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1. SMALCINASANAS PROCESA TEORETISKA IZPETE

PieaugosSas vibracijas masinas izraisa neparedzamas sekas. Tas ietekmé produktu
kvalitati, rada papildus spriegumus komponentiem un krasi samazina darbibas drosibu.
Rotora debalans (nelidzsvarota masa) ir visbiezak So vibraciju célonis. Balansésanas
uzdevums ir ierobezot gultnu reakcijas un varpstu deformaciju pielaujamas robezas. Labi
nolidzsvarots rotors gultnos pats no sevis nepagriezas. Ja rotoram ir kada nelidzsvarota
masa, tad rotors griezas, [ildz ta nostajas apakSpusé. Ja nelidzsvarota masa atrodas viena
plakné ar smaguma centru, tad ta ir (1. att.) rotora statiska nelidzsvarotiba.

Dinamiska balanséSana varpstas darbiba

Statiska nelidzsvarotiba
1 Rotacijas ass

2 Inerces ass

3 Debalans

A AAAAAAAA LTSS 7/ 5
Dinamiska nelidzsvarotiba 1_| Vibraciju sensori R NS

2 | Atskaites uzlime 4 | Korekcijas atsvars

1. att.Nelidzsvarotibas veidi
2. att. Dinamiskas balanséSanas shéma

Gadijumos, kad rotoram ir divi debalansi, kuri ir novietoti viens otram preti divas,
attalinatas radialas plaknés — t3 ir (1. att.) dinamiska nelidzsvarotiba. Saja gadijuma
smaguma centrs atrodas uz rotacijas ass. TaCu varpstai rotéjot, centrbédzes spéeki rada speka
momentu, kur$ iedarbojas uz gultniem. Sadus debalansus var konstatét un lidzsvarot tikai
dinamiski, pielietojot divu plaknu balanséSanu. Ir iespéjama ari statiskas un dinamiskas
nelidzsvarotibas kombinacija, ko sauc par komplekso nelidzsvarotibu. To novérs rotoru
balanséjot divas plaknés. Lemumu par to, vai rotoru balansét viena vai divas plaknés, pienem
atkariba no t3, cik balansésanas plaknes vispar ir pieejamas (2. att.) un kads ir attalums starp
tam.

Balansésanu veic, izmantojot ietekmes koeficientu metodi:

Vispirms izméra vibraciju amplitidu un debalansa fazes lenki. Péc tam pievieno
noteiktas masas testa atsvaru un vibraciju amplitGdu un fazi nosaka atkartoti. lzmantojot
vibraciju sensoro mezglu tiek izskait|oti ietekmes koeficienti no abu vibraciju starpibas un
precizu novietojumu un masu testa atsvaram. Rotora debalansu péc tam atrod ar ietekmes
koeficientu palidzibu. Divu plaknu balanséSana ari otras plaknes masa tiek ievertéta
aprekina. Pielietojot So metodi var tikt balanséti visi ta saucamie stingie rotori.

Rotora analize pirms balanséSanas

Pirms balansésanas saksanas ir japarliecinas, ka rotora nevienmerigas rotacijas iemesls
ir ta debalans. Vibraciju diagnostika ari Jaus noteikt to, kura balanséSanas metode ir
visatbilstosaka.
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Diagnosticéjot rotora debalansu:
Klikskina uz starta ekrana uz ,,Analysis” = Vibration speed characteristic value

*
* x K

= Masinas vibracijas mérijums pirms un péc balansésanas
b4 Tie lauj arT noteikt to punktu, kura vibraciju sensors ir japievieno.
Speed
C) Rotora rotacijas atruma mérisana

Phase measurement - one / two planes
Vibraciju atrumam sinhrona signala amplitiidas un fazes registrésana.
Tas var tikt lietots ka piemérs , kura nosaka vienas vai divu plaknu debalansu

>
®

Vibration speed - Spectrum & time signal

v v Atra Furjé transformacijas spektra un laika mérfjums.

I‘.hlh Ja spektra dominé pirma harmonika, tad nevienmérigas rotacijas
célonis ir debalanss

Analysis [ 'Signals | Advanced |
T e
@a ¢ ©d
[ [ ] °
A & T
Acceleration Veloaity Displacement 078
a v d B3
I iy 0.25
Acceleration Velacity Displacement A
50 100 160 [H2]
i Max 10
e ‘h Amplitude Frequency
c
iy Gogmaaent Bpee 1.071 mmis 24,88 Hz al
0.266 mmfs 5.50 Hz
0177 mmis 100.00 Hz
Task: overall velocity >120 RPM 0104 mmis 6.00 Hz
0.069 mmis 4.75Hz
Channel A: VIB 6.147 0.068 mmis 6.25 Hz 2
0.067 mmis 7.13Hz
Channel B: 0.063 mmis 6.75Hz
RPM-Channel: .

FFT spektrs diagnozei:
1 harmonika atruma spektra
dominé - debalanss

Analizes mértjumi

3. att. Ekrana izskats un vibraciju atruma meérijumi

Sagatavos$anas balansésanai:
Pirms balanséSanas darbu uzsakSanas masina ir jaizslédz un janodrosSinas pret tas
nejausu ieslégSanu. Sagatavosanas process ietver sevi mérisanas komponentu iestatiSanu.
lestatiSana:
v’ Vispirms censas noteikt vibraciju céloni vizuali un labot to, ja tas ir iesp&jams. Pieméram,
novac no rotora tam pielipusu materialu, vai ari pievelk atslabinatas skrives pie
pamatnes.
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1 2 3 4 5 6

4. att. Sensoru iestatiSanas shema
1 — piedzinas vieta; 2 — atskaites uzlime; 3 — atskaites sensors;
4 — merisanas plakne 1; 5 — korekcijas plaknes A un B;
6 — mérisanas plakne 2

! - Ja masina netiek balanséta tas nostiprinatda stavokli, to ir nepiecieSams stingri
nostiprinat pie stinga fundamenta (tiesi pie ramja vai vibrdciju izolatora).

v" Nosaka mérisanas un korekcijas plaknes. Monté vibraciju sensorus uz gultnu korpusiem
meérisanas punktos ar visaugstako vibraciju limeni. Jaievéro sekojosais:

0 Merisanas plaknei ir jablt pret gultna centru vai tuvu korekcijas plaknei.

0 Vibracijas tiek parvaditas uz gultna aréjo gredzenu radiala virziena.
Tapéc vibraciju sensoru pievieno gultna sanos (horizontali) vai augSpusé
(vertikali).

0 Noderigus meérisanas punktus identificeé ar méginajumiem, atrodot
punktus ar augstako vibraciju [Tmeni.

0 Sensorus ir japievieno gultniem tik ciesi, cik tas ir iespéjams. Nedrikst
pielaut signala pievadiSanu ar parak garam parvadu kédem. Mérijjumu
virzienam ir jaatbilst galvenajam vibraciju virzienam (parasti
horizontalajam).

0 Merot horizontali sensoru pievieno gultnu korpusa apakséjai pusei.

0 lespéju robezas izmanto pieskrivéjamus vai magnétiski nostiprinamus
vibraciju sensorus.

0 Dinamiskai balanséSanai divas plaknés: Nosaka otru plakni (B) lidziga
veida.

v" Nosaka masinas (rotora) grie$anas vienméribu.

0 Mera vibraciju atrumu un ja ir parmerigi vibraciju [imeni, pieraksta FFT

spektru(skat DIN ISO 10816 — 3).
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0 Pieméram, ja rotacijas atrums ir 1500 apgr. Min-1 un augstas vibraciju
amplitidas uzradas ar frekvenci 25 Hz (1. harmonika), tas norada
debalansa esamibu.

0 Izmeritas vertibas jasaglaba, lai vélak salidzinatu ar mérijumiem péc
balansésanas.

v'Jaizmanto lenka atskaites uzlime uz varpstas, ko lieto atskaites sensoram.

0 Lenka noteikSana: Lenka atskaites uzlimes stavoklis tiek definéts 0°%;
korekcijas atsvaru stiprinasanas lenki méri varpstas rotacijai preteja
virziena.

v' Atskaites sensoru nostiprina tad, kad masina ir izslégta, ka paradits 4. att.. Jaievéro
sekojosais:

0 Atskaites sensors ir janostiprina 2 — 50 cm attaluma no varpstas virsmas.
Nostiprinajums atskaites sensoram jaizvélas iespéjami 1saks, lai novérstu
ta vibracijas.

0 Japarliecinas, ka atskaites sensora ass ir perpendikulara varpstas virsmai
(jaievero bultas virziens uz sensora).

0 Lai noverstu atskaites sensora signala interferenci, janovérs citi
atstarojumi. Ja varpsta spoZa, daZreiz iestata atskaites sensoru neliela
lenki (~15° ) pret varpstas virsmu.

v" Nostiprinatos vibraciju un atskaites sensorus pievieno mérisanas mezglam.

3 ‘

W' !‘l:
A

5

att. Atskaites sensora iestatisana
1 — atskaites uzlime; 2 — atskaites sensors; 3 — vibraciju sensors ar magnétisko adapteri; 4 —
atskaites sensora stativs
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Nobeidzot sagatavosSanos:
Balansésanas atrumam ir jabit iespéjami zemakam. Jo augstaks balansésanas atrums, jo
lielaka bistamiba no testa atsvariem, kas ir atravusies no rotora.
Meklgjiet iespéjamos rezonanses punktus; rlpigi aplikojiet izskrejas likni rotoram.
Meérisanas laika rotacijas atrumam ir jabat nemainigam! Ja né — balansésana ir jaatkarto.
Merisanas laika rotoram ir jabit darba temperatarai.
Pirms pirma balanséSanas skréjiena ir japarbauda visu meérisanas komponentu
iestatijums.
Japarskata iestatijuma parametri.
lestatijumi:
Visus iestatijumus meérisanai un novertéjumam veic ,setup ,, izvélné.
Parametrus, kurus var maintt balansésanas laika iestata izvélné ,Tools”:
Korekcijas veids: briva korekcija/fikséts novietojums/fikséts atsvars/lentes mérijums;
Stiprina balansésanas atsvarus, tas ir piemetina vai pieskrivé atsvarus rotoram;
Novac balanséSanas atsvarus, tas ir nofrézeé rotoram svaru;
Testa funkcijas: aktivet/deaktivét atrumu, debalansa indikatora stabilitati, u. tml.
Displejs
Jebkura balansésanas skréjiena paradas divi galvenie ekrani (6. att.):
Datu ekrans parada balansésanas atsvarus un to novietojumu uz rotora.
Meérijumu ekrans parada mérijjumu datus un balansésanas atsvarus visos izpilditajos

skréjienos. Ja ir veikts masinas iestatijums, tad taja paradas tas, kada balansésanas kvalitate
ir sasniegta un kads rotora rezultéjosais centrifugalais spéks.

Uz mérijumu ekrana redzamas ir mérijumu skaitliskas vértibas (amplitida & fazes

lenkis) un grafiskais attéls polaras diagrammas veida.

2.Trim 1. Trial 90

Mount balancing weight / 0
180
< Previous Next j»
A
Data 3.867 mmis -

Ho Hass Angle Vibration Angle =
Lol ) [mnss]  [°] - Previous i Next b
k1 35 aes Amplitude (mirs] Phase (]
| 3.828] 347]
Datu ekrans Mérijumu ekrans

6. att. Balansésanas solu displejs

Uz abu ekranu kreisa stira ir paradits atbilstosais balansésanas solis.
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Balansésanas soli:

v" 0 - Sakotnéjais debalans: sakotnéja debalansa mérijums; ja vibraciju vértibas ir pielaizu
robezas, tad rotors jau ir nobalanséts. Ja né, tad nakamajos balanséSanas solos ir
japielago rotoram vajadzigie atsvari.

v’ 1 - Testa skréjiens: pielagota testa atsvara ietekme tiek izmérita, un tiek aprékinats
nepiecieSamais korekcijas atsvars.

v 2 -idz ..n: korekcijas skréjieni debalansa samazinasanai rotoram.

PalielindSana un samazinasana ar ,,+/-,

Sakotnéjais debalans ir attiecinats uz ,A ,vai ,B , ka balansésanas procediras starta
sakums. Visi talakie mérijumi ir saistiti cits ar citu nepartraukta Iinija. Ja skats ir japalielina —
janospiez ,, +” vairakkartigi. Sensorais mezgls automatiski palielinas displeja laukumu diviem
pédéjiem balansésanas skréjieniem. Ja sakotnéjais debalans iziet arpus displeja laukuma, tad
maksimala vertiba tiks attélota procentuali no sakotnéja debalansa.

Lai parlapotu pierakstu turp un atpakal ir jakustina kursorsvira pa labi vai pa kreisi. Ja
datu ekrana negrib mainit vértibas, tad tikt uz nakamo ekranu var nospiezot F pogu un
kustinot kursorsviru.

@)
Z.

Meérisanas Start/stop
Nospiediet uz kursorsviru mérisanas ekrana (7. att.).

54% of A
4.211 mmis = 1.872 mm/s
- Previous . -« Previous ! Next p»
Amplitude [mmis] Phase [*] Amplitude [mm/s] Phase []
| 1.435]| 140| f 0.917]| 325]

£ 4] Pres [Start] in order to start Measurement screen - Zoom
or stop the measurement.

7. att. Datu un mérisanas ekrani
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BalanséSana viena plakne
Standarta iestatijumi ir:

v Korekcijas veids: , free”;

v" Fit balancing weights;

v’ Testa funkcijas ir visas aktivas, iznemot koeficientu aprékinu — neaktivs.
Balansésanas veida aktivésana

v leslédz sensoro mezglu un gaida lidz paradas starta ekrans
v (20— 30 sek.);

v leklikskina uz ekrana simbolu ,Balance”;
® v' Atver tabulu , 1 plane”;

N\ v’ leklik§kina uz rotora grafiku , atbilstodu rotora tipam, ja
, nepiecieSams precizé meérisanas problému (F'pogu vai ari
<]> MENU — Measuring problem manager);
= v’ Virza kursorsviru pa labi, [idz paradas méridanas ekrans;
" v’ leslédz masinas rotaciju;
v NospieZ uz kursorsviru, lai sakas mérijums;

v Kad mérijumi nostabilizéjas, nospiez kursorsviru, lai mérijumi apstajas;
v lzslédz masinas rotaciju.

1. THal = ~2. Trim
9037

v

0 Mount balancing weight
180°
529
-+ Previous Next
12.114 mmis ~Data
Ho Hass Angle Vibration Angle

-4 Previous Next = ©  Ial | v [vev=1 I*1
Amplitude [mm/s] Phase [*] . :' J.} ;;; 14;_5;;3 ’72;'
| 11.008|| 73]

Testa skréjiena mérijums Korekcijas skréjiena datu ekrans

8. att. Ekrans vienas plaknes balansésana

Korekcijas skréjienos sensorais mezgls parbauda, vai debalans ir samazinajies. Ja né —
paradas ,No improvement”. Turpmak japievieno cits korekcijas atsvars.

| Irieteicama parstartésSana, ja vibracijas vértibas dazados skréjienos ir izkliedétas,

bet korekcijas svari neatskiras.

v’ Virza kursorsviru pa labi un turpina balansé$anu ar jaunu korekcijas skréjienu
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BalanséSanu turpina lidz tiek sasniegts akceptéjams vibraciju [Imeni. Ja strada ar
»Machine setup”, tad izskaitlota balanséSanas kvalitate ir kritérijs pabeigSanai. Ekrana
paradas smaida simbols, ja ir sasniegta balanséSanas kvalitate pielaides robezas.

Rezultata saglabasana

Datu ekrana nospiez MENU pogu.
Nospiez Save lai atveras ,file manager”.

Nospiez Save atkal un ievada nosaukumu.

Nospiez MENU pogu un klikskina uz ,,OK”, lai saglabatu rezultatu.

Mount balancing weight
| Previous Next
~Data
Hass le Vibration Angle
Bo- a1 [*1 [vs]  [°1
0 - — 2.413 114
¥ 1 10.0 180 9.938 50
2 2.8 67 0.176 337
Balance quality: 0.2849
Residual force; 0.369 N

Sasniegta balanséSanas kvalitate

leguldijums Tava nakotné

* X x

*
* *

* *
* x K

EIROPAS SAVIENIBA

F3' Trim

9.450 mm/s
- Previous Next
Amplitude [mmis] Phase ["]

[ o103] 17]

Rezultatalésana

9. att. Ekrans pie sasniegtas kvalitates balansésana un rezultata saglabasana

Balansésana divas plaknés

Proceduras plans:
Plakne A?

0. Sakotneéjais debalans:
1A. Testa skréjiens:

1B. Testa skréjiens:

2. Korekcijas skrejiens

N. Korekcijas skrejiens

Definé mérijumu un korekcijas plakni A

Meérijumi plakné Aun B

Apsvérumi par testa atsvaru plakné A; Meérijumi
plakné A un plakné B ar testa atsvaru plakné A
Apsvérumi par testa atsvaru plakné B; MEeérijumi
plakné A un plakné B ar testa atsvaru plakné B
Apsvérumi par balansésanas atsvariem plaknés A un
B;

Meérijumi plakné Aun B
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* *
* x K

Definésana par mérijumu un korekciju plakni A
v’ Aktivé balansé$anas veidu.
v leklikskina uz rotora grafiku , atbilstoSu rotora tipam.
v’ lzvélas plakne A:
- Pievieno vibraciju sensoru, kurs ir mérijumu plakné A pie mérijumu kanala A (skatit
»Pievienosanas apskats”)

Ealancing &

2Plang G2.5 -

’Bzﬁaﬁ?ng’] Select plane A

1plane 2 planesoverhung

2 planesintermediate 2planesoverhung &

intermediate
i Channel A

2 planesoverhung Plane A
(belt-driven)

~Overview

Plane B

Channel B

Task: 2Plane G2.5

Channel A: VIB 6.147

Channel B: VIB 6.147

Machine:  Rotor72

Rotora tipa izvéles ekrans A plaknes izvéle
1) Korekciias plakne A
2) Merisanas plakne A

10. att. Ekrani rotora izvélei un A plaknes definésanai

Testa skréjiens

Testa skréjiens iedalas divas dalas, ko apzime ,,1A”un ,, 1B”uz galvenajiem ekraniem:
1A: Testa atsvars ir pievienots plaknei A un ietekmi méri abas plaknés

1B: Testa atsvars ir pievienots plaknei B un ietekmi mért abas plaknés

Korekcijas skréjiens

Korekcijas skréjienu datu ekrana ievada balansésanas atsvarus abam plakném.
Parbida kursorsviru pa labi, lai secigi apzimétu ieejas laukus.

Turpina korekciju skréjienus lidz paliekosais debalans ir pielaizu lauka.
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2Plane G2.5 & 2Plane G2.5 r -
~1A. Trial

< Previous Next P < Previous Next
rData —~Data
s HNass Angle Vibeation Angle Hass fngle Vibration fAngle
Rl 5 (& sl [°] Rl 75| 1 [ws*1  [°]
oA — — 0.732 153 oA _— -—_ 0.732 153
0B —_— -— 1.971 127 LUp J = s 1.971 127
% 1 AR 3.7 0 0.287 181
1 AB — - 1.248 125
1 BA — -— 1.227 150
X 1 BB 3.7 180 3.361 133
Balance quality; -— Balance quality: 8.186
Residual force: -— _— Residual force: A 10.257 N B:10.257 N

' Pérba_udes tests 1A
Parbaudes atsvara ievadisana
plakné A

11. att. Mérijumu ekrani 2 plaknu balansésana

Datu novértésana
Datu ekrana péc katra balansésanas skréjiena redzams:
BalanséSanas atsvara svars
Atbilstosais lenkis
Vibracijas limena efektiva vértiba
Fazes lenkis
Ja strada ar ,,machine setup”, tad sasniegta balansésanas kvalitate un atbilstosais

centrifugalais spéks tiek aprekinats. Ja balansésanas kvalitate ir pielaizu lauka, tad smaidosa
piktogramma paradas ekrana.

