs

Faktors - .
jums vieniba
4 mm 6 mm
Transportiera
novietojuma slipuma K, Nm_ 1 0.092:0.01 0.09+0.01
lenkis, gradi gradu
e —
Pievienots 457 liels Mas Nm 0.16+0.02 0.25£0.015

Itkums

Granulu mitruma

T . Ku Nm % | 0.0169+0.0032 | 0.033+0.0035
palielinajums virs 9%

Granulu
sadrumstalojuma
palielinajums, rékinot Ksm % m™ 0.50 0.42
uz 1m transportiera
garumu

Granulu
sadrumstalojuma
ietekme uz Kso, Nm %* 0.196 0.182
spiraltransportiera
griezes momentu
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M, =M, +k, -a+K, -AW+Ky, Ko, 1, +Mg-nyq (2.1)

kur M, — aprékinatais spiraltransportiera griezes moments,
vadoties p&c konkrétas situacijas, Nm;
Mo — horizontali novietota un taisna (neltkumota)

spiraltransportiera griezes moments, transportgjot
granulas, kuru mitrums neparsniedz 9%, un kuru
sadrumstalotiba neparsniedz 5.5%, Nm;

Aw — transport€jamo granulu mitruma palielinajuma
procents virs 9%;

I — transportiera taisnas dalas garums, m;

Ngs — transportierim pievienoto 45° Iikumu skaits, gab.

Sie pétijumi liecina, ka spiraltransportiera griezes moments biis
minimals, ja govju &dinasanai izmantos p&c iesp&jas sausakas granulas, kuru
diametrs ir 6 mm (nevis 4 mm), turklat transportieri vajadz&tu péc iespgjas
montét bez likumiem un lieliem pac€lumiem.

2.3. Transportiera darba raziguma pétijumi

Pétijumu laika tika noteiktas transportiera darba raziguma izmainas
atkariba no ta novietojuma slipuma.

1.8
1.6 '\
i . Spiral transporter
1.4 \ theoretical productivity
; =
\_‘
= 1.2 |
- Worm transporter
3: 1 theoretical productivicy
s
g 0.8 \\\ .
B N \ Spiral transporter
a 0.6 experimental
0.4 productivity
0.2 \ . Worm transporter
\ experimental
0 productivity

0 5 10 15 20 25 30 35 40 45 50
Lift angle, degrees

2.4.att. Teoretiski aprékinatais un eksperimentali noteiktais transportieru
darba razigums, stradajot gliemeZtransportiera un spiraltransportiera
rezima, pie dazadiem transportiera novietojuma lenkiem

Fig. 2.4. Theoretically calculated and experimentally determined transporters
work productivity, operating in a worm transporter and in a spiral transporter
mode at different transporter placement angles
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Konstatets, ka teorétiski aprékinatie un eksperimentali iegiitie rezultati
spiraltransportierim sakrit ar precizitati 0.02 t h™, bet, gliemeztransportierim
lidz 40 gradu pac€lumam, $ie rezultati ir lidzigi, tacu pie 50 gradu pacgluma
veidojas klada 0.17 th™.

2.4. Spekbaribas transportieru eksperimentilie pétijumi ekspluatacijas
apstaklos

Eksperimentalo pétjjumu noliiks — noskaidrot spekbaribas izdales Iinijas
darbaspgjas slaucamo govju fermas, kuras ieviesta govju robotizeta slauksana.

Petfjumi veikti LLU macibu un pétjjumu saimniecibas Vecauce

slaucamo govju ferma ,Ligotnes”, kur atseviSkas govju grupas slaukSanai
izmanto firmas DeLaval razoto robotizeto slaukSanas iekartu VMS.
Vispirms tika konstatéts, ka atseviS§ku spékbaribas staciju noslogojums ir
nevienmeérigs (2.6. att.), un vismazakais baribas patérin$ ir pedgja stacija
(11.3% no kopgja daudzuma), pie kuras piestiprinati transportiera ieslégSanas
un izslégsanas automatikas sensori.

Tadel tiek pielautas situacijas, kad pirmas vai otras baribas staciju
tilpnes var bt tuksas, t.i., bez spekbaribas, bet ped&ja stacija vél ir piepildita. Ja
§ada situacija govis apmekI tuksas baribas stacijas, tad dators padod $Tm
stacijam informaciju par baribu izsnieg8anu, bet faktiski tas nerealizgjas.

30 1 25 48 26.08

25 - 22.16
8
e _
E 20 15.25
g
g 15 1 11.03
]
g
E 10 4

5 -

0

1 2 3 4 5
Feeding stations

2.6.att. Spekbaribas izsniegta daudzuma procentualais sadalijums
atseviskas baribas izédinasanas stacijas

Fig. 2.6. Percentage of served fodder amount at separate fodder feeding
stations
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Vadoties peéc VMS ALPRO datorprogramma uzkrato datu apstrades
rezultatiem, tika noskaidrots piektaja stacija faktiski izsniegtais baribas
daudzums, ka ar1 spekbaribas paterina kop€ja aina.

Tadel, izmantojot ganampulka menedzmenta sist€mu un ieprieks iegiitas
formulas (1.3 — 1.13), tika aprékinats maksimali iesp&jamais spekbaribas
daudzums, kuru var attiecigaja diena pievadit katrai no baribas izsniegSanas
stacijam.

120
100
g = | station
o 80
3 —— 2 station
§ 60 .
- === 3 station
3
g 40 — 4 station
[
20 =5 station
= Max border value
0

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Days

2.7.att. Maksimali iespéjamais un datora uzraditais kombingtas
speékbaribas daudzums atseviskas édinasanas stacijas

Fig. 2.7. Maximally possible and computer shown combined fodder amount
at separate feeding stations

No 2.7. att. redzams, ka atseviskas dienas spékbaribas patérin$
€dinasanas stacijas parsniedza att€la paradito maksimalo robezvértibu. Tadéel
Sajas dienas attiecigajas stacijas netika nodroSinats vajadzigais spékbaribas
daudzums, jo to nepietiekosi piegadaja padeves transportieris.

Veicot So pétijumu detaliz€taku analizi, izmantojot 1.7.nodala doto
matematisko pamatojumu, var secinat, ka iesp&jami vairaki §Is problémas
novers$anas risinajumi.

1. Samazinat attalumu starp sp€kbaribas transportiera ieslégSanas un
izslégSanas sensoriem par 15-20%.

2. Palielinat spekbaribas uzkrasanas caurulu garumu par 20%, t.i. par 50 cm.

3. Nomainit pirma un otra dozatora spékbaribas uzkrasanas caurules (tilpnes)
ar lielaka diametra caurulém (tilpn€m), kadas, pieméram, lieto robotiz&tajos
govju slaukSanas stendos.

4. Spekbaribas pievade govju &dinasanas stacijam no pret&jas puses, t.i., sakot
no pedgjas stacijas.
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3. LOPBARIBAS MAISIJUMU SAGATAVOSANAS UN
IZDALES PETIJUMI

Sis nodalas mérkis ir iegiit informaciju par praksé izplatitakajiem
lopbaribas maisijumu sagatavo$anas un izdales tehnologiskiem risindjumiem,
kurus izmanto robotiz&tas slaucamo govju fermas dzivnieku izé€dinasanai pie
baribas galda, ka ari noskaidrot attiecigo tehnologisko iekartu ekspluatacijas
parametrus.

