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Darba aktualitâte 

Eiropas Savienîba savu stratçìisko mçríi definçja Eiropas Komisijas Baltâ 

grâmatâ (1997. gads), kur noteica, ka atjaunojamo resursu daïa Eiropas Savienîbas 

primâro resursu bilancç jâpalielina no 6% 1997. gadâ lîdz 12% 2010. gadâ. �is 

uzdevums ir virzîts gan uz enerìijas apgâdes dro�îbas paaugstinâ�anu, gan 

ilgtspçjîgas enerìijas resursu attîstîbas atbalstî�anu. Nâko�ais solis �îs politikas 

turpinâ�anâ bija Direktîva 2001/77/EC par tâdas elektroenerìijas pielietojumu 

veicinâ�anu iek�çjâ elektroenerìijas tirgû, kas ra�ota izmantojot neizsîksto�us 

enerìijas avotus. Direktîvas mçríis ir palielinât no AER sara�oto daïu lîdz 22,1% 

no kopçjâ Eiropas Savienîbas elektroenerìijas patçriòa 2010. gadâ [1]. EK 
paziòojums COM (2004) 366 Par atjaunojamo energoresursu izmanto�anu ES 

izvçrtç �îs direktîvas indikatîvâ mçría sasnieg�anas iespçjas. Paziòojumâ secinâts, 

ka da�âdu AER ieteicamais ieguldîjums ir 50% vçja enerìijai, 10% hidroresursiem, 

ìeotermâlai un saules enerìijai, 40% no biomasas iegûtai elektroenerìijai. 

Uzsvçrts, ka biomasas ieguldîjuma palielinâ�ana ir prioritâra, un îpa�a uzmanîba 

tiks pievçrsta jaunajâm ES dalîbvalstîm, kurâs ir ievçrojami biomasas resursi [1]. 
Biomasas maisîjumu veido�ana ir aktuâla, jo koksnes biomasâ (ar mizu un 

skujâm/lapâm) un stiebraugu biomasâ ir augsts metâlu sârmu un hlorîdu saturs. 

Atkarîbâ no deg�anas procesa, metâlu sârmi var tikt oksidçti vai arî tie var veidot 

sulfâtus vai hlorîdus. Ja tiek dedzinâtas tikai koksnes skaidas vai stiebraugu 

biomasa, sçra saturs ir zems un veidojâs hlorîdi. Hlorîdi kondensçjas uz kurtuves 

siltumpârneses virsmâm, palçninot siltumpârnesi un palielinot augstas temperatûras 

korozijas risku. Ja sçra saturs kurinâmajâ tiek palielinâts, piemçram, veidojot 

kûdras un koksnes vai stiebraugu biomasas maisîjumus, hlorîdu vietâ veidojas 

sulfâti un tiek samazinâts augstas temperatûras korozijas risks [2, 3]. 
Analizçjot maisî�anas procesus, atklâjâs vairâkas priek�rocîbas biomasas 

maisî�anai ar nepârtrauktas darbîbas maisîtâju. Lai pilnvçrtîgâk varçtu spriest par 

viena vai otra maisî�anas procesa priek�rocîbâm, nepiecie�ama �o abu tehnoloìisko 

procesu (cikliskas un nepârtrauktas darbîbas maisî�anas) ekonomiskâ novçrtç�ana. 
Nepârtrauktas darbîbas maisîtâjam nepiecie�ama salîdzino�i augsta 

dozç�anas precizitâte (dozç�anas konstante atkarîbâ no biomasas veida 5 � 10% 
robe�âs). Tâpçc ir svarîgi noskaidrot, vai ir iespçjams pietieko�i precîzi dozçt 

smalcinâtu biomasu, lai to varçtu kvalitatîvi samaisît plûsmâ (1. att.). Pieejamâ 
literatûrâ apskatîto dozatoru piemçrotîba smalcinâtu stiebraugu un kûdras 

dozç�anai nav aprakstîta. Nav uzrâdîta arî dozatoru relatîvâ dozç�anas konstante. 

Tâpçc, pçc ekspertu metodes izvçrtçtajiem un par piemçrotâkiem atzîtiem 

dozatoriem, nepiecie�ams veikt eksperimentâlus pçtîjumus, ar kuru palîdzîbu tiktu 

noteikta dozatoru relatîvâ dozç�anas konstante, dozatora raksturlîkne un 

piemçrotîba smalcinâtai stiebraugu biomasai un kûdrai.  
Uz tvertnç iebûvçtu dozatoru darbojas smalcinâtâs biomasas radîtie 

vertikâlie spriegumi 
v . Lai noteiktu �o spriegumu ietekmi atkarîbâ no masas 

augstuma tvertnç, nepiecie�ama spriegumu sadalîjuma izpçte tvertnç un tvertnes 
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matemâtiskâ modeïa izveide (1. att.). Ar tvertnes matemâtisko modeli varçtu 

aprçíinât spriegumu vçrtîbas, kas darbojas uz dozatoru. Tas ir svarîgi dozatora 

piedziòai nepiecie�amâ griezes momenta aprçíinam. Lai varçtu izstrâdât �âdu 

modeli, nepiecie�ama biomasas fizikâli mehânisko îpa�îbu (berzes koeficienta ì, 
�íçrssprieguma koeficienta ë) noteik�ana.  

 

No literatûras apskata varam secinât, ka ir pietieko�i daudz da�âdu 

statistisku meto�u, ar kuru palîdzîbu var novçrtçt maisîjuma homogenitâti, zinot 

komponen�u izmaiòas atsevi�íos paraugos. Taèu ir grûtîbas noòemt pietieko�i 
daudz paraugus un noteikt komponen�u koncentrâciju tajos. Tâpçc tiek izvirzîts 

uzdevums, izstrâdât pieòemamu metodi paraugu noòem�anai, apstrâdei un 

biomasas maisîjumu homogenitâtes noteik�anai. 
Lai atbilsto�i organizçtu maisî�anas procesu, kâ arî noteiktu maisîjuma 

homogenitâti, bûtiska nozîme ir komponen�u proporcijai. Svarîgi noteikt optimâlo 

maisîjuma proporciju, izejot no brike�u stiprîbas parametriem. Tâpçc ir 

nepiecie�ami biomasas brike�u stiprîbas noteik�anas eksperimentâlie pçtîjumi.  
Cietâ kurinâmâ un biokurinâmâ standarti paredz brike�u un granulu 

noturîbas pârbaudes ar da�âdâm metodçm, kas prasa lielu daudzumu granulu un 

brike�u. Òemot vçrâ, ka briketes noturîba mainâs atkarîbâ no biomasas veida, 

komponen�u proporcijas, daïiòu lieluma un daudziem citiem parametriem, 
laboratorijas apstâkïos nepiecie�ama brike�u pârbaudes metode, kas ar nelielu 

brike�u skaitu var noteikt attiecîgâs stiprîbas izmaiòas atkarîbâ no briketçjamo 

komponen�u daïiòu lieluma, mitruma, koncentrâcijas vai citâm izmaiòâm. 
 

v

h  w h

v

h

Dozç�anas

vienmçrîgums Maisîjuma

kvalitâte

Brike�u kvalitâte

(noturîgums)
Komponentu koncentrâcija

 
 

1. att. Biomasas maisîjumu veido�anas procesu  
ietekmçjo�ie parametri  
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Pçtîjuma mçríis un uzdevumi 

Pçtîjumu mçríis 
 
Novçrtçt biomasas maisîjumu gatavo�anas tehnoloìiskos procesus un tehnoloìisko 

iekârtu projektç�anai nepiecie�amos biomasu raksturotâjus. 
 
Pçtîjumu uzdevumi 
 
1. Noteikt biomasas (kûdras, stiebraugu) fizikâli mehâniskâs îpa�îbas, kas 

nepiecie�amas biomasas glabâ�anas tvertnes matemâtiskâ modeïa izstrâdei.  
2. Izveidot smalcinâtas biomasas glabâ�anas tvertnes matemâtisko modeli un 

eksperimentâli pârbaudît �î modeïa atbilstîbu. 
3.  Teorçtiski novçrtçt biomasas dozç�anai piemçrotâkos dozatoru veidus. 
4. Eksperimentâli noteikt dozç�anas precizitâti un dozatoru raksturlîknes.  
5. Izstrâdât jaunas konstrukcijas smalcinâtas biomasas dozatoru. 
6.  Izstrâdât metodi biomasas paraugu noòem�anai, apstrâdei un biomasas 

maisîjumu homogenitâtes novçrtç�anai.  
7. Novçrtçt biomasas brike�u noturîbu atkarîbâ no tâs daïiòu izmçriem un 

maisîjuma sastâva.  
8. Salîdzinât cikliskas un nepârtrauktas darbîbas biomasas maisîjumu 

gatavo�anas tehnoloìijas pçc to ekonomiskâ izdevîguma. 
 

 
Darba zinâtniskâ novitâte 

Promocijas darba zinâtniskâ novitâte ir saistîta ar sekojo�u jautâjumu izpçti. 
 Izstrâdâts smalcinâtas biomasas glabâ�anas tvertnes matemâtiskais modelis, 

vertikâlâ sprieguma noteik�anai tvertnes atverç, datorprogrammâ Matlab-
Simulink un veikta modeïa eksperimentâlâ pârbaude.  

 Izstrâdâta metodika biomasas maisîjumu (salmi � kûdra, niedres � kûdra) 

kvalitâtes novçrtç�anai ar attçlu analîzes palîdzîbu datorprogrammâ Matlab.  
 Eksperimentâli noteikti, modeïa izstrâdei nepiecie�amie, biomasas fizikâli-

mehâniskie parametri: dabîgâ nogruvuma leòíis, �íçrssprieguma koeficients 
un berzes koeficients. 

 Eksperimentâli noteiktas dozatoru (rotoru, glieme�a un trumuïa) relatîvâs 
dozç�anas konstantes un dozatoru raksturlîknes dozçjot smalcinâtu biomasu. 

 Izveidots rotoru dozatora modelis, ar kura palîdzîbu var modelçt dozatora 

ra�îgumu atkarîbâ no tâ ìeometriskajiem parametriem un rotâcijas frekvences. 
 Jaunas konstrukcijas smalcinâtas biomasas dozatora izstrâde (Latvijas patents 

LV-13597 B. SPK G01F11/10, 26.02.2007.). 
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Zinâtniskâ darba aprobâcija 

Pçtîjumi veikti laika posmâ no 2001. lîdz 2007. gadam. Iegûtie rezultâti 

apkopoti 19 publikâcijâs, kuras atbilst Latvijas Zinâtnes padomes vispâratzîto 

zinâtnisko izdevumu prasîbâm. Disertâcijas tçmas pçtîjumu rezultâtu aprobâcija 

tika veikta uzstâjoties sekojo�âs starptautiskâs zinâtniskâs konferencçs. 
 

1. Estimation of homogenity stage of biomass mixtures. International Scientific 
and Practical Conference �Environment. Technology. Resources.� Rçzekne, 

Latvia, June 20 � 22, 2007. 
2. Rotary spool feeder for biomass dosage. 6th International Scientific conference 

�Engineering for rural development�, Latvia University of Agriculture, 
Faculty of Engineering. May 24 � 25, 2007. 

3. Mechanical properties of biomass compositions for solid biofuel production. 
15th European Biomass Conference � Biomass for Energy, Industry and 

Climate Protection�. Germany 7-11 May 2007. 
4. Drum feeder for biomass dosage. Research papers 8. Lithuanian University of 

Agriculture, Faculty of Agricultural Engineering, Transport and Power 
Machinery Department � 60 year anniversary. Lithuania, September 20 � 21, 
2007. 

5. Biomass conditioning for solid biofuel compositions. 2nd International Baltic 
Bioenergy Conference. Germany, Fachhochschule Stralsund � University of 
Applied Sciences. Nov. 02. � 04. 2006. 

6. Determination of parametrs for chopped biomass feeders. International 
Scientific Conference �Engineering for rural development� Latvia University 

of Agriculture, Faculty of Engineering. May 18 � 19, 2006. 
7. Stress modelling of chopped biomass. International Scientific Conference 

�Research For Rural Development 2006� Jelgava, Latvia, Latvia University of 

Agriculture, Department of Post - Graduate Studies, 19 � 22.05.2006. 
8. Dosage of chopped biomass. International Scientific Conference 

"Opportunities and problems of economic development�. Rçzeknes 

Augstskola, Rçzekne. 24.03.2006. 
9. Internal stresses of biomass compositions. International Scientific Conference 

�Research For Rural Development 2005� Jelgava, Latvia, Latvia University of 

Agriculture, Department of Post - Graduate Studies, 19 � 22.05.2005. 
10. Friction of chopped straw. International scientific conference �Agricultural 

Engeneering Problems�, Jelgava, Latvia, Latvia University of Agriculture, 

Faculty of Engineering, 2-3.06. 2005. 
11. Biomasu maisîjumu fizikâli mehâniskâs îpa�îbas. Starptautiska zinâtniskâ 

konference �Vide. Tehnoloìija. Resursi.� Rezekne, Latvia, Rçzeknes 

augstskola, 16-18.03.2005. 
12. Seperation of chopped reed particles. International scientific conference 

�Research for rural development 2004�, Jelgava, Latvia, 19-22 May, 2004. 
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13. Evaluation of durability of biomass briquettes, International scientific 
conference �Advanced technologies for energy producing and effective 
utilization� Jelgava, Latvia, Latvia University of Agriculture, Faculty of 
Engineering, 28-29 June, 2004 

14. Durability of stalk material briquettes, International scientific conference 
�Enabling environment for society wellbeing� Rezekne, Latvia, Rezeknes 

Higher Education Institution, 4-5 March 2004. 
 