Ja vélams detalizeti aplukot izpilditos skréjienus vai art apvienot pievienotos atsvarus

viena — atver , Detailed data view”

ANANE NN NN

Nospiez MENU pogu uz datu ekrana un ,klik” uz ‘Data”;
Papildus atseviSkajiem balansésanas skrejieniem datu lauks sniedz sekojosu informaciju:
Masinas nosaukumu, masinas iestatijumu, ja lieto
Datums & laiks pédéjam balansésanas skréjienam
Atruma iestatijums
Balansésanas kvalitate péc pedéja balansésanas skréjiena
Atlikusais debalans péc pedéja balansésanas skréjiena
Ekrana var izvéléties atseviSskus balanséSanas skréjienus — bls markéti ar melnu

polaraja diagramma

Projekta Nr. 2010/0306/2DP/2.1.1.1.0/10/APIA/VIAA/128 11



ERERAF

EIROPAS REGIONALAS
ATTISTIBAS FONDS

2Plane G2.5

leguldijums Tava nakotné

*

* X x

*
*

* *
* x K

EIROPAS SAVIENIBA

-3. Trim
90% 903
180" 180"
2124 mis 2124 mis
270° 270"
Channel A Channel B
< Previous Next e
Amplitude [m/s7 Phase []
- 0.081]| 289

wsl  0.148]| 288]

Datu ekrans
© = Balansésanas kvalitate OK

12. att. Atseviska skrejiena attéls ekrana

SMALCINATAJA PROTOTIPA GRIEZEJMEZGLA PARAMETRU NOTEIKSANA

Veserisu smalcinataja razigumu [1] nosaka, pienemot, ka rotora veserisi nogriez
materiala slani ka ar frézi. Razigumu M nosaka, atbilstosi 13. att. apziméjumiem:

IT=BL,hnz m3s? (1)

kur  B— rotora hordas garums, kas saskaras ar materialu, m;
L,— rotora garums, m;
h — skaidas biezums, m;
n — rotacijas atrums, apgr s'l,'
Z —rotora veserisu rindu skaits.
levértéjot konstruktivas un kinematiskas sakaribas (1) ieteikta ari Sada formula
smalcinataja raziguma noteiksanai:
IT=480L,D;%, / ¥>*z°%),m’ h* (2)
kur  D,— rotora diametrs, m;
Vp— veseriSu aploces atrums, m/s;
k,- koeficients, kas ir atkarigs no atstarotajplaknes stavokla (k,=1.5 pie nolaistas

un kﬁ =5.2 pie paceltas plaksnes.
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13. att. Aprékina shema

Veserisu smalcinataja piedzinas dzinéja [1] jaudu nosaka:
N =(360...540)1i kw, (3)
kur - ts?
i— smalcinasanas pakape.
Smalcinasana ar triecienu, minimalo dalinas izmeru dy,, kas nodroSina nepiecieSamo
reaktivo inerces spéku nosaka:
d,, =230 10°, /(pV;°) m, (4)
kur o, - materiala izturibas robeza stiepé€, Pa;
p - materiala blivums, kg/m?>;
Vp— veserisu aploces atrums, m/s.
Trieciena realizéSanai atbilstoSais veserisu aploces atrums ir aprékinams:

v, =1.7510°Y b, / (D, )f ,ms™, (5)

kur  Ds— izejmateriala videjais svertais izmérs, m.
Péc prakses atzinam trieciena smalcinasana izmanto veseriSus, kuru asmens roté ar
linedro atrumu 5.000 lidz 7.000 m min™ [2] gar sietu.

TRIECIENA CENTRA NOTEIKSANA GRIEZEJMEZGLA VESERISU KONSTRUKCIJAM

VeseriSu smalcinatajiem rekomendé [3] projektét veseriSus ta, lai to iedarbiba uz
smalcinamo materialu atbilstu punktam uz veserisa, ko déve par trieciena centru. Svariga
trieciena centra 1pasiba ir ta, ka ja speka impulss tiek pielikts trieciena centra, tad ta
iedarbiba uz veserisa gultnojumu ir minimala. Ka sekas tam ir ari vibraciju samazinasanas
iespéjas smalcinataja rotora darbiba.
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y i
—-—/: 2 r\_
(@] G A
__________ o2 ST N 7. S .
; X
e i
» 5 i XG
[ ‘ Xa
- i h .

14. att. Veserisa [3] aprékina shéma

AtbilstoSi veserisa izmériem (14. att.) trieciena centrs sakritis ar veserisa malu A, (ja
stiprinajuma centrs ir O;) [3] pie nosacijuma, ka funkcija f(&,r)=0 :

) b'h'h_z + (2 - i)z} - n-rz{r—z2 +(h- 2&)2}
+ b h(g - &j - (h-29)

kur S=D-h - veserisa plaknes laukums (ieskaitot urbumu laukumu);
b— veserisa platums;
h— veserisa garums;
r=r 1= r,—urbumu radiuss;

ic- monolita veserida inerces radiuss.

f(e.r) =g -

Izvéloties izméru vértibas (mm), programma MathCAD:
h:=100 b:=45 &£:=25.35 r:=7.10
legtstam funkcijas f(&,r) grafiskos attélus (15. att. un 16. att.)

T T T T T 15

1

7 75 8 8.5 9 9.5 10
r 16. att. funkcija f(&,r) atkariba no Sarnira
15. att. funkcija f(&,r) atkariba no urbuma novietojuma
radiusa

Redzam 15. att., ka funkcija f(&,r)=0 pie radiusa urbumam r = 9.25 mm.
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Savukart, Sarnira attalums no veserisa gala & = 0.32 h nodros$ina nosacijuma f(&,r)=0
izpildi.
Inovativu veserisu konstrukcijas no patentiem paraditas Tabula 1.

Tabula 1.
Inovativu veserisu konstrukcijas

iV
V2N
N

\Wii

A

1\

N

—

EP 2 364 780 A2

WO 2012/045447A2 WO 2012/045465A2 US D574400S
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Parskatot inovativo veserisu konstruktivas ipatnibas var secinat:
1) Veserisu forma ir izveidota, koncentréjot to masu tuvak trieciena vietai;
2) Vairakums no veserisiem ir ar mainamiem trieciena asmeniem;
3) Trieciena asmeni tiek veidoti no atSkiriga triecienizturiga materiala

LITERATURA:

1. B. A. bopwes. ObopynoBaHMe ANA U3MENbYEHUA MAaTEPUANOB: APOOUAKM U MeNbHULbI:
yyebHoe nocobue, Tambos: wu3gatenbctBo TamboBckoro  ocyAapcTBEHHOrO
TexHun4yecKoro YHuBepcuteTa, 2004. 75c

2. Hammer mills: hammermills. [tieSsaiste]: Hammer design and configuration, [Skatits
14.08.2012]. Pieejams:
http://www.feedmachinery.com/glossary/hammer_mill.php

3. Mircea Fenchea. Design of hammer mills for optimum performance. Journal of Vibration
and Control published online 28 August 2012, pp.1-9
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* oy *

2. SMALCINATAJA PROTOTIPA KONSTRUKCIJAS 1IZSTRADE

Smalcinataja prototipa padeves mehanisma no rullu iztiSanas mezgla uz rulju
smalcinasanas mezglu projektéSana. Lai varétu nodroSinat iztitas masas padevi no rullu
iztiSanas mezgla uz smalcinasanas mezglu, ir nepiecieSams izprojektét iztitas masas padeves
tekni. Teknei janodroSina regulésanas iespéjas vairakos virzienos, uz augsu un leju, teknes
atstatuma regulésana un lenka regulésana.

Vispirms tika projektéts padeves teknes piestiprinajuma vietas pie rullu iztiSanas
mezgla statnes.

17. att. Teknes stiprinajuma vieta

Padeves teknes ramja konstrukcijas projektéSana. Ramja konstrukcija sastav no
vairakiem taisnstlra profila sijam, kas sametinatas kopa (skat. 18. att. ).

-

18. att. Padeves teknes ramis
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Uz Sis izveidotas ramja konstrukcijas liek virsi padeves tekni. Tekne izgatavota no
térauda loksnes, malas tiek locitas uz augsu, kas vienlaikus kalpo art par biomasas novirzitaju
uz padeves teknes centru. Savukart plaksnes priekSpusé ir jaizveido Sauri taisnstlrveida robi,
lai kedes transportiera trissturveida plaksnes varétu brivi iziet cauri.

o
=
N A
1 !
|
1298
_ 175 - 2 10 o ..778 ~
! |
—r r r r r 1/
\
o
j=]
©
\ O
a
[
!
-
798
Teknes_plaksne
Projic. metode Mérogs
izm. Lapa Dokum. Nr. | Paraksts Dat.
Rasgja M. Smits 1 # 20

Pienéma
Lapa 1 Lapas 1

Masa:

Padeves teknes regulésana vertikalaja plakné (uz augSu un leju). ReguléSanas
mehanisms sastav no divam detalam. Lenka profils ar izgrieztiem regulésanas urbumiem un
tam piemetinata cilindriska caurulite, kas domata teknes ramja piestiprinasanai pie iztingja
mezgla .
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19. att. Padeves teknes regulésana vertikalaja plakné

Padeves teknes regulésana horizontala plakné. Padeves teknes metalkonstrukcijas
sanos japiemetina lenka profils ar urbumiem. Pie ta pieskrivé plaksni ar izgrieztiem
reguléSanas urbumiem un piemetinatu asiti, kas domata padeves teknes stiprinasanai pie
iztinéja mezgla statnes.

20. att. Padeves teknes reguléSana horizontalaja plakné

Padeves teknes lenka maina. Padeves tekne stiprinas pie rullu iztiSanas mezgla ar
assites palidzibu, kura vienlaikus nodroSina ari padeves teknes lenka mainu. Tikai papildus ir
nepiecieSams slipuma regulésanas mehanisms. ReguléSanas mehanisms sastav no austinam
un regulésanas plakandzelZa. Divas austinas ir japiemetina pie padeves teknes ramja sanos.
Otras divas austinas japiemetina pie rullu iztinéja mezgla rullu atduras. Sis abas austinas ir
savienotas kopa ar reguléjamu plakandzelzi. Tada veida ir iespéjams regulét padeves teknes
slipuma lenki.
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21. att. Padeves teknes lenka maina

22. att. Padeves teknes pievienosana
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VIBRACIJU SENSORA MEZGLA IZMANTOSANA SMALCINATAJA PROTOTIPA DARBIBAS
KONTROLEI

lekartu rotoru lidzsvarotibas kvalitati nosaka vairaki starptautiskie standarti, tostarp
Starptautiskas standartu organizacijas izdotie standarti ISO 1940/1, kas ir nemti par pamatu
citu valstu standartu izveidé. Rotoru lidzsvarotibas kvalitati raksturo parametrs G, ko
aprékina péc formulas (7):

G =e-w=const (7)
kur e— rotora ekscentritate,
o - rotora lenkiskais atrums.

Numurs aiz burta G parada ekscentritates un lenkiska atruma reizinajuma maksimalo
pielaujamo vértibu. Péc iepriekS minéta standarta smalcinataju rotoriem lidzsvaroSanas
kvalitates raditajam jabat vismaz G16.

Lai nodroSinatu lidzsvaroSanas pakapes nodrosSinasanu smalcinataja darba laika un
novérstu avarijas situaciju rasanos, ir izstradata smalcinataja prototipa regulésanas un
aizsardzibas shéma, kas redzama 23. attéla.

Smalcinataja prototips

[}
4 [}
: 1 '
' 2 SCHENCK 4
] : :
r [}
(]
' [}
RS485 4 ;
< D 10 9 ;
‘ :
: RS485 H
T 2 ' PLC — '
e $<<—_ ! o3 ;
HC ! ;
11 p ;
(]
Jaudas pievads un s E
invertors atruma : 6 :
regulésanai H = 5 ;
M ~ ;
‘ nv Signala '
[}
1 8 ~a kondicionieris E
] E:] n = 4
' K1 ~ '
. (]
: 7 :
g L}
: (]
i [}
¢ (]

23. att. Smalcinataja prototipa reguléSanas un aizsardzibas shéma ar vibraciju-sensoro
mezglu
1 — smalcinataja rotora piedzinas elektromotors, 2 — smalcinataja rotors ar naziem, 3 —
vibraciju sensori, 4 — vibraciju-sensorais mezgls, 5 — signalu joslas filtri, 6, 7 — analoga signala
detektors, 8 —trigeris ar releja izeju, 9 — ciparu signala parveidotajs no R$232 uz RS485 kodu,
10 — programmeéjamais logiskais kontrollers
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Rotora nelidzsvarotiba darba laika rada palielinatas vibracijas visos smalcinataja
konstrukcijas elementos, tapéc izstradajot regulésanas principus, tika izmantots vibraciju
kontroles sensors, kas lauj iegit informaciju ne tikai par rotora nelidzsvarotibu, bet ari par
rotora gultnu izdiluma pakapi un pareja procesiem (rezonanses paradibam), kas rodas
smalcinataja iedarbinasanas laika.

Main speed
frequency

reference. -
Multi-function

]
|
]
|
)
'
)
]
]
)
|
|

)
programmable "

,_________<.1.?_ - Control circuit
i '
i Forward run/stop!” | | @
1 ! I
!
i Reverse run/stop. | i — _m
] T 1t
' P i L . [Option card
||External faut | 1] 3! _ [F¥= connector
I T T — . ..
' Fault reset r 1 X4/ DIP switch S1 Digital output
' [Mult-step 1 : 841 = EEEN Ve 250 vac, 10mAto 1A
) r 1 30Vdc, 10mAto 1A
1|speed ! o ' =T (default setting)
! [ main/aux switch 1 14 S5! — i3 =41 ng
' Multi-step P ] Usa =
1| speed 2 D] ss! _ 2“113’{_ ommmmm L.
H —H - | |
i Jog reference | i 37: . ﬂﬂ_ : :’: :
— 1 .
______ r---}-% - 424V 8mA Fault : Digital output
Do 24V ! 2:45%de
Digital inputs 1 ! o S . 050 mA
(default setting) | <2> Sink ] (default setting)
! DIP :
| sc switch 83 '_S‘_’!'_cﬂj _______________________
Shield d ps I" P1 During Run
ield groun 7 * (photocoupler 1
termina ov E }:I{L 0 pler 1)
e ' =
|

ulse train input \‘, :
RP {max. 32 kHz) n
U

W Setting power supply !\
+10.5 max. 20 mA

“1A1)0t0 +10V (20 k)

A2
(0)4 to 20 mA (250 Q)

]
]
:
to +10V (20kQ) |
!
]
1

Input

Analogais signals no
vibraciju sensora

mezgla

Safe Disable |

1
|
l
I
Frequency agree |
1
]
I
]
l

(photocoupler 2)
PC | Photocoupler

output common

Cable shield ground

___________________________

Modbus comm.
RS-485/422

! MP 1 Pulse train output )
) 0to 32 kHz !
! Analog monitor
\ \ AM ~—————@ output E
1
! i Oto +10Vdc |
| AC ' (2mA |
\ r(——‘,———d‘( mA) J
i I:srisnligfﬁon Comm. Monitor
connector

1120 2, 1720} " output

' Ry r\:

l g |

i i

H o MEMOBUS/

|

I

]
]
1
1
1
1
1
1
1
1
I
1
1
1
|
!
1
'

Diskrétais (avarijas)
signals no vibraciju
sensora mezgla

[ £
T shielded line —7—}3 twisted-pair shielded line

@© main circuit terminal © control terminal

Kodgtais ciparu
signals no vibraciju
sensora mezgla

24. att. Invertora Powtran PI8000 ieeju konfiguracijas shema

RP un Al — parametru iestatiSanas analogas ieejas, A2 — analoga ieeja invertora parametru
automatiskajai vadibai, HC — diskréta signala ieeja iekartas apturésanai avarijas gadijuma,
RS485/422 — ciparu vadibas ieeja (mikrokontrollera piesleguma)
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Lai kontroletu smalcinataja prototipa vibracijas, tiek izmantots vibraciju sensorais
mezgls SHENCK, kas tiek iebilvéts prototipa un nodrosina regulésanas shémai nepiecieSamo
informaciju par iekartas darbibu.

Galvenais elements, kas rada palielinatas vibracijas darba laika ir smalcinataja rotors ar
asmeniem 2, ko piedzen elektromotors 1 (skat. 23. att.). Rotora gultniem ir piestiprinati
sensora mezgla vibraciju devéji 3 no kuriem signals tiek padots uz vibraciju sensoro mezglu 4.
Lai kontrolétu vibraciju amplitidu un novérstu avarijas situacijas tiek izmantots motora
vadibas invertors 11. Invertora vadibai iespéjams padot vadibas signalus gan analoga, gan
ciparu forma. Katra no invertora ieejam paredzéta noteiktu funkciju veik$anai (24. att.).
Invertoram ir vairakas analoga signala ieejas, no kuram iesp&jams izmantot divas — A2 un HC.
leeja A2 tiek izmantota motora atruma samazinasanai smalcinataja nevienmérigas noslodzes
un rezonanses gadijumos. leeja HC ir paredzéta iekartas apturéSanai avarijas gadijumos,
pieméram, rotora asmenu lizuma gadijuma. Ciparu ieeja RS485 tiek izmantota signala
pievadiSanai no mikrokontrollera, lai veiktu smalcinataja darbibas optimizaciju un ari rotora
gultnu monitoringu. Saja gadijuma no vibraciju sensora mezgla tiek iegita informacija gan
par vibracijam, gan par rotora grieSanas atrumu un apstradata programmeéjamaja logiskaja
kontrollert 10 (23. att.). lericu konstrukcija |auj pievienot papildus sensorus, pieméram,
temperatiras, lai vél vairdk uzlabotu smalcinataja darbibu. So sensoru nepiecie$amibu
noteiks turpmak veikto smalcinataja darbibas parbaudes eksperimentu rezultati.

Lai veiktu vibraciju kontroli un nodrosSinatu iekartas avarijas apturésanu, no vibraciju
sensora mezgla japadod signals uz invertora ieejam A2 un HC. Sim nolikam izveidota
analoga signala kondicionésanas un apstrades shéma, kas sastav no analoga signala
kondicioniera (skat. 23. att.), kas nodroSina ieejas-izejas pretestibu salago$anu un atbilstosa
signala limena ieguvi. Signala kondicionieris ir izveidots izmantojot sprieguma atkartotaju un
instrumentalo pastiprinataju. Sprieguma atkartotaja principiala shema redzama 25. attela,
bet sprieguma pastiprinataja shema dota 26. attela.

Sprieguma atkartotajs ir blvéts izmantojot standarta operacionalo pastiprinataju
neinvert&josa sléguma ar 100% negativo atgriezenisko saiti. Sads slégums nodrosina augstu
ieejas pretestibu, kas nepiecieSama sensora mezgla pieslégsanai.

Sprieguma pastiprinatajs blveéts uz operacionala pastiprinataja bazes izmantojot
neinvertéjoso slégumu (26. att.).

R2

| —
| S|

R1 A

0] ' 0]
1 LT

25. att. Sprieguma atkartotaja principiala 26. att. Sprieguma pastiprinataja principiala
shema shéma
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NepiecieSamais sprieguma pastiprinajuma koeficients tiek iereguléts izmainot rezistoru
R1 un R2 pretestibu attiecibu.

Pastiprinatais analogais signals nonak bloka 27, kura tiek izdalitas noteiktas vibraciju
frekvencu joslas, kas raksturo iekartas darbibas traucéjumus.

Ir izstradata joslu filtra shema, kas nodrosina nepiecieSamas frekvencu joslas caurlaidi.
Filtra shéma redzama 27. attéla.
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27. att. Analoga signala joslu filtra principiala shéma

Filtrs izveidots uz operacionala pastiprinataja OP1 bazes ar pasivajam korekcijas kédém
R1C1 un R1C2. Izmainot korekcijas kézu elementu vértibas iespé&jams iestatit vajadzigo filtra
caurlaides joslu.

lekarta ir uzstaditi divi joslu filtri ar dazadam caurlaides joslam. Filtru bloka 5 izeja tiek
izvaditi divi signali, kuri tiek padoti uz detektoriem, lai iegltu Ilidzspriegumu, kas
nepiecieSams invertora vadibai. Viens no izejas signaliem tiek padots uz invertora analogo
ieeju A2. Sis signals veic motora atruma pieregulé$anu rezonanses un nevienmérigas
padeves gadijumos.