Par ekspluatacijas pétjjumu bazes vietam izvéletas piecas Latvijas
saimniecibas, kuras izmanto atSkirigas baribas maisjjumu sagatavoSanas un
izdales tehnologijas. Izvel&to saimniecibu ganampulku lielumi ir robezas no 71
lidz 598 slaucamajam govim. Visas saimniecibas tika veikta mobilo agregatu
parvietoSanas attalumu uzmérisana, ka ari darba procesa hronometraza,
atseviski izdalot lopbaribas ieckrausanu un maisjjuma sagatavosanu,
parbraucienus ar kravu, lopbaribas izdali un tukSgaitas parbraucienus.
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Farm "Kalna Farm "MezZa MPS LLC "Agro
Dambrani" Ciruli" "Wecauce" Kakenieki"

3.1.att. Spekbaribas un skabbaribas iekrausanas vidéjais razigums
salidzinajuma ieklautajas saimniecibas
Fig. 3.1. Average fodder and silage loading productivity comparing
considered farms

Hronometrazas dati rada (3.1. att.), ka iekraujot tranSejas sagatavoto
skabbaribu, darba razigums dazadiem tehnologiskiem variantiem ir bijis
robezas no 11.4 1idz 17.3 th™.

Izpémums ir MPS Vecauce, kur 3is darba raZigums sasniedza 45.6 t h™.
Tas tadel, ka MPS Vecauce tick izmantotas skabbaribas iekrausanas daksas,
kuram nav nazu, un tapéc bariba tiek izpl€sta no kaudzes ar lieliem gabaliem.
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Tacu $ads izkrausanas veids netick rekomend@ts, jo sekmé kratuvé palikusas
skabbaribas bojasanos (Geringhausen, 2004).

Matematiski apstradajot hronometrazas datus (3.2. att.), redzam, ka z/s
,Dukati” lietotais robots, kur§ paredzets lopbaribas izdalei, salidzinosi daudz
laika patére, lai dozéta veida izdalitu katrai govju grupai paredzéto baribas
maisijuma daudzumu (aizgem 39% no visa kopgja cikla laika).

Ja, savukart, izmanto pasgajéja tipa lopbaribas maisitaju izdalitaju (z/s
Kalna Dambrani), tad lielakais laika paterins ir baribas maisiSanas procesam,
(attiecigi 39%), bet otrs liclakais laika patrin$ ir saistits ar parbraucieniem
(31%).

45 1
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35 1
30 A
25 1
20 A
15 A
10 A

5

0 m LLC Agro Kakenieki

B Farm Dukati

B Farm Kalha Dambrani

Operation duration, %

MPS Vecauce

Idletime

Container loading
Dosing, mixing
Distribution
Passages

3.2.att. Baribas izdales laiku sadalijums salidzinamajas saimniecibas
Fig. 3.2. Feed distribution time percentage on compared farms

Ja baribas izdalei lieto divus traktorus (MPS Vecauce), no kuriem viens
strada ar baribas maisitaju izdalitaju, bet otru agregate ar spekbaribas iekraveju,
tad lielakais laika pat€rin$ ir visu baribas lidzeklu iekrausanai, jo tas aiznéma
34% no kopgja lopbaribas izdalei pateréta laika.

Analizgjot baribas izdales procesu SIA Agro Kakenieki, redzams, ka
43% no kopgja laika tiek patéréts parbraucienos.

Baribas izdales agregatu parvietoSanas vidgjais atrums ir robezas no 4.9
Iidz 6.2km h™, bet baribas izdales laika — no 0.49 Iidz 1.21 km h™*

4. LOPBARIBAS IZDALES TEHNOLOGIJU
EKONOMISKAIS NOVERTEJUMS

Katra saimniectba ir unikala, jo tas darba organizacija realizg&jot
lopbaribas izdali ir atkariga no izmantotas tehnologijas, geografiskajiem
apstakliem, ka ar citiem konkréto situaciju raksturojoSiem apstakliem. Tadeél,
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turpmako pétijumu veikSanai, tika izvElétas septinas praks€ izplatitas
pamattehnologijas (4.1.tabula).

Visam §im pamattehnologijam tika aprékinatas ipatngjas izmaksas un
ipatngjas darbietilpibas, sastadot matematisko modeli pec 4.1.attela dotas
shémas.

4.1. tabula
Pamattehnologiju raksturojums
Tehno- Maisiiuma Stra-
logijas J v Maisijuma izdale Spékbaribas izdale dajoso
N sagatavoSana skaits
Traktora agregats, kura priekSgala piemontets kauss ar
pasiviem naziem, bet aizmuguré piekabinats lopbaribas
A maisitajs izdalitajs. Skabbaribas iekrauSanas laika traktoru 1
atkabina no maisitaja izdalitdja. Spékbaribu piejauc
maisijumam.
Visas lopbaribas maisijuma sagatavo$anas un izdales operacijas
B veic ar paSgdjéja tipa maisitaju izdalitdgju. Spekbaribu piejauc 1
maisfjumam.
Traktora agregats ar piekabinatu lopbaribas maisitaju izdalitaju.
Skabbaribas iekrausanai izmanto atsevisku traktora agregatu,
¢ kuram ir kauss ar pasiviem naziem. Sp&kbaribu piejauc 2
maisijumam.
Baribas robots, kur§ uzpildas no | Kitt ierikotas
D1 stacionaram dozatortilpnem. Zalaugu | spekbaribas  izdales 1
baribu dozatortilpnés uzpilda ar | stacijas
Fra.ktora agregatu, kuram ir 1.5 m?® Spekbaribu __ ieklauj
D2 ietilpibas kauss baribas  maisTjuma 1
sastava
Mobils Baribas robots, | KatT ierikotas
El traktorvilkmes kuru uzpilda no | spékbaribas  izdales
maisitajs stacionaras stacijas 1
izdalitajs. dozatortilpnes
Atsevisks E ; -
> Spekbaribu iek]au
E2 | skabbaribas bgﬁbas maisijum; 1
iekravejs - -
sastava

Ekonomisko aprékinu matematiskais modelis izstradats Matlab
Simullink datorprogramma. Modeli nemtas véra ganampulka izmainas (no 50-
600 govim), govju sadalfjums vairakas &dinaSanas grupas, vadoties peéc to
izslaukuma, ka arT baribas izdales biezums - lietojot mobilos izdalitajus - divas
reizes diena, bet lopbaribas izdales robotus — piecas reizes diena.
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Source data input on a corresponding basic technological variant

:

!

:

Units work time
calculation

Variable machine
costs calculation

Constant machine

costs calculation

h J

costs calculation

Employvees’ working

Operation costs

calculation

.