 

Darba izpildes metodika 

Promocijas darba mçría sasnieg�anai izmantota diferenciâlvienâdojumu 

risinâ�anas metode un matemâtiskâ modelç�ana datorprogrammâ Matlab-Simulink. 
Eksperimentos izmantotas Latvijas Lauksaimniecîbas universitâtes 

Lauksaimniecîbas Ma�înu Mehânismu zinâtniskâs laboratorijas (LMMZL) 

tehniskâ bâze un laboratorijas iekârtas (materiâlu pârbaudes ma�îna Zwick Z 2.5, 
kompâniju Picotech, DataQ u.c. virtuâlie instrumenti). Mçrî�anai tika izmantoti 

licencçti mçrinstrumenti. Tika veikts nepiecie�amo mçrîjumu atkârtojumu skaits, 

lai nodro�inâtu pietieko�u mçrîjumu rezultâtu ticamîbu. Rezultâtu novçrtç�anai tika 

izmantota statistiskâs datu apstrâdes programma MS Excel, ar kuras palîdzîbu tika 

noteikti tâdi datu statistiskie raksturotâji, kâ determinâcijas koeficients, 
standartnovirze, variâcijas koeficients u.c. 

 
1. Teorçtiskie pçtîjumi 

Darba teorçtiskie pçtîjumi izriet no promocijas darba pirmajâ nodaïâ 

noteiktajiem uzdevumiem. Darba gaitâ risinâtos teorçtiskos pçtîjumus var iedalît 

èetrâs apak�nodaïâs. Pirmajâ apak�nodaïâ tiek pçtîts spriegumu stâvoklis birsto�os 

materiâlos un birsto�o materiâlu radîtie spriegumi glabâ�anas tvertnçs. 
Otrajâ apak�nodaïâ tiek izveidots matemâtiskais modelis programmâ 

Matlab-Simulink vertikâlo spriegumu noteik�anai uz tvertnç iemontçtu dozatoru.  
Tre�ajâ apak�nodaïâ tiek aprakstîts jaunas konstrukcijas dozators birsto�iem 

materiâliem. No dozatora darba tilpuma ìeometriskiem vienâdojumiem tiek 

izveidots modelis programmâ Matlab-Simulink, ar kura palîdzîbu var noteikt 

dozatora darba tilpumu atkarîbâ no dozatora parametriem. No eksperimentâliem 

pçtîjumiem, zinot �î dozatora ra�îguma izmaiòu, atkarîbâ no rotâcijas frekvences, 

iespçjams modelçt da�âdu gabarîtu dozatoru ra�îgumus. 
Ceturtajâ apak�nodaïâ tiek konstatçti kritçriji, kas nosaka salmu-kûdras un 

niedru-kûdras maisîjumu proporciju un nepiecie�amo maisî�anas precizitâti. Tiek 

izstrâdâta metodika maisîjuma koncentrâcijas noteik�anai paraugos un maisîjuma 

homogenitâtes noteik�anai ar attçlu analîzes palîdzîbu. 
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1.1. Glabâ�anas tvertnes dinamiskais modelis 

Glabâ�anas tvertnes dinamiskais modelis tika izveidots lai noteiktu 

biomasas piepildî�anas laikâ radîto spriegumu uz tvertnç iemontçtu dozatoru. Tas 

nepiecie�ams, lai varçtu noteikt griezes momentu dozatora piedziòai. 
Spriegumu aprçíinu metodes 
No augstâk apskatîtajâm situâcijâm varam izdalît trîs da�âdus gadîjumus, 

kas bûtu jâòem vçrâ aprçíinot spriegumus glabâ�anas tvertnçs: 
 Spriegumi tvertnes vertikâlajâ daïâ;  
 Spriegumi piltuvç (aktîvais spriegumstâvoklis - piepildî�ana);  
 Spriegumi piltuvç (pasîvais spriegumstâvoklis - iztuk�o�ana).  

Spriegumu aprçíinâ�ana tvertnes vertikâlajâ daïâ 
Spriegumi vertikâlajâ tvertnes daïâ (aktîvajâ spriegumstâvoklî) var tikt 

aprçíinâti ar Jansena (Janssen) formulu [6], izmantojot bezgalîgi plâna elementa 

metodi. Tiek apskatîts masas elements tvertnes �íçrsgriezuma formâ ar bezgalîgi 

mazu augstumu dz, kuram ir tâds pats �íçrsgriezuma laukums A, kâ tvertnes 

cilindriskai daïai. Pieòemot, ka apkârt izgrieztajam elementam ir konstants 
vertikâlais spriegums v un nemainîgs blîvums b, spçku lîdzsvaru z ass virzienâ 
izsaka vienâdojums [5]:  
 ( )v b v v wA g Adz A d Udz        , (1.1) 

kur  A �  �íçrsgriezuma laukums, m
2;  

 v �  vertikâlais spriegums, Pa; 
 g �  brîvâs kri�anas paâtrinâjums, m s

-2; 
 b �  masas blîvums, kg m

-3; 
 w � bîdes spriegums uz tvertnes sienâm, Pa; 
 U �  perimetrs, m; 
Pârveidojot izteiksmi iegûsim: 

 tg( )v
v x b

d U
g

dz A


      (1.2) 

kur 
x  � berzes leòíis; 

No berzes koeficienta raksturlîknes iegûstam salmu berzes koeficienta 

izmaiòas funkciju atkarîbâ no sprieguma: 
 0.075 0.075tg( ) 0.317 0.317( )x h v   

  , (1.3) 

un kûdras berzes koeficienta izmaiòas funkciju atkarîbâ no sprieguma: 
 2 2tg( ) 0.219 0.465 0.137 0.219( ) 0.465( ) 0.137x h h v v             (1.4) 

Pârveidojot diferenciâlvienâdojumu (1.2) tâ, lai tas ievçrtçtu smalcinâtu 

salmu berzes koeficienta atkarîbu no sprieguma, iegûstam diferenciâlvienâdojumu 

salmu tvertnes (1.5) un kûdras tvertnes aprçíiniem (1.6): 

 0.9250.317( )v
v b

d U
g

dz A


     (1.5) 
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 3 2( 0.219( ) 0.465( ) 0.137 )v
v v v b

d U
g

dz A


         (1.6) 

Spriegumu noteik�ana piltuvç 
Spriegumus piltuvç aprçíina izmatojot izgriezta elementa metodi. Spçku 

lîdzsvaru izgrieztajam elementam izsaka diferenciâlvienâdojums [5, 6]:  
 ( ) sin( ) cos( )v b w M w Md A g Adz dA dA         (1.7) 

kur   piltuves leòíis pret vertikâli, grâdos;  
 w �  sienu normâlspriegumi, Pa; 
 AM �  elementa sânu virsma, m

2; 
 z �  vertikâlâ virziena koordinâta, m; 

Ievie�ot koeficientu u un pârveidojot izteiksmi iegûstam diferenciâl-
vienâdojumu sekojo�â formâ [5]: 

 - = -v v
b

dó ó
u gñ

dz z
, (1.8) 

kur 

 = + + -xtg(ö )
u ( m 1)[ K(1 ) 1]

tg(È )
, (1.9) 

kur K �  sieniòu normâlsprieguma attiecîba pret vertikâlâ sprieguma vidçjo 

vçrtîbu piltuvç; 
 m �  parametrs, kas ievçrtç piltuves �íçrsgriezuma formu. 

Ievçrtçjot (1.9) formulâ eksperimentâli noteikto berzes koeficientu vçrtîbas 

izmaiòu atkarîbâ no sprieguma starp berzes virsmâm, iegûstam jaunas koeficienta 

u izteiksmes atsevi�íi salmiem (1.10) un kûdrai (1.11): 

 
-

= + + -
0.075

w0.317(ó )
u ( m 1)[ K(1 ) 1]tg(È )

 (1.10) 

 
- + +

= + + -
2
w w0.219ó 0.465ó 0.137

u ( m 1)[ K(1 ) 1]tg(È )
 (1.11) 

 
2. attçlâ redzams modelis, kas ievçrtç berzes koeficienta izmaiòu. Lai to 

îstenotu, bija jâizmaina modeïa principiâlâ darbîba, izmainot z virzienu. Dotais 
modelis attçlo vertikâlo spriegumu masâ noteiktâ dziïumâ. Tas nozîmç, ka, norâdot 

attiecîgâs integrâcijas robe�as (z vçrtîbas), ar �o modeli var noteikt vertikâlo 

spriegumu arî tvertnes apak�â (pie atveres). 
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1

Tvertnes radiuss

15

Tvertnes konusa 
lenkis

Summa 7

Summa 6

Summa 2

Summa 13

Summa 1 1

Summa 1 

Summa 1

Summa

0

Spriegums, Pa

Sledzis2

Sledzis1

Sledzis

0.38
Skerssprieguma

 koeficients1

k

Reizinatajs 3

-K-Reizinatajs 2

-K-

Reizinatajs 1

2

Reizinatajs

Reizinasana,
dalisana1

Reizinasana,
dalisana

Reizinasana

Reizinajums 4

Reizinajums 3

Reizinajums 2

Reizinajums 1

Reizinajums

Reiz 4

Osciloskops

Laiks4

Laiks3

Laiks2

Laiks1

0.32

Konstante4

2

Konstante3

20.4

Konstante2

1

Konstante1

0.3

Konstante 7

0

Konstante 6

1

Konstante 5

1

Konstante 4

0

Konstante 3

1

Konstante 2

2

Konstante 1

2

Konstante

1
s

Integrators

90

Gradi

f(u)

Funkcija 1

cos Funkcija - cos

tanFunkcija

Dali jums

9.81

Brivas krisanas 
paatrinajums, m/s2

92

Blivums, kg/m3

 
2. att. Biomasas tvertnes matemâtiskais modelis, ievçrtçjot berzes 

koeficienta izmaiòu atkarîbâ no sprieguma 
 
 

1.2. Jaunas konstrukcijas rotoru dozatora izveide 

Balstoties uz izvirzîto uzdevumu, tika izprojektçts jauna veida dozators ar 

paaugstinâtu dozç�anas precizitâti (3. att.). Dozators funkcionâli projektçts tâ, lai 

tas patçrçtu pçc iespçjas mazâk enerìijas. Dozatoram rotçjot, spolîtes veïas pa 

dozçjamo masu, tâdejâdi tiek novçrsta berze starp dozatoru un dozçjamo masu. 

Spolî�u diametrs un konusa leòíis ir saskaòoti tâ, lai konusam, veïoties pa 

materiâlu, nenotiktu spolîtes izslîdç�ana visâ tâs garumâ.  



 12

Dozatora rotçjo�â korpusâ radiâli nostiprinâtas rotçjo�as konusveida spolîtes 

(3. att. Patents Nr. 13597, SPK G01F11/10 (26.02.2007.)). Korpusam rotçjot ap 

savu asi, korpusâ ievietotâs spolîtes sâk griezties ap radiâli novietotajâm asîm un 

sektoros iekïuvu�ais birsto�ais materiâls tiek izvadîts no tvertnes. Dozatora 

precizitâtes paaugstinâ�anu nosaka spolî�u sektoru tilpuma samazinâ�ana, 

aizvietojot vienu lielu spolîti ar vairâkâm. Dozatora ra�îgumu var regulçt mainot 

korpusa rotâcijas âtrumu, tâ izmainot arî spolî�u rotâcijas âtrumu.  

No dotajâm ìeometriskajâm sakarîbâm tika izveidots modelis 

datorprogrammâ Matlab-Simulink (5. att.). Tajâ, izmainot tâdus parametrus, kâ 

spolîtes garums, râdiuss, sektora leòíis, sektora sieniòas biezums, sektoru skaits un 
rievas noapaïojuma râdiuss, var noteikt vienas spolîtes darba tilpumu mm

3. 

spol ites

Out1

Vienas spolites
 darba ti lpums mm 3

Reizinajums
Dal ijums

Reizinajums

150

Masas blivums, kg/m3

1000000

Konstante 3

3

Konstante 2

2.4

Konstante 1

1000

Konstante

0

Displejs, kg/apgr

Dalisana

Spol. apgr/korp. apgr

 
4. att. Dozatora ra�îguma noteik�ana 

1

2

3
4

5

6

7

8

9

10

11

12

 

3. att. Rotoru dozators  
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4. attçlâ spolîtes ìeometriskais modelis apzîmçts ar izeju 1 (Out 1). Veicot 
matemâtiskus pârveidojumus, iegûstam dotâs masas daudzumu kilogramos, ko 

dozators var teorçtiski izdot viena apgrieziena laikâ. Ievçrtçjot dozatora spolî�u 

piepildî�anâs koeficienta izmaiòu atkarîbâ no rotâcijas frekvences doto modeli  
(4. att.) var izmantot dozatora ra�îguma aprçíiniem pie at�íirîgiem spolî�u 

parametriem. 