Otrs signals tiek padots uz komparatoru ar releja izeju un nodroSina motora
apturésanu avarijas gadijumos.

28. att. Komparatora principiala shema
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Komparators izveidots péc klasiskas shémas ar pozitivu atgriezenisko saiti caur
rezistoriem R2 un R3. Ta shéma redzama 28. attéla. Komparatora izeja tiek ieslégts
tranzistora pastiprinatajs ar releju, kura kontakti nodrosina avarijas atslégsanu (30. att.).

(T ) 4 p
] t
. Safety switch : K1.1 St HC
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] I
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29. att. Invertora avarijas atslégSanas shéma 30. att. Invertora avarijas atslégSanas shema
(originals, skat. 24. att.) (pielagota smalcinataja prototipa vadibai)

31. K1.1 — vibraciju sensora mezgla izeja
releja kontakts, S1 — avarijas ,Stop” slédzis

Invertora avarijas reZzima vadibas shéma redzama 29. attéla. Lai varétu veikt
automatisku avarijas atslégsanu, vadibas shéma tiek modificéta izveidojot logisko elementu
VAI-NE uz slédza S1 un releja kontakta K1.1 bazes (30. att.).

Ja smalcinataja darbiba rodas avarijas situacija, pieméram, rotora veserisa lGzums,
gultnu avarija un lidzigi lGzumi, vibraciju sensora mezgla devéji sanem informaciju par
palielinatu iekartas vibraciju. Sados gadijumos vibraciju signals ir ar izteiktu impulsveida
raksturu. Signalu kondicionieri izmantotie signala filtri detekté So signalu un nostrada
avarijas komparators, kas atslédz kontaktu K1.1 (30. att). Ta rezultata smalcinataja piedzinas
motors tiek apturéts, novérSot nopietnu avarijas seku rasanos.

BIOMASAS SMALCINASANAS MEZGLA PLACINASANAS MEHANISMS.

Biomasas smalcinataja unifikacijai, lai bltu iespéjams smalcinat gan primari jau
sasmalcinatus stiebraugus, gan niedru kilus, paredzéts izveidot smalcinasanas mezgla
padeves mehanismu un smalcinataja rotoru. lepriekséjie pétijjumi biomasas parstrades joma
rada, ka smalcinasanas iekartu energoefektivitati iespéjams uzlabot smalcinatajus, aprikojot
ar placinasanas mehanismiem. Energéetisko stiebraugu placinasanai un smalcinasanai
patérétas energijas kopsumma ir mazaka neka Si pasa neplacinata materiala smalcinasanas
energija. Tadel biomasas smalcinasanas mezglu paredzéts aprikot ar placinasanas
mehanismu, kas placinatu gan iepriek$ rupji smalcinatus stiebraugus, gan veselus niedru
kdlus. Placinasanai tiks izmantoti placinasanas rulli ar koncentrisku rievojumu (32. att.).
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32. att. Biomasas smalcinasanas mezgla placinasanas rulli.

Koncentriskais rievojums palielina sakeres lenki, ka rezultata, smalcinot veselus niedru
kaJus, materials tiktu vieglak ievilkts starp saspiestajiem placinasanas rulliem. Placinasanas
rullu saspiesanai tiks izmantots hidrocilindrs, savukart rullu rotaciju nodrosinas hidromotori.
Placinasanas mezgla hidrocilindra un hidromotora vadiSanai un piedzinai tiks izmantota
33. attéla paradita hidrauliska shema.
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33. att. Placinasanas mezgla hidrauliska shema

Hidrauliska shéma dod iespeju regulét gan placinasanas rullu rotacijas atrumu, gan
rullu saspiesanas spéku. NepiecieSamibas gadijuma iesp&jams rullus atbidit vienu no otra.
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BIOMASAS SMALCINASANAS MEZGLA GRIEZEJMEHANISMS.

Smalcinasanas mezgla rotora tehniskais risinajums, ka rotors tiek balstits gultnos tikai
no vienas puses, lauj optimali izveidot materiala padeves liku, novietojot to péc iespéjas
tuvak rotora centram. Smalcinatajiem, kuru rotori gultnos tiek balstiti abas pusés,
konstruktivi nav iespéjams materiala padeves luku novietot tuvu rotacijas asij, jo traucé
atbalsta gultnis. ST iemesla dé| rotori tiek projektéti ar lielaku diametru, ka rezultata tiek
palielinati iekartas gabaritizméri un svars.

Veicot niedru kalisu izméru pétijumus tika noteikt, ka kalitis geometriski ir konisks
(34. att.), bet to svars ir robezas no 3.5 lidz 4 kg.

280

2180

L=1200 .. 1500

34. att. Niedru kala gabaritizmeéri

Nemot véra niedru kili$a gabaritizmérus, materiala padeves mehanisma platums tiek
noteikts 200 mm (gan placinasanas rullu, gan atveres platums smalcinataja korpusa).
Pienemot, ka placinasanas mehanisms kaliti saplacinas aptuveni tris reizes, tad atveres
augstums jabut vismaz 60 mm. Konstruktivi tiek pienemts atveres augstumu projektét
100 mm, kas nodrosinatu netraucétu materiala padevi ari dal€ji saplacinatam kalitim.

Projektéjot smalcinasanas griezéjmehanisma mezgla geometriju tiek nemti vera
sekojosi ierobeZojumi:

v’ GriezéjnaZa un pretnaZa savstarpéjais novietojums nedrikst parsniegt sakeres lenki, kas ir
25°%;

v’ GriezéjnaZiem jabat novietotiem t3, lai tie batu lidzsvar3;

v" Lai nodro$inatu smalcinasanas procesa vienmérigu darbibu, tad grieSanas mehanisms
javeido ta, lai grieSanas process notiktu visa rotora apgrieziena laika.

v" Rotors un griezéjnazi nedrikst parsniegt maksimalo inerces momentu, kads pielaujams
attiecigajam elektromotoram.

Sakotnéji tiek projektéts trisstlira formas rotors, uz kura nostiprinati tris griezéjnazi
(35. att.)

35. att. Biomasas smalcinasanas mezgla grieSanas mehanisms
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Lai nodrosinatu, ka materials griesanas bridi netiek bidits uz vienu pusi, tad tiek
izstradati griezéjnazi ar dazadiem rievojuma veidiem (36. att.).

36. att. Griezéjnazi ar dazadiem rievojuma veidiem

Noveértejot izveéleta griezéjmahanismu tiek konstatéts, ka:

v" Viena rotora apgrieziena laika notiek tris atseviski grieSanas procesi, kas rada
nevienmeérigu slodzi uz rotoru un rada vibracijas;

v' Griezéjnazu konstruktivi izveidotas rievas nazi rada spriegumu koncentratorus, ka
rezultata palielinas iespéjamiba rasties plaisam.

Nemot véra konstatéetos trakumus tiek parprojektéta griezéjnazu geometrija (37. att.),
bet atstajot izveléto materiala padeves atveres izmérus un novietojumu. Griezéjnazi tiek
izveidoti ta, lai it ka notiktu daudzi mazi grieSanas procesi rotora viena apgrieziena laika.
Griezéjnaza geometrija veidota ta, lai:

v katras griezéjvirsmas garums ir 20 mm;
v’ katra nakama griezéjvirsma ir nobidita par 10°;
v' griezéjnaZu un pretnazu virsmas saskares bridi ir paralélas.
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37. att. Griezéjnazu geometrija, kas nodrosina vienmeérigu slodzi uz rotoru.
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38. att. Griezéjmehanisma modelésana un inerces momenta noteik3ana AutoCAD

programma.

Modelgjot griezéjmehanismu noteikts, ka rotora konstrukcijas un griezéjnazu kopégjais
svars ir 16.4 kg, bet laukuma inerces moments pret rotacijas asi ir 5-10° cm®. Turpmakajos
pétijumos noteiktais optimalais rotacijas atrums noteiks kads ir rotora masas inerces
moments un kadiem parametriem jaatbilst ta piedzinas mehanismam.

NIEDRU KULU SMALCINASANAS ENERGIJAS, PADEVES ATRUMA UN IEKARTAS RAZIBAS
APREKINS.

Nemot véra rezultatus no niedru kilu grieSanas pétijjumiem (39. att.), tiek veikts
biomasas smalcinasanas mezgla parametru aprékins. legltie dati liecina, ka, palielinoties
kala skersgriezuma laukumam, palielinas arT grieSanai patéréta energija uz laukuma vienibu.
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39. att. Niedru kalu grieSanas eksperimentala iekarta un kdla grieSanas rezultati
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Turpmakos aprékinos tiek pienemts, ka niedru kula vidéjais griezama materiala
kopé&jais $kérsgriezuma laukums A ir 4000 mm?, un vidéja grieanai patéréta energija Esa ir
0.06 J mm?>.

Niedru kilu smalcinasanai nepiecieSama jauda tiek aprekinata:

N = Egy-m
t, (8)
kur:  Esy — Tpatnéja grie$anas energija uz masas vienibu, J kg™;
m — smalcinama materiala masa, kg;
t— laiks, h.

Ipatnéja grie$anas energija uz masas vienibu tiek aprékinata:

E — ESA
SM L
P, (9)
kur:  Esa— Tpatnéja grieanas energija uz laukuma vienibu, J mm?;
L— sasmalcinato dalinu garums, mm;

p— niedru stiebra materiala blivums.

Sasmalcinato dalinu garums tiek reguléts, mainot padeves rullu grieSanas atrumu.
Nemot véera, ka uz rotora ir novietoti tris griezéjnazi, tad sasmalcinato dalinu garums tiek
aprékinats:

L nl-z-D
3-n2 (10)
kur:  n1- padeves rullu grie$anas atrums, min’;
n2 — rotora griesanas atrums, min'l;
D - padeves rullu diametrs, mm.

Smalcinama materiala masa tiek aprékinata:
m:A'rﬂ.'ﬂ'D't'p (11)

kur:  A— pienemtais videjais kulisa Skérsgriezuma laukums, mm?.

Nemot véra iepriekSminétas sakaribas tiek ieglts smalcinasanas procesam
nepiecieS$ama jauda:

E.,-m |_E%'A'nl'”'D't'p E,- Al z-D
N = sr¥ _Lp t _ SAnl'ﬂ-. Dﬂ =3-Eg,-An2
3-n2 . (12)

No iegltas sakaribas var secinat, ka smalcinasanai nepiecieSsama jauda ir atkariga no
nazu skaita uz rotora, Tpatnéjas grieSanas energijas uz laukuma vienibu, griezama materiala
Skérsgriezuma laukuma un rotora grieSanas atruma. Savukart grieSanas procesam
nepiecie$ama jauda nav atkariga no rullu grie$anas atruma un to diametra. Sie divi parametri
raksturo materiala padeves atrumu, kas savukart ietekmeé iekartas razibu un sasmalcinato
dalinu garumu.
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lekartas raZiba tiek aprékinata:

Q:m:A-nl-n-D-t-p:A'nl.”.D'p
t t (13)

No iegutas sakaribas var secinat, ka iekartas raZiba ir atkariga no kulisa Skérsgriezuma
laukums, materiala blivuma, padeves rullu grieSanas atruma un diametra.
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3. SMALCINATAJA PROTOTIPA EKSPERIMENTALIE PETIJUMI:
SMALCINASANAI NEPIECIESAMAS JAUDAS NOTEIKSANA,
TPATNEJAIS ENERGIJAS PATERINS ATKARIBA NO SMALCINATAJA
KONSTRUKCIJAS UN GRIEZEJASMENU VEIDA, ROTEJOSO DALU
DINAMISKAS LIDZSVAROSANAS EKSPERIMENTI, UTT.

Eksperimentu gaitd uz smalcinataja prototipa rullu iztiSanas mezgla novietojam
Miezabrala biomasas rulli. Pie iztiSanas svarigs ir biomasas rulla satiSanas virziens, rullis
janovieto t3, lai tas, uz iztiSanas mezgla tiktu, velts pretéji satiSanas virzienam.

Transportiera piedzina realizéta caur kédes parvadu, kuru griez hidromotors ar ellas
palidzibu, kas padots no hidrauliskas stacijas.

Darbinot smalcinataja prototipa rullu iztiSanas mezgla kédes transportieri, novérojam,
ka biomasas rullis iztinas labi. Bet, iztita biomasas materiala padeve talak uz smalcinataja
mezglu nenotika. Biomasas masas slanis neatdalijas no smalcinasanas prototipa rullu
iztiSanas mezgla transportiera kédes un nonaca zem rulla iztiSanas mezgla (40. att.).

40. att. IztiSanas mezgla darbibas traucéjumi
Miezabrala struktiira, smalkie un garie stiebri, veicina iekerSanos transportiera kéde,
un materials neatdalas, turpina kustibu zem transportiera.

41. att. Stiebru materiala kustiba zem transportiera kédes
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Lai uzlabotu smalcinasanas prototipa rullu iztiSanas mezgla materiala padevi, batu
nepiecieSami eksperimenti ar transportiera kédes izcilnu formu. Tie japarveido ta, lai
transportéjamais materials neaizkertos, bet tiktu grasts nost no izcilniem

Darbibu varétu uzlabot art atsviedéja rullis, kas grieztos ar lieliem apgriezieniem, tada
veida biomasas materials tiktu atsviests no kédes transportiera un padots talak uz
smalcinasanu.

42. att. Konstrukcija ar atsviedéjbiteri

Piemeérota varétu bat konstrukcija ar tekni, kas materialu atdala no konveijera kédes
un novirza talak nepiecieSamaja virziena. Rullu iztiSanas mezgla biomasas padeves kédes
transportiera gals ir horizontals un plats (1.3 m ). Savukart smalcinasanas mezgla biomasas
materiala iekrausanas vieta ir cilindriska tvertne. Nemot véra, ka materiala plisma tiek
saSaurinata, konstru€jot tekni, japaredz, lai Saurakaja gala masa neiesprust. Novirzitajtekne
ir janovieto noteikta slipuma3, lai biomasas materials atdalitos no konveijera lentas izcilniem
un parvietotos virziena uz smalcinataganas mezglu. Saja gadijuma svarigi noteikt materiala
iespilésanas lenki un materiala slides berzes lenki.

43, att. Atdalisanas tekne

MIEZABRALA SMALCINASANAS EKSPERIMENTI AR BIOMASAS SMALCINASNAS MEZGLU

Galvenais stiebraugu apstrades veids pirms briketéSanas vai granuléSanas ir
smalcinasana. Energétisko augu smalcinasana palielina materiala blivumu, tadéjadi uzlabojot
ta transportéSanas un uzglabasanas 1pasibas. Smalcinata materiala brivumu ietekmeé
sasmalcinato dalinu lielums, kas savukart ir atkarigs no smalcinasanas iekartai uzstadita
sieta.
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Lai novértétu biomasas smalcinasanas mezgla uzstadito sietu ietekmi uz smalcinatas
masas blivumu un energoefektivitati tika veikti smalcinasanas eksperimenti, kur tika
smalcinati miezabrala (Phalaris arundinacea) stiebri. Eksperimentu laika tika izmantoti sieti
ar acs izmériem 1.5, 6, 12 un 20 mm. Katra sieta smalcinasanas eksperimentos tika nomeérits
sasmalcinatas masas daudzums, smalcinasanas ilgums un tika uznemta smalcinasanas
mezgla elektromotora momentanas jaudas raksturlikne (1.att.). Jaudas raksturlikni integréjot
tika ieguta smalcinasana patéréta energija, kuru, attiecinot uz sasmalcinatas masas
daudzumu, ieglst Tpatnéjo smalcinasanas energiju. Ipatnéja smalcina$anas energija ir viens
no galvenajiem biomasas smalcinasanas mezgla energoefektivitates raditajiem. Visam
sasmalcinatam masam tika noteikts blivums saskana ar standartu DD CEN/TS 15103:2005.
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44, att. Biomasas smalcinasanas mezgla momentanas jaudas un darba raksturlikne

Lai novéertetu mieZzabrala energoefektivu kondicionéSanas procesa tehniskos
parametrus, tad smalcinasanas eksperimentos iegltie dati tika apkopoti ar So pasu
smalcinato materialu  briketé3anas eksperimentos iegltajiem datiem. [Ipatnéjai
smalcinasanas energijai tika pieskaitita Tpatnéja briketéSanas energija, tadéejadi ieglstot
kopéjo kondicionésanas energiju uz masas vienibu.

legltie dati liecina, ka energoefektivakais kondicionésanas process iespéjams, ja
biomasas smalcinasanas mezgla tiek izmantots siets ar acs izméru — 12 mm. Savukart
vislielakais materiala blivums ieglts ja smalcinasanas mezgla aprikots ar sietu, kura acs
izmérs ir 1.5 mm. Saja gadijuma kondicioné$ana patérétas energijas apjoms palielinds no
48 kJ kg™t uz 260 kJ kg™, kas ir 5,4 reizes vairak. Salidzinot 3os abus sietus, sasmalcinata
materiala blivums izmainijas no 106 kg m™ uz 165 kg m?, bet brike$u blivums izmainijas no
915 kg m3 uz 964 kg m’>. legltos datus iespéjams izmantot projektéjot biomasas
kondicionésanas iekartas, ka ari veicot cieta kurinama transportéSanas izmaksas.
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4. HIDRAULISKAS PIEDZINAS EKSPERIMENTALIE PETIJUMIL.

Eksperimentali tika noteikta smalcinataja prototipa rulju iztiSanas mezgla jauda, iztinot
miezabrala rulli. Kédes transportieris tika darbinats ar hidrauliskas stknu stacijas palidzibu.
Lai aprékinatu jaudu tika noteikts ellas spiediens un sukna razigums pie dazadiem kédes
transportiera kustibas atrumiem. Rezultati apkopoti grafika.
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28
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g 05 Py
E
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m 0 T T T T 1
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Iztingja kédes atrums, m/s

45, att. Rullu iztiSanai nepiecieSama jauda
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5. KALTESANAS PROCESA TEORETISKA IZPETE

REKUPERATORA SILTUMMAINA APREKINS

Rekuperatora siltumsikni ir Peltjé elementi ar virsmas laukuma izméru 40x40mm.
Planotais elementu skaits rekuperatora — 15 vien. Elementi tiks kombinéti uz virsmas — 3
platuma un 5 augstuma. Tada veida pienem siltumsidkna virsmas laukumu 210 x 130mm.