Specific labour-

intensity

calculation

Specific operation costs calculation

'

‘

Analysis and evaluation of research results

4.1.att. Ekonomisko aprékinu blokshéma

Pic. 4.1. Block scheme of economic calculations
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4.2. att. Ipatnéjas darbietilpibas izmainas, atkariba no ferma eso$a govju
skaita un izmantotas pamattehnologijas
(pamattehnologiju at$ifréjums dots 4.1. tabula)

Fig. 4.2. Specific labour-intensity changes depending on the number of cows
and basic technologies used on a farm
(the transcript of basic technologies is provided in Table 4.1)
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NepiecieSamie izejas dati tika iegiti no lopbaribas maisijumu
sagatavoSanas un izdales tehnologiju hronometrazas rezultatiem, kuri apkopoti
3. nodala.

Aprekinu rezultati redzami 4.2. un 4.3. attela.

Ka redzams no 4.2. att€la, lopbaribas maisijuma sagatavoSanai un
izdalei nepiecieSama Tpatngja darbietilpiba ir atkarigs no tehnologiska varianta
un novietn€ esosa govju skaita. Jo govju skaits ir lielaks, jo stradajoSo darba
patérins, rékinot uz vienu govi, ir mazaks. Darba patérins, lietojot robotizéto
lopbaribas izdali 300 govju ganampulkam ir aptuveni 5 reizes mazaks, neka
izmantojot traktorvilkmes izdalitajus.

Lopbaribas maisijumu sagatavosSanas un izdales patngjas ekspluatacijas
izmaksas ir redzamas 4.3. attéla.
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4.3. att. Lopbaribas maisijuma sagatavoS$anas un izdales ipatnéjas
ekspluatacijas izmaksas, atkariba no govju ganampulka lieluma un

izmantotas pamattehnologijas, ja stradajoso atalgojums ir 3.5 EUR ht
(pamattehnologiju atSifréjums dots 4.1. tabula)

Pic. 4.3. Specific operation costs of feed mixture preparation and distribution
depending on the cow herd size and used basic technology, if the salary of
workers is 3.5 EUR h
(the transcript of basic technologies is provided in Table 4.1)

Pétijumi liecina, ka 1&€takais baribas maisijuma sagatavoSanas un izdales
variants ir atkarigs no govju ganampulka lieluma. Ja ferma ir lidz 375 govim,
tad ekonomiski izdevigaka ir pamattehnologija A, kuras realizé$anai
nepiecieSsams viens traktors, kur§ komplektéts ar lopbaribas iekravéju un
piekabinamu maisitaju izdalitaju, bet ja govju ir vairak — tad pamattehnologija
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B, kad baribas izdalei izmanto pa$gaj&ja agregatu. Savukart lopbaribas robotu
izmantoSana palielina Tpatngjas ekspluatacijas izmaksas 2 reizes.

Tadu situacija nav tik izdeviga, ja stradajoso darba atalgojums palielinas,
sasniedzot EUR 10 h™, ka tas médz bt attistitakajas Rietumeiropas valstis.
Saja gadijuma par noteicoso faktoru kliist tehnologijas realizé3ana iesaistito
cilveku skaits. Jo tas ir mazaks, jo attieciga tehnologija ir ekonomiski
izdevigaka. Tadel govju ganampulku no 100 lidz 220 govim, ir izdevigak
izmantot baribas izdales robotu, bet pie lielaka govju skaita — pasgaj§ja tipa
maisitaju izdalitaju.

Tade] var prognozét, ka nakotné uzlabojoties iedzivotaju dzives
Iimenim, slaucamo govju fermas, kuras ganampulka lielums neparsniegs 250—
300 govis, domings robotiz&tu un automatizetu tehnologiju izmantosana.

SECINAJUMI

1. Piena razoSanas fermas, kurds ieviesta robotizeta slaukSana, spekbariba
icklaujama pamatbaribas maisijuma sastava, kuru izdala pie baribas galda,
ka ari izédinama robotizéta slaukSanas stenda, jo ta stimulé govju
patstavigu doSanos uz slaukSanu un dzivnieku potenciala raziguma
sasniegSanu, bet ja govju izslaukumi parsniedz 30 1 diennakti, tad
spekbariba izédinama arT speciali ierikotas stacijas.

2.  Spiraltransportieris, kuru izmanto spekbaribas transport€Sanai no
uzkrasanas tvertnes lidz spékbaribas iz€dinaSanas vietam, nodroSina
efektivu lopbaribas parvietoSanu Iidz 30° lielam pacélumam. Ja
nepiecieSamais transportiera pac€luma lenkis ir lielaks, tad §im noltikam ir
jaizmanto gliemeZtransportieris vai arT japilnveido transportiera
konstrukcija, lai slipaja posma tas stradatu ka gliemeztransportieris, bet
pagrieziena vieta un horizontalaja posma ka spiraltransportieris.

3. Spiraltransportiera darba razZigums mainas tiesi proporcionali transportiera
pildijjuma koeficientam. Darbojoties pie horizontala novietojuma,
pildijuma koeficients ir 0.82-0.84, bet ja transportiera novietojuma
slipums (pac€lums) sashiedz 30°, tad pildijuma koeficients — 0.55.

4.  Spiraltransportiera piedzinas griezes moments ir atkarigs no transportiera
montazas Ipatnibam un lopbaribas fizikali mehaniskam Ipasibam. Ja
transportiera novietojuma slipuma lenkis palielinas no 0° Iidz 15° tad
griezes moments pieaug 1.2-1.5 reizes. Ja, savukart, transportierim
piemont&ts 45° liels likums, tad griezes moments pieaug par 30-40%, bet
ja granulu mitrums palielinas no 9% lidz 18%, tad §is griezes momenta
pieaugums ir 100%.

5.  Montgjot spekbaribas izdales Imiju, kura ietilpst vairakas sp&kbaribas
izdales stacijas, nav v€lams, ka p&dgja Iiijas stacija, pie kuras pievienoti
spekbaribas transportiera iesl€gSanas un izslégSanas automatikas sensori,
ir mazaks spekbaribas paterin§ neka pargjas spekbaribas iz€dinaSanas
stacijas, jo tas var izraisit spiraltransportiera iesl€gSanas automatikas
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darbibas atteikumus. Ja $o nosacijumu nevar realizét, tad, [iniju montgjot,
ir janem véra 2. nodala izvestas matematiskas sakaribas.

Mobilo traktorvilkmes lopbaribas maisitaju izdalitaju ekspluatacijas darba
razigums ir robezas no 3.9 lidz 6.6 t h™, bet pasgdjéja tipa agregatam
sasniedz 17-18 t h™. Visbatiskak 3o darba razigumu ietekmé lopbaribas
iekrausanas razigums (par 50%), ka arT maisiSanas laiks (20%). Savukart
agregatu parvietoSanas vidgjais atrums, braucot ar kravu un tukSgaita, ir
robei’iis no 4.9 11dz 6.2 km h™, bet baribas izdales laika — no 0.49 Iidz 1.21
km h™.

Izstradata metodika un matematiskais modelis lopbaribas maisTijumu
sagatavoSanas un izdales tehnologisko variantu savstarp&jai salidzinasanai
péc Tpatngjas darbietilpibas, cilv.h govi™ gada, un Tpatngjam ekspluatacijas
izmaksam, EUR govi™ gada.