 
5. att. Spolîtes ìeometriskais modelis 
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1.3. Maisîjuma kvalitâtes novçrtçjums 

Veidojot maisîjumus, ir svarîgi zinât, cik homogçns maisîjums ir 

nepiecie�ams un kâda bûs komponen�u proporcija. Jo homogçnâks maisîjums, jo 

lielâkas izmaksas �î procesa realizâcijai. Tâpçc, izvçrtçjot galaproduktu (granulas, 

briketes), maisîjuma homogenitâtes pakâpes un komponen�u proporcijas 

noteik�anai, tika izvirzîti sekojo�i kritçriji (6. att.): 
 komponen�u izmaksas � tas nozîmç, ja kâda no komponentçm ir salîdzino�i 

dârgâka, tad tâs pârdozç�ana sadârdzinâs produkta izmaksas; 
 briketç�anas enerìija � palielinot komponentes, kuru briketç�anai 

nepiecie�ama mazâka enerìija, proporciju maisîjumâ ietaupîtu enerìiju 

briketç�anas procesâ; 
 blîvums � pie vienâdiem briketç�anas apstâkïiem, briketçjot da�âdus biomasas 

materiâlus, iegûsim da�âdus blîvumus. Komponentes bûtu jâizvçlas tâ, lai 

maisîjuma briketes vai granulas blîvums sasniegtu standartos uzrâdîto  
1 g cm-3; 

 deg�anas îpa�îbas � komponen�u proporcijas izmaiòa maisîjumâ ietekmç arî 

deg�anas îpa�îbas un apkures katlu kalpo�anas laiku; 
 noturîba � brike�u un granulu noturîbas paaugstinâ�anai pievienotâs 

komponentes proporcijai jâbût pietieko�ai, lai tâs atbilstu standarta prasîbâm. 
6. attçlâ attçloti niedru un kûdras maisîjuma proporcijas un maisîjuma 

homogenitâtes kritçriji. Pa�reiz ir grûti spriest par niedru ieguves izmaksâm 

salîdzinot ar kûdras izmaksâm 10 Ls t
-1. Taèu òemot vçrâ, ka, at�íirîbâ no kûdras, 

niedru sadedzinâ�anas procesâ izdalîtais CO2 netiek uzskatîts par siltumnîcas 

efektu rado�o gâzi, jo augs sadegot izdala to CO2, ko aug�anas procesâ uzòçmis, 

tad ieteicams kûdras daïu tomçr samazinât. 

20 40 60 80 1000
Kûdras daïa, %
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Deg�anas

îpa�îbas

Blîvums

Briketç�anas enerìija
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6. att. Maisîjuma proporcijas un homogenitâtes pakâpes kritçriji  
niedru-kûdras maisîjumam 
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No briketç�anas enerìijas viedokïa, kûdras daïa maisîjumâ jâpalielina, jo tad 

samazinâs briketç�anai nepiecie�amâ enerìija [4]. Arî brike�u blîvums, pievienojot 

kûdru, tikai pieaug. Sadedzinot stiebraugu biomasu ieteicams pievienot kûdru (15 � 
35%), lai novçrstu apkures katlu koroziju. Lai niedru briketçm nodro�inâtu 

noturîbu, kâda tâ ir kokskaidu briketçm, jâpievieno ap 30% kûdras. 
Izanalizçjot iegûto attçlu redzam, ka pa�reiz ir divi limitçjo�ie faktori: 

brike�u noturîba un deg�anas îpa�îbas. Secinâjums no �î attçla ir, ka kûdras daïai 

niedru-kûdras maisîjumâ vajadzçtu bût ap 30±5%.  
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Noturîba

Deg�anas

îpa�îbas

Blîvums

Briketç�anas enerìija

Izmaksas

V
çr

tç
�a

na
s 

kr
itç

ri
ji

 
 

7. att. Maisîjuma proporcijas un homogenitâtes pakâpes kritçriji  
salmu-kûdras maisîjumam 

Apskatot 7. attçlu, salmu un kûdras maisîjuma proporcijas un maisîjuma 

homogenitâtes kritçriji, var secinât, ka salmu briketçm kûdras proporcijai 

jâsasniedz 50 ±5%. Tik liela kûdras daïa nepiecie�ama, lai varçtu nodro�inât 

brike�u noturîbu. Ja rûpnieciski izgatavojot briketes secinâtu, ka briketçm ar 

mazâku kûdras daïu ir pietieko�a noturîba, to (kûdras daïu) varçtu samazinât. 

Noturîbas izmaiòas ir iespçjamas, jo at�íirîgos brike�u presç�anas procesos notiek 

da�âdas maisîjuma fizikâli mehânisko îpa�îbu izmaiòas.  
7. attçlâ redzams, ka oran�ais laukums neskar deg�anas îpa�îbu aizòemto 

diapazonu. No pirmajâ nodaïâ veiktâ literatûras apskata var secinât, ka deg�anas 

îpa�îbas maisîjumam ar lielâku kûdras daïu nepasliktinâs. Tâpçc pa�reizçjâ 
situâcijâ rekomendçjamâ kûdras daïa salmu-kûdras maisîjumiem bûtu 50%. 

Maisîjuma homogenitâtes un proporcijas novçrtçjumu var veikt pçc 
da�âdiem parametriem, piemçram: 
 maisîjuma blîvums;  
 brike�u noturîba; 
 komponen�u proporcija noteiktâ tilpuma vienîbâ;  
 vizuâlais novçrtçjums.  
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Attçlu analîze 

Datorprogrammâ Matlab izveidota komandu rinda, ar kuras palîdzîbu attçlu 

var ievadît dotajâ programmâ un pârvçrst programmai saprotamâ valodâ. Attçli 

tika pârveidoti melnbaltâ formâtâ, tas nozîmç, ka katrs pikselis pieòem vienu no 

divâm vçrtîbâm vai nu 1 vai 0. Attçlu apzîmç�anai tiek ieviests turpmâk izmantots 

binârâ attçla apzîmçjums bw. Nosakot salmu-kûdras maisîjumu kvalitâti, salmu 

daïiòas tiek pârveidotas par baltâm un pieòem vçrtîbu 1, bet kûdras daïiòas � par 
melnâm, pieòem vçrtîbu 0 un ir saprotams kâ fons. 

Attâluma pârveido�ana nodro�ina starppunktu attâlumu mçrî�anu attçlâ. 

Attçla apstrâdes rîki (Image Processing Toolbox) ar funkcijas bwdist palîdzîbu 

dod iespçju aprçíinât attâlumu starp katru pikseli (pixel) un citu tuvâko pikseli, kas 

at�íiras no 0 binâros attçlos. Funkcija bwdist atbalsta da�âdas attâlumu mçrî�anas 

metodes. Euclidean metode tiek piedâvâta, kâ noklusçtâ (ieteicamâ) attâluma 

pârveidojuma metode, taèu iespçjams pielietot arî citas.  
Matlab programma ar funkcijas y = std(D1) aprçíina standartnovirzi par 

skaitïu rindu pârveidotajiem attâlumiem. Standartnovirzes tiek aprçíinâtas katrai 

attçla pikseïu kolonai atsevi�íi. Lai noskaidrotu kopçjo attçla stâvokli (maisîjuma 

kvalitâti), tika aprçíinâta standartnovir�u vidçjâ vçrtîba. 
Ar Matlab programmas palîdzîbu tika noteikts salmu daïiòu aizòemtais 

laukums pikseïos. Izdalot to ar kopçjo attçla pikseïu skaitu, tika iegûta salmu 

proporcija maisîjumâ, kas pçc tam tika salîdzinâta ar teorçtisko maisîjuma 

komponen�u proporciju un iegûta to standartnovirze S.  
Standartnovirze nepiecie�ama, lai noteiktu samaisî�anas pakâpi, kas 

bâzçta uz Roses formulu: 

 
0

1
S

M
S

  , (1.12) 

kur 

 0 (1 )T TS p p  , (1.13) 

kur  
Tp �  teorçtiski iegûstama laukumu attiecîba. 

Lai noteiktu salmu-kûdras maisîjuma piemçrotîbu augstâk aprakstîtai 

maisîjuma kvalitâtes izvçrtç�anas sistçmai, tika izveidoti se�i da�âdi salmu un 

kûdras maisîjumi: tikai salmi, 80% salmi un 20% kûdra, 60% salmi un 40% kûdra, 

40% salmi un 60% kûdra, 20% salmi un 80% kûdra un tikai kûdra. Komponen�u 

daïiòu lielums bija 1 � 2 mm, maisîjuma mitruma sastâvs 12%. Komponentes tika 

maisîtas, lîdz daïiòas bija vienmçrîgi izkliedçtas visâ tilpumâ (homogçns 

maisîjums). 
Salmu (1 � 2 mm) un kûdras (1 � 2 mm) maisîjumu attçlu analîzes rezultâti 

ir ïoti tuvi teorçtiski iegûtajiem. Lielâka neprecizitâte novçrojama diagrammas 

sâkumâ un beigâs (100% salmi, 100% kûdra), bet tai�òu vidusdaïas praktiski sakrît. 

�î tendence ir saistîta ar krâsu transformâciju: pârvçr�ot tîru salmu attçlu uz 
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melnbaltu, tas nebija 100% balts, tâpat arî ar kûdru (nebija 100% melns). 

Teorçtiskâs un attçlu analîzes vidçjo vçrtîbu at�íirîba ir aptuveni 7%. 
Krâsu transformâcijas ieviesto kïûdu praktiski var novçrst ar matemâtisku 

pârveido�anu (8. att.). �ajâ gadîjumâ rezultâtu standartnovirze no teorçtiskâ vidçjâ 

nepârsniedz 5%, bet vidçjâs vçrtîbas (teorçtiskâs un attçlu analîzes) praktiski sakrît. 

Biomasas materiâliem, kur maisîjuma homogenitâte ir atkarîga no daudziem 

parametriem (daïiòu lieluma, daïiòu lieluma izkliedes, daïiòu lielumu attiecîbas 

komponentçm un citâm birsto�o materiâlu îpa�îbâm), standartnovirze 5% ir 

pieòemams râdîtâjs. Lielu ietekmi uz datu precizitâti atstâj daïiòu orientâcija. Ja 

daïiòas ir tievas un garas, tad sânu virsmas laukums ievçrojami pârsniegs gala 

virsmas laukumu.  
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8. att. Matemâtiski pârveidoto un teorçtisko  

attçlu analîzes datu salîdzinâ�ana [8] 
 
 

2. Eksperimentâlie pçtîjumi 

2.1. Berzes koeficients 

9. attçlâ parâdîta sakarîba starp statisko berzes koeficientu un spriegumu 

starp berzes virsmâm (eksperimentâ tika izmantoti smalcinâti salmi 2 � 3 mm un 
cinkota skârda plâksne). Mainot spriegumus starp virsmâm mçs iegûstam bûtisku 

at�íirîbu pie zemiem un augstiem spriegumiem. Spriegumam paaugstinoties, 

berzes koeficients starp salmu daïiòâm un cinkotâ skârda plâksni samazinâs. 

Mainot normâlspriegumu no 0,3 lîdz 20 kPa tika iegûtas statiskâ berzes koeficienta 
vçrtîbas no 0,25 lîdz 0,35. Testa âtrums 2 mm min

-1 un virsmu pârbîdes garums  
10 mm. Mçrîjumu precizitâte ir 0.018 (ticamîba 95%).  
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2.2. Dozatoru parametri 

2.2.1. Trumuïa dozators 

Attçlâ 10. varam novçrot, ka îpatnçjais ra�îgums ir atkarîgs no trumuïa 
grie�anâs frekvences. Pieaugot frekvencei no 0.25 lîdz 3 s

-1, îpatnçjais ra�îgums 

samazinâs par 0.01 kg apgr
-1. Novçrotâ tendence attiecas gan uz salmiem lîdz  

3 mm, gan 3 � 10 mm. Dozçjot salmus ar izmçriem no 3 � 10 mm, îpatnçjais 

ra�îgums ir ievçrojami zemâks nekâ salmiem lîdz 3 mm. Tas saistîts ar to da�âdo 

blîvumu, jo, salîdzinot sadozçtâs tilpuma vienîbas uz vienu apgriezienu (11. att.), 
redzam, ka at�íirîba ir samazinâjusies no 40 uz 7%. 