Brivais augstums virs rekuperatora siltumsukna — 140mm.
Siltummaina materials — Aluminijs 6061-T6.
Pie kaltes siltumneséja plismas 980m>/h, plismas atrums rekuperatora — 8.78m/s.
Ekvivalentais Nusselta skaitlis Sahtveida siltummaini—3.3.
Maksimalais efektivai virsmas uzlabojuma raditajs:

ANENENEN

o= \|| N 42.6
(14)
kur, a- maksimalais efektivais virsmas uzlabojuma raditajs;
ko — siltummaina vaditsp&ja — Aluminijam 6061-T6 — 156.0W/(m-°C);
ks— gaisa vaditsp&ja — 0.026W/(m-°C).
Vélamais siltummaina ribu atstatums:
8- L
5=2y. sz 2.30mm;
\ (15)
kur, S- velamais siltummaina ribu atstatums;
9 - gaisa kinematiska viskozitate, 940- = 16.97 - 10°m?/s;
L— siltummaina ribu garums plismas virziena, L=210mm;
u— plasmas atrums, u=8.78m/s.
Bezdimensiju kanala augstums A:
H
A= o =072 (16

kur, A-— bezdimensiju kanala augstums;
H- ribu augstums, H=70mm.
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Normalizeta termiska pretestiba:

H
1l = ——— = 0.018°C/IW;
ke, -W-L /
Q— normalizéta termiska pretestiba, °C/W;
W — Siltummaina platums, W=130mm;
Bezzudumu siltummaina termiska pretestiba:

1
Oyezzua = 22 = 0.04°C/W;

Siltummaina termiskas pretestibas visparéja augseja robeza:
Hvz'sp. = fvisp. " Opezzua = 0.044°C/W;

&visp.— Visparéjas augséjas robezas lietderibas attieciba

(17)

(18)

(19)

Ta ka bezdimensiju lielums A ir mazak par 1, tiek piedavats uzlabots plano ribu modelis:

&p!.ribu = f‘p!.ribu " Bpegzua = 2.12°C/W;

Bp. ribu — termiska pretestiba augséja robeza plano ribu modelim, °C/W;

€ pl.ribu — Plano ribu lietderibas attieciba;

Optimalais ribu biezums:

B’P:' ribu — E = 1.?mm;

B pi. ribu — VElamais ribu biezums plano ribu modeli, mm.
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6. KALTESANAS EKSPERIMENTALA MODELA IZSTRADE

46. att. Motorreduktoru un degli savienojosas detalas kopsalikuma

47. att. Motorreduktoru un degli savienojosas detalas atseviski
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Kurtuves dimvada uzstadiana vadotne
ar kondensita izvadifanas urbumu
pamatnes balsta

Konstrukcija veidota no konstrukeiju
térauda  S235JR lenka  profila
50x50x5mm

Barzes konstrukeija, kas iebetongjama
fundamenta  (480kg).  Izmantojot
bultskraves tiek fikseta balsta augidala
pic bazes konstrukcijas

49. att. DUmvada balsta konstrukcija
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Kaltesanas eksperimentala modela kurtuves diimvada Izgatavosana
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KALTESANAS EKSPERIMENTALA MODELA BIOMASAS DEGLA DEGSANAS PROCESA
KONTROLERA TEMPERATURAS SENSORU MONTAZAS SHEMAS IZVEIDE

Degsanas procesa kontrolésanai un kaltei nepiecieSama karsta gaisa temperatiras
uzturésanai konstanta vertiba tiek izmantots degSanas procesu reguléjoss kontrolers, kas
tiek montéts biomasas degla sana. Lai sekmigi veiktu nepiecieSamo regulésanu, ta
temperatiras sensori tiek izvietoti dimvada — izejoSo dimgazu kontrolei, karsta gaisa izeja —
nepiecieSama produkta kontrolei, kurinama transportieri — drosSibas apsvérumu del, lai
izvairitos no degSanas procesa transportierl. Nosakot So temperatiru vertibas, kontrolers
regulé gaisa padevi sadegSanas kamerai. NepiecieSamibas gadijuma samazina kurinama
padeves intensitati vai ierosina aizdedzinasanas tena darbibu degSanas uzsaksanai.

Papildus degSanas procesa kontrolerim tiek izmantots arl piedzinas frekvencu
regulators, kas nodroSina vél plasakas iespéjas kurinama padeves reguléSanai atkariba no ta
frakcijas izméra un citiem raksturlielumiem.

50. att. Biomasas deglis ar kontroleri un frekvencéu parveidotaju
1 - Dimvads; 2 — Karsta gaisa izeja; 3 — DegSanas procesa kontrolers;
4 — Piedzinas frekvencu regulators kurinama padeves regulésanai;
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PIEDZINAS MEHANISMA UN ELEKTROMOTORA BALSTA KONSTRUKCIJAS IZSTRADASANA

4
4
3
2
#—
1 5

KaltéSanas kameras piedzinas principiala uzbive
1 — Elektromotors ar reduktoru; 2 — Kédes spriegotajs; 3 — Apak3€ja konveijera dzenosais
rullis; 4 — Augseja konveijera rulli (abi dzenosi).
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SILTUMA REKUPERATORA KONSTRUKCIJAS IZSTRADASANA

Siltuma rekuperators ar atsegtu sana sienu
1 —Izmantota kaltéSanas agenta ieplide; 2 — Siltumsikna aluminija ribas maksimalai siltuma
nonemsanai no izmantota agenta; 3 — Demontéjama sanu siena; 4 — Izplldes caurule ar vacinu tiesai
izlaiSanai; 5 — Kondensata izvads; 6 — Aizvars tieSai izmantota agenta izlaiSanai un recirkulacijas
novérsanai; 7 — leplides caurule ar vacinu svaigam kaltésanas agentam; 8 — Siltumsikna aluminija
ribas maksimalai siltuma atdevei jaunajam kaltésanas agentam; 9 — Uzsildita kaltéSanas agenta
izplades caurule.

Esosa kaltéSanas

agenta

recirkulacija

Jauna kaltesanas \

agenta ieplide
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KALTESANAS EKSPERIMENTALA MODELA KURTUVES PLUSMAS REGULATORA,
VENTILATORA STIPRINAJUMA KONSTRUKCIJAS IZSTRADE

Lai nodrosinatu atru degSanas procesa uzsakSanu kurtuve, izveidots dumgazu plismas
regulators, kas nodrosSina dimvada atraku uzsilSanu un minimizé sakotnéja kondensata
veidoSanos kurtuve.

Uzsakot degSanas procesu kurtuve, plusmas regulators ir horizontala stavokli un
dumgazes plust tikai pa pirma gajuma slidcaurulém un nonak dimvada. Aizverot pllismas
regulatoru, tiek nodrosinata dimgazu plisma caur otras pakapes slidcaurulém lejup un aiz
plismas regulatora augsup. Tada veida tiek palielinats siltummainas virsmas laukums un
iekartas lietderibas koeficients.

Dimgazu temperatirai sasniedzot kritisko rasas punkta veértibu, iespéjama daléja
plismas regulatora atvérsana, lai neveidotos dimvada kondensats.

51. att. PlGdsmas regulators

1) Plasmas regulators vira;

2) Pirma gajuma sildcaurules;

3) Otras pakapes lejupejosas sildcaurules;
4) Otras pakapes augSupejosas sildcaurules;
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KALTESANAS KAMERAS SILTUMIZOLACIJAS DETALU KONSTRUKCIJAS 1ZSTRADE

KaltéSanas energoefektivitates nodroSinasanai kameras virsmas ir noklatas ar
siltumizolaciju. Ta veidota kopuma no 12 blokiem. Lai nodroSinatu piedzinas darbibu un
kaltéSanas agenta caurulu pieejamibu, siltumizolacijas blokos tiek veidoti griezumi, kuri
katram blokam ir atskirigi. Katrs bloks pie kaltéSanas kameras sienam tiek fikséts ar 4 viegli
fiksejamiem uzgrieZzniem, kas tiek montéti uz kameras virsmas detal]am piemetinatiem
vitnstieniem.

52. att. KaltéSanas kamera ar siltumizolacijas blokiem
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53. att. Siltumizolacijas bloku ramiji
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54. att. Siltumizolacijas bloku modifikacijas
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KaltéSanas eksperimentala modela kaltésanas agenta plismas cauruju sistému veido
lokano vai cietsienu caurulu sasaiste starp kaltéSanas kameru, energijas rekuperatoru,
ventilatoru un kurtuvi. Atsevisks savienojums veidojams ari starp kurtuvi un biomasas degli,
lai nodroSinatu degSanas procesu ar ieprieks uzsilditu gaisu, tada veida nodroSinot
sadegSanas procesa lietderibas paaugstinasanu. (55. att.)

Ta ka kaltéSanas agenta ievade un izvade no kaltéSanas kameras notiek kameras abos
sanos, tiek izmantota plismas apvienoSanas (1) un sadales bikse (6) (56., 57. un 58. att.). Péc
plismas apvienoSanas ta tiek vadita uz energijas rekuperatoru, kura tas mitrums tiek
kondenséts un energija parvadita uz atjaunoto siltuma agentu. Sistéma aiz rekuperatora tek
montéts kanala ventilators (2) ar paréjam uz nepiecieSamo diametru. Péc ventilatora seko T
gabals ar plusmas dalitaju, kura uzdevums ir novadit plismu pa mazo loku vai lielo (59., 60.
att.). Caurulu sistéma gan lielaja, gan mazaja loka tiek uzstaditi pretplismas varsti, lai
nodrosSinatu viena virziena plismu T gabala (7). Sekojosi plisma tiek sadalita biksé (6) un
ievadita kaltéSanas kamera.

55. att. Eksperimentalai kaltéSanas modelis
1) Kaltésanas kamera;
2) Kaltésanas agenta pievadcaurule;
3) Kaltésanas agenta izvadcaurule;
4) Energijas rekuperators;
5) Kurtuve karsta gaisa generésanai;
6) Biomasas deglis;
7) Karsta gaisa pievads biomasas degla degkamerai.
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56. att. Eksperimentalai kaltéSanas modelis — skats |

ey

57. att. Eksperimentalai kaltéSanas modelis — skats Il
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59. att. Lielais loks (ar kaltésanas agenta uzsildiSanu kurtuves siltummaini)
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60. att. Mazais loks (bez kaltéSanas agenta uzsildiSanas kurtuves siltummaini)
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7. KALTES ENERGOEFEKTIVITATES, SILTUMU ZUDUMU, RAZIGUMA
U.C. PARAMETRU NOTEIKSANA

EKSPERIMENTALA MITRUMA IZNESES ATRUMA NOTEIKSANA ENERGETISKAJIEM AUGIEM
UN KUDRAI ATKARIBA NO KALTEJAMA MATERIALA UN SLANA BIEZUMA

Mitruma izneses atruma no energétiskajiem augiem un kidras noteiksanai atkariba no
kaltéjama materiala un slana biezuma tiek izstradata eksperimentala kaltéSanas kamera.
Kamera pamata veidota no putu polistirola, kas samazina konstrukcijas svaru un uzlabo
siltumizolaciju. Kameru paredzéts pozicionét uz svariem un kaltéSanas procesa laika registrét
masas izmainu laika.

thn

61. att. Eksperimentala iekarta

Kameru veido:
1) Izplides urbums — mitruma un kaltéSanas agenta izvadisanai no kameras;
2) Nonemams kameras vaks kaltéjama materiala ievietosanai;
3) Nerisejosa térauda siets gaisa plismai caur to un materiala novietosanai;
4) Gaisa plismas vadotnes;
5) Karsta kaltéSanas agenta ieplides urbums.
Ka kaltésanas agenta — karsta gaisa — avotu izmanto ventilatoru ar silditaju. Planotais
materiala slana biezums kamera — no 50-150mm.
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Siltumzudumi caur iekartas putu polistirola konstrukciju uz telpu (ko izraisa iekartas
vidéjas temperatlras un telpas gaisa temperaturas starpiba) N,,, tiek aprékinati péc
formulas:

A-A- Aty
Nep = ==

— 65W, (22)

kur  A— putu polistirola ipatnéja siltumvaditspéja, 0.05 W-m K%,
6 — siltumizolacijas biezums, 0.02 m;
A— kolektora arsienu virsmas laukums, 0.65 m?;
At, — temperatlru starpiba tyig = treipass— tkameras=40°C.

KALTESANAS EKSPERIMENTALA MODELA KURTUVES FUNKCIONALA PARBAUDE DEGSANAS
REZIMA UN EKSPERIMENTALA SILTUMA JAUDAS NOTEIKSANA

66. att. Temperatlras mérijumi funkcionalaja parbaudé

Konvektiva siltumatdeve no siltummainas virsmas apkarteja videé:
Q=a, (t;—t;) 5, (23)
kur, ag— virsmas vidéjais siltumatdeves koeficients, pienem ag=50W/(m?*K);
t; — vidéja virsmas temperatdra, K;
t, — vidéja gaisa temperatlra virsmas tuvuma, K;
S,— virsmas laukums, m?.
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Virsmas | Vidgja virsmas| Temperaira Virsmas
. : . Temperairu :
MériSanas virsma| laukums, | temperaira t, virsmas S siltumatdeves
m? °C tuvuma t,, °C jauda, W
Durvis 0.25 114 35 79 988
Aizmugures virsmg 0.55 30 20 10 275
PriekSd&as augSa 0.26 116 30 86 1118
Priek8ddas apaksa 0.05 260 45 215 538
Virsma 0.33 99 30 69 1139
Sana prieksja puse 0.4 130 25 105 2100
Sana aizmugures 0.4 56 25 31 620
puse
Kopa 6.8kwW
Genereétais karstais gaiss:
Q@ =v - (Lo, — tigpr) = 69972k] (2)
kur, V- generéta karsta gaisa daudzums, V = 980m>;
c— gaisa siltumietilpiba, cgaicam = 1.05kJ/kgK;
tiep. — generatora ieplustosa gaisa temperatura, tiep = 10°C;
ti,pl. — NO generatora izplustosa gaisa temperatira, ti;p. = 78°C
Generatora jauda:
P, = €_ 19.43kW;
= (25)
kur, s— karsta gaisa generésanas laiks, s=3600s;
Kurtuves sadedzinasanas jauda P, — 28kW.
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8. DOZESANAS PROCESA TEORETISKA IZPETE

PATENTSPEJIGA DOZATORA —GARUMOTAJA KONSTRUKCUJA

lepriekS€jos periodos veiktie teorétiskie un eksperimentalie pétijumi paradija, ka, lai
iegltu kvalitativas biomasas briketes, nepiecieSams nodrosinat stiebru materialu
garumosanu ar dalinu izméru no 5 lidz 15 ¢cm un 3o dalinu dozéSanu sakartojot tas paraléli
citu citai briketétaja ieeja. Tika izstradata un eksperimentali aprobéta garumotaja
konstrukcija ar diviem pretéjos virzienos rotéjoSiem rotoriem, kuros nostiprinati griezéjnazi
[1].

Lai izstradatu dozatora — garumotaja patentspéjigu konstrukciju, tika veikti patentu
literatdras pétijjumi ar mérki atrast izgudrojuma prototipu.

lzgudrojuma prototipam vislabak atbilst ASV patents Nr. US 2007/0234863 Al un
EP1837137 (A1), IPCI B26D 7/06 ,Garumosanas ierice un metode tas vadibai” (67. att.).

EA5 R

sk

67. att. Garumosanas ierices shéma

lerice sastav no diviem identiskiem griezéjiem, kas novietoti viens aiz otra [2]. Katrs
griezéjs satur vienu rotéjo$u nazi 16 un 26 un nerotéjosu pretgriezéjnazi 12 un 22. Siierice ir
principiali dziga izstradatajam dozatoram — garumotajam, bet ta nav piemérota stiebru
materialu garumosanai. Musu piedavata ierice satur divus pretéjos virzienos rotéjosus nazus,
kuru asmeni saskaras un veic materiala grieSanu.

Analizéjot So prototipu, tika izstradats patenta pieteikums ,Stiebru materialu dozators
— garumotajs”. Dozatora — garumotaja eksperimentalais modelis ir izgatavots un ta darbiba
eksperimentali parbaudita.
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Patenta pieteikums

Autori

Dainis Ancans
Imants Nulle
Aivars Kakitis

Kopsavilkums:izgudrojums attiecas uz lauksaimnles produkcijas gostrades ieldrtam un

ir izmantojams stiebru matehi (niedru, salmu, kgpju) sagarumosSanai noteikta garuma
ddas un sagarumas masas padeves reggdnai. lzgudrojuma novii nodroSina tas, ka
griez&jnazi ir nostipriati uz diviem sinhroni preéjos virzienos rajoSiem rotoriem.
Garumoijs izmantojams galvenak stiebru biomasas sagrumosSanai noteikte&eranddas un

to doZtas padeves nodro&anai biomasu kuriima brikeSu razoSan

Stiebru materialu dozators - garumotjs

Izgudrojums attiecas uz lauksaimniggs produkcijas gostrades ielirtam un ir izmantojams
stiebru matedlu (niedru, salmu, kgpju) sagarumoSanai noteikta garumalaslaun
sagarumats masas padeves reggdnai. Garuma@js izmantojams galvenak stiebru
biomasas sagrumoSanai noteikta dzanddas un to doztas padeves nodrodBanai biomasu
kurinama brikeSu razoSan

Ir zinama iefice ,GarumoSanas e un metodeas vadbai” (Amerikas patents Nr. US
2007/0234863 Al, IPCk2sp 7109, kura paredsta pbna pkkSpu materila sagariaSani
noteikta izndra gabalos un to transpégtnai. leices griezjmehanisms sadv no diviem
rotejoSim naziem un diviem nekdgtem naziem — pretgriégem.

Mingtajai ieficei piemt trakums, kad nenodroSina stiebru mat&u gariraSanu un padevi.
Izgudrojuma narkis ir ierices funkcioalo spEju paplasiasana, kas nodrogitu stiebru
materialu gariraSanu noteikta izera ddinas un to padevi, saktota veida, brike€taja.
Izgudrojuma rarkis tiek sasniegts izveidojot grigmehanismu ar diviem r@osSiem naziem,
kuri rote pregjos virzienos un grieSanas momentos to asip&vietojas viens otram pretim.
Nazi nostiprirati rotoros, kas veic amaterala padevi un nodroSina tlo£sanu.

lerices uzlave redzama Fig. 1. Garumgg sasiv no diviem rotoriem 1, ar izgriezumos
nostipriraitiem naziem 2, smalcima materéla 3 padeves tiiem 4 un izvadkaiia 5.

lerices dariba notiek sekojoSi. Smal@mais stiebru matetis 3 tiek padots padevesllas 4,
kuri to parvieto uz rotoriem 1. Rotoru grieSanrezulita nazu 2 asmg nonak kontaké un
nocrt stiebru matediu. Atdalita materila ddinas p@rvieto nazi un as tiek izsviestas
izvadkarala 5.

Dalinu garums ir atkags no rotoru diametra un nazu skaita. Matgradevi nosaka padeves
rullu un rotoru grieSas atrums. Izmainot Sos parametru igspns dozt materila padevi.
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* x K

Fig. 1

Pretenzija

Stiebru matedla dozators garumas, kas satur vienu rgbSi nazi un vienu nekusfu

pretgriezjnazi, atgiras ar to, ka, ar anki paplasiat funkcioralas iesgjas, nazi ir nostipriati

uz diviem sinhroni préjos virzienos raijoSiem cilindriem, kuriem smalcima masa tiek
padota ar diviem dliem, kas nosaka padeves daudzumu.

Izmantoa literatira

1. Aivars Kakitis, Imants Nulle, Dainis Ancans. (20183EOMETRIC AND KINEMATIC
PARAMETERS OF BIOMASS CUTTER Engineering for rudgvelopment: Proceedings of 11th
International Scientific Conference, Latvia Univgrsof Agriculture, Faculty of Engineering
Jelgava: LUA, pp. 251-256.

2. Patents EP1837137 (Al), tieSsaistes resurss
http://worldwide.espacenet.com/publicationDeta#sftiption?CC=EP&NR=1837137B1&KC=B
1&FT=D&ND=3&date=20100602&DB=EPODOC&Ilocale=en_EBkatts 02.12.2012.
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9. DOZATORA KONSTRUKCIJAS IZSTRADE. DOZATORA
EKSPERIMENTALA MODELA IZSTRADE.

GULTNU IZVELE UN PARAMETRU NOTEIKSANA

NZN%|
— -5 - 5 - -
- -
o o
]
. N
1
[} o
N
E | | 4 ]

68. att. Dozatora modelis

Pienemama, ka rotoru MAX grieSanas atrums bls n=500apgr./min; Radiala slodze
F,=400 N, Aksiala slodze F,=0 N;

Gultnu izvéele

Varpstu uzstadam uz lodisu gultniem. Péc varpstas diametra d= 30 mm

Pienemam vieglas sérijas SKF radialos lodisu gultnus 1726206 ar FY 506 korpusu,
69. att.
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69. att. Gultnis
1 - flanéa tipa ¢uguna korpuss, 2 - stiprinajuma urbumi, 3 - korpusa aizmugures
plakne ar vai bez centrésanas padzilinajumu, 4 - [éjuma padzilinajums,
5 - Y-gultnis, 6 - ziezvarsts, 7 - gultna montazas sprauga, 8 gala vaka padzilinajums

Lai samazinatu varpstas garumu, izvéléti ir Y — tipa radialo lodiSu gultni ar standarta

iekSéjo gredzenu. Ta ka varpstas diametrs gultna sézZas vieta ir 30 mm, tad no tabulas izvéléti
gultni 1726206-2RS1. Rotori neparsniegs noradito limitéto rotacijas atrumu — 7500
apgr./min un dinamisko slogojumu — 19.5 kN.