Lopbaribas maisjjuma sagatavoSanas un izdales ipatngjo darbietilpibu
ietekm& gan izmantotais tehnologiskais variants, gan govju ganampulka
lielums. Lietojot lopbaribas izdales robotus, ipatngja darbietilpiba
neparsniedz 0.9 cilv.h govi® gada, izmantojot paigajéja tipa agregatus -
1.5-3.0 cilv.h govi® gada, bet lietojot traktorvilkmes agregatus 2.5-7.5
cilv.h uz govi gada. Ja ganampulka lielums palielinas no 100 Iidz 500
govim, tad Ipatngja darbietilpiba samazinas 1.5-2 reizes.

Vertgjot péc ipatngjam ekspluatacijas izmaksam, fermas ar 100 Iidz 375
govim racionali izmantot tadas lopbaribas maisijuma sagatavoSanas un
izdales tehnologijas, ar kuram visas darba operacijas izpilda viens cilvéks
(mobila agregata vaditajs), bet pie lielaka govju skaita ekonomiski
izdevigaka ir pasgaj¢ja tipa agregatu izmantoSana.

Lopbaribas robotu izmanto$ana, salidzinajuma ar mobiliem agregatiem,
palielina lopbaribas maisfjluma sagatavosanas un izdales Ipatngjas
izmaksas 1.5-2.0 reizes, bet tie klust konkurentspg&jigi, ja lopkopiba
stradajoso darba algas palielinasies lidz EUR 10 h, ka tas ir atistitakajas
Rietumeiropas valstTs.



RESEARCH TOPICALITY

The usage of cow milking robots or automatic milking systems (AMS)
is spreading fast in the dairy farming, but its introduction changes the process
of cow feeding as the feed is delivered in several places. But the desired feed
distribution by these feeding places has not been studied enough till the present
moment, the troubleproof operation of the fodder feeding line is not always
ensured, and the economic assessment of the mixed feed preparation and
distribution technology and technological equipment has not yet been made.

From the summaries of scientific researches and their analytical
assessment made in the dissertation it can be concluded that broad researches
on planning feed rations, feed preparation, and also on evaluation of feeding
methods have been realised, but the usage of precise technology in cow feeding
connected with robotised milking and efficient use of mixed fodder distribution
equipment has been studied much less.

The introduction of the robotised cow milking technology is one of the
greatest challenges in the precise dairy farming. But for the present when
introducing this new technology, farmers have to face different difficulties.

Thus, for example, on the milk farm of the LUA (Latvia University of
Agriculture) study and research farm Vecauce after the introduction of
robotised milking system (AMS) several mixed fodder feeding problems were
revealed: feed gets stuck in the transporter, troubles with automatic operation of
the line, etc. This reduced the effectiveness of AMS application as in case of
robotised milking the fodder feeding does not only provide cows with
necessary nutrition, but also serves as stimulator for more often visits to
milking stands.

Therefore in the dissertation a great attention is paid to the study of
fodder line operation as it ensures the delivery of mixed fodder to feeding
places and its distribution to animals.

The rational preparation and distribution of the partly mixed ration is
also of great importance, because it used to contain not only forage plants feeds
and different premixes, but also a little amount of fodder improving the taste
and consumption of this mixture. But this can reduce the number of visits to the
robotised milking stands. That is why it is useful to establish the necessity of
including fodder into the mixture, and also to find out the economically
advantageous mixture preparation and distribution variants.

At the moment in Latvia there are mainly introduced cow milking robots
produced by the company Delaval that have approved by farmers. Therefore
this dissertation is connected with research of feed distribution technology and
technical solutions in milking cow cattle-sheds where the milking robots
produced by this company are used.
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RESEARCH OBJECT, HYPOTHESIS, AIM AND
OBJECTIVES

Research object — milk farms where the robotised cow milking is
introduced using VMS robots offered by the company Delaval.

Research hypothesis — on the milking cow farms where the robotised
milking is introduced the feed distribution can be improved choosing
technological solutions that are the most suitable for particular circumstances
and ensuring the troubleproof operation of the fodder distribution line.

Research aim — to ascertain the most rational technological and
technical solutions of feed distribution for milk farms where the robotised cow
milking is used.

Research objectives:

1. To evaluate the technological cow feeding system used in robotised
milking, for which it is typical to feed the fodder in three different places:
at the feed table (including it into the mixed feed), in robotised milking
stands and at the fodder feeding stations.

2. To develop the theoretical grounds and a constructive solution for
improved combined fodder transporter that improves the technological
fodder distribution line operation in operation circumstances.

3. To work out the mathematical model for comparison of the technological
feed distribution solutions and for determining the economic efficiency.

4.  To determine the operation parameters of the mixed feed preparation and
distribution units.

5. To work out practical recommendations about the choice, introduction and
operation of the feed distribution technology.

RESEARCH METHODS

The following research methods were used in the dissertation: analysis,
modelling, predicting, experimental (in laboratory circumstances), statistical
and economic assessment.

THESES FOR DEFENCE

1.  Keeping high-productivity cows, the fodder feeding is necessary not only
at the feed table and in robotised milking stands, but also at the fodder
feeding stations.

2. For fodder transportation from storage container to the stationary
consumption places it is preferable to use a combined fodder transporter,
which operates as a worm transporter at inclined section, and as a spiral
transporter at horizontal section.

3. If at the fodder feeding stations the feed consumption is irregular, then it
is possible that there are fodder delivery interruptions for separate
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stations, which can be prevented by an appropriate fodder distribution line
assembly.

The mixed feed preparation and distribution technology the most
appropriate for milking cow farm depends on the size of its herd.

SCIENTIFIC NOVELTY AND PRACTICAL
APPLICATION OPPORTUNITIES OF RESEARCH

The theoretical grounds and a constructive solution for improved
combined fodder transporter is developed (LV patent No.14605. The
fodder distribution line with a spiral transporter).

The necessity to use the fodder stations on milk farms with high-

productivity cows and introduced robotised cow milking system offered

by the company Delaval is proved.

The mathematical model of the economic efficiency assessment for

typical technological feed preparation and distribution solutions, and also

the mutual comparison of these technologies is made.

The practical recommendations to be observed when introducing

robotised cow milking and fodder feeding stations are developed:

e using the robotised cow milking it is essential to ensure troubleproof
operation of the fodder distribution line. If in a particular situation the
feed spiral transporter assembly incline exceeds 30° then at this
inclined section a flexible plastic pipe should be placed into the spiral
of the spiral transporter in order to fill the central part of the spiral. It
prevents the feed from dropping back and improves the transporter
productivity in critical situations;

o if at the last fodder feeding station, to which the upper and lower level
sensors are attached, the consumption of the fodder is lower than at
other stations, then it is possible that there are troubles with operation
of switching on transporter automatics. In order to prevent them, the
following solutions are to be used:

o decreasing the distance between switching on and switching off
sensors of a transporter;

o increasing the capacity of the storing containers for the most
loaded fodder stations;

o reassembling the line, in order on of the higher fodder
consumptions would be at its last station.

e the distance between the last fodder line station and the previous
station has to be big enough in order the fodder amount accumulated at
this spiral transporter section does not exceed the capacity of the part
between sensors in the last fodder distribution station feed storing
container, otherwise the operation of the fodder transporter automatics
is hampered;
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if the size of the herd is from 100 to 375 cows, then for feed preparation
and distribution it is desirable to use tractor unit with a front grab type
loader and an agitator distributor hooked to the rear part. Loading into
the trench the preserved forage plants feed, the agitator distributor is
unhooked from the tractor. If the size of the herd is over 375 cows, then
it is suitable to use mobile agitator distributor of automotive type for
preparation and distribution of the mixed feed.
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1. THEORETICAL STUDIES

In order to effectively solve issues connected with the feed distribution
using the robotised milking the theoretical studies are necessary on the desired
number of places and the way of fodder feeding, and also on fodder distribution
line operation.