Îpatnçjâ ra�îguma samazinâ�anos (10. un 11. att.) izraisa masas vertikâlais 

spriegums, kas samazinâs, jo rotâcijas âtrumam pieaugot no tvertnes tiek 

izpludinâts aizvien lielâks materiâla tilpums, taèu jauns materiâls no tvertnes 

aug�çjiem slâòiem pieplûst nepietiekami âtri, lai radîtu masas spriegumu uz 

dozatoru, kâds darbojas pie mazas rotâcijas frekvences. 
Relatîvâ dozç�anas konstante dozç�anas procesâ svârstâs no 3 lîdz 11%. 

Relatîvâs dozç�anas konstantes izmaiòu, jeb dozç�anas vienmçrîgumu, ietekmç 

dozçjamâ masa: smalcinâti salmi at�íiras pçc to izmçriem un var da�âdâk 

noorientçties uz dozatora, izraisot plûsmas intensitâtes maiòu. Plûsmas 

nevienmçrîgumu izraisa arî mainîgais spriegums, masai pieplûstot pie rotçjo�â 

dozatora. 
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9. att. Smalcinâtu salmu (2 � 3 mm) un cinkota skârda  

statiskais berzes koeficients  
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Plûsmas izmaiòas tika noteiktas ar spçka sensora palîdzîbu. Masai atsitoties 

pret spçka sensora plâksni tika izmanîts sensora izejas spriegums. Pçc 12. attçla 

varam secinât, ka sensora râdîjumus neietekmç daïiòu lielums, jo abâm daïiòu 

lielumu grupâm râdîjumi ir lîdzîgi un taisnes praktiski sakrît. Tas nozîmç, ka �âda 

veida sensori var tikt izmantoti smalcinâtu salmu dozç�anas procesa kontrolei. 
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10. att. Îpatnçjais ra�îgums atkarîbâ no trumuïa grie�anâs frekvences [9] 
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11. att. Îpatnçjais ra�îgums atkarîbâ no trumuïa grie�anâs frekvences [9] 
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2.2.2. Rotoru dozators 

Kâ redzams no 14. attçla 

rotoru dozatora (13. att.) ra�î-
gums ir atkarîgs no rotoru grie-
�anâs virziena un âtruma. Spolî�u 

grie�anâs virzienu nosaka to 
piedziòas novietojums (virs vai 

zem spolîtçm). Pieaugot spolî�u 

rotâcijas âtrumam, samazinâs to 

piepildî�anâs koeficients un 
pieaug at�íirîba no teorçtiskâ 

ra�îguma (14. att.). Ja spolî�u 

piedziòa ir izvietota zem spo-
lîtçm, tad spolî�u darbîgo daïu virsmas lineârais âtrums V1 ir vçrsts dozatora 

korpusa âtruma Vk virzienâ (1. rotâcijas virziens) � spolîte ar savâm ribiòâm ietver 

sevî materiâlu. Novietojot spolî�u piedziòu aug�pusç, spolî�u darbîgo daïu virsmas 

lineârais âtrums V2 ir vçrsts pretçji dozatora korpusa âtruma virzienam (2. rotâcijas 

virziens) � spolîtes veïas pa dozçjamo materiâlu. Îpatnçjais ra�îgums augstâks ir 

pirmajâ gadîjumâ, jo virs dozatora atrodo�ais materiâls rada papildus spriegumu 
spolî�u piepildî�anâs virzienâ. Ja spolîtes veïas 2. virzienâ, birsto�ais materiâls 

(kûdra) rada spriegumu vertikâlâ virzienâ, palîdzot materiâlam iespiesties spolîtes 

sektoros, taèu spolîtei, turpinot velties uz materiâla daïiòâm, iedarbojas centrbçdzes 

spçki, kas cen�as izgrûst daïiòas no spolîtes sektoriem. 
Ra�îgums, atkarîbâ no grie�anâs virziena, rotâcijas frekvencei sasniedzot  

8 s-1, at�íiras aptuveni 3 reizes (14. att.). Ra�îgums nav atkarîgs no grie�anâs 
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12. att. Spçka sensora vidçjo râdîjumu atbilstîba ra�îgumam [9] 

 
13. att. Spolî�u rotâcijas virzieni [10] 
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virziena, ja rotâcijas frekvence ir 0.5 to 3 s
-1. Ja pietiek ar dozatora ra�îgumu, kas 

atbilst rotâcijas frekvencei 3 s
-1, tad ieteicamâks ir 2. rotâcijas virziens, jo �ajâ 

virzienâ rotçjot, dozators patçrç mazâk enerìijas.  

Relatîvâ dozç�anas konstante dozç�anas procesâ ir 5%.  
Dozç�anas vienmçrîgums ietekmç maisîtâja izmçrus un veidu. Neliela 

izmçra maisîtâjam, ar nelielu masas uzturç�anâs laiku tajâ un ierobe�otu aksiâlo 

samaisî�anos, nepiecie�ama augsta dozç�anas precizitâte pat lielâ laika periodâ.  
Smalcinâtu stiebraugu dozç�anai piemçrots ir trumuïa dozators. Tam ir 

pietieko�a dozç�anas precizitâte (relatîvâ dozç�anas konstante svârstâs no 3 � 11% 
dozçjot lîdz 10 mm garus salmus un 3 � 7% dozçjot kûdru), un ar attiecîga izmçra 

trumuli var sasniegt nepiecie�amo ra�îgumu. Ra�îgumu var izmainît, izmainot 

trumuïa virsmas profilu un tâ parametrus. Dozatora atverç sasmalcinâto stiebru 

daïiòas no dozatora iznâk 3 � 7 mm kârtiòâ visâ trumuïa platumâ. Situâcijâ, kad 

plûsmâ jâsamaisa divas komponentes, �âds dozç�anas veids var bût piemçrots, jo, 

sapludinot masas kârtiòas no diviem dozatoriem, var panâkt komponen�u 

samaisî�anos. Ja komponentes ir pietieko�i samaisîju�âs, maisîtâjs nav 

nepiecie�ams, ja maisîjums nav pietieko�i homogçns, tad var izmantot maisîtâju, 

kas ar nelielu enerìijas patçriòu nodro�ina komponen�u papildus samaisî�anos.  
Radiâli izvietoto rotoru dozators ir precîzâks, salîdzinot ar trumuïa dozatoru 

(dozç�anas konstante  5% dozçjot kûdru). Taèu rotoru dozators dotajâ izpildîjumâ 

nav piemçrots smalcinâtu stiebraugu dozç�anai. Rotoru dozators ir piemçrotâks 

smalku, labi plûsto�u materiâlu dozç�anai. �âda veida dozators iesakâms, ja 

briketçjamam sastâvam nepiecie�ams pievienot kâdu piedevu, nelielâ apjomâ.  
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14. att. Rotoru dozatora ra�îgums [10] 
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2.3. Glabâ�anas tvertnes dinamiskâ modeïa  
eksperimentâlais novçrtçjums 

15. attçlâ parâdîtas teorçtiski (no modelç�anas) un eksperimentâli iegûtâs 

vertikâlo spriegumu lîknes atkarîbâ no birsto�â materiâla (smalcinâti salmi) 
augstuma tvertnç (ar cilindrisko un konisko daïu). Tâ kâ dotajâ gadîjumâ 
modelç�anai ar konstanto berzes koeficientu tika izvçlçtas vidçjam vertikâlam 

spriegumam atbilsto�âs berzes koeficienta vçrtîbas, tad modeïu izrçíinâtie 

spriegumi praktiski neat�íiras. Taèu modelis ar automâtisko berzes korekciju ir 

ieteicamâks, jo neveicot eksperimentus, iepriek� nebûs zinâmas maksimâlâs 

spriegumu vçrtîbas, un nepareizi izvçlçts berzes koeficients ieviesîs kïûdu vertikâlo 

spriegumu noteik�anâ.  

Kûdras radîtais vertikâlais spriegums, pie vieniem un tiem pa�iem 

apstâkïiem, ir 1.5 reizes augstâks nekâ salmiem. To var izskaidrot ar kûdras 

salîdzino�i augstâko blîvumu 140 kg m
-3. 

Masai sasniedzot augstumu tvertnç, kas ir vienâds ar apmçram 4 tvertnes 

diametriem, masas augstums vairs neietekmç vertikâlâ sprieguma v lielumu � tas 
paliek konstants (15. att.). Maksimâlais vertikâlais spriegums mainâs atkarîbâ no 

tvertnes diametra, jo lielâks diametrs, jo lielâks vertikâlais spriegums. Tvertnei ar 

diametru 0,26 m maksimâlais vertikâlais spriegums glabâjot smalcinâtus salmus 

sasniedz 0.5 kPa, bet tvertnei ar diametru 1 m vertikâlais spriegums sasniedz  
1.8 kPa. Tas nozîmç, ka mazâka diametra tvertnçm zemâk nekâ liela diametra 

tvertnçm sienu berze pilnîbâ lîdzsvaro pienâko�âs masas radîtos vertikâlos 

spriegumus (tvertnes apak�â spriegums paliek konstants). Tâpçc tvertnes parasti 

veido ar mazâku diametru un augstas. 
Modelçjot tvertni ar diametru 1 m, bûtiski pieauga at�íirîba starp vertikâlo 

spriegumu vçrtîbâm ar automâtiski koriìçto berzes koeficientu un konstanto berzes 
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15. att. Vertikâlâ sprieguma noteik�ana ar smalcinâtiem salmiem piepildîtâ 

tvertnç (cilindriska tvertne ar konisku piltuvi) 
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koeficientu (0.32). Masai, sasniedzot augstumu 10 m, at�íirîba starp modeïiem 

pieaug pat lîdz 10%. Tvertnç palielinâjies tilpums, kurâ darbojas salîdzino�i 

augstâki spriegumi, lîdz ar to berzes koeficienta vidçjâ vçrtîba (ja berzes 

koeficients tiek automâtiski koriìçts) samazinâs. Blîvâkiem materiâliem vertikâlo 

spriegumu at�íirîba, izvçloties neprecîzi berzes koeficienta vçrtîbu, ir 

ievçrojamâka, tâ var pârsniegt 30%. Tâpçc prognozçjot iespçjamo spiediena 

diapazonu tvertnç, ieteicams eksperimentâli noteikt berzes koeficenta vçrtîbas 

atkarîbâ no sprieguma, un modelî ievietot sakarîbas, kas automâtiski izdod 

atbilsto�âs berzes koeficienta vçrtîbas. 
 

2.4. Brike�u noturîbas eksperimentâlâ noteik�ana 

16. attçlâ ir salîdzinâtas da�âdu smalkumu salmu briketes, to robe�izturîbas 

izmaiòa atkarîbâ no pievienotâs kûdras daudzuma. Smalcinâtu salmu brike�u 

robe�izturîba nav atkarîga no salmu smalkuma pakâpes, ja daïiòu garums ir no 0.5 

lîdz 3 mm, bet, pievienojot kûdru (3 mm), salmu brike�u robe�izturîba bîdç 

(perpendikulâri briketç�anas virzienam) ievçrojami pieaug, t.i., no 0,2 (tîriem 
salmiem) lîdz 1,55 MPa (kûdrai). Tâ kâ Latvijâ ik gadus tiek iegûts ap 500 000 

tonnu kûdras, tad kûdras pievieno�ana salmu briketçm varçtu bût labs paòçmiens, 

kâ uzlabot salmu brike�u un granulu noturîbu, kâ arî kurinâmâ deg�anas îpa�îbas.  

Smalcinâtu niedru daïiòu (1 � 2 mm) brike�u robe�izturîba bîdç ir ~0.35 

MPa (16. att.), tâ ir aptuveni divas reizes augstâka kâ salmu briketçm. 16. attçlâ 
varam redzçt arî niedru brike�u robe�izturîbas izmaiòu atkarîbâ no pievienotâs 
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16. att. Niedru un salmu brike�u bîdes robe�izturîba  

atkarîbâ no kûdras daïas [11] 
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kûdras daudzuma. Pievienojot niedru briketçm 30% kûdras, to robe�izturîba bîdç 

sasniedz tâdu pa�u vçrtîbu, kâda ir kokskaidu briketçm (daïiòu lielums 3 � 5 mm).  
Tâ kâ kokskaidu briketes un granulas tiek sekmîgi izgatavotas, tad to 

mehânisko îpa�îbu skaitliskâs vçrtîbas var tikt izmantotas citu brike�u 

salîdzinâ�anai. Atsevi�íu valstu standartos noteiktais brike�u blîvums ir lielâks par 

1.0 g cm-3. Niedru briketes (no 1 � 2 mm daïiòâm) �âdu blîvumu pie dotajiem 
briketç�anas apstâkïiem sasniedz bez kûdras pievieno�anas. Brike�u robe�izturîba 

palielinâs, pieaugot brike�u blîvumam [4]. 