AN NI N N NN

Dimensions Basic load ratings  Fatigue Limiting Mass Designation
dynamic static load speed
limit
d D B d1 T4.2 5 Cﬂ Pu
min
mm kN kN r/min kg -
17 40 12 24,2 0,6 9,56 4,75 0,2 12 000 0,056 1726203-2RS1
20 47 14 28,5 1 12,7 6,65 0,28 10000 0,095 1726204-2RS51
25 52 15 34 1 14 7.8 0,335 8 500 0,11 1726205-2RS1
62 17 36,6 13 22,5 11,6 0,49 7 500 0,20 1726305-2RS1
30 62 16 403 1 195 A1.2 0475 7500 0,18 1726206-2RS1
72 19 44,6 11 281 16 0,67 6 300 0,30 1726306-2R51
35 72 17 46,9 1 25,5 15.3 0,655 6300 0,25 1726207-2R51
80 21 49,6 1,5 33,2 19 0,815 6 000 0,40 1726307-2RS51

70. att. Gultna parametri (no SKF gultnu rokasgramatas)
d=30mm
D=62mm
B=16 mm
e =0,19 mm (min)
Co =11.2 kN — statiska nestspéja
C=19.5 kN — dinamiska nestspéja
r/min = 7500 — ierobeZojosais rotacijas atrums
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Ekvivalenta dinamiska slodze

P = (XFr + ¥YFa) Ko KT (26)

kur; P- Ekvivalenta dinamiska slodze [kN],

Fr- gultna faktiska radiala slodze [kN],

Fa- gultna faktiska aksiala slodze [kN],

X - gultna radialas slodzes koeficients,

Y- gultna aksialas slodzes koeficients,

Ky =1 —temperatiras koeficients;

Ks=1—-dinamiskuma koeficients.

Ta ka aksialo slodzu nav, tad:
P=Fr -Ko-KT=04-1-1=04kN (27)

Noslogotaka gultna faktiska ilgizturiba stundas

3 3
L, :(%j :(1905300j =1.159 16 miljoniem apgriezieni (28)

3 3
o 0 (C] 2010500
60 500

600 L P 0.4 h (29)

kur:  Ljo= gultna darbmizs (pie 90% ticamibas), miljoniem apgriezieni;
Lion= gultna darbmizs (pie 90% ticamibas), darbibas stundas;
C = pamata dinamiska slodzes, kN
P = ekvivalenta dinamiska slodze, P=F,, kN
n = rotacijas atrums, apgr/min

Guideline values of requisite basic rating life L1gy, for Y-bearings and Y-bearing units

Type of machine Requisite basic
rating life Ligy
operating hours

Machines used for short periods or intermittently

Agricultural and ancillary transport equipment 1000 to 2 000
Other agricultural equipment 4000 to 8 000
Machines used 8 hours per day but not always fully utilized

Belt conveyors 12000 to 20 000
Machines used 8 hours per day and fully utilized

Light duty fans, textile machinery 20000to 30 000

71. att Rekomendéjama ilgizturiba Lign Y — tipa gultniem

lzvéléto gultnu aprékinatais darbmuzs ir lielaks neka rekomendétais. Ta rezultata
izvelétie gultni atbilst vélamajai konstrukcijai.
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KEDES PARVADA UN ZOBRATU IZVELE DOZATORA MODELA IZVEIDEI.

Lai masa vieglak tiktu padota uz griezéjrotoriem, dozatora konstrukcija ir paredzéti

saspiedéj rulli.
284

]

392

D
&
QW

267 .50

r

112.50

i
|

600

72. att. Dozatora modelis: 1 - zobrats, 2 - kéde, 3 - korpuss,
4 - piespiedéj rulla vadotne, 5 - elektromotors

Sos saspiedéj — padeves rullus piedzen no darba varpstam ar griezéj rotoriem. Piedzinai
tika izveléts kedes parvads.

Péc analizétas informacijas zinatniskaja literatura izsecinats, ka vid€ji, lai cirstu vienu
niedres stiebru ir nepiecieSama 2,9 W liela jauda. Savukart eksperimentos noteikta
maksimala jauda ir 8,75 W uz niedres stiebru. Dzinéja izvéle tiek pamatota uz eksperimentali
ieglto maksimalo jaudu, kas ir nepiecieSama, lai cirstu vienu stiebru.

Eksperimentali tika noteikts, ka nogriezamaja Skérsgriezuma vidéji ietilpst 33 niedru
stiebri.

Vienam cirtienam nepiecieSamo jaudu aprékina péc formulas (30):

N=mn_-N;=33-875=1288.75W (30)

kur; N - vienam cirtienam nepiecieS$ama mehaniska jauda, W;
ns— nogriezamo niedru skaits;
N; — viena stiebra parcirSanai nepiecieSama maksimala jauda, W.
Pienemam, ka dozatora lietderibas koeficients ir 0,5. Koeficients ievérté visus
zudumus, kas rodas elektriskajai jaudai parejot mehaniskaja t.i. vienam cirtienam

nepiecieS$amajai jaudai. NepiecieSama elektromotora jaudu aprékina péc formulas (31):
N 28875
=—= =5775W
T 0.5

(31)
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Kur: P— elektrodzingja jauda, W;
N — garinataja lietderibas koeficients;
N — vienam cirtienam nepiecieSama mehaniska jauda, W.

Aprékiniem izvélamies EPM25 hidromotoru lidz 4.5 kW izejas jaudu un ar izejosas
varpstas paredzéto Max griesanas frekvenci n=1600 apgr./min. Motora frekvence ir iespé&jam
regulét no MIN 20apgr./min — lidz MAX 1600 apgr./min.

Izejot no eksperimentiem nepiecieSamas motora parvaditas jaudas un apgriezieniem,
izvélos kédi un zobratu tipus péc 73. attéla.

200
100 [—— LARGER SIZES ARE
50 J—__AVAILABLE - CONSULTYOUR LOCAL_____|
AUTHORISED DISTRIBUTOR |
60
50
40
30
20
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E] 8
E 6
g 5
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[=]
2
1
0.8
0.6
0.5
04
0.3
0.2
0.1

10 &8 8 988 810 8 8

Rev/min of FASTER SHAFT

73. att. Zobratu un kédes izvéles liknes

g 1000
0

400
500
600
2000
3000
4000

No attéla péc attistitas jaudas un apgriezieniem piemeéroti ir 06B (solis 9.525) tipa kéde
ar zobratiniem.

Lai zobrati savstarpéji nesaskartos un netraucétu citam konstrukcijas dalam, tiek
izvéléti péc iespéjas mazaki zobrati ar attiecigo kédi (74. att).
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ISO 06B-1 9,525 mm Pitch
Pilot bore Type B - Steel/Cast Type A - Steel
No. Pitch Type Bore Hub Weight Designation No. Pip:h Type Bore  Weight Designation Typ eA
Teeth  Diameter il el L Teeth  Diameter Stock
mm mm mm mm mm kg mm mm kg 5,31 mm
8 2489 B 6 6 15+ 20 003 PHSO06B-1B8 (8 2489 A 6 002  PHS06B-1A8 o ——— ot
9 2785 B 8 8 18 20 004 PHS06B-1B9 |9 2785 A 8 002  PHSO06B-1A9
10 3082 B 8 8 20 20 004 PHSO06B-1B10 |10 3082 A 8 0,02  PHS06B-1A10
11 338 B 8 8 22 25 008 PHSO06B-1B11 |11 380 A 8 0,03  PHS06B-1A11
12 368 B 8 10 25 25 010 PHS06B-1B12 |12 3680 A 8 004  PHS06B-1A12
13 3979 B 10 12 28 25 012 PHS06B-1B13 |13 3979 A 8 0,05 PHS06B-1A13
14 4280 B 10 15 31 25 015 PHSO06B-1B14 |14 4280 A 8 005 PHS08B-1A14
15 4581 B 10 18 34 25 019 PHSO06B-1B15 |15 6581 A 8 0,06  PHS06B-1A15
16 4882 B 10 20 37 28 (024 PHSO06B-1B16 |16 4882 A 10 007  PHS06B-1A16
17 5183 B 10 23 40 28 029 PHS06B-1B17 |17 5183 A 10 007  PHS06B-1A17
18 pagc B 40 26 43 28 0 PHS 068-1818 | 18 5485 A 10 0,08  PHS06B-1A18
19 5787 B 10 28 45 28 037 PHSO06B-1B19 |19 5787 A 10 009  PHS06B-1A19
20 6089 B 10 28 46 28 039 PHSO06B-1B20 |20 6089 A 10 010  PHS 06B-1A20
21 6391 B 12 30 48 28 042 PHSO06B-1B21 |21 6391 A 10 011  PHS06B-1A21
22 6693 B 12 35 50 28 D046 PHSO06B-1B22 |22 6693 A 10 013  PHS06B-1A22
23 6995 B 12 35 52 28 050 PHSO06B-1B23 |23 6995 A 10 014  PHS06B-1A23
24 7297 B 12 35 54 28 054 PHSO06B-1B24 |24 7297 A 10 015  PHS06B-1A24
25 7600 B 12 40 57 28 060 PHSO06B-1B25 |25 7600 A 10 017  PHS06B-1A25
26 7902 B 12 40 60 28 067 PHSO06B-1B26 |26 7902 A 10 018  PHS06B-1A26
27 8205 B 12 40 60 28 068 PHS06B-1B27 |27 8205 A 10 019  PHS06B-1A27
28 8507 B 12 40 0 28 070 PHSO06B-1B28 |28 8507 A 10 021  PHS06B-1A28
29 8809 B 12 40 60 28 072 PHSO06B-1B29 |29 8809 A 10 023  PHS06B-1A29
30 9112 B 12 40 0 28 077 PHSO06B-1B30 |30 9112 A 10 025  PHS06B-1A30
31 9415 B 1k 43 65 30 088 PHSO06B-1B31 |31 %15 A 12 0,26  PHS06B-1A31
32 9717 B 14 43 ¢5 30 090 PHSO06B-1B32 |32 9717 A 12 0,28  PHS06B-1A32
33 10020 B 14 43 65 30 091 PHS06B-1B33 |33 10020 A 12 030  PHS06B-1A33
34 10323 B 14 43 65 30 094 PHSO06B-1B34 |34 10323 A 12 032  PHS06B-1A34
35 10626 B 14 43 65 30 095 PHSO06B-1B35 |35 10626 A i) 034  PHS06B-1A35
36 10929 B 14 48 70 30 107 PHSO06B-1B36 |36 10929 A 12 035  PHS06B-1A36
37 11232 B 14 48 70 30 109 PHS06B-1B37 |37 11232 A 12 0,38  PHS06B-1A37
38 11535 B 14 48 70 30 110 PHSO06B-1B38 |38 11535 A 12 039  PHS06B-1A38
39 11837 B 14 48 70 30 112 PHSO06B-1B39 |39 11837 A i) 042  PHS06B-1A39
40 12140 B 14 48 70 30 116 PHSO06B-1B40 |40 12140 A 12 0,44  PHS 06B-1A40
41 12443 B 14 48 78 32 128 PHSO06B-1B41 |41 12443 A 16 046  PHS06B-1A41
42 12746 B 14 48 78 32 136 PHSO06B-1B42 |42 12746 A 16 048  PHS06B-1A42
43 13049 B 14 48 78 32 144 PHSO06B-1B43 |43 13049 A 16 0,51  PHS06B-1A43
4h 13352 B 14 48 78 32 152 PHSO06B-1B44 | 44 13352 A 16 054  PHS 06B-1A44
45 13655 B 14 40 78 32 140 PHSO06B-1B45 |45 13655 A 16 0,56  PHS 06B-1A45
46 13958 B 14 48 78 32 168 PHS06B-1B46 |46 13958 A 16 059  PHS06B-1A46
47 14261 B 14 48 78 32 176 PHSO06B-1B47 |47 14261 A 16 061  PHS06B-1A47
48 14564 B 14 48 78 32 184 PHSO06B-1B48 |48 145,64 A 16 063  PHS06B-1A48
74. att. Zobratu paramaetri
PHS 06B-1B18
Sprockets _t i
Metric Simplex, Pilot Bore
Pitch P (mm) 9.52
No. of teeth 18

Pitch diameter (mm) 54.85

Min. bore (mm) 10

Max. bore (mm) 26 PD
Hub H (mm) 43

Hub L (mm) 28

Weight (kg) 0.33

= L

75. att. Kedes parvada zobrats ar galvenajiem konstruktivajiem izmériem.
Dzenosa un dzita zobrata griezes momenta aprékins:

T - P -9.549+« _ 1000- 9 549: 19,098

n 500 Nm 32
_P-7-9.549_1000 098 9549 ..
n 500 Nm, (33)

TZ
kur: Ty, T,- griezes momenti,
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*1 rad/s=9.549 apgr./min.

.

PHC 06B-1X5MTR

Chains

Roller chains

Pitch P (mim) 9.53
Roller diameter d1 max (mm) 6.35 F -
e i —"
Width between inner plates bi min (mm) 5.72 [ I T T 1 [ I T
Pin diameter d2 max (mm) 3.28 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ al -
I — il 17 I — T
Plate height h2 max (mm) 8.2 - L T LI I T J
Plate thickness T max (mm) 1.3 d d
2
Waeight (kg/m)1 0.41 .
BS/ISO Pitch Roller Width Pin Pin Inner Plate Transverse Ultimate Average  Weight Designation
Chain No. diameter  between diameter  length plate thickness pitch tensile tensile per
inner plates height strength  strength  meter
P d; max by min d, max L max L. max h; max tmax T max Pt Q min Qo q
mm mm mm mm mm mm mm mm mm kN kN kg/m
04B-1 6,000 4,00 2,80 1,85 6,80 7.8 5,00 0,60 0,60 = 3.0 32 011 PHC 04B-1...
05B-1 8,000 5,00 3,00 231 8,20 89 710 0.80 0,80 & 50 a9 0,20 PHC 05B-1...
06B-1* 9.525 6.35 572 3.28 1345 141 8,20 1.30 1.30 = 9.0 10.4 0,41 PHC 06B-1...
08B-1 12,700 851 775 445 16,70 182 11,80 1.60 1,60 : 18.0 19.4 0.69 PHC 08B-1...

76. att. Izvelétas kedes galvenie parametri

Kedes atrums: Error! Objects cannot be created from editing field codes.

gD _T-pn_ 219525 10°- 50021_667
60 60 60 m/s,

kur:  v-  kédes atrums, m/s;
D - zobrata aploces diametra solis, m;
p - kédes solis, m.

Kedes garums:

t

77. att. Kedes garuma noteikSanas un izvéles galvenie parametri.
Keédes garumu aprékina péc (35) formulas:

2
(Zz—zij p
L =£+ 4+ % + s =
p 2 C
18- 18\’
2.133 18+ 18 | 2z
= + +
9525 2 133

-9.525

=45.927

kur: L- kedes garums, posmi;
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C- centru attalums, mm;

p- kedes solis, mm;

z1- mazaka zobrata zobu skaits;
2, - lielaka zobrata zobu skaits.

Tuvako kédes garumu posmos izvélos kédi ar 46 posmiem.
No 31 izriet, ka, parrékinot izteiksmi (36), ieglstam precizu centru attalumu posmu
skaita c:

C:%.(ZL—Zi—ZZ+\/(2L— z- ;)2—9.186( - gzj:
=:—;-(56+\/562—081(. ()Zj: 14

Sareizinot posmu skaitu ar soli p iegust centru konstruktivo attalumu C, mm:
C=14-9.525=133.35 mm

(36)

DOZATORA MODELA VARPSTAS GRIEZES MOMENTA, MINIMALA DIAMETRA, LIECES
SPRIEGUMA, MAX SKERSSPEKA, UC. PARAMETRU NOTEIKSANA

_____ i— ¥ — _I__l'__'l' —'—'1—'—'—'l'-l'"—'—1—"l"—|'—'—l‘—l'—'—'—
- -DT 200 250 - 300 350 400 430

78. att. Dozatora varpstas gultnojuma un radialas slodzes izvietojums

Uz varpstas darbojosSos griezes momentu aprékina péc formulas (37):
M = P,-30 1000 30219.099

7-n  3.14-500 Nm (37)

Salidzinot vidéjo un maksimalo jaudu kas ir nepiecieSama stiebru cirSanai var redzét, ka
maksimala jauda ir aptuveni 3 reizes lielaka. Ta ka Sis ir tikai eksperimentalais dozatora
garinataja prototips, Sadas vértibas var pielaut, jo turpmakajos eksperimentos modelis tiks
izmantots art kanepju stiebru cirS8ana, kuru stiebri ir lielaki un cietaki.

Tapas parbaude uz cirpi

Tapas apréekinu stavokli, kad uz to darbojas vislielakais cirpes spéks, tatad, kad ta ir
iestiprinata regulésanas diska urbuma, kas atrodas tuvak rotacijas asij. Minimalais attalums
[Tdz rotacijas asij ir 38 mm, minimalais parvadamais griezes moments 19.10 Nm.
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—+Mb
x=0| | Fx Q@ N
(] be [T
X x 2
X1 X

79. att. Varpstas iespéjamo slogojumu un spéku shéma.

Minimalais varpstas diametrs nedrikst bt mazaks par 21.96 mm.
Par tapu kalpo M6 skrive ar vitnes iek$éjo diametru 4,89 mm.
Cirpes (bides) slogojums rodas, ja spéki F darbojas savstarpéji paraléli un stiena asij

perpendikularas plaknés, un attalums starp tiem ir niecigs. Var pienemt, ka tangencialie
spriegumi T, kuri rodas no skérsspeka Q iedarbibas, pa Skérsgriezuma laukumu A. sadalas
vienmerigi.

kur

kur

kur

kur

Stipribas nosacijumu bide parada formula (13):

c (38)
Q- skérsspeks;
A.— cirpes Skéluma laukums;
[t]c — materiala pielaujamais spriegums cirpé.

Cirpes skeluma laukumu aprékina péc formulas (39):

2 2
A, =(%} -n=(4'—§9j -3.14=18 77 mm

(39)
A.— tapas minimalais $k&luma laukums, mm?;
d— tapas diametrs, mm;
n— koeficients.
Materiala pielaujamais spriegums cirpé [t.] = 80 N-mm™.
Maksimalo pielaujamo spéku aprékina pec formulas (40):
Qmax:[rc]- A.=80-18.77= 150N (40)

Qmax— maksimali pielaujamais speks, N;
[t.] — Maksimali pielaujamais spriegums cirpé, N-mm’%;
A.— Skéluma laukums, mm?Z.
Savukart tapas maksimali parvadajamo griezes momentu aprékina péc formulas (41):
Mo = Qrax F =1502 0 038= 57 Nm> 23 (41)

Mmax — tapas maksimali parvadajamais griezes moments, Nm;
Qmax— maksimali pielaujamais spéeks, N;
r— tapas attalums lidz rotacijas asij.

Varpstas gala parbaudes apréekins
Varpstas aptuveno parvadajamo griezes momentu aprékina péc formulas (42):

Projekta Nr. 2010/0306/2DP/2.1.1.1.0/10/APIA/VIAA/128 77



ERERAF £

leguldijums Tava nakotné L
EIROPAS REGIONALAS

ATTISTIBAS FONDS EIROPAS SAVIENIBA

3 3
y {9) =(§j - 30.52Nm
8 8

kur M — griezes moments, Nm;
d - minimalais varpstas diametrs, mm.
Dozatora modela piedzinas izvéle un griezes momenta aprékinasana
Dozatora modela piedzinai izvéléts ir hidrauliskais motors EPM 25 ar MAX frekvenci
n=1600 apgr./min un MAX izejas jaudu N=4.5kW.
Jaudas izmaina attieciba uz apgriezieniem un iereguléto spiedienu redzama 80. attéla.