1.1.The amount of fodder fed to cows and its distribution by separate
feeding places

Using robotised cow milking, the fodder can be fed in three places: as a
part of the mixed feed served at the feed table, in robotised cow milking stands
(AMS), and at the fodder feeding stations.

The distribution of fodder is conducted by the cow herd management
system (Fig. 1.1.), using data characterising the fed feed aids, the cow herd and
the amount of fodder in the mixed feed. This system calculates the total fodder
amount necessary for each cow per day, and also conducts its distribution in
cow milking stands and at fodder feeding stations.

The total fodder amount that one cow can receive using AMS is

an = an.m +an.s +an.r ! (11)

where  Qgp —the total fodder amount fed to a cow,
kg-day *;
Qunm  —the fodder amount in the mixed feed that cows
consume at the feed table, kg-day ;

Quns —the fodder amount fed to one cow at the fodder
feeding stations, kg-day ™;
Qanr —the fodder amount fed to one cow in the robotised

milking stands, kg-day ™.

But the question about the usage of fodder stations is disputable because
in practice they are not used often, and the whole amount of fodder necessary
for cows is fed during milking and at the feed table. Therefore the fodder
amount received by a cow at the feed table and at the fodder feeding stations is
explained

an.m = 2’5 'Qm ) (12)
where A —the coefficient of fodder admixture in the mixed
feed;
Qn —the mixed feed amount consumed by one cow,
kg-day ™.

In its turn the maximal fodder amount that cows can receive in the
robotised milking stands depends on the time spent by a cow in the stand and
the fodder consumption speed:
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an.r =V, N 'ts (1.3)

where g —the cow average fodder consumption speed, kg
Lol
min™;
ns —the number of milking times per day;
ts —the average length of one milking time, min.

Therefore the fodder stations are necessary in case if
an.o + an.p > ;l’s : Qm +Vs N 'ts (14)

where  Qgno  —the normative fodder amount that a corresponding
cow should receive according its yield and
physiological state, kg-day ™;
Qdnp —the part of additionally fed fodder amount
transferred from the fodder amount left uneaten on
the previous day, kg-day ™.

Using the formula (1.4) and one month data accumulated in the
management system of the milking cow farm ,,Ligotnes” of LUA study and
research farm Vecauce, it was ascertained that the fodder feeding stations are
necessary if the cow milk yield exceeds 30 kg per day.

The fodder amount fed at the station to one cow

an.s = an.o +an.p _ﬂ“s 'Qm +V - N 'ts (15)

But the number of feeding stations necessary on the farm is

n >an.sl'zg1+an.52'Zg2+""+an‘sn'Zgn+(Zgl+zg2+""+zgn)'(tie+tiz)+tserv

. 24-q, 24 (1.6)
where  ng — the number of feed distribution stations
necessary on the corresponding farm;
Zg1. Zgo. Zgn — the number of cows in the first, second

and n™ milk yield group, respectively;
Quns1: Qunsz: Qunsn — the fodder portion fed at stations to cows
of the first, second and n™ milk yield
group, respectively kg (cow per day)™;
Ost — the average fodder distribution capacity
at one feeding station, kg h;
tie; ti; — time consumption for a cow entering
and leaving the feeding station, h per
day™;
[ — time consumption for the service of the
fodder station (service time), h per day™.
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1.2. Fodder distribution line studies

The fodder distribution line consists of the fodder storage container,
transporters and feed distribution stations. As an example the scheme of the
fodder distribution line on the milking cow farm ,,Ligotnes” of LUA research
and training farm Vecauce is taken (see Fig. 1.2.).

Conducting the research in operation circumstance, it was stated that
such fodder transportation and distribution line did not ensure the timely
fulfilment with the feed of all fodder storing containers, and the most
significant reasons of fodder delivery troubles are in its transportation system.

As it is seen from Figure 1.2., the spiral transporter 2 first moves the
feed slantwise to the top, but achieving the necessary height moves it in
horizontal direction. If the transported feed has an increased humidity,
increased fragmentation or other deviation of physical or mechanical
properties, then at the inclined stage the spiral transporter can stick.

In order to improve the fodder transportation in the places of rise, we
have developed the constructive solutions for a combined fodder transporter
(LV patent N0.14605), which operates as a worm transporter in the places of
rise, but in the places where the fodder have to be transported in horizontal
direction and at curve turns - as a spiral transporter.

Therefore the authors studied the main factors influencing the spiral
transporter operational capability depending on its placement incline angle.

1.3. Spiral transporter work productivity

In the technical literature (Grigorjevs, 1972; Melnikovs, 1978; Minkins,
2006; Uzklingis, 1995) it is said that the work productivity of spiral and worm
transporters depends on their construction parameters and filling coefficient,
and productivity coefficient, which estimates the influence of the transporter
load lifting angle on its productivity, moreover

2
QSDZGOZD w.s.n.}/o.csp, (17)
where Qg — spiral transporter work productivity, t h™:;
D —spiral external diameter, m;
S — spiral step, m;
n — rotation speed of an active part, min™;
Y0 — tightness of transported mass, t m™>;
1) — transporter filling coefficient. In this case ¢ is

regarded as the ratio of the average area filled with
material in a transporter pipe and a normal screw
projection area.

Csp —productivity coefficient, which estimates the
influence of the transporter load lifting angle on its
productivity.
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However, in order to get the precise values of productivity coefficient,
which estimates the influence of the transporter load lifting angle on its
productivity, additional calculations are necessary. For this purpose theoretical
regularities were worked out in order to determine the coefficient, which
estimates the influence of the transporter load lifting angle on its productivity,
if spiral transporter is in horizontal position, and also if the feed is transported
up slantwise.

In the latter case for calculations one uses a definite integral, which
estimates the unfilled area in the transporter.

The spiral transporter operation scheme used for calculations is seen on
the Figure 1.3.

In order to calculate the productivity coefficient ¢, which estimates the
influence of the transporter load lifting angle on its productivity, we need to
look at the area F marked on the Figure 1.3. At the bottom it is limited by
straight line 1 and Il, which represent fodder natural spillage angle surfaces
during transportation, but at the bottom this area is limited by the inner surface
of transporter casing pipe.

With the help of the definite integral we determine the area F not filled
with fodder at the step distance s.