 
Palielinoties daïiòu lielumam kokskaidu briketçs, to robe�izturîba bîdç 

samazinâs. Kokskaidu briketçm ar daïiòu lielumu > 2 mm robe�spriegums bîdç 

sasniedz 0.6 MPa (17. att.). Niedru briketes �âdu robe�spriegumu var sasniegt, ja to 

daïiòas ir mazâkas par 0.5 mm. Robe�spriegumu 0.6 MPa salmu briketes sasniedz, 

ja tâm pievieno ~60% kûdras. Nepiecie�amo blîvumu >1.0 g cm
-3 salmu briketes 

sasniedz, ja tâm pievieno 35% kûdras [4]. Tie�i �âds kûdras daudzums (35%) tiek 

rekomendçts pievienot da�âdam biomasas kurinâmam, lai uzlabotu to deg�anas 

îpa�îbas. 
 

3. Ekonomiskais novçrtçjums 

Tehnikas izmaksu aprçíinam tiek izmantota Rietumeiropâ pieòemtâ 

tehnoloìisko procesu ekonomiskâs novçrtç�anas metodika [7], ievçrtçjot gan 

patçrçto degvielu, tehnikas cenu, renovâcijas izmaksas, darba algu apkalpojo�am 
personâlam, remonta izmaksas, bankas kredîtaizòçmuma procentus un daudzus 

citus svarîgus râdîtâjus. 
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17. att. Daïiòu izmçra ietekme uz briketes robe�izturîbu bîdç [11] 
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18. att. Nepârtraukta (a) un cikliska (b) maisî�anas  

tehnoloìiskâ procesa salîdzinâjums 
1 � tvertne; 2 � dozators; 3 � maisîtâjs; 4 � granulators;  

5 � spçka sensors; 6 � transportieris. 

 
Granulu ra�o�anas procesâ, pçc 18. attçlâ parâdîtâs shçmas, vienu no 

lielâkajâm izmaksu daïâm sastâda granulç�ana (19. un 20. att.). Granulç�anas 

procesam ar nepârtrauktas darbîbas maisî�anu granulç�anas izmaksas sastâda 60%, 

bet ar cikliskas darbîbas maisîtâju aptuveni 56%. Lîdzîgas izmaksas ir arî 

darbaspçka algo�anai, atkarîbâ no procesa tâs sastâda 29 - 30% no kopçjâm 

izmaksâm. Kopçjâs izmaksas briketç�anas procesam ir par aptuveni 6% mazâkas, 
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19. att. Briketç�anas procesa izmaksu procentuâlas sastâvs  

(ar maisî�anu plûsmâ)  
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ja tajâ lietots nepârtrauktas darbîbas maisîtâjs (21. att.). Briketç�anas izmaksas 

samazinâs, izmantojot augstra�îgâkas iekârtas, piemçram, salîdzinot iekârtas ar 

ra�îgumu 0.5 un 2 t h
-1, izmaksas samazinâs par 40%. Briketç�anas procesa 

izmaksas samazinâs aptuveni par 30%, ja izstrâdes stundas palielinâs no 600 uz 

2400. Briketç�anas vai granulç�anas procesu sadârdzina augstâ iekârtu cena. 
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20. att. Briketç�anas procesa izmaksu procentuâlas sastâvs  

(ar ciklisku maisî�anu) 

10

15

20

25

30

35

500 1000 1500 2000 2500

Tehnikas gada noslodze, h

B
ri

ke
tç
�a

n
a
s 

p
ro

c
e
sa

 i
z
m

a
k
sa

s,
 L

s 
t 

 -1
 .

Plûsmâ (0.5) Cikliski (0.5) Plûsmâ (1)

Cikliski (1) Plûsmâ (2) Cikliski (2)

 
21. att. Vienas tonnas masas briketç�anas procesa izmaksas  

(ieskaitot maisî�anu un dozç�anu) 
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Neòemot vçrâ briketç�anu un darbaspçka izmaksas, nepârtrauktas darbîbas 

maisî�anas procesa izmaksas ir par 38 % zemâkas kâ cikliskas darbîbas maisî�anai 

(22. att.). Nepârtrauktas darbîbas maisî�anas procesâ salîdzino�i lielâkas izmaksas 

sastâda dozç�ana, jo nepiecie�ama augstâka dozç�anas precizitâte. Lîdz ar to, arî 

iekârtas izmaksas ir augstâkas. Taèu lielâka ekonomija ir uz maisî�anas procesu, jo 

nepârtrauktas darbîbas maisîtâja piedziòai nepiecie�ama mazâka elektroenerìijas 

jauda, kâ arî pats maisîtâjs izmaksâ mazâk, jo ir vienkâr�âks pçc konstrukcijas un 

mazâks pçc izmçriem. Saskaòojot dozatoru, maisîtâja un briketçtâja ra�îgumus, 

nav nepiecie�amas tvertnes masas uzglabâ�anai starp procesiem, kas arî samazina 

procesa izmaksas. 
 

 
 

Secinâjumi un ieteikumi ra�o�anai 

1. Tehnoloìisko iekârtu projektç�anai nepiecie�amie raksturotâji ir statiskais un 

dinamiskais berzes koeficients, kâ arî �íçrssprieguma koeficients: 
 smalcinâtu salmu statiskais berzes koeficients ir atkarîgs no 

normâlsprieguma, ja �is spriegums ir 0.3 kPa, tad berzes koeficienta 

vçrtîba uz cinkota skârda virsmas ir 0.35, bet, ja spriegums ir 20 kPa � 
0.25; 

 dinamiskais berzes koeficients ir atkarîgs no spiediena un âtruma starp 

berzes virsmâm. Smalcinâtiem salmiem uz cinkota skârda virsmas 

maksimâlâ dinamiskâ berzes koeficienta vçrtîba (0.38) tiek sasniegta pie 
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eksperimentos izmantotâ minimâlâ spiediena 0.3 kPa un maksimâlâ 

âtruma 800 mm·min
-1, bet minimâlâ vçrtîba (0.22) pie maksimâlâ 

spiediena 20 kPa un minimâlâ âtruma 50 mm·min
-1; 

 eksperimentâli iegûtais �íçrssprieguma koeficients salmu daïiòâm ir 

atkarîgs no daïiòu lieluma, un tâ vçrtîba mainâs no 0.45 (daïiòâm ar 

izmçru 0.25 mm) lîdz 0.3 (daïiòâm ar izmçru 7 mm); 
 �íçrssprieguma koeficients kûdrai izmainâs no 0.47 (daïiòâm, kas 

mazâkas par 0.5 mm) lîdz 0.4 (daïiòâm ar izmçru 5 mm). 
2. Novçrtçjot biomasas brike�u noturîbu atkarîbâ no biomasas daïiòu izmçriem 

un maisîjuma sastâva secinâm, ka: 
 kokskaidu brike�u, ar daïiòu lielumu < 2 mm, robe�spriegums bîdç ir  

> 0.6 MPa. Niedru briketes �âdu robe�izturîbu sasniedz, ja to daïiòu 

lielums ir < 0.5 mm, bet rupjâka smalcinâjuma niedrçm (lîdz 3mm) 

piejaucot ≈ 30% kûdras, salmu briketes �o vçrtîbu sasniedz, ja tâm 

pievieno ≈ 60% kûdras; 
 salmu brike�u robe�izturîba ir  0.2MPa, ja daïiòu lielums ir no 0.5 � 

3mm, bet izmantojot smalkâkas salmu daïiòas (<0.5 mm) robe�izturîba 

pieaug lîdz 0.4MPa; 
 pievienojot salmiem kûdru, brike�u robe�izturîba bîdç pieaug no 0.2MPa 

(kûdra 0%) lîdz 1.55MPa (kûdra 100%). 
3. Pievienojot salmu briketçm 40% kûdras, to blîvums pârsniedz cietâ kurinâmâ 

standartos noteikto minimâlo blîvumu 1.0 g cm 
-3. 

4. Izmantojot attçla analîzi, kûdras un salmu maisîjuma homogenitâtes 

noteik�anai pçc komponentu aizòemtajiem laukumiem, standartnovirze 

nepârsniedz 5%, tâpçc �î metode rekomendçjama salmu � kûdras un niedru � 
kûdras maisîjumu homogenitâtes noteik�anai. 

5. Glabâ�anas tvertnes matemâtiskais modelis Matlab-Simulink programmatûrâ 
rekomendçjams vertikâlâ sprieguma noteik�anai glabâ�anas tvertnes atverç 

nosakot spriegumu uz tvertnç iemontçtu dozatoru un aprçíinot dozatora 

darbinâ�anai nepiecie�amo griezes momentu. 
6. Rotoru dozatora dozç�anas konstante ir 5% dozçjot kûdru ar daïiòu lielumu  

< 3 mm.  
7. Izmainot rotoru dozatora spolî�u rotâcijas virzienu, dozatora raksturlîkne 

rotâcijas frekvenèu diapazonâ no 0.5 lîdz 3 s
-1 nemainâs, bet, pieaugot rotâcijas 

âtrumam lîdz 8 s
-1, dozatora ra�îgums 1. rotâcijas virzienam ir 3 reizes lielâks 

kâ 2. 
8. Smalcinâtu stiebraugu dozç�anai piemçrots ir trumuïa dozators. Tâ relatîvâ 

dozç�anas konstante svârstâs no 3 � 11% dozçjot lîdz 10 mm garus salmus un 

3 � 7% dozçjot kûdru.  
9. Dozçjot ar trumuïa dozatoru stiebru daïiòas no dozatora iznâk 3 � 7 mm 

kârtiòâ visâ trumuïa platumâ, sapludinot masas kârtiòas no diviem dozatoriem, 

var panâkt komponen�u samaisî�anos bez maisîtâja.  
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10. Nepârtrauktas darbîbas maisî�anas procesa ma�înizmaksas ir par 38 % 

zemâkas kâ cikliskas darbîbas maisî�anai. 
11. Granulu ra�o�anas procesam, ar nepârtrauktas darbîbas maisî�anu, 

granulç�anas ma�înizmaksas sastâda 60% no kopçjâm ekspluatâcijas 
izmaksâm, bet ar cikliskas darbîbas maisîtâju � 56%. Lîdzîgas izmaksas ir arî 

darbaspçka algo�anai, atkarîbâ no procesa tâs sastâda 29 � 30% no kopçjâm 

ekspluatâcijas izmaksâm. 
12. Kopçjâs ekspluatâcijas izmaksas briketç�anas procesam, lietojot nepârtrauktas 

darbîbas maisîtâju, ir aptuveni 6% mazâkas nekâ izmantojot cikliskas darbîbas 

maisîtâju.  
13. Òemot vçrâ komponen�u izmaksas, briketç�anas enerìiju, brike�u blîvumu, 

deg�anas îpa�îbas un brike�u noturîbu, kûdras daïai niedru-kûdras maisîjumâ 

vajadzçtu bût 30±5%, bet salmu-kûdras maisîjumâ 50±5%. 
14. Izstrâdâta rotoru dozatora konstrukcija, kurai pie�íirts patents (Patents  

Nr. 13597, SPK G01F11/10 (26.02.2007.)). 
 
 

Topicality of the work 

The European Union defined its strategic aim in the European Commission 
White Paper (1997) where it was determined that the part of the renewable 
resources in the balance of the European Union primary resources should be 
increased from 6% in 1997 to 12% in 2010. This task is steered at improvement of 
energy supply safety as well as at supporting of sustainable development of energy 
resources. The next step in the prosecution of this policy was the Directive 
2001/77/EC On promotion of application of electro energy in the domestic electro 
energy market that is produced using inexhaustible sources of energy. The aim of 
the directive is to increase the part produced from RER (renewable energy 
resources) up to 22, 1% of the total European Union electro energy consumption in 
2010 [1]. The EC declaration COM (2004) 366 On Utilization of Renewable 
Energy Resources in the EU evaluates the possibilities to achieve the indicative 
aim of this directive. In the declaration it is concluded that the advisable 
contribution of different RER is 50% of wind energy, 10% of hydro resources, 
geothermal and solar energy, 40% of electro energy obtained from biomass. It has 
been underlined that the increase of the biomass contribution is the priority and 
that special attention will be paid to the new EU member states where there are 
considerable resources of biomass [1]. 

Production of biomass compositions is topical as in wood pulp biomass 
(with bark and needles/leaves) and herbaceous biomass there is a rich content of 
metal alkali and chloride. Depending on the process of burning metal alkali can be 
oxidized or it can form sulphates or chlorides. If only wood chips or culmiferous 
plant biomass are burned the content of sulphur is low and chlorides are formed. 
Chlorides condense on the heat transfer surfaces of the furnace making the heat 
carrying slower and increasing the risk of high temperature corrosion. If the 
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content of sulphur in fuel is increased, for instance, producing peat and wood or 
herbaceous biomass compositions instead of chlorides sulphates are formed and the 
high temperature corrosion risk is reduced [2, 3]. 