(42)

M la=5 I/min 15 I/min 20 I/min 30 I/min 35 I/min 45 |/min
daNm 10 ,/min 25 I/min ‘ | 40 1/min
5- _
r 1
ﬁ”V_JrK i e ——/—R)i:__(_ ap=140 bar
JHUNA DAL N NTTR | R
Z \ ] 3
£ \ Q( \ \ = e \\ 120 bar
T | A R 1 0
. T \\ | \\\ \ \ : 100 bar
AN TN LN
3 e\ = s g 80 bar
: AR ) o
- 3 ~
\ \\\ k:—- \ 73% 60 bar
WO e e P
1 /4 N | W 1 T \
o5 | — b—i— 30 bar
e ] 1 7= { -
N=0,25k \l T
0. | \
‘ . ‘ y ‘ ‘ ) .coni.l-— ! ——-!ini. ‘ =
0 200 400 600 800 1000 1200 1400 1600 1800 min~' (rpm)

80. att. Hidromotora jauda, darba spiediena, apgriezienu un ellas patérina attiecibu ltknes

EPM
T 25
[Displacement [em®/rev.] 25
Max. Speed, cont. 1600
RPM] int.* 1800
Max. Torque, cont. 3,3
[daNm] int.* 4,7
peak** 6,7
Max. Output, cont. 4,5
kW] int.* 6,1
Max. Pressure cont. 100
Drop, int.* 140
bar] peak™ 225
Max. Oil Flow, cont. 40
Ipm] int.* 45
Max. Inlet cont. 175
Pressure, int.* 200
bar] peak** 225

81. att. Izveléta hidromotora galvenie izvéles parametri
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Prn::d

daN|
900

Pfad i
o+ - :
— Oval Mount
Pa,. =150 daN !

P = E 5

+ 30

e
=T

Square Mount

800 \

600

400

200

600

go0 Min-

Mounting Flange

Shaft Version

cylindrical - C, CO
tapered - K, splined - SH

splined - HB
cylindrical - CB

cylindrical - C, CO

Radial Shaft Load P},

800 ,25000 daN
n 95+L

800 . 18750
n 95+ s

800 _ 25000
el e e

82. att. EPM 25 hidromotora varpstas gala radialas slodzes apréekinasana.
Pienemot, ka rotori grieztos ar MAX 500 apgr./min, tad:

~ 800 25000 800 25000:1.6- 180897 289 43@laN

rad —

n 95+L 500 95 432

Gala stiprinajuma un varpstas gala konstruktivie izmeéri doti 83. un 84. attéla.
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C @25 straight, Parallel key ABx7x32 DIN 6885
Max. Torque 34 daNm

8-0,036
—;— I | 1
- m o BN
38 L1 34
N9 8
®
MB K
WinTE Desp [>! 43,240,5
1 max 55
e max 49*

83. att. EPM 25 hidromotora varpstas gala izmeri.

38£0,15, 8+0,3

130

|
$82,540,05

16

55+0,1 |

max- 101

84. att. EPM 25 hidromotora stiprinasanas konstruktivie izméri.
Dozatora modela piedzinas izvéle un griezes momenta aprékinasana

85. att. Dozatora modelis. Hidrauliska piedzina ar kédes parvadu
Parnesuma attieciba i=2
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Dozatora piedzinai hidromotors EPM 25 tiek planots, ka darbosies ar rotacijas
frekvenci ne lielaku par n=600 apgr./min. Péc grafika nolasita (86.att.) aptuvena izejas jauda
varétu but N~1 -2 kW.

W

M lo=5 I/min 15 I/min 20 I/min 30 I/min 35 I/min 45 1/min
‘;"’_“m 10 1/min | 25 \/min_ | | 40 1/min
x/,’i—*ﬁ N = ! “/*;%1_ ap=140 bar
e \ Xﬁ&rk}i \ L k( \ g GTL. A\ 120 bar
HIIRYL. NN = A e
I e = e S
E - K N \\:\\ 2kw\A \\ ‘\-\\ ‘*\‘ 80 bar
L LA LN Q \
B\ =
bt
i =

T e

AR e

- L \\‘- FS&\-\ = r:__%r— 30 bar
-|=o.2|51< + _ __\k_J\

0.

\ ) xconi.l—f ! = int. ‘
('J ‘ 2(IIO 460 A 600 800 ' 1000 1200 1400 1600 1800 min~' (rpm)
86. att. Hidromotora jauda, darba spiediena, apgriezienu un ellas patérina attiecibu liknes.
Uz varpstas darbojosSos griezes momentu aprékina péc formulas (44)
P,-30 1500 30
M =-¢ = =23.873

7-n  3.14-600 Nm (44)

i

n

Lai samazinatu rotacijas frekfenci, tiks izmantoti mainami kédes zobrati no parnesuma
attiecibas 1:1 uz attiecibu 2:1. Ja parnesums bis 1:1, tad maksimala, planota attistita
frekvence n bils Iidz 600 apgr./min, bet pie parnesuma 2:1 — attiecigi frekvence n bis lidz
300 apgr./min.

Uz dozatora varpstas darbojosais griezes moments pie parnesuma attiecibas 2:1 bus
attiecigi:

M= T30 1500 5046

7-n  3.14- 300 Nm (45)

Rotacijas frekvences samazinasanai izmantojot zobratu un kédes parnesumu ar
mainamu attiecibu, izvéléts tapéc, lai netiktu batiski samazinata hidromotora jauda.

Dozatora modela rotoru un hidromotora kédes parvada apréekins
Dozatora rotoru varpstu piedzinai izvéléti divrindu zobrati ar dubulto kédi.
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PHS 08B-2B28

Sprockets I
Metric Duplex, Standard ; r
Pitch P (mm) 12.7 ‘ﬁ;]e_l
No. of teeth 28 4

Pitch diameter (mm) 113.42

Min. bore (mm) 16

Max. bore (mm) 60 H-+— — | pD
Hub H (mm) 90

Hub L (mm) 40

Weight (kg) 231,

— -

—— |

87. att. Kédes parvada zobrats z=28 ar galvenajiem konstruktivajiem izmériem.

W<
e e

PHS 08B-2B14

Sprockets t1

Metric Duplex, Standard |

Pitch P (mm) 12.7 — &1
No. of teeth 14 T

Pitch diameter (mm) 57.07

Min. bore (mm) 12

Max. bore (mm) 28 H i )
Hub H (mm) 42

Hub L (mm) 35

Weight (kg) 0.44 !

p— L —=]

88. att. Kédes parvada zobrats z=14 ar galvenajiem konstruktivajiem izmériem.
Dzenos$a un dzita zobrata griezes momenta aprékins (parnesums 2:1):
P-9.549+ 1500 9 549

T, = = 23.873
n 600 Nm (46)
T, - P-77-9.549_ 1500 098 9549 , . _
n 300 Nm, (47)

kur: Ty, T, - griezes momenti,
*1 rad/s=9.549 apgr./min.
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Dzenos$a un dzita zobrata griezes momenta aprékins (parnesums 1:1):

1 _ P-9549« 1500 9549 ,, o
n 600 Nm

_P-7-9.549_ 1500 098 9549, .o,
n 600 Nm,

*
* x K

T2

PHC 08B-2X5MTR

Chains J T | — y 4
] L 1
Roller chains i | I b
Pitch P (mm) 1957 | o
e B — i} I L
Roller diameter d1 max (mm) 8.51 - il L =
Width between inner plates b1 min (mm) 7.75 L 10—
Pin diameter d2 max (mm) 4.45 1
] [——e [
Plate height h2 max (mm) 11.8 g - 2
Plate thickness T max (mm) 1.6 = . =
Weight (kg/m)1 1.34
BS/ISO Pitch Roller Width Pin Pin Inner Plate Transverse Ultimate Average  Weight Designation
Chain No. diameter  between diameter  length plate thickness pitch tensile tensile per
inner plates height strength  strength  meter
P dy max by min d; max L max L. max h, max tmax T max Pt Q min Qo q
mm mm mm mm mm mm mm mm mm kN kN ka/m
06B-2* 2i525 6,35 5,72 3,28 23,4 24,4 8,20 1,30 130 10,24 16,9 187 0,77 PHC 06B-2...
08B-2 12,700 8,51 775 4,45 312 322 11,80 1,60 1,60 13,92 32.0 387 1,34 PHC 08B-2...
10B-2 15,875 10,16 9,65 5,08 361 378 14,70 1,70 1,70 16,59 44,5 56,2 184 PHC 10B-2...
12B-2 19,050 12,07 11,68 572 42,0 436 16,00 1,85 185 19.46 57.8 66,1 231 PHC 12B-2...

89. att. Izveletas kedes galvenie parametri

Kedes atrums:
Error! Objects cannot be created from editing field codes.m/s,
kur:  v-  kédes atrums, m/s;
Dr- zobrata dalijuma aploces diametrs, mm;
n - grieSanas frekvence, apgr./min;

Keédes garums:

90. att. Kédes garuma noteikSanas un izvéles galvenie parametri.

Kedes garumu parnesumam 2:1 aprékina péc (51) formulas:
X = 22+u+ﬂ:
p 2 a
_o. 220+ 14+ 28+ 4965 12 1 55 9s
12.7 2 220
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kédes garums, posmi;
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a- centru attalums,a=220 mm;

p- kedessolis, p=12.7 mm;
z1 =14 — mazaka zobrata zobu skaits, ;

2, =28 — lielaka zobrata zobu skaits.

Koeficientu A aprékina péc (52) formulas:

* X x
*
B *

* *
* x K

z,—7=28-14= 14

EIROPAS SAVIENIBA

A=4.965 (52)
Tad izvélas no 6. tabulas attiecigo koeficientu
6. tabula
Z, — 2, A z,— 7, A Z, — 2, A zZ,— 7, A zZ,—2z, |A
1 0,0253 | 21 11,171 |41 42,580 |61 94,254 81 166,191
2 0,1013 |22 12,260 |42 44683 |62 97,370 82 170,320
3 0,2280 |23 13,400 |43 46,836 |63 100,536 83 174,450
4 0,4053 |24 14,590 |44 49,040 |64 103,753 84 178,730
5 0,6333 |25 15,831 |45 51,294 |65 107,021 85 183,011
6 0,912 |26 17,123 |46 53,599 |66 110,339 86 187,342
7 1241 |27 18,466 |47 55,955 |67 113,708 87 191,724
8 1,621 |28 19,859 |48 58,361 |68 117,128 88 196,157
9 2,052 |29 21,303 |49 60,818 |69 120,598 89 200,640
10 2,533 |30 22,797 |50 63,326 |70 124,119 90 205,174
11 3,065 | 31 24,342 |51 65,884 |71 127,690 91 209,759
12 3,648 |32 25938 |52 68,493 |72 131,313 92 214,395
13 <@ 33 27,585 |53 71,153 |73 134,986 93 219,081
14 : 34 20,282 |54 73,863 |74 138,709 94 223,817
15 5699 |35 31,030 |55 76,624 |75 142,483 95 228,605
Tuvako kedes garumu posmos izvélos kédi ar 56 posmiem.
1) Aprekinot izteiksmi (53), ieglistam precizu centru attalumu a:
a=[2X-(z+13)]- G
(3+2)]-Cr (53)
Koeficienta C aprekinasana nemot véera 7. tabulu:
X-z 56-14 3
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7. tabula
X-z X-z X-z
Zy- 211 F C D Z; - Z11 F c D Zy- 211 F c D
13 024991 2,00 0244211, |133 022968 | ¢
12 990, 1,95 380 ,, |12 912 | g
11 988 5 1,90 20 333 |, 1,31 854 | o
10 986 4§ 1,85 28125 1,30 793 | ¢,
9 1 983| 1,80 222 | oo 1129 729 | 2o
8 978| ¢ 1,75 156 | ;o 1,28 662 | oo
7 970 | 45 1,70 08145 127 503 | -
6 958 | . 1,68 048 | oo 1,26 520 | 27
5 937 ‘o 1,66 013 52 125 43 | o
4.8 931, ¢ 1,64 023977 |50 |1.24 361 | o
46 925 ¢ 1,62 938 (.7 [123 275 op
4.4 917 1q 1,60 897 | 45 |1.:22 185 | op
4.2 907 | 43 1,58 854 | ,5 1,21 090 | 400
4,0 5 896 (4 1,56 50 807 [, 120 100 |0,21990 | s
3,8 883 o 1,54 758 | gy 1,19 884 | .-
36 868 1o 1,52 705 |25  [1,18 71 119
3,4 849 ,, 1,50 648 | 2o 1,17 652 | 1op
3.2 825| 51 1,48 588 | o, | 1,16 526 | %0
3,0 795 37 1,46 524 | oo 1,15 390 | qur
29 778 54 1,44 455 | - 1,14 245 | or
2.8 758 54 1,42 381 |5y | 1,13 090 | g7
27 735 55 1,40 301 1,5 [1.12 020923 | -9
26 708 5 1,39 259 0 1,11 744 | o
25 |10 678 %o 1,38 215 |,z 1,10 549 | 07
2.4 643 | 3 1,37 170 | 47 1,09 336 | 545
23 602] - 1,36 100 123 |z, 1,08 104 | 5o
22 552 oo 1,35 073 |25 1,07 019848 | oo,
2,1 493 | -5 1,34 022z, |106 564
2,0 421 1,33 022, 968
2) Péctabulas=3
3) vertibas atlikums R=3-3=0
4) Interpoléta vertibal=D-F-R
No tabulas:
Diference D = 30
Faktors F=5
=30-5-0=0
5) Caprékins no tabulas: C3= 0.24795
+1= 0
C =0,24795
a=[2X~(3+3)]- G p-
=[2-56-(14+ 2§]- 024795 127 220, mm
Kedes garumu posmos parnesumam 1:1 apréekina:
2a 2-220
X=—+2z2=—-+14= 48.64¢
kur: X- kedes garums, posmi;
a- centru attalums,a=220 mm;
p- kedessolis, p=12.7 mm;
z =14 zobrata zobu skaits,
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Tuvako kédes garumu posmos izvélos kédi ar 49 posmiem.
Apréekinot izteiksmi (56), iegistam precizu centru attalumu a:

X=z 89714 057 200 25mn
2 2 (56)

a=

Dozatora modela rotoru zobratu stipribas aprékins
leprieks noskaidrots, ka asmenu virsotnes attalums Iidz rotacijas asij ir 80 mm. Ka ari
eksperimentali tika noteikts tas, ka visefektivaka stiebru nogrieSana norit pie asmenu
parklajuma ap 5 mm. Tapat tika aprékinats, ka asmeni kustas pa aploci, kuras diametrs
160 mm. Padeves rulliSu diametri pienemam divas reizes mazakus, respektivi, 80 mm
diametra.
Asu atstatumu starp abu asmenu neséju, tapat ari, lielo zobratu rotacijas asim aprékina
péc formulas (57):
a=2-R—f=2-80—5=155mm

(57)
kur a— asu atstatums, mm;
R— asmenu rotacijas aploces radiuss, mm;
f— asmenu parsedze, mm.

Ta ka zobrati ir vienadi, to parnesumu skaitlis u =1 un zobrata dalijuma aploces
diametrs ir vienads ar asu atstatumu, tatad D = 155 mm.

Lai zobu skaits batu iesals skaitlis, zobrata dalijuma aploces diametram jadalas ar
sazobes moduli bez atlikuma. Izmantoju standartizéto zobratu modula rindu un izvélos
atbilstosu sazobes moduli. Sazobes modulim jabit optimalam.

Izvélos modulim = 2,5 mm un aprékinu liela zobrata zobu skaitu péc formulas (58):

,_D_155

= =62
m 25 (58)

kur z— zobu skaits;
D - dalijjuma aploces diametrs, mm;
m — sazobes modulis, mm.

Cilindrisko zobratu parvada pielaujamas parvedamas jaudas apréekins

Izejas dati:

v’ Zobratu grie$anas frekvence n = 300 apgr.-min’;

v" Zobratu dalamas aploces diametrs d = 155 mm;

v' Parnesuma skaitlis u = 1;

v' Zobratu platums b = 15 mm;

v' Sazobes modulis m, = 2,5 mm.

v' Zobratu materiala marka un t3 raksturojums — Térauds 45, oz = 600 MPa, o1 = 320 MPa,
HB = 178...207, termiska apstrade — normalizacija. Turpmakajos aprékinos izmantojam
materialu vidgjo cietibu: HB = 192.5.

Zobu virskartas ilglaicigas kontaktilgizturibas robeZspriegumu aprékina péc formulas

(59):

Oy =2 HB+70 =2-1925+ 70 = 455 MPa (59)
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GHo“m_ zobu virskartas ilglaicigas kontaktilgizturibas robeZzspriegums, MPa;
HB — materiala vidéja cietiba.

Pielaujamo kontaktilgizturibas spriegumu aprékina péc formulas (60):

O 1im _ 455
loy] = = ——=413.636 MPa
S5 1,1 (60)
[on] — pielaujamais kontaktilgizturibas spriegums, MPa;
a,.,o,,-m— zobu virskartas ilglaicigas kontaktilgizturibas robezspriegums, MPa;
Sy — drosibas koeficients, Sy=1.1.
Starp asu attalums a,, = 155 mm.
Zobrata platuma koeficientu aprékina péc formulas (61):
b 15
. =— =——=0.097
a, 155 (61)
W, — zobrata platuma koeficients;
b— zobrata platums, mm;
a,— asu atstatums, mm.
Zobrata aprékinu griezes momentu aprékina péc formulas (62):
3wt v . [oy]* 155%-1%-0.097- 413.636°
ro=2v o Lol” _ = 63.694 Nm
Ki-(ut1)’ 495%-(1+ 1)3 (62)
T,— aprékinu griezes moments, Nm;
ay— asu atstatums, mm;
u— parnesuma skaitlis;
W, — zobrata platuma koeficients;
[on] — pielaujamais kontaktilgizturibas spriegums, MPa;
K, — paligkoeficients; taisnzobu zobratiem K, = 495.
Zobrata zoba slodzes ciklu skaitu parvada darbmaza aprékina péc formulas (63):
N,=60-n:L,-i=60-300-32000-2=1.15 - 10° (63)
N> — zoba slodzes ciklu skaits;
n— zobrata rotacijas frekvence, apgr.-min’;
L,— parvada darbmdizs, h;
i—  zobratu skaits, ar kuriem aprékinamais zobrats ir sazobe.
Bazes ciklu skaitu aprékina péc formulas (64):
Ny. ¥ HB® = 192.5° = 7.13 - 10° (64)

Nuc— bazes ciklu skaits;
HB — materiala vid€ja cietiba.
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Kontaktilgizturibas koeficientu aprékina péc formulas (65):

——

v g f| N2 _ o =[tas-10%
HETUHE [N o 7431080 7
Al N (65)
kur Kyi— kontaktilgizturibas koeficients, pienem Ky; = 1;
Kne — ekvivalentais koeficients, Kye = 1;
N> — zoba slodzes ciklu skaits;
Ny — bazes ciklu skaits.
Zobrata lenkiskais atrums ® = 31.4 rad/s.
Aploces atrumu aprékina péc formulas (66):
w - d 31.4-155
= = 243 m/s

¥~ 321000 21000 (66)
kur v— zobrata dalijuma aploces atrums, m-s™;
w— zobrata lenkiskais atrums, rad-s™;
d - dalijuma aploces diametrs, mm.

Slodzes koeficientu kontaktilgizturiba aprekina péc formulas (67):

Ky =Kyo Kyg Kgy =1-1-1,1= 11 (67)

kur Ky — slodzes koeficients kontaktilgizturiba;
Kho - koeficients, kas ievéro slodzes nevienmérigu sadali pa zobiem, Kyo = 1;
Kup - koeficients, kas ievero slodzes nevienmérigu sadali pa zoba garumu, Kyg = 1;
Kuv - slodzes dinamiskuma koeficients, Kyy = 1.1.

Zobrata maksimalo griezes momentu aprékina péc formulas (68):

T 63.694

T ..=——= = 57.904 Nm
Ky Ky 11-1

(68)
kur  Tmax— zobrata maksimalais griezes moments, Nm;

T,— apréekinu griezes moments, Nm;

Kui — kontaktilgizturibas koeficients;

Ky — slodzes koeficients kontaktilgizturiba.