After integration function we acquired the connection that characterizes
the coefficient, which estimates the influence of the transporter load lifting
angle on its productivity.

c = 4R-s-((R=r)+r)
® . (R-r) ., R-D° (R-1)-1ga. (1.8)
ctg(B-a) 2c9(B-a) ctgp

In order to calculate the spiral transporter work productivity the formula
1.8 should be placed into the basic work productivity calculation formula.
Z . . p—
Q =60£(0~S-n~yo-csp _ 47D 4R-s-((R=r)+r) 5
4 r-(R-r) N (R-r)? +(R—r)-tga
og(f-a) 2tg(f-a)  clgf

7,9

(1.9)
The acquired connection characterizes the spiral transporter work
productivity depending on its placement incline or load lifting angle a.
1.4. Worm transporter work productivity

In the worm transporter central part there is a shaft unlike the spiral
transporter. Therefore during the operation of this transporter the feed does not
fall off significantly (Minkins, 2006), and this factor improves the feed
transportation. But the screw shaft, which occupies a part of the casing pipe
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inner cross-cut area and additionally reduces the transporter filling, negatively
influences the transporter useful capacity.

The worm transporter operation scheme used in calculations is seen on
the Figure 1.4.

Acting similarly to the previous case we acquire the worm transporter
productivity coefficient, which estimates the influence of the transporter load
lifting angle on its productivity

Ca = r2 d-r d-s- (1.10)
s-(2r) - + -—
ctg(B-a) cg(f-a) 2

In order to calculate the worm transporter work productivity, the

formula 1.9 should be placed into the basic work productivity calculation
formula

_ 607D?

Qqi 2

@-5-n-y,-C, =47D%-

-S-n- .
r2 d-r s Yor?,

cag(p-a) cg(p-a) 2

s-(2r)—

(1.11)

The acquired connection characterizes the worm transporter work
productivity depending on the load lifting angle a.

In order to make comparative calculations of the spiral transporter and
worm transporter productivity at the corresponding load lifting angle a, the
model constructed with the help of the computer programme Matlab Simulink
was used. In these model the previously worked out formulas 1.8 and 1.10 of
the transporter coefficient, which estimates the influence of the transporter load
lifting angle on its productivity, and also transporter work productivity
formulas were used.

An additional mathematical model was developed, with the help of
which to calculate the transporter productivity coefficient, which estimates the
influence of the transporter load lifting angle on its productivity depending on
its placement incline angle (Fig.1.5.).

1.5. The comparison of the transporter productivity coefficient working in
worm transporter and spiral transporter operation modes

In order to evaluate the results of theoretical studies, the fodder
transportation solutions were compared, changing transporter incline (load
lifting) angle (Fig. 1.6.).

For this purpose both a simplified calculation (when transporter is in
horizontal position), both forms acquired with the help of integration and
suitable at different load lifting angles, were used. As it is seen from the
picture, both previously considered methods of transporter productivity
calculation give approximately similar results, which testifies that integral
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method and constructed mathematical model are correct. Moreover we can state
that at the load lifting angle less than 30°, the spiral transporter has the better
productivity coefficient, but if this angle is more than 30°, the worm transporter
has the better productivity coefficient.

1.6. Determining torsional moment of transporter drive

Completing fodder delivery transporter, it is important to choose a
correct electromotor drive depending on capacity necessary to operate a
transporter. It is testified by laboratory researches, in which the capacity
necessary to spiral transporter drive is explained depending on peculiarities of
these transporters assembly (length, incline angle, turns, etc.) and properties of
transported fodder (humidity, fragmentation, etc.). Therefore in each particular
case an electromotor of corresponding capacity should be used, otherwise it
gets overloaded or it results in unnecessary energy consumption.

Taking into consideration that most often for drive of spiral transporters
and worm transporters asynchronous electromotors with constant rotation
frequency and single-stage speed-reducers are used, then the altering factor of
the transporter drive is the torsional moment, which A.Grigorjevs (Grigorjevs,
1972) recommends to characterise with the following connection

(ekQL+Q—H
M=__ 36, (1.12)
n
where M - torsional moment.
k=1,2+1,4 - coefficient, which takes into consideration
idle capacity;

Taking into consideration the acquired spiral transporter productivity
formula (1.9), torsional moment calculation formula (1.12) can be transformed
as follows:

4.R-s-(R-r)+T1)

47.D%a- R s R
r-R-n ,_R-n"  (R-1)tga

-sn-7,-H

ek 47D - 4-R-s-(R-r)+T1) SnpeLt cg(f-a) 2-ctg(f-a) ctgp
rR-1)  (R-1) L R-1)1ga ° 3677
M= cg(f-a) 2:cg(f-a)  cgf

(1.13)

Using the previously acquired connection (1.13), and also Matlab

Simulink computer programme, we model the torsional moment change

depending on transporter incline angle. Torsional moment calculation block

scheme is as an addition to the previously considered transporter productivity
calculation block scheme, which is seen on the Figure 1.5.
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1.7. Ensuring spiral transporters automatic operation

Conducting experimental researches on the farm Ligotnes of LUA
research and training farm Vecauce, it was stated (Salins, Priekulis, 2009), that
fodder delivery troubles occur not only because of the incorrect choice or usage
of transporters, but also if several fodder distribution stations are used with
irregular fodder consumption. It is connected with line operation peculiarities
during stations filling.

The fodder amount that accumulates and moves along different places of
technological line can be calculated according to situation provided on the
Figure 1.8.

Taking into consideration that during transporter operation in automatic
mode feed accumulation pipe in the last dosimeter gets filled for area capacity
between sensors, the following connection should be valid

M
M, <—%
v, (1.14)
where M —maximal possible served fodder amount at one
of the first feeding stations (except the last), kg;
M, —fodder amount served at the last feeding station,
kg.
v —coefficient that estimates what part of the total

capacity of the fodder accumulation pipe is its
capacity between two sensors;

Coefficient that estimates at which feeding station container filling the
spiral transporter gets switched on

v (1.15)

where o — coefficient that estimates the feeding station
container filling degree at which the spiral
transporter gets switched on;
s — distance between transporter switching on and
switching off sensors, mm.

Actual accumulated fodder amount at separate fodder feeding stations,
except the last, is

m
mg, =—
o, (1.16)
where  mg, —actually possible fodder amount, kg;
my —actually consumed and delivered fodder amount at

the last feeding station, kg.
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Actually consumed fodder amount at the last feeding station can be
calculated using AMS management system ALPRO computer programme.

The error occurring at one of fodder stations can be calculated using
formula

1= Migsn — My .100 (2.17)
my, ’
where mg,  —the biggest served fodder amount that is shown by

computer at one of the fodder serving stations, kg.

Analysing previously developed connections we can conclude that
fodder transporter troubleproof operation will be ensured if formulas (1.18) and
(1.19) are observed

(Vc _Vsp) AN <Vst (118)
Y |
Yo ol (1.19)
v, _Is

From the formula (1.19) it follows that the fodder amount between the
last and the previous feeding station has to be smaller than inter-sensor part
capacity in the fodder storing container of the last station.

2. EXPERIMENTAL STUDIES ON FODDER
DISTRIBUTION

In order to solve problems mentioned in Chapter 1 and connected with
fodder distribution line rational usage and ensuring troubleproof operation,
experimental studies were conducted including studies of physical mechanical
peculiarities of transported fodder and fodder distribution line operation in
laboratory and operation circumstances.

2.1. Fodder transporters experimental studies in laboratory circumstances

The aim of these studies was to find the fodder transporter productivity
and drive capacity depending on their placement incline (load lifting angle), in
order to compare theoretical and experimental research results and thus to
verify that theoretical results were correct.