Analyzing the mixing processes several advantages for mixing biomass with 
a in-flow or continuous mixer were discovered. In order to consider the advantages 
of one or the other mixing process more accurately it is necessary to evaluate 
economically both technological processes (cyclical and in-flow mixing). 

For the in-flow mixer comparatively high precision of feeding is necessary 
(the feed constancy depending on the kind of biomass in the range of  
5 � 10%). Therefore, it is important to clarify whether it is possible to measure 
granulated biomass precisely enough for qualitative mixing in the process (Fig. 1). 
In the literature available the suitability of the above described feeders for dosing 
of chopped herbaceous biomass and peat is not discussed. The feeder relative feed 
constancy is not indicated as well. Therefore, it is necessary to carry out 
experimental research in the feeders evaluated according to the expert method and 
approved being suitable by help of what the relative feed constancy, characteristic 
and suitability of the feeders for herbaceous biomass and peat could be determined. 

The vertical stress 
v created by the granulated biomass acts on the feeder 

built in the container. In order to determine the influence of this stress depending 
on the height of the mass in the bin it is necessary to research in the distribution of 
the stress in the bin and to develop a mathematical model of the bin (Fig. 1). By 
help of the mathematical model of the bin it would be possible to calculate the 
vertical stress that is acting on the feeder. It is important for calculation of the 

v

h  w h

v

h

Accuracy of
feeding Composition 

quality

Durability of
briquettes

Concentrations of components
 

 
Figure 1. Parameters influencing the biomass  

composition production processes 
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driving torque of feeders. In order to develop such a model it is necessary to 
determine the physical � mechanical properties of biomass (friction coefficient ì, 
stress ratio ë). 

Analyzing the literature a conclusion can be drawn that there are sufficiently 
enough different statistic methods by help of which the homogeneity of the 
composition can be evaluated knowing the changes of the components in separate 
samples. Nevertheless, it is difficult to take a sufficient number of samples and to 
state the concentration of the components in them. Due to this reason a task is set 
to develop an acceptable model for taking and processing of samples and 
determining the homogeneity of the biomass compositions.  

In order to organize the mixing process adequately as well as to state the 
homogeneity of the composition the proportion of the components plays a 
significant role. It is important to determine the optimal proportion of the 
composition considering the briquette durability parameters. Therefore, it is 
necessary to carry out the experimental research in determination of the biomass 
briquette durability.  

The solid fuel and biomass fuel standards provide for testing of briquette 
durability with the application of different methods that require a large amount of 
pellets and briquettes. Considering that the briquette durability varies depending 
upon the kind of biomass, proportion of the components, size of the particles and 
many other parameters, a briquette testing method is needed for laboratory 
conditions by means of which it would be possible to state the respective durability 
changes depending on the size of the composition particles, moisture or other 
changes having a small number of briquettes. 

 
The aim of the research and the tasks 

The aim of the research 
 
To evaluate the biomass composition preparation technological processes and the 
biomass characteristic features necessary for designing of the technological 
equipment. 
 
The tasks of the research 
 
1. To determine the physical � mechanical properties of biomass (peat, 

herbaceous biomass) that are necessary for the development of the 
mathematical model of the biomass storage bin.  

2. To develop a mathematical model of chopped biomass storage bin and test 
experimentally the adequacy of this model. 

3. To evaluate theoretically the kinds of feeders most suitable for biomass 
dosing.  

4. To determine experimentally the precision of feeding and the characteristics of 
feeders.  



 32

5. To develop a new construction chopped biomass feeder. 
6.  To elaborate a method for taking and processing of biomass samples and 

evaluating of biomass composition homogeneity.  
7. To evaluate the durability of biomass briquettes depending on the size of the 

particles and the proportion of the composition.  
8. To compare the continuous and discontinuous biomass composition 

production technologies according to their economic profitability.  
 

 
Scientific novelty of the research 

The scientific novelty of the promotion work is related to the research in the 
following issues. 
 A mathematical model of chopped biomass storage bin has been elaborated for 

determination of the vertical stress in the opening of the bin, based on 
computer software Matlab-Simulink and experimental testing of the model has 
been carried our.  

 Methods for evaluation of the biomass composition (straw � peat, reed � peat) 
quality by means of image analysis in software Matlab have been elaborated.  

 The biomass physical � mechanical parameters necessary for development of 
the model have been experimentally stated: angle of repose, stress ratio and 
friction coefficient.  

 The feeder (rotary spool, screw and drum) relative feed constancy and the 
feeder characteristic curves dosing chopped biomass have been experimentally 
determined. 

 A rotary feeder model has been designed by means of which the feeder 
productivity can be modelled depending on its geometrical parameters and 
rotation frequency. 

 Development of a new construction granulated biomass feeder (Latvian patent 
LV-13597 B. SPK G01F11/10, 26.02.2007.). 

 
 

Approbation of the scientific work 

The research was performed during the period of time from 2001 to 2007. 
The obtained results are summarised in 19 publications that are in compliance with 
the general requirements of the Latvian Scientific Council for scientific editions. 
Approbation of the research results of the dissertation theme was carried out 
presenting them in the following international scientific conferences. 

  
1. Estimation of homogeneity stage of biomass mixtures. International Scientific 

and Practical Conference �Environment. Technology. Resources.� Rçzekne, 

Latvia, June 20 � 22, 2007. 
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2. Rotary spool feeder for biomass dosage. 6th International Scientific 
Conference �Engineering for Rural Development�, Latvia University of 

Agriculture, Faculty of Engineering. May 24 � 25, 2007. 
3. Mechanical properties of biomass compositions for solid biofuel production. 

15th European Biomass Conference �Biomass for Energy, Industry and 

Climate Protection�. Germany 7-11 May 2007. 
4. Drum feeder for biomass dosage. Research papers 8. Lithuanian University of 

Agriculture, Faculty of Agricultural Engineering, Transport and Power 
Machinery Department � 60 year anniversary. Lithuania, September 20 � 21, 
2007. 

5. Biomass conditioning for solid biofuel compositions. 2nd International Baltic 
Bioenergy Conference. Germany, Fachhochschule Stralsund � University of 
Applied Sciences. Nov. 02. � 04. 2006. 

6. Determination of parameters for chopped biomass feeders. International 
Scientific Conference �Engineering for Rural Development� Latvia University 

of Agriculture, Faculty of Engineering. May 18 � 19, 2006. 
7. Stress modelling of chopped biomass. International Scientific Conference 

�Research For Rural Development 2006� Jelgava, Latvia, Latvia University of 

Agriculture, Department of Post - Graduate Studies, 19 � 22.05.2006. 
8. Dosage of chopped biomass. International Scientific Conference 

"Opportunities and Problems of Economic Development�. Rçzeknes 

Augstskola, Rçzekne. 24.03.2006. 
9. Internal stresses of biomass compositions. International Scientific Conference 

�Research For Rural Development 2005� Jelgava, Latvia, Latvia University of 

Agriculture, Department of Post - Graduate Studies, 19 � 22.05.2005. 
10. Friction of chopped straw. International Scientific Conference �Agricultural 

Engeneering Problems�, Jelgava, Latvia, Latvia University of Agriculture, 

Faculty of Engineering, 2-3.06. 2005. 
11. Biomasu maisîjumu fizikâli mehâniskâs îpa�îbas. Starptautiska zinâtniskâ 

konference �Vide. Tehnoloìija. Resursi.� Rezekne, Latvia, Rçzeknes 

augstskola, 16-18.03.2005. 
12. Seperation of chopped reed particles. International scientific conference 

�Research for Rural Development 2004�, Jelgava, Latvia, 19-22 May, 2004. 
13. Evaluation of durability of biomass briquettes, International scientific 

conference �Advanced Technologies for Energy Producing and Effective 
Utilization� Jelgava, Latvia, Latvia University of Agriculture, Faculty of 
Engineering, 28-29 June, 2004 

14. Durability of stalk material briquettes, International scientific conference 
�Enabling Environment for Society Wellbeing� Rezekne, Latvia, Rezeknes 

Higher Education Institution, 4-5 March 2004. 
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Methods of work 

To reach the aim of the promotion work the method of solving differential 
equations and mathematical modelling based on software Matlab-Simulink were 
applied. In experiments the technical aids and appliances of the Scientific 
Laboratory of Agricultural Machines and Mechanisms (LMMZL) of the Latvia 
University of Agriculture and laboratory equipment (material testing machine 
Zwick Z 2.5, virtual instruments of the companies Picotech, DataQ and others) 
were used. For measurements licensed measuring instruments were used. The 
necessary number of measurements was repeated in order to ensure sufficient 
validity of the measuring results. For evaluation of the results the statistic data 
processing software MS Excel was used by means of which such statistic data 
characteristics as the determination coefficient, standard deviation, variation 
coefficient etc. were determined. 

 
1. Theoretical research 

The theoretical research of the work results from the tasks stated in Chapter 
1 of promotion paper. The theoretical investigations carried out in the course of 
work can be divided in four subchapters. In the first subchapter the condition of 
stress in bulk materials and the stresses in the storage bins created by bulk 
materials are investigated.   

In the second subchapter the mathematical model based on Matlab-Simulink 
for determination of the vertical stresses on the feeder mounted in the bin is 
developed.  

The third subchapter describes a new construction feeder for bulk materials. 
Based on the feeder operation capacity geometric equations the model in the 
software Matlab-Simulink is developed by means of what it is possible to 
determine the operational capacity of the feeder depending on the feeder 
parameters. Based on the experimental research knowing the variation of the feeder 
capacity depending on the rotation frequency it is possible to model the capacity of 
feeders of different dimensions.  

In the fourth subchapter the criteria are stated that determine the proportion 
of straw � peat and reed � peat mixtures and the necessary precision of mixing. The 
methods for determination of the mixture concentration in samples and the 
homogeneity by help of image analysis are elaborated.  

 
 

1.1. Storage bin dynamic model 

The storage bin dynamic model was developed for determination of the 
stress created during feeding of biomass on the feeder mounted in the bin. It is 
necessary for determination of the torsion moment for driving the feeder. 
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Stress calculation methods 
It is possible to distinguish between three different cases in the above 

described situations that should be considered calculating the stresses in the storage 
bins: 
 Stresses in the vertical part of the bin;  
 Stresses in the hopper (active stress condition � filling);  
 Stresses in the hopper (passive stress condition � draining).  

Calculation of stress in the vertical part of the bin  
Stresses in the vertical part of the bin (in the active stress condition) can be 

calculated by Janssen formula [6] applying the method of infinite element. A mass 
element in the shape of the bin cross-section with infinitely small height dz having 
the same cross-section area A as the cylindrical part of the bin is considered. 
Assuming that there is constant vertical stress v around the slice element and 
constant density b the balance of forces z in the direction of the axis can be 
expressed by the equation [6]: 
 ( )v b v v wA g Adz A d Udz        , (1.1) 

where   A �  cross-section area, m2;  
 v �  vertical stress, Pa; 
 g �  free fall acceleration, m s-2; 
 b �  mass density, kg m-3; 
 w � shear stress on the bin walls, Pa; 
 U �  perimeter, m; 
Transforming the expression we get: 

 tg( )v
v x b

d U
g

dz A


      (1.2) 

where 
x  � friction angle; 

From the friction coefficient characteristic curve the straw friction 
coefficient variation function depending on stress: 

 0.075 0.075tg( ) 0.317 0.317( )x h v   
  , (1.3) 

and peat friction coefficient variation function depending on stress are obtained : 
 2 2tg( ) 0.219 0.465 0.137 0.219( ) 0.465( ) 0.137x h h v v             (1.4) 

Transforming the differential equation (1.2) so that it considers the 
dependence of the chopped straw friction coefficient on the stress a differential 
equation for calculation of the straw bin (1.5) and the peat bin (1.6) is obtained: 

 0.9250.317( )v
v b

d U
g

dz A


     (1.5) 

 3 2( 0.219( ) 0.465( ) 0.137 )v
v v v b

d U
g

dz A


         (1.6) 
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Determination of stress in the hopper  
Stresses in the hopper are calculated applying the slice element method. The 

balance of forces for the slice element is expressed by the differential equation  
[5, 6]:  

 ( ) sin( ) cos( )v b w M w Md A g Adz dA dA         (1.7) 

where   hopper angle against the vertical, degrees;  
 w �  normal stresses of the walls, Pa; 
 AM �  side surface of the element, m2; 
 z �  vertical direction coordinate, m; 

Introducing the coefficient u and transforming the expression we get the 
differential equation in the following form [5]: 

 - = -v v
b

dó ó
u gñ

dz z
, (1.8) 

where 

 = + + -xtg(ö )
u ( m 1)[ K(1 ) 1]

tg(È )
, (1.9) 

where K �  ratio of the wall normal stress against the average value of the vertical 
stress in the hopper; 

 m �  parameter evaluating the cross-section shape of the hopper. 
Inserting the experimentally stated variation of the friction coefficient value 

depending on the stress between the friction surfaces in formula (1.9), new 
coefficient u expressions are obtained separately for straw (1.10) and peat (1.11): 

 

 
-

= + + -
0.075

w0.317(ó )
u ( m 1)[ K(1 ) 1]tg(È )

 (1.10) 

 

 
- + +

= + + -
2
w w0.219ó 0.465ó 0.137

u ( m 1)[ K(1 ) 1]tg(È )
 (1.11) 

 
Figure 2 shows a model considering the friction coefficient variation. In 

order to develop it the principal operation of the model had to be changed by 
changing the z direction. The given model depicts the vertical stress in the mass in 
a definite depth. It means that indicating the respective integration limits (z values) 
it is possible to determine the vertical stress also in the bottom of the bin (at the 
opening) by means of this model. 
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Figure 2. Biomass bin mathematical model considering the friction 

coefficient variation depending on stress 
 

1.2. Development of a new construction rotary spool feeder 

Based on the set task a new kind feeder with improved precision of dosage 
was developed (Fig. 3). The feeder is functionally designed in a way that it 
consumes possibly less energy. With the feeder rotating the spools roll along the 
dosed bulk material, therefore friction between the feeder and the dosed bulk 
material is eliminated. The spool diameter and the cone angle are aligned so that 
with the cone rolling along the material the spool does not slide out within its 
whole length.  
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In the rotary body of the feeder rotating conical spools are fastened (Fig. 3. 
Patent Nr. 13597, SPK G01F11/10 (26.02.2007.)). With the body rotating around 
its axle the spools that are placed in the body start rotating around the radially 
placed axles and the loose material that has got into the sectors is discharged from 
the bin. The increase of the feeder accuracy is determined by the reduction of the 
spool sector volume replacing one large spool by several spools. The productivity 
of the feeder can be controlled changing the rotation speed of the body thus 
changing also the rotation speed of the spools. 