Uz zobrata varpstas parvadamo jaudu apréekina péc formulas (69):

P=T, . -w=57904 314=1818174 W (69)

kur  P— maksimala parvadama jauda, W;
Tmax — maksimalais griezes moments, Nm;
®— lenkiskais atrums, rad-s™.

Cilindrisko zobratu sazobes spéeku apréekins

Aploces spekus aprekina péc formulas (70):
2-T 2-239
L = = =3084N
d 0.155 (70)

kur  F.— aploces spéks, N;
T— parvadamais griezes moments, Nm;
d— zobrata dalijuma aploces diametrs, m.
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Radialo spéku aprékina péc formulas (71):

F.=F -tga=3084-tg20°=11225N (71)

kur F,— radialais spéks, N;
F.— aploces spéks, N;
o — sazobes lenkis, oo = 20°.

Dozatora varpstu konstruésana, raséjumu sagatavosana izgatavosanai

Dozatoram paredzétas Cetras rotéjosas varpstas. Divas (91. att. un 92. att.) paredzétas
griezéj asmenu rotoriem. Varpstas stiprinasies gultnos, tapéc gultnu vietas diametrs péc
ieprieks veiktajiem aprékiniem ir @=30 mm. No aprékinos noteiktd minimala varpstas
diametra, tika pienemts Dyyn=25 mm.

@25 h7(-8021}
35 hr(-g.ozf}
(

25 w( 3021}

7 204 26

o [~ @aow(gom}
T I T #3087
of @__Jo
[

A(2:1) B (2:1)
+0.
1.30 0.50( 05‘ 1.30 1.30
— : 18 20 9 -
Y | |
o) 0 2 | o3
A T I || N — :
bag)
3 | o w© 20 | g
24.70
27 30
(64)
GR.00.00.03
Projic. metode Merogs
lzm. Lapa Dokum. Nr. | Paraksts Dat.
Raséja  D. Ancans Va‘rpsta A 11‘
Piepsma °
Lapa 1 |Lapas 1
1.0045 (S355JR) Masa: 2.22kg

91. att. Varpstas A detalas izgatavoSanas raséjums

Uz varpstas labaja pusé ar ierievjiem paredzéts nostiprinat rotacijas parvada zobratu,
bet kreisaja pusé ir rotacijas parvada kédes zobratins, kas savukart parnes rotaciju uz
padeves valcu augsejo varpstu. Gultnu séZas vietas paredzétas vietas, kur varpstu diametrs ir

=30 mm.
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e - o -
8 g 8 8
o oS o2 o3
| A— ~ = T
o \ S p S c-c
N W S ” )
St - o ~ © St
L r N T
T = T ;
\ y " T /
< | |
~ 1 ( 0o\ 4
©25 h7\-0.021) /
(63) 23 204
(388)
A(2:1) B (2:1)
1.30 1.60 1.60 1.30
[ .
\\
\ =
// 20 \ ( 22.50 20
S w & &
o5 . _l 1 =g | | \ o5
N < \ )
g 17 / g\ < |, o g
\ p 1
(0 |~ 15.50
0.50\:0.5) 25 6.40 32
Revision date 08.03.2013.
GR.00.00.04.
Projic. metode Meérogs
Izm. Lapa Dokum. Nr. Paraksts Dat. 11
Rasey D. Anca 1 y
pecsle P Arcens Varpsta B A3
Lapa 1 | Lapas 1
1.0037 (S235JR) (2) Masa: 2.36

92. att. Varpstas B detalas izgatavoSanas raséjums
92. att. varpstas kreisaja gala ar ierievi paredzéts nostiprinat otra padeves valca
piedzinas kédes zobratinu. Labaja pusé uz maléjas ierievja rievas paredzets nostiprinat
piedzinas zobrata reguléjamo disku.

- |
S S
o9 B o3
= ® =
0 2.20 o
S B S|
= 1.30 B-B
]
I
.
q#
]
Aj 15.50 14 @25 h7(-0.021>
(42) 257 (19)
318
A(2:1)
1.30
—] 20,
g 3 i i
o9 o3
- g | — -
= S I I
& é | |
) |_20 ®
+0. GR.00.00.14
10,50( 05> 24.70
Projic. metode | Merogs
Izm. Lapa Dokum. Nr. | Paraksts| Dat.
Raseja | D. Ancans Vérpsta 1:1
Piepéma y
Lapa 1 | Lapas 1
1.0045 (S355JR) Masa: 2.16 kg

93. att. Dozatora modela padeves valca augséja varpsta
Attéela 93. un 94. varpstas paredzétas dozatora modela padeves valCiem, kuriem jauda
tiek pievadita ar kédes parvadiem no galvenajiem rotoriem un to varpstam.
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B-B

25 h7<—8.021)

] -
N o -]
S N N
og © S [STS)
| & N |
< = <©
8 8 <
S S i)
B
e
[
T T
=
B 1.60
(16) 25 200 17
(22)
263
A (2:1)
N 16
oo
[} 4 1 -
] [
N
S
31 ®
L] GR.00.00.14.a
1.30 Izm. Lapa Dokum. Nr.  Paraksts. Dat.
Raséja  D. Ancans 5
10.50 <+8'5) iopars Varpsta

94. att. Dozatora

1.0037 (S235JR) (2)

modela padeves valéa apakséja varpsta
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10. DOZATORA EKSPERIMENTALIE PETIJUMI: DOZESANAI
NEPIECIESAMAS JAUDAS NOTEIKSANA, TPATNEJAIS ENERGIJAS
PATERINS, DOZESANAS PRECIZITATE, ROTEJOSO DALU DINAMISKAS
LIDZSVAROSANAS EKSPERIMENTI, UTT.

DOZATORA ROTEJOSO DALU DINAMISKA LIDZSVAROSANA

Dozatora modela rotéjosSo dalu dinamiska lidzsvarosana tika veikta ar SolidWorks
programmatiras papildprogrammu Motion Analysis.

Motion Analysis ir objekta kustibas registréSana un Sis kustibas parnesana datora
modeli ar segmentu koordinatu rekonstrukciju un sekojo$u kustibas parametru izpéti. ST ir
izplatita musdienu metodika, ko pielieto medicina, rehabilitacija, sporta, automobilu
razoSana, ergonomika, robotika, izklaides sféra u.c. nozareés, kur ir nepiecieSams iegtt datus
par objektu kustibas parametriem.

St lidzsvaro$ana ir nepiecieama, lai novérstu iekartas paredzamas vibracijas un
rotéjoso dalu nodilumu. K3 zinams, nodilums ir vislielakais iekaru darba miza ietekméjosais
faktors. Darba muZu palielinasanai nepiecieSama preciza konstrukcijas izveide un nodiluma
pazimju laiciga pamaniSana un novérsana.

Dinamiskajai IidzsvaroSanai tiek pielietota datorprogramma SolidWorks ar apaks
moduli Motion Analysis (95. att.).

£
LY

T T p
a

S B g

Ml T
st -

F - - *eR-9

Raskeijar ipiis guiinl 1

@l

4T (1 Gutres_sim< 2> Detaube<Det |
B 1) S ORD0.00 04,1 > (Dfaue
(%] Matei i Sien_viankanats

Reachon Foroed [newoa)
e 4 [ ] a
[HsRCER

i) Coat-Rewb el
] oy e 4335 - pat 111
B mechi B
i Planeti =1
LA ' (%]
| Maten dewiren. ~ || 2 B b W m es-lSFEENRESRIE ' M
(iR B+ 0 e 0,780 et 8400 ar |t e 1200 e
+ =% Skt Dy 4
) Drientatinn snd Camers Views
i erws anifScane

R e L o Y

Qe

[Sefiehiferies Prermiam 2017 & Edtion == = T
95. att. Dozatora modela dinamiska lidzsvaroSana ar Motion Analysis datorprogramma
SolidWorks.
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Gultnis 1

* *
* oy *

Varpsta Rotors

Gultnis 2

96. att. Dozatora rotora un varpstas dinamiskas lidzsvaroSanas shéma.
Sakotnéji tika izveidots modelis ar vienkarSu varpstu un nostiprinatu rotoru uz tas.
Abas $is detalas tika, nostiprinatas gultnos attiecigi, ka tas paredzéts dozatora modelim
(96. att.). Rotors griezas ar rotacijas frekvenci 1000 apgr min™.

Lai simulétu dinamisko nelidzsvarotibu, modell tika iznemts viens nazis, kas

atspogulotu varbatibas gadijumu, kad kads no naZiem eksperimentu norises laika tiktu
izlauzts (97. att).

Nonemts

97. att. Dozatora varpstas, rotora un 4 nazu dinamiskas lidzsvarosanas shéma.

Reakciju spéku izmaina gultnos redzama 98. att. Sada nelidzsvarotiba dozatora modeli
izraisitu vibracijas, kas ietekmé konstrukcijas darbibas stabilitati un detalu darbamazu.
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Reakcijas spéks gultni 1 @ Reakcijas spéks gultn 2 - @
115743 114125
= =
g 88.138 § 87.185
o
£ =
&N h o
@ o
E 50.528 £ 60.245
iy iy
S 5
B 32917 4 ¥ 33308
g 3
o o
5306 } } : ; : : } i t 6.386 ; - ; : : t t t t
0.000 0.050 0.100 0150 0200 0250 0.300 0.350 0400 0450 0.500 0.000 0.050 0.100 0.150 0200 0.250 0.300 0.350 0.400 0.450 0.500
Time (sec) Time (s&c)

98. att. Reakcijas radialie spéki: a) gultnt 1; b) gultni 2

Nakamaja soli tika pievienots piedzinas zobrats: M=2.5, Z=62 (99. att), un noteikta
Cetru vitnotu urbumu ietekme uz rotora dinamiskam svarstibam. Urbumi ir izvietoti pa
¢etram aploces [Tnijam. Sie urbumi |auj mainit bloku plaknes savstarp&jo novietojumu ik pa
5.81/20= 0,29 gradiem. Eksperimenta tika izmantoti visi pieci nazi.

. Zobrats

99. att. Dozatora varpstas, rotora, 5 nazu un dzenosa zobrata
dinamiskas lidzsvarosanas shéma.
Zobrata izveidotajiem urbumiem nav butiskas ietekmes uz reakcijas speku izmainu
rotora gultnos (100. att.).
Reakcijos speksquiini2 R [5]|| Reakeijas speks quinil I =

50239

8
&

Reaction Forcel (newton)
& &
| !
Reaction Force? (newton)
&
-
i
!

45.897 + + + t t ¥ t t + 80.569

i i ¥ i i i i i f
0.000 0.050 0.100 0.150 0.200 0250 0.300 0.350 0.400 0450 0.500 0.000 0.050 0.100 0.150 0200 0250 0300 0350 0400 0450 0.500
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100. att. Reakcijas radialie spéki: a) gultni 1; b) gultni 2
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101. att. Dozatora modela elektroniskais prototipa kopsalikums.

2. tabula specifikacija

ITEM NO. PART NUMBER DESCRIPTION weight| QTY.
) GR.00.02.00. Rofors B 15.24 1
2 GR.00.01.00. Rofors A 11.43 1
3 GR.00.04.00.a Padeves valcis 2 2.39 1
4 GR.00.04.00.h Padeves valcis 2.73 1
5 GR.00.06.00. Kormpuss 65.21 1
6 GR.00.00.19. Nosedzosais vaks 1.94 1
7 GR.00.00.24 Alzsargvaks 3.15 1
8 SKF.FYJ_30_TF Y tipa guitnis 0.98 2
9 Kronsteins Piepiedéjvakia kronsteins 1.36 1
12 Hy M.0.00.00.SLDPRT Hidro motors EPM 25 0.00 1
13 Z14-Z28 chain Jaudas parvads no elekfromotora| 0.38 1
14 PHS-068-1B18 SENEES Pav”;g; forotora iz | 9,08 2
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Dozatora modela korpusa detalu raséjumu izstrade

Dozatora korpuss paredzéts daléji metinats un daléji sastiprinats ar skrdvém. Rotoru
gultnu nostiprinasanas sani paredzéti no 16 mm bieza térauda, lai no gala puses bdtu
iespéjams ieurbt un iestradat vitni priekS gala plakSnu nostiprinasanas. Gala plaksnu
stiprinasana ar skrivém paredzéta, lai bitu iespéjama rotoru ar gultnu korpusiem montaza
un demontaza.

102. att. Dozatora modela korpuss GR.00.06.00.
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EIROPAS SAVIENIBA

— F-% ,i
9 Sl |- 18
5 N Emesil © \
- &
2 -
° ° Q‘-’O o
h eI o
R e
10 ] [
~— i
9
GR.00.06.00.
El;: ]:’:pz gu:l,l':é:;r araksts| Dat. Korpuss 1:5
Topa T Tiapas 77
Masa: 65.21
TTEW | pART NUMBER DESCRIPTION Materiai |90 a1y,
NO 1
1 |5R0O0.0007. Pmatne (52%055;;, 24.14 | 1
2  |6R00.0005 Kormusa sans A (52%05%;) 1009 | 1
3 |ocrooooos Korpusa sans B (szgg?g(z) 1000 | 1
4 |GR.00.0008 Augsa (812%05%;) 638 | 1
5 |eRo000 1T Padeves gals (9?2%055?:?) 267 | 1
6 |cRo000 78 Iz6j083 gala plaksne (52%05%;) 297 | 1
Gulfrra regulésanas 10057
8 |GR00.0022 Bgu B3R |00 | ¢
Y_Gulfria stiprindjuma
9 |GR00.0800 8 St (77 | 1
: Y. Guitna stiprindiuma
10 |GR.00.08 00 Mirror je st 177 | 1
. Y- Guitna stipringiuma
11 |MirrorGR 00.08.00. P (77 | 1
Hidromofara f.0037
13 |Hy.M.0.00.01 kronsteins (S2354R) f.or | 1
14  |GR.00.00.27 Stiorihas riba [,g?%%ﬂ;) 013 | 4
15  |GR.00.0028 MBx55 vitustianis {52%055;) 002 | 2
16 |GR.00.0029 MBx40 vty stianis (52%05%;) 002 | 2
17 IS0 10511-M8-N 8
: Y- Guitna stiprindiuma
18 |GR.00.0800 Mirror2 : (77 | 1
Projekta Nr. 2010/0306/2DP/2.1.1.1.0/10/APIA/VIAA/128 97



ERERAF

EIROPAS REGIONALAS
ATTISTIBAS FONDS

leguldijums Tava nakotné

EIROPAS SAVIENIBA

= CoM A(1:1)
o
-— - 7
b=
S 3
=~ (<)
D
8
’ S .
165
3x3 2907 1210 Q o
M3.5-6H 1 10 ~ 120 >
. B
,
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L ! 3x 0 3.307 12.10
1L s L 435 R \_ M4-6HT 10
GR.00.00.07
Projic. metode | Merogs
|lzm| Lapa| Dokum. Nr. |Paraksts| Dat.
Rasgja | D. Ancans Pma the 1 2 5
Piepema
e 3 Tl 77
1.0037 (5235JR) Masa: 24.14
4x 0 6.80 THRUALL
M8 - 6H THRU ALL
— - 350 —
° |_ f °
S AN [ 310 HRS
) % ) -
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- [ 270.50
©
N ml ( | 25250 X
e || [ 234.50 S
4x ¢ 6.80 THRUALL o o
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: [ 195
o DR18 o
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S || 8 | [ 120 S
= T 1 97.50 -
° § °
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¥ \ L 83 4x ) 6.80 THRUALL y ?
] M8 - 6H THRU ALL v
— ¢ 0 Ve
\ <)
o \ N
A “ © g 60724 /
s 5x ¢ 6807 /
\ 5x ¢ 6807 23.75 ]
\"M8-6H 20 M8-6HT 20
GR.00.06.00.
Projic. metode | Merogs
I/Zml Lapa| Dokum. Nr. |Paraksts| Dat.
Raséja__LD. Ancins Korpusa sans A 1:2.5
Piepéma
e 7 T 77
1.0037 (5235JR) Masa: 10.09
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o] S 220.32 o
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> 4x @ 6.80 THRUALL ="
Tel M8 - 6H THRU ALL™|. /9'
= s ! ! Vs
19 21,44 5x0 6807 2375 /
25 M8-6HT 20
GR.00.00.06

izm] Lapa| Dokum. N

Rasgja__| D. Ancans

Korpusa sans B

Piepéma

Projic. metode__|_Merogs
Lapa_D | Lapas___ 14

1.0087 (S235JR) (2)

Masa: 10.09 kg
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11. MAISISANAS PROCESA TEORETISKA IZPETE

LITERATURAS IZPETE UN ANALIZE PAR SPEKIEM UN
SPRIEGUMIEM MASAS MAISISANAS PROCESA

MaisiSanas procesa, masas dalinam parvietojoties vienai pret otru, tiek parvaréti
masas ieksejie berzes spéki. Lai Sos spekus varétu izanalizét, jasaprot birstosa materiala
Ipasibas un tajos esoso spriegumu daba.

Atskirtba no skidrumiem, birstoSu materialu plismas TpaSibas nav nosakamas zinot
tikai materiala nosaukumu un kimisko sastavu [2]. Tas nosaka liels skaits citu parametru,
pieméram:
dalinu lielums;
dalinu forma (piemeéram, apalas, plakanas, garenas dalinas);
dalinu virsma (gluda, raupja, asiem stliriem);
mitruma sastavs, utt. [1].

103. attéla redzams birstosa materiala elements. Spriegums o, darbojas vertikala
virziena uz birstoSo materialu. BirstoSu materialu mehanika spiedes spriegums tiek definéts
ka pozitivs. Spriegums o} rodas vertikala sprieguma o, rezultata un darbojas horizontala
virziena.

Spriegumu attieciba: oy, pret o, tiek definéts ka Skerssprieguma koeficients A [3]:

ASENENEN

p=2n (72)
O-V

Ja tvertne bdtu piepildita ar Skidrumu, tad
Skérssprieguma  koeficients A blGtu vienads ar 1
(hidrostatiskais spiediens), turpretim absollti stinga
kermena gadijuma A batu 0. Nedaudz saspiestam
birstoSam materialam Sis koeficients varié starp 0.3 un 0.6
[3].

104. attela redzams no 103. att. materiala elementa
izgriezts trisstlirveida birstosa materiala elements. 103.
attela redzamaja plaknes spriegumstavoklt uz augséjo un
apakséjo elementa dalu, ka arT uz tvertnes sienam 103.
nedarbojas bides spriegumi. Normalspriegums o, un bides
spriegums 7, plakné, kas novietota lenki « no y ass, tiek
aprékinati no speku Iidzsvara vienadojuma trisstlra
elementa. Spriegumu [lidzsvaru slipaja plakné izsaka
vienadojums (73) [3]:

att. Birstosa
materiala elements

+ -
o, = i 20" +J"20hcos(21) =0,,+0,C0S(2) (73)

7, = 2457 sin(20) = o, sin( 20) (74)
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trisstara Tyt
elements

104. att. Spéku lidzsvars birstosa materiala elementa,
Mora spriegumu aplis [3]

Ja formulas (73) un (74) attélo o— 7 diagramma (normalspriegumi pret tangencialiem
spriegumiem), tad rezultéjosa likne ir Mora spriegumu aplis ar ta centru o;, = (o, + 01)/2 un
radiusu o; = (oy - oy)/2 (104. att.) [3, 14].

Nemot véra, ka 103. attéla apskatitaja pieméra bides spriegumi nedarbojas ne
horizontala, ne vertikala plakné, vertikala sprieguma o, vértiba ir vienada ar lielaka galvena
sprieguma o7 vertibu, jo o, > op. Tadél horizontalais spriegums o}, ir mazakais galvenais
spriegums o.

Svarigs Sis analizes rezultats ir tas, ka birstoSaja materiala bides spriegums var but ari
tiem, atrodoties miera stavokli. Tas ir neiespé&jams skidrumos, kad tie atrodas miera stavoklr
(atskirtba no skidrumiem, birstoSie materiali var veidot slipu virsmu miera stavokli). Radot
miera stavokli esosa Skidruma spriegumus (Skidrumiem: spiediens) dazados Skérsgriezumos
o— tdiagramma, ieglsim spriegumu apli ar radiusu kas vienads ar nulli (formula (74) ar o}, =
o, dod 7, =0).