The set of equipment used for studies initially was meant for precise
feeding of milking cows on cattle farms, where the robotised milking
equipment is used. In order to adapt it to laboratory studies we added to the
transporter a transformable support construction and dynamometric sensor for
registration of transporter shaft torsional moment with the help of computer.
Support construction ensured easy reassembly of transporter to a desired
placement incline and adding to it additional sinuous sections.

Dynamometric sensor was constructed independently, calculating its power in
torsion. It was made in local workshops, attaching tensor resistors for
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estimation of torsional moment (Fig. 2.1.). For measurement registration the
computer programme PicolLog was used.

Studies took place in laboratories of LUA Technical faculty Institute of
Agricultural Machinery.

It was possible to operate the transporter used for experiments both in a
spiral transporter mode, and in worm transporter mode, and also change fodder
lifting angle and turn the transporter for 90°.

2.2. Transporter torsional moment studies

Experimental study results testify that the spiral transporter torsional
moment is not a constant value. When switching on transporter torsional
moment increases till 10-12 times, because it have to overcome not only spiral
friction forces, but also inertia forces. Though, this period lasts only for 10
milliseconds. After that torsional moment is getting stable. However, its
insignificant fluctuations can be observed also afterwards and they are
connected with flexible spiral deformations. In our further researches we have
used average values of torsional moment in its stable phase.

The Table 1.1 shows transporter torsional moment changes depending
on its assembly peculiarities (placement incline and curve), and also pellets
properties (diameter and humidity).

According to these studies specific values of factors influencing spiral
transporter torsional moment are calculated. Thus transporter torsional moment
using pellets with diameter 4 and 6 mm is calculated according to empirical
expression

M, =M +k_ -a+k, AW+Kg, -Ksy, 1 +Myg-Nyg (2.1)
where M, — calculated spiral transporter torsional moment,
depending on particular situation, Nm;
Mo — torsional moment of horizontally placed and

straight (unsinuous) spiral transporter, transporting
pellets, humidity of which does not exceed 9%, and
fragmentation of which does not exceed 5.5%, Nm;

Aw — percent of transported pellets humidity increase
above 9%j;

Iy — length of transporter straight part, m;

Nys —number of 45° turns added to transporter, pcs.

These studies testify that spiral transporter torsional moment will be
minimal, if we use as dry pellets as possible with diameter 6 mm (not 4 mm),
moreover the transporter should be assembled if possible without turns and
great rises.
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Table 2.1
Factors influencing spiral transporter torsional moment increase, using
Delaval company spiral fodder transporter with inner diameter of the
casing pipe 100 mm, R*=0.95

Designa | Unit of Size if pellets diameter is
Factor .
tions measure
4 mm 6 mm
Transporter placement Nm
incline angle, degrees K gradu™ 0.092:0.01 0.09+0.01
Added 45° turn Mys Nm 0.16+0.02 0.25+0.015

Pellets humidity

ol
increase above 9% K Nm % 0.0169+0.0032 | 0.033£0.0035

Pellets fragmentation
increase, calculating per Ksm % m? 0.50 0.42
1m of transporter length

Pellets fragmentation
influence on spiral
transporter torsional
moment

Kso, Nm %* 0.196 0.182

2.3. Transporter work productivity studies

During studies changes in transporter work productivity were
determined depending on its placement incline.

It was stated that theoretically calculated and experimentally obtained
results for the spiral transporter correspond with preciseness of 0.02 t h™', but
for the worm transporter till the 40 degrees rise these results are similar, but at
the 50 degrees rise there is an error of 0.17 t h™.

2.4. Fodder transporters experimental studies in operation circumstances

The aim of experimental studies is to determine fodder distribution line
operational capability on milking cow farms, where the robotised cow milking
is introduced.

Studies were conducted on the milking cow farm ,,Ligotnes” of LUA
study and research farm Vecauce, where the robotised milking machine VMS
produced by the company Delaval is used for separate cow group milking.

First, it was stated that the load at separate fodder stations is uneven
(Fig. 2.6), and the smallest feed consumption is at the last station (11.3% of the
total amount), to which the transporter automatic sensors of switching on and
off. Therefore it becomes possible that there occur situations when containers
of the first and second feeding stations are empty, i.e. without fodder, but the
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last station still is full. If in such a situation cows visit empty feeding stations,

the computer sends to these stations information about feed serving, but

actually it is not realised.

According to the results of processing data accumulated in VMS ALPRO
programme, we found out the actual amount of served feed at the fifth station,
and also the total fodder consumption amount.

Therefore using herd management system and previously obtained
formulas (1.3 — 1.13), we have calculated the maximal possible fodder amount
that can be delivered to each feed serving station.

From the Figure 2.7. it is obvious that on separate days fodder
consumption at feeding stations exceeded the shown maximal border value.
Therefore on those days the necessary fodder amount was not ensured at the
corresponding stations, as the supply transporter did not deliver it in a sufficient
amount.

Making a more detailed analysis of this research using the mathematical
substantiation provided in subchapter 1.7, we can come to a conclusion that
there are several possible solutions to prevent this problem.

1. To reduce the distance between fodder transporter switching off and
switching on sensors for 15-20%.

2. Toincrease the length of fodder storing pipes for 20%, i.e. for 50 cm.

3.  To replace fodder storing pipes (containers) of the first and second
dosimeter with pipe (containers) of the bigger diameter, which, for
example, are used in robotised cow milking stands.

4. Fodder supply to cow feeding stations from the opposite side, i.e. starting
with the last station.

3. FEED MIXTURES PREPARATION AND
DISTRIBUTION STUDIES

The aim of this chapter is to obtain the information on the most widely
used in practice technological feed mixture preparation and distribution
solutions for animal feeding at the feeding table on robotised milking cow
farms, and also to determine the operational parameters of the corresponding
technological equipment.

As basic places for operation studies we have chosen five Latvian farms,
where different feed mixture preparation and distribution technologies are used.
The herds of the chosen farms have from 71 to 598 milking cows. On all farms
we have measured the distances of mobile units’ movements, conducted the
timing of the working process, separately selecting feed loading and mixture
preparation, passages with the load, feed distribution and idle passages.

Timing data (Fig. 3.1.) show that loading the prepared silage in trenches,
thelwork productivity for different technological variants was from 11.4 to 17.3
th=.
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The exception is RTF Vecauce, where this working productivity has
achieved 45.6 t h™. The reason for this is that on RTF Vecauce they use silage
loading forks without knifes and therefore feed is taken from the pile in a big
piece. But such way of loading is not recommended as because of it silage left
in storage rots (Geringhausen, 2004).

After mathematically processing timing data (Fig. 3.2.) we see that the
robot used on the farm Dukati for feed distribution spends comparatively much
time in order to serve the feed mixture amount envisaged for each cow group (it
takes 39% of the total time cycle).

If in its turn we use the feed agitator distributor of automotive type (farm
Kalna Dambrani), then the biggest time consumption is for feed mixing process
(respectively 39%), but the second biggest time consumption is connected with
passages (31%).