 
Based on the given geometrical correlations a model in Matlab-Simulink 

was developed (Fig. 4). In it changing such parameters as the length of the spool, 
radius, sector angle, thickness of the sector wall, the number of the sectors and the 
groove roundup radius it is possible to determine the operational capacity of one 
spool in mm3.  

On Figure 5 the geometrical model of the spool is marked with outlet 1  
(Out 1). Through mathematical transformations we get the amount of the given 
mass in kilograms that the feeder can theoretically put out during one revolution. 
Considering the change of the feeder spool filling coefficient depending on the 
rotation frequency, the given model (Fig. 5) can be used for calculation of the 
feeder capacity at different spool parameters. 
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Figure 3. Rotary spool feeder  
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Figure 4. Geometric model of the spool 
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Figure 5. Determination of feeder capacity 

 
 

1.3. Evaluation of the composition quality 

Preparing compositions it is important to know how homogeneous it should 
be and what the proportion of the components will be. The more homogeneous the 
composition, the higher the costs for implementation of the process. Therefore, 
evaluating the final product (granules, briquettes) for determination of the mixture 
homogeneity level and the proportion of the components the following criteria 
were set up (Fig. 6 and 7): 
 component costs � it means that if any of the components is comparatively 

more expensive, its overdosing will make the product costs higher;  
 briquetting energy � increasing the proportion of the components for 

briquetting of which less energy is needed in the mixture energy would be 
saved in the briquetting process; 

 density � at equal briquetting conditions, briquetting different biomass 
materials different density will be obtained. The components should be 
selected in the way that the density of the mixture briquette or granule reaches  
1 g cm-3 that is indicated in the standards. 

 burning properties � the change of the component proportion in the mixture 
influences also the properties of burning and the life time of the boilers;  

 durability � for improvement of briquette and granule durability the 
proportion of the added component should be sufficient to comply with the 
standard requirements. 

 
Figure 6 presents the proportions of reed and peat mixture and the mixture 

homogeneity criteria. At present it is difficult to judge about the costs for reed 
production in comparison to the peat costs 10 Ls t-1. However, if considering that, 
unlike with peat, CO2 discharged in the process of burning reed is not considered 
to be the gas causing the greenhouse effect as the plant burning discharges that 
CO2 which it has taken up during the process of growing, it is still advisable to 
reduce the proportion of peat. 
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From the point of view of briquetting energy the proportion of peat in the 

mixture should be increased as in this case the energy necessary for briquetting 
reduces [4]. The same, the density of briquettes increases adding peat. Burning 
herbaceous biomass it is advisable to add peat (15 � 35%), in order to prevent 
corrosion of the boilers. To ensure the durability of reed briquettes as it is in wood 
chip briquettes about 30% of peat should be added. 

Analysing the obtained figure it can be seen that at present there are two 
limiting factors: the briquette durability and burning properties. A conclusion can 
be drawn based on this figure that the proportion of peat in the reed � peat mixture 
should be approximately 30±5%. 
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Figure 6. Mixture proportion and homogeneity level criteria  
for reed � peat mixture  
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Figure 7. Mixture proportion and homogeneity level criteria for  
straw � peat mixture  
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Examining Figure 7 - Mixture proportion and homogeneity level criteria for 
straw � peat mixture � it can be concluded that for straw briquettes the proportion 
of peat should reach 50 ±5%. Such large proportion of peat is necessary in order to 

ensure the briquette durability. If producing briquettes industrially it could be 
concluded that briquettes with less proportion of peat are stable enough, it (the 
proportion of peat) could be reduced. Variations in durability are possible as in 
different briquette compacting processes various changes in the physical � 
mechanical properties of the mixture take place. 

It can be seen in Figure 7 that the orange area does not touch the diapason 
taken up by the burning properties. From the analysis of literature in Chapter 1 of 
promotion paper it can be concluded that the burning properties do not become 
worse for a mixture with a larger proportion of peat. Therefore, at the present 
situation the recommended proportion of peat for straw � peat mixtures could be 
50±5%. 

The evaluation of the mixture homogeneity and proportion can be 
carried out according to different parameters, for example:  
 mixture density;  
 briquette durability; 
 proportion of components in a definite unit of volume;  
 visual estimation (image analyze).  

 
 

Image analyze 
In software Matlab a line of orders is formed by help of which the image 

can be put in the given software and transferred into understandable for the 
program. The images were transformed into black-and-white format, it means that 
every pixel takes one of the two values, either 1 or 0. For marking the images 
further used binary symbol bw is introduced. Determining the straw � peat mixture 
quality the straw particles are transferred into white and they take the value 1, but 
the peat particles � into black; they take the value 0 and are to be understood as a 
background. 

Distance transforms allows for the measuring of the distance between the 
intermediate points in the image. The image processing tools (Image Processing 
Toolbox) by help of the function bwdist ensure a possibility to calculate the 
distance between every pixel and the other closest pixel that differs from 0 in 
binary figures. The function bwdist supports different distance measuring methods. 
The Euclidean method is offered as the default distance transformation method. 
Nevertheless, it is possible to use also other methods. 

Matlab program with the function y = std(D1) calculates the standard 
deviation in the transformed distances within the range of images. The standard 
deviations are calculated for every image pixel column separately. In order to state 
the total condition of the image (the mixture quality), the standard deviation 
average value was calculated. 



 43

Based on Matlab the area occupied by the straw particles in pixels was 
determined. Dividing it by the total number of the image pixels the proportion of 
straw in the mixture was calculated what was afterwards compared to the 
proportion of the theoretical components of the mixture and the standard deviation 
S was obtained. 

The standard deviation is necessary to determine the degree of mixing that is 
based on the Rose formula: 

 
0

1
S

M
S

  , (1.12) 

where 

 0 (1 )T TS p p  , (1.13) 

where  
Tp �  theoretically calculated proportion of the areas. 

In order to state the suitability of the straw � peat composition for the above 
described mixture quality evaluation system six different straw and peat 
compositions were made: only straw, 80% straw and 20% peat, 60% straw and 
40% peat, 40% straw and 60% peat, 20% straw and 80% peat and only peat. The 
size of the component particles was 1 � 2 mm; the moisture content of the mixture 
was 12%. The components were mixed until the particles were uniformly dispersed 
in the whole volume (homogeneous mixture). 

The results of the analysis of the images of straw (1 � 2 mm) and peat (1 � 2 
mm) compositions are very close to the ones obtained theoretically. Bigger 
inaccuracy can be observed at the beginning and at the end of the diagram (100% 
straw, 100% peat) but the middle parts of the straight lines practically coincide. 
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Figure 8. Comparison of the data of mathematically transformed and 

theoretical image analysis [8]  
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This tendency is related to the transformation of colors: transforming the pure 
straw figure to black-and-white it was not 100% white, the same with peat (it was 
not 100% black). The difference of the average values of the theoretical and figure 
analysis is approximately 7%. 

The error caused by the color transformation can practically be eliminated 
by mathematical transformation (Figure 8). In this case the standard deviation of 
the results from the theoretical mean does not exceed 5%, But the mean values (of 
theoretical and figure analysis) practically coincide. For biomass materials the 
homogeneity of the mixtures of which depends on many parameters (size of the 
particles, particle size dispersion, particle size proportion of the components and 
other loose material properties) the standard deviation 5% is an acceptable index. 
Orientation of the particles greatly influences the accuracy of the data. If the 
particles are thin and long, the area of the side surface will considerably exceed the 
area of the end surface. 

 
 

2. Experimental research 

2.1. Friction coefficient 

Figure 9 shows the correlation between the static friction coefficient and 
stress between the frictional surfaces (in the experiment chopped straw 2 � 3 mm 
and a galvanized iron plate were used). Changing the stresses between the surfaces 
we get an essential difference at low and high stresses. If the stress increases the 
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Figure 9. Statistic friction coefficient of chopped straw (2 � 3 mm) vs. 

galvanized iron plate 
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friction coefficient between the straw particles and the galvanized iron plate 
decreases. Changing the normal stress from 0.3 to 20 kPa the static friction 
coefficient values from 0.25 to 0.35 were obtained. The testing speed 2 mm min-1 
and the surface shifting length 10 mm. Measuring accuracy 0.018 (validity 95%).  

 
2.2. Feeder parameters 

2.2.1. Drum feeder 

On Figure 10 we can observe that the specific througput depends on the 
drum rotating frequency. If the frequency increases from 0.25 to 3 s-1, the specific 
throughput decreases by 0.01 kg rev-1. The observed tendency relates to straw up to 
3 mm, as well as to 3 � 10 mm. Feeding straw with the size from 3 � 10 mm, the 
specific throughput is considerably lower than for straw up to 3 mm. It is related to 
their different density as comparing the dosed volume units per one revolution 
(Figure 11) we can see that the difference has reduced from 40 to 7%. 

The reduction of the specific throughput (Figures 10 and 11) is caused by 
the vertical stress of the mass that reduces as with the increase of the rotation speed 
more and more bigger material volume is discharged from the bin, though new 
material from the upper layers of the bin does not flow sufficiently fast to create 
the stress of the mass on the feeder that operates at low rotation frequency. 

The relative feed constancy in the process varies from 3 to 11%. The 
variation of the relative feed constancy or the accuracy of feeding is influenced by 
the dosed mass: chopped straw differ in the sizes and can be differently oriented on 
the feeder causing the change in the intensity of flow. The inaccuracy of the flow is 
caused also by the varying stress when the mass flows to the rotating feeder. 
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Figure 10. Specific throughput depending on the drum rotation frequency [9] 
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The variations of the flow were determined by means of the force sensor 

output. The mass running against the plate of the force sensor changed the sensor 
outlet voltage. According to Figure 12 we can conclude that the sensor readings are 
not influenced by the size of the particles as for both particle size groups the 
readings are similar and the straight lines practically coincide. It means that the 
sensors of this kind can be used to control the feeding process of chopped biomass. 
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Figure 11. Specific throughput depending on the drum rotation frequency [9] 
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Figure 12. Force sensor output voltage vs. mass throughput [9] 
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2.2.2. Spool feeder 

As it can be seen on 
Figure 14 the capacity of the 
drum feeder (Figure 13) depends 
on the direction and speed of the 
feeder rotation. The direction of 
spool rotation is determined by 
the position of their drive (above 
or under the spools). If the spool 
rotation speed increases their 
filling coefficient reduces and 
the difference from the theoretical 
capacity increases (Figure 14). If 
the spool drive is positioned under the spools the linear speed of the operating parts 
of the spools V1 is directed in the direction of the feeding body speed Vk (first 
rotation direction) � the spool with its ribs embraces the material. Positioning the 
spool drive on the upper side the linear speed of the operating parts of the spools V2 
is directed opposite the feeder body speed direction (second rotation direction) � 
the spools are rolling along the material to be fed. The specific throughput is higher 
in the first case as the material that is above the feeder causes additional stress in 
the direction of the spool filling. If the spools roll in the direction 2 the bulk 
material (peat) causes stress in the vertical direction helping the material to 
penetrate into the sectors of the spools, but with the spool continuing to roll on the 
particles of the material centrifugal forces start to work on it trying to push the 
particles out of the spool sectors.  

 

 
Figure 13. Spool rotation directions [10] 
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Figure 14. Throughput of the spool feeder [10] 
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The throughput depending on the direction of rotation with the rotation 
frequency reaching 8 s-1, differs approximately 3 times (Figure 14). The capacity 
does not depend on the direction of rotation if the rotation frequency is 0.5 to 3 s-1. 
If it is enough to have a feeder capacity that corresponds to the frequency 3 s-1, the 
second rotation direction is advisable as rotating in this direction the feeder 
consumes less energy. 

The relative feed constancy in the process of feeding is 5%. 
The feeding accuracy influences the size and the kind of the mixer. For a 

feeder of a small size with short time of mass being in it and limited axial mixing 
high feeding accuracy is needed even for a longer period of time.  

For feeding of chopped herbaceous biomass a drum feeder is suitable. It has 
sufficient feeding accuracy (the relative feeding constant varies from 3 � 11% 
feeding 10 mm long straw and 3 � 7% feeding peat) and by a drum of a 
corresponding size the necessary capacity can be reached. The capacity can be 
changed by changing the profile of the drum surface and its parameters. The 
particles of chopped stalks from the feeder get in the opening of the feeder in a  
3 � 7 mm thick layer in the whole width of the drum. In a situation when in the 
flow two components have to be mixed this kind of feeding can be suitable as 
blending the layers of the mass from two feeders mixing of the components can be 
achieved. If the components are sufficiently mixed, the mixer is not needed; if the 
mixture is not sufficiently homogeneous, the mixer that with low consumption of 
energy ensures additional mixing of the components can be used.  

The feeder with radially positioned rotors is more precise compared to the 
drum feeder (the feeding constant  5% feeding peat). Though, the rotary feeder in 
the given version is not suitable for feeding chopped stalks. The rotary feeder is 
more suitable for feeding fine, well flowing bulk material. This kind of feeder is 
advisable if it is necessary to add some additive in a small amount to the 
briquetting composition. 

 
2.3. Experimental evaluation of the storage bin dynamic model  

Figure 15 shows the vertical stress curves obtained theoretically (from 
modeling) and experimentally depending on the height of the loose material 
(chopped straw) in the bin (with the cylindrical and conical part). As in the given 
case for modeling with the constant friction coefficient the friction coefficient 
values corresponding to the average vertical stress were chosen, the calculated 
stresses of the models practically did not differ. Nevertheless, the model with 
automatic friction correction is more advisable because without experimenting the 
maximal stress values will not be known beforehand and the friction coefficient 
that is chosen incorrectly will cause an error in determination of the vertical 
stresses.      
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The vertical stress caused by peat at the same conditions is 1.5 times higher 

than for straw. It can be explained by the fact that peat has comparatively high 
density 140 kg m-3. 

With the mass reaching the height in the bin that is equal to approximately 
four diameters of the bin the height of the mass do not influence the value of the 
vertical stress v any more � it remains constant (Figure 15). The maximal vertical 
stress varies depending on the diameter of the bin � the bigger the diameter, the 
higher the vertical stress. For a bin with the diameter 0.26 m the maximal vertical 
stress storing chopped straw reaches 0.5 kPa, but for a bin with the diameter 1 m 
the vertical stress reaches 1.8 kPa. It means that for bins with a smaller diameter in 
comparison to bins with a large diameter the friction of the walls completely 
balances the vertical stress caused by the incoming mass (at the bottom of the bin 
the stress remains constant). Therefore, bins are usually made high with a smaller 
diameter. 

Modeling a bin with a diameter 1 m the difference between the vertical 
stress values with the automatically corrected friction coefficient and the constant 
friction coefficient (0.32) increased essentially. With the mass reaching the height 
10 m the difference between the models increases even up to 10%. The volume has 
increased in the bin in which comparatively higher stresses are acting and due to 
this the average value of the friction coefficient (if the friction coefficient is 
automatically corrected) decreases. For more compact materials the difference of 
the vertical stresses if the friction coefficient values are inaccurately chosen is 
more considerable, it can exceed 30%. Therefore, prognosticating the possible 
range of the stress in the bin it is advisable to determine the friction coefficient 
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Figure 15. Determination of the vertical stress in a bin filled with chopped 

straw (cylindrical bin with a conical hopper) 
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values depending on the stress experimentally and to insert the correlations in the 
model that automatically produce the friction coefficient values. 
 

2.4. Experimental determination of briquette durability 

In Figure 16 straw briquettes of different fineness and their ultimate shear 
stress variation depending on the amount of the added peat are compared. 

The ultimate shear stress of chopped straw briquettes does not depend on the 
degree of straw fineness if the length of the particles is from 0.5 to 3 mm, but 
adding peat (3 mm) the ultimate shear stress (perpendicular to the direction of 
briquetting) of straw briquettes considerably increases, i.e., from 0.2 (for pure 
straw) to 1.55 MPa (for peat). 

 

As every year in Latvia about 500 000 tons of peat are extracted, adding of 
peat to the straw briquettes could be a good way to improve the durability of straw 
briquettes and granules as well as the burning properties of fuel. 

The ultimate shear stress of chopped reed particle (1 � 2 mm) briquettes is 
~0.35 MPa (Figure 16); it is approximately two times higher as straw briquettes. In 
Figure 16 we can see also the variation of reed briquette ultimate shear stress 
depending on the amount of the added peat. Adding 30% of peat to reed briquettes 
their ultimate shear stress reaches the same value as it is for wood chip briquettes 
(the size of particles 3 � 5 mm). 

As the wood chip briquettes and granules are successfully produced, the 
figural values of their mechanical properties can be used for comparison of other 
briquettes. The briquette density determined in the standards of some countries is 
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Figure 16. Ultimate shear stress of reed and straw briquettes depending on 

the proportion of peat [11]  
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higher than 1.0 g cm-3. The reed briquettes (from 1 � 2 mm particles) reach this 
density at the given briquetting conditions without adding of peat. The briquette 
ultimate shear stress increases if the briquette density increases [4]. 

 

 
With the increase of the particle size in wood chip briquettes their ultimate 

shear stress reduces. For wood chip briquettes with the particle size > 2 mm the 
ultimate shear stress reaches 0.6 MPa (Figure 17). Reed briquettes can reach such 
ultimate shear stress if their particles are less that 0.5 mm. Straw briquettes reach 
the ultimate shear stress 0.6 MPa if about ~60% peat is added. Straw briquettes 
reach the necessary density >1.0 g cm-3 if 35% peat is added [4]. Exactly such 
amount of peat (35%) is recommended to be added to different biomass fuels in 
order to improve their burning properties. 

 
 

3. Economic evaluation 

For calculation of the machinery costs the methods of economic evaluation 
of technological processes established in Europe are applied [7] considering the 
consumed fuel, machinery costs, renovation costs, salaries for the employees, 
repair costs, bank credit interest and many other important factors.  
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Figure 17. Influence of particle sizes on briquettes  

ultimate shear stress [11] 
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Figure 18. Comparison of in-flow (a) and discontinuous (b) mixing 

technological processes 
1 � bin; 2 � feeder; 3 � mixer; 4 � granulator;  

5 � weight sensor; 6 � conveyer. 

 
In the granule production process according to the scheme shown in Figure 

18 one of the largest parts of costs is comprised by granulation (Figures 19 and 20). 
For the granulation process with in-flow mixer the granulation costs comprise 60% 
but with cyclic mixer � approximately 56%. The costs are similar for paying to the 
employees; depending on the process they comprise 29 � 30% of the total costs. 
The total costs for the briquetting process are approximately by 6% lower if the  
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Figure 19. Briquetting process costs percental (with mixing in-flow)  
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in-flow mixer is used (Figure 21). The briquetting costs reduce using more 
productive equipment, for instance, comparing the equipment with the productivity 
0.5 and 2 t h-1, the costs reduce by 40%. The briquetting process costs reduce by 
approximately 30% if the working hours increase from 600 to 2400. The 
briquetting or granulation processes are made more expensive by the high price of 
the equipment. 
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Figure 20. Briquetting process costs percental (with cyclic mixing) 
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Figure 21. Briquetting process costs per one ton of mass (including 

mixing and feeding) 
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Discounting the briquetting and labour force costs the in-flow mixing 

process costs are by 38% less that for the discontinuous mixing (Figure 22). In the 
continuous run mixing process comparatively higher costs are comprised by 
feeding as higher feeding accuracy is needed. With this, also the equipment costs 
are higher. Though, more economy is achieved in the process of mixing as for 
driving of the in-flow mixer less power of electro energy is needed; also the mixer 
itself costs less as it is of simple construction and less in size. Aligning the 
capacities of the feeder, mixer and briquette maker there is no need for bins for 
storing in between the processes what also reduces the costs of the process. 

 
 

 

Conclusions and proposals for production 

1. The characteristic factors necessary for designing of the technological 
equipment are the statistic and dynamic friction coefficients as well as the 
stress ratio: 
 the statistic friction coefficient of chopped straw depends on the normal 

stress; if this stress is 0.3 kPa, the value of the friction coefficient on 
galvanized iron surface is 0.35, but if the stress is 20 kPa � 0.25; 

 the dynamic friction coefficient depends on the pressure and speed 
between the friction surfaces. The maximal dynamic friction coefficient 
value (0.38) of chopped straw on galvanized iron surface is reached at the 
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Figure 22. Mixing process costs per one ton of mass 
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maximal pressure 0.3 kPa and maximal speed 800 mm·min
-1 used in the 

experiments, but the minimal value (0.22) at the maximal pressure 20 kPa 
and the minimal speed 50 mm·min

-1 
 the experimentally obtained stress ratio for the straw particles depends on 

the size of the particles, and its value varies from 0.45 (for particles with 
the size 0.25 mm) to 0.3 (for the particles with the size 7 mm); 

 the stress ratio for peat varies from 0.47 (for the particles with the size 
less than 0.5 mm) to 0.4 (for the particles with the size 5 mm). 

2. Evaluating the durability of biomass briquettes depending on the size of the 
biomass particles and the structure of the composition it can be concluded that: 
 the ultimate shear stress of wood chip briquettes with the size of the 

particles < 2 mm is > 0.6 MPa. Reed briquettes reach such ultimate shear 
stress if the size of their particles is < 0.5 mm, but for coarser reed (up to 
3 mm) adding  ≈ 30% peat, straw briquettes reach this value if  ≈ 60% of 

peat is added; 
 the ultimate shear stress of straw briquettes is  0.2MPa, if the particle 

size is from 0.5 � 3 mm, but using finer straw particles (<0.5 mm) the 
ultimate shear stress increases up to 0.4MPa; 

 adding peat to straw the ultimate shear stress of briquettes increases from 
0.2 MPa (peat 0%) to 1.55 MPa (peat 100%). 

3. Adding 40% of peat to straw briquettes their density exceeds the determined in 
the standards minimal hard fuel density 1.0 g cm -3.  

4. Using the image analysis for the determination of the peat and straw mixture 
homogeneity according to the covered areas the standard deviation does not 
exceed 5%, therefore this method is recommended for determination of the 
straw � peat and reed � peat mixture homogeneity. 

5. The storage bin mathematical model based on Matlab-Simulink is 
recommended for determination of the vertical stress in the opening of the 
storage bin stating the stress on the feeder mounted into the bin and calculating 
the driving torque of the feeder. 

6. The rotary spool feeder dozing constant is 5% feeding peat with the particle 
size < 3 mm.  

7. Changing the direction of the rotary spool feeder spool rotation the feeder 
characteristic curve in the rotation frequency range from 0.5 to 3 s-1 does not 
change, but increasing the speed of rotation up to 8 s-1, the capacity of the 
feeder for the rotation direction one is three times higher than for second. 

8. For feeding of chopped stalk material the drum feeder is suitable. Its relative 
feeding constant varies from 3 � 11% feeding straw with the length up to 10 
mm and 3 � 7% feeding peat.  

9. Feeding with a drum feeder the stalk particles are discharged from the feeder 
in a 3 � 7 mm thick layer in the whole width of the drum; mixing the layers of 
mass from two feeders the components can be mixed without the help of a 
mixer. 



 56

10. The machine costs of the in-flow mixing process are by 38 % lower than for 
the discontinuous mixing. 

11. For the granule production process with in-flow mixing the granulation 
machine costs comprise 60% of the total operation costs, but with a cyclic 
mixer � 56%. The costs for the payment for the employees are also similar; 
depending on the process they comprise 29 � 30% of the total operation costs. 

12. The total operation costs for the briquetting process using a in-flow mixer are 
approximately 6% less than using a cyclic mixer.  

13. Considering the costs of the components, briquetting energy, briquette density, 
burning properties and briquette durability the proportion of peat should be 
30±5% in the reed � peat mixture and 50±5% in the straw � peat mixture.  

14. A rotary feeder construction has been designed for what the patent is obtained 
(Patent Nr. 13597, SPK G01F11/10 (26.02.2007.)). 
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