If two tractors are used for feed distribution (RTF Vecauce), one
working as feed agitator distributor, but the other works with fodder loader,
then the biggest time consumption is for feed loading as it takes 34% of total
time spent on feed distribution.

Analysing the feed distribution process on LLC Agro Kakenieki we can
see that 43% of total time is spent on passages.

The average speed of feed distribution units is from 4.9 to 6.2km h™, but
during feed distribution — from 0.49 to 1.21 km h™*

4. ECONOMICAL EVALUATION OF FEED
DISTRUBUTION TECHNOLOGY

Each farm is unique as its work organisation realising the feed
distribution depends on used technology, geographical circumstances, and other
circumstances characterising a particular situation. Therefore for further studies
we have selected seven basic technologies used in practice (Table 4.1).

For all these basic technologies the specific costs and specific labour-
intensities were calculated, constructing a mathematical model according to the
scheme provided on Fig. 4.1.

Mathematical model of economic calculations constructed in Matlab
Simulink computer programme. The model takes into consideration herd
changes (from 50-600 cows), cow division into several feeding groups
depending on their milk yield, and also feed serving frequency — using mobile
distributors — twice a day, but using feed distribution robots — five times a day.

The necessary input data were obtained from feed mixture preparation
and distribution technologies timing results summarized in Chapter 3.
Calculation results are seen on Figures 4.2. and 4.3.

As it is seen on the Figure 4.2. the specific labour-intensity necessary for
feed mixture preparation and distribution depends on the technological variant
and the number of cows. The bigger is the number of cows, the smaller is the
work consumption of workers calculating per on cow. The work consumption
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using robotised feed distribution for the herd of 300 cows is approximately 5
times smaller than using tractor traction distributors.

Table 4.1
Characteristics of basic technologies

Techno - . Numbe

logy Mlxtur_e .M|?<tur_e Fodder distribution r of

preparation distribution
No. workers
Tractor unit, at the front of which the scoop with passive knives
A is attached, but behind a feed agitator distributor is hooked. 1

During silage loading the tractor is unhooked from agitator
distributor. Fodder is added to the mixture.

All feed mixture preparation and distribution operations are
B performed by an agitator distributor of automotive type. Fodder 1
is added to the mixture.

Tractor unit with hooked feed agitator distributor. For silage
C loading a separate tractor unit is used, which has a scoop with 2
passive knives. Fodder is added to the mixture.

Feed robot refilled from the stationary | In  the cattle-shed

D1 dosimeter containers. Forage plants | fodder distribution 1
feed are delivered to dosimeter | stations are organised.

2 (iogtrf;l]gng;sat?i/t tr;acc;cér unit, which has Fodder is_included )

) pacity P into feed mixture

Mobile  traction | Feed robot, | In the cattle-shed

E1l agitator which is refilled | fodder  distribution
distributors. from the | stations are organised. 1
Separate  silage | stationary

E2 loader dosmeter Fodder is added to the 1

containers feed mixture

Specific operation costs of feed mixture preparation and distribution are
shown on the Figure 4.3.

Researches testify that the cheapest feed mixture preparation and
distribution variant depends on the cow herd size. If on the farm there are up to
375 cows, then economically the most profitable is the basic technology A, for
realisation of which one tractor is necessary equipped with feed loader and
hooked agitator distributor, but if there are more cows — then more suitable is
the basic technology B, when for feed distribution the automotive unit is used.
In its turn the use of the feed robot two times increases specific operation cost.

But situation is not so favourable if the salary of workers increases,
reaching EUR 10 h%, as it happens in West European countries. In this case the
determining factor is the number of people involved in technology realisation.
The smaller is the number, the more profitable is the technology. Therefore for
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cow herds from 100 to 220 cows it is more profitable to use feed distribution
robot, but for a bigger number of cows — agitator distributor of automotive type.

Therefore we can predict that in future with the increase of the living

standard of population, on milking cow farms with the herd size not exceeding
250-300 cows there will dominate robotised and automatized technology use.
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CONCLUSIONS

On milking farms, where the robotised milking is introduced, the fodder is
added to the basic feed mixture, which is fed at the feeding table, and it is
also fed in the robotised milking stand as it stimulates cows to go to
milking on their own and helps to achieve animals’ potential productivity,
but if cows milking yields exceed 30 | per day, then the fodder is also fed
at specially organised stations.

The spiral transporter used for the fodder transportation from the storage
container to the fodder feeding places ensures an effective feed movement
till 30° big rise. If the necessary lift angle is bigger, than for this purpose
the worm transporter should be used or the transporter construction should
be improved in order it would work as a spiral transporter on the incline
section, but in place of the turn and on horizontal section — as a spiral
transporter.

The spiral transporter work productivity changes in direct proportion to
the transporter filling coefficient. Operating in horizontal placement, the
filling coefficient is 0.82-0.84, but if transporter placement incline (rise)
reaches 30°, then the filling coefficient is 0.55.

The torsional moment of the transporter drive depends on transporter
assembly peculiarities and feed physical mechanical peculiarities. If the
transporter placement incline angle increases from 0° till 15°, the torsional
moment increases 1.2-1.5 times. If, in its turn the 45° turn is attached to
the transporter, the torsional moment increases for 30-40%, but if pellets
humidity increases from 9% to 18%, then this torsional moment increase
is 100%.

Assembling fodder distribution line that includes several fodder feeding
stations it is not desirable that at the last station, to which the automatic
transporter switching on and switching off sensors are attached, the fodder
consumption is lower than at other fodder feeding stations, as it can cause
troubles in the spiral transporter switching automatics operation. If this
condition is not possible to realise, then when assembling the line it is
necessary to take into consideration the mathematical connection provided
in Chapter 2.

The work productivity of mobile tractor traction fodder agitators-
distributors operation is from 3.9 to 6.6 t h™, but for units of automotive
type it reaches 17-18 t h™. Most significantly this work productivity is
influenced by the feed loading productivity (by 50%), and also by the
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mixing time (20%). In its turn the average units movement speed going
with the load and idle is between 4.9 and 6.2 km h™*, but during the feed
distribution — between 0.49 and 1.21 km h™.

The methods and the mathematical model for the mutual comparison of
the feed mixture preparation and distribution technological variants by
their specific labour-intensity, hum.h cow™ per year, and specific
operation costs, EUR cow™ per year are developed.

The specific labour-intensity of the feed mixture preparation and
distribution is influenced both by the used technological variant and the
cow herd size. Using feed distribution robots, the specific labour-intensity
does not exceed 0.9 hum.h cow™ per year, using the automotive units -
1.5-3.0 hum.h cow™ per year, but using tractor traction units — 2.5-7.5
hum.h cow™ per year. If the herd size increases prom 100 to 500 cows,
then the specific labour-intensity decreases 1.5-2 times.

Assessing specific operation costs, on farms with 100 to 375 cows it is
sensible to use such feed mixture preparation and distribution
technologies, with which all work operations are performed by one person
(mobile unit driver), but at the bigger cow amount it is economically
profitable to use automotive units.

The use of feed robots comparing to mobile units increases specific feed
mixture preparation and distribution costs 1.5-2.0 times, but they become
competitive if the salary of cattle-breeding workers increases to EUR 10
h?, as it is in developed West European countries.
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