Tecésanas sakums var tikt aprakstits ar Mora-Kulona modeli, kas apgalvo, ka materials
saks plust virsmas elementa ar normali n bides rezultata, ja o, sasniedz kritisko vértibu, kas
uzdota ka (105. att.) [15, 16]:

t, =k+s, tanf, (75)
kur k ir zinama materiala Tpasiba (apraksta dalinu kohézivo (savienoSanas, saistiSanas)
stavokli, ka rezultata veidojas kohéziva bide) un ¢ ir dabiga nogruvuma lenkis (materiala
iekséjas berzes lenkis). Vairakums graudaino materialu ir nesalipoSi k=0. Berzes lenkis
saprotams uzskatami paradits 106. attéla.
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T

o

Gy

105. att. Mora-Kulona attieciba o4 — T, plakné [15]

106. att. leksejas berzes lenkis jeb dabiga nogruvuma lenkis [15]

Dabiga nogruvuma lenkis ir mazs, ja graudi ir gludi, liela izméra vai apali, bet tas ir liels
lipigiem, asiem un Joti smalkiem graudiem. Parasti tas ir starp 15° un 45°. Eksperimenti rada,
ka berzes koeficients samazinas sakoties kustibai, t.i., kinétiskais berzes koeficients ir mazaks
par statisko berzes koeficientu. Tacu parasti gan statiskais, gan kinétiskais berzes koeficienti
aprekinos tiek pienemti ka aptuveni vienadi.
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12. MAISIJUMA KVALITATES (HOMOGENITATES, PROPORCIJAS U.C.
PARAMETRU) NOVERTESANA DAZADIEM BIOMASU VEIDIEM

Cietas biodegvielas paraugu nemsanu reglamenté standarti LVS EN 14778:2011 Cietas
biodegvielas. Paraugu nemsana (Solid biofuels — Sampling) un LVS EN 14780:2011 Cietas
biodegvielas. Paraugu sagatavosana (Solid biofuels - Sample preparation).

Svarigi, lai nonemtais paraugs prezentétu visu apskatamo maisijjuma masu. Tapéc
paraugi janonem vairakas vietas. Ja ta ir tvertne, tad paraugi janonem tvertnes virskarta, pa
vidu un apakséja dala, tapat maisijuma kvalitate var atSkirties tvertnes vidusdala un malas
vai stiros. Nemot paraugu no nenojumtam glabasanas vietam, ja tas ir paklautas nokriSniem
vai tieSiem saules stariem, nepiecieSams nonemt virs€jo slani, lai izvairitos no sniega un
ledus piemaisijumiem parauga ziemas laika un no parak slapja vai parak sausa parauga citos
gadalaikos. Parauga nemsanas vietas no kaudzes vai glabatuves ir jasaplano vienmérigi pa
visu pieejamo virsmu (107. att.).

107. att. Paraugu nemsanas vietas
1. tabula. Materialu iedalijums péc viendabiguma

1. grupa 2. grupa 3. grupa
Viendabiga cieta biomasa. Viendabiga cieta biomasa. Neviendabiga cieta biomasa
Nominalais dalinu izmérs Nominalais dalinu izmérs
<10 mm >10 mm
Piemérs: Piemeérs: Piemérs:
frézskaidas, koksnes Skeldas, cirSanas atliekas,
zagskaidas koksnes granulas mizas

2. tabula. Vadlinijas porciju skaita noteikSanai no parvadasanas, uzglabasanas
tilpném, stacionariem materialiem

Nemsanas porciju skaits atbilstosi biomasas
Cietas biomasas Grupa Piemars apjomam tilpné
tips P M<30 M<120 | M<240 | M>240
tonnas tonnas tonnas tonnas
Viendabr,
. |e_n .a '8a 1. grupa | Zagskaidas 6 8 11 20
cieta biomasa
Vi bi Skel
Viendabiga |, o | Skeldas, 11 15 20 30
cieta biomasa granulas
l\!evlen.dab|ga 3. grupa Miza 22 27 34 50
cieta biomasa
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13. MAISITAJA KONSTRUKCIAS IZSTRADE. MAISITAJA
EKSPERIMENTALA MODELA IZSTRADE.

MaisiSanas procesa svariga vienmeriga plisma no dozatoriem. Lai novértétu cik
vienmeérigi masa izpllst no dozatora (108. att.) tvertnes gan pa lentas platumu, gan garumu,
vai ta neveido koncentrétas plismas nobirstot no konveijera lentes (109. att.), izstradata
mérisanas sistéma (110. att.). Ar So Cetru spéka devéju palidzibu varés noteikt plismas
nevienmeérigumu pa lentes platumu, ka art plismas svarstibas noteikta laika perioda.

108. att. Maisitaja transportieris ar pirkstveida lenti

109. att. Nevienmériga plisma

110. attéla redzamo spéka sensoru bloku, paredzéts iemontét maisitaja modeli, ka
redzams 111. attéla.
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110. att. Plismas nevienmériguma merisanas sistéma

111. att. Sistemas montaza maisitaja konstrukcija.
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14. SMALCINATAS BIOMASAS UN PIEDEVU MATERIALU
TEHNOLOGISKAIS TRANSPORTS

Smalcinataja prototipa ciklona darbibas novértéjums.

Veicot smalcinasanas eksperimentus, tika konstatéts, ka smalcinataja prototipam
nepietiekamas gaisa plusmas rezultata smalcinatais materials uzkrajas caurulés, kas savieno
smalcinataju ar ciklonu. Konstatétais fakts iespéjams dazadu iemeslu dél:

1) Smalcinatajs nerada pietiekamu gaisa plismu;

2) Caurulu Skérsgriezums nav atbilstoSs attiecigajai gaisa plismai;

3) Tiek smalcinats parak mitrs materials;

4) Gaisa attiriSanas mezgls — ciklons rada parlieku lielu plismas pretestibu.

Nemot véra, ka ir paredzéts veikt biomasas smalcinasanas eksperimentus ar dazadiem
smalcinasanas iekartas rotora apgriezieniem, kas savukart ietekmé iekartas radito gaisa
plismas apjomu, tad var secinat, ka pirmie divi problémas iemesli ir iesp&jami. Palielinat
gaisa plusmu iesp€jams, palielinot rotora grieSanas atrumu. Rotora grieSanas atruma
palielinasana ievérojami palielinas ari iekartas tuksgaitai nepiecieSamo jaudu, kas savukart
samazina iekartas energoefektivitati. Lai nodroSinatu iekartas energoefektivu darbibu
ieteicams ir rotoru griezt ar tadu minimalo grieSanas atrumu, kas nodrosSina kvalitativu
smalcinasanas procesu.

Biomasas parstrades procesa izejmateriali ne vienmér ir ar vienadu mitrumu. Tas
atkarigs no dazadiem faktoriem biomasas uzglabasanas laika — uzglabasanas telpas
mikroklimats, rullu novietojums, uzglabasanas ilgums u.c. Smalcinasanas eksperimentos
izmantoto rulu vidéjais mitrums bija 21%, bet mitruma sadalijums rulli dazads (112. att.). No
iegltajiem rezultatiem var redzet tendenci, ka vismitraka ir rulla apaksSpuse, kur W=31.5%,
bet vissausaka ir rulla augsSpuse, kur W=19,6%.

#1250

Dati:

m=229 kg

H=1,2m

Mitrums mérits 0,5 m dziluma.

V=1,47 m?
pP=155,8 kg/m?

112. att. Miezabrala rulla mitruma sadalijums.
Bet nemot véra faktu, ka smalcinasanas iekarta rullis roté un tiek smalcinats
pakapeniski pa visu perimetru, tad janem veéra ir tikai aprékinata rulla mitruma vidé€ja
vértiba. Prakse rada, ka mitrs izejmaterials, kas rada dazadu smalcinasanas iekartu darbibas
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traucéjumus, ir tad, ja mitrums parsniedz 30%. Attiecigaja gadijuma tiek secinats, ka
smalcinasanas eksperimentos izmantotais izejmaterials ir pietiekami sauss, un nevar bt par
iemeslu kadé| materials sastajas tehnologiskajas materiala transportésanas caurulés.

Ciklona novietojums telpa ir tads, ka pie izplides ir nepiecieSams pievienot 4 m garu
izpludes cauruli, lai attiritais gaiss tiktu izvadits arpus telpam. Ciklona konstrukcija un tam
pievienotas gaisa vadu caurules rada gaisa plismai pretestibu, ka rezultata palielinas
pretspiediens pie smalcinasanas iekartas izpllides atveres. Raditais pretspiediens samazina
gaisa plusmas apjomu. EsoSais gaisa pllismas apjoms ir nepietiekams, lai transportétu
smalcinato materialu no smalcinasanas iekartas lidz ciklona piltuvei. Mazakas dalinas kopa ar
gaisa plismu tiek paceltas uz augsu un aiztransportétas uz ciklonu, savukart lielakas un
smagakas dalinas gaisa plisma nespéj pacelt un tas zaudé savu kustibas atrumu. 53 iemesla
dél lielakas un smagakas dalinas uzkrajas kada no gaisa caurulvadu posmiem un veido
aizsprostojumu, kas savukart partrauc smalcinasanas iekartas normalu darba rezimu.

Izplides caurule]
oottt Tt T %
| — N X | <

/ i
Nepietiekamas levitacijas zong , ( N 4
‘ Turbolences zond

SmalcinaSanas mezgs

113. att. Smalcinasanas prototipa gaisa plismas shéma.

Smalcinasanas mezgla darba laika noverots, ka gaisa caurulvada tieSi aiz 90° ltkuma ir
sastajies smalcinatais materials, kas rada samazinatu Skérsgriezuma laukumu materiala
transportéSanai. Samazinatais Skérsgriezuma laukums savukart rada papildus pretestibu
gaisa plismai.

Nemot véra konstatétos faktus, iekartas darbibas specifiku, materiala plasmas
parametrus un Tpasibas ir izstradati priekslikumi, kas nodrosinatu smalcinasanas prototipa
efektivu darbibu:

1) Ciklonu aprikot ar papildus ventilatoru, kas nodrosinatu vienmérigu un pietiekamu gaisa
plismu;

2) Parblvét gaisa caurulvadus t3, lai to kopgarums bitu péc iespéjas mazaks;

3) lzveidot ciklona piltuve inspekcijas ltku, kas lauj kontrolét piltuves pildijuma limeni.

Ciklona konstruktivais risinajums |auj parbivéet ciklona augSdalu un taja iemontét
papildus ventilatoru (114. att.). Papildus ventilators nodrosinatu tadu gaisa plismas apjomu,
kads nepiecieSams smalcinatas biomasas levitacijai. Nodrosinatais gaisa plismas apjoms laus
veikt smalcinasanas eksperimentus, mainot rotora grie$anas atrumu. Sada veida bis
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iespéjams noteikt, kadi ir attiecigas iekartas rotora minimalais rotacijas atrums pie kura
notiek pietiekami kvalitativas smalcinasanas process.

Elektromotors

Ventilatora rotors — J;

114. att. Ciklona papildus ventilatora novietojuma skice.
Gaisa caurulvadus butu vélams buavet ta, lai to kopgarums bltu péc iespéjas 1saks, ka
art izvairities no asiem pagriezieniem gaisa plismas shéma. Piedavatais variants ir aizvietot
90° ltkkumu ar diviem 45° ltkkumiem (115. att.).

&5 b | —— %

[Es038 caurulvadu ass Mnija I (-

VVélama caurujvadu ass fiija , N 4

115. att. Smalcinasanas prototipa gaisu caurulvadu shéma ar samazinatu kopgarumu.

Inspekcijas likas izveide nepielautu ciklona piltuves parpildisanos, ka rezultata var tikt
traucéta efektiva gaisa un smalcinatas biomasa atdaliSana. Inspekcijas luku iespé&jams
izveidot taisnstlira formas, novietojot to vertikali pie ciklona piltuves sanu malas. Inspekcijas
l0ku iesp€jams aizvietot ari ar sensoriem kas fiksétu ciklona pildijumu. Izmantojot sensorus
bitu iespéjams automatizét ciklona iztukSoSanas procesu.

Pie nosacijuma, ka smalcinasanas prototipam ir nodroSinata pietiekama gaisa plisma,
iespéjams uzlabot ciklona darbibas efektivitati izmantojot patenta Nr. 07434694 piedavatos
materiala seperésanas tehnologiskos uzlabojumus (116. att.).
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116. att. Patenta Nr.07434694 seperésanas iekartas.
Uzlabojot ciklona darbibas efektivitati, iespéjams samazinat apkartéja vidé nonakoso
smalcinato biomasas dalinu apjomu.
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15. MAISISANAS EKSPERIMENTALIE PETIJUMI: MAISISANAI
NEPIECIESAMAS JAUDAS NOTEIKSANA, IPATNEJAIS ENERGIJAS
PATERINS, ROTEJOSO DALU DINAMISKAS LIDZSVAROSANAS
EKSPERIMENTI, UTT.

MAISITAJA DOZATORA PIEDZINAI NEPIECIESAMAS JAUDAS NOTEIKSANA

Maisitaja dozatoru piedzinai tiek izmantots hidromotors EPRM 50 (117. att.). Tas ir
rotortipa hidrom_gtprs ta darbibas princips paradits 117. attela pa labi.

3 Uk VY 1
117. att. Hidromotors maisitaja dozatora piedzinai

Rotortipa griezums paradits 118. attéla. Seit varam saskatit, ka griezes moments no
iek$éja rotora uz hidromotora izejas varpstu tiek parvadits ar varpstu, kas nostiprinata tikai
sazobé ar iepriekSminétajiem elementiem.

\_7‘

118. att. Hiromotora griezums

Hidromotora piedzinai patéréta jauda ir atkariga no pievadita spiediena krituma un
apgriezieniem. Eksperimentu laika spiediena kritums uz hidromotoru bija diapazona no 5 —
30 bar. Pie zemiem apgriezieniem 0.75 apgr. s™ tas bija 5 bar, atseviskos gadijumos, masai

Projekta Nr. 2010/0306/2DP/2.1.1.1.0/10/APIA/VIAA/128 110



BRERAF [

leguldijums Tava nakotné
EIROPAS REGIONALAS

ATTISTIBAS FONDS EIROPAS SAVIENIBA

*
* x K

iespiezoties starp lentu un tvertnes atveri, tas uzléca lidz 20 bar. Sasniedzot augstakus
apgriezienus - 3.75 apgr. s*, spiediena kritums sasniedza 30 bar. Péc grafika (119. att.)
redzam, ka pie eksperimentos izmantotiem max. 225 apgr. min™" nepiecie3amais siikna
razigums ir 10 | min™, un patéréta jauda ir zem 0.5 kW. Hidromotora lietderibas koeficients
$aja zona ir ap 65%.
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119. att. Hidromotora parametru raksturliknes

EKSPERIMENTALO PETIJUMU VEIKSANA -MAISITAJA DOZATORA RAZIGUMA, ATKARIBA
NO ROTACIJAS ATRUMA, NOTEIKSANA

Maisitaja dozatora raZigums janosaka, lai varétu apréekinat maisitaja aktivaja zona
nonakus$as masas daudzumu. Maisitaja aktiva zona ir laukums, kur abu dozatoru lentas
savstarpéji mijiedarbojoties veic divu biomasu samaisiSanu. Maisitaja dozatoru razigums ir
atkarigs no dzenosa rulla rotacijas frekvences. Eksperimentiem tika izmantotas piecas
dazadas rotacijas frekvences: 0.25; 0.5; 0.75; 1 un 1.25 apgr s .

Dozatora raZiguma izmainas atkariba no rotacijas frekvences paraditas 1. tabula. Saja
eksperimenta dozatora tvertnes atveres platums bija 20 mm. Tvertne tika piepildita ar
smalcinatu MieZabrala stiebru (Reed Canarygrass) masu. Tika uznemts tvertnes iztukSoSanas
laiks un, nosverot, noteikta masa, kas saja laika izplGdusi caur dozatora atveri.

120. att. paradita maisitaja dozatora eksperimentala shéma. Dozatora piedzina
realizéta ar hidromotora palidzibu. Dzenosa rulla rotacijas atrums tika reguléts ar plismas
regulatoru. Rotacijas frekvence noteikta, izmantojot induktivo devéju un impulsu skaititaju.
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120. att. Dozatora raziguma noteikSana

1. tabula. Dozatora razigums — atvere 20 mm

Rotacijas Atveres
frekvence, Lentes kustibas | Masa, platums, Razigums,
apgrs™ atrums, ms* kg mm Laiks,s | kgs™
0.25 0.178195 9.413 20 442 | 0.021296
0.25 0.178195 9.324 20 431 | 0.021633
0.25 0.178195 9.263 20 413 | 0.022429
0.5 0.35639 9.732 20 234 0.04159
0.5 0.35639 9.634 20 236 | 0.040822
0.5 0.35639 9.625 20 219 0.04395
0.75 0.534585 9.524 20 150 | 0.063493
0.75 0.534585 9.44 20 157 | 0.060127
0.75 0.534585 9.37 20 149 | 0.062886
1 0.71278 9.539 20 106 | 0.089991
1 0.71278 9.449 20 108 | 0.087491
1 0.71278 9.555 20 109 | 0.087661
1.25 0.890975 9.458 20 85| 0.111271
1.25 0.890975 9.355 20 86 | 0.108779
1.25 0.890975 9.495 20 87 | 0.109138

121. attéls parada, ka rotacijas frekvenci un dozatora raziguma saista lineara sakariba
ar labu korelaciju. To parada determinacijas koeficients, kas $aja gadijuma ir 0.996.

Projekta Nr. 2010/0306/2DP/2.1.1.1.0/10/APIA/VIAA/128 112



ERERAF £

leguldijums Tava nakotné L
EIROPAS REGIONALAS

ATTISTIBAS FONDS EIROPAS SAVIENIBA

0.12
. /’//’

-:,n 0.08 / R*=0.9964

-

£ 0.06

=

L+Ts]

o /

8 0.04 / CETY=)
0.02

0 T T T T 1

0 0.2 04 0.6 0.8 1

Lentes kustibas atrums,m s*

121. att. Maisitaja dozatora razigums - atvere 20 mm

Otraja tabula apkopoti dati eksperimentu sérijai, kura dozatora tvertnes atveres
platums bija 40 mm.

2. tabula. Dozatora razigums — atvere 40 mm

Rotacijas Atveres
frekvence, Lentes kustibas | Masa, platums, RaZigums,
apgrs™ atrums, ms* kg mm Laiks,s | kgs™
0.25 0.178195 | 10.047 40 270 | 0.037211
0.25 0.178195 | 10.017 40 284 | 0.035271
0.25 0.178195 | 10.009 40 260 | 0.038496
0.5 0.35639 9.774 40 128 | 0.076359
0.5 0.35639 9.825 40 155 | 0.063387
0.5 0.35639 9.811 40 140 | 0.070079
0.75 0.534585 9.76 40 100 0.0976
0.75 0.534585 9.72 40 85 | 0.114353
0.75 0.534585 9.758 40 105 | 0.092933
1 0.71278 9.697 40 75| 0.129293
1 0.71278 | 10.037 40 78 | 0.128679
1 0.71278 9.992 40 85| 0.117553
1.25 0.890975 9.894 40 60 0.1649
1.25 0.890975 9.894 40 54 | 0.183222
1.25 0.890975 9.869 40 57 0.17314

122. att. redzams, ka palielinoties atveres platumam, palielinas ari datu izkliede.
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122. att. Maisitaja dozatora razigums

3. tabula apkopotie un 123. attéla atspogulotie dati ir eksperimentu sérijai ar tvertnes
atveres platumu 75 mm.

3. tabula. Dozatora razigums — atvere 75 mm

Rotacijas Atveres
frekvence, Lentes kustibas | Masa, platums, Razigums,
apgrs ™ atrums, ms* kg mm Laiks,s | kgs™
0.25 0.178195 9.85 75 170 | 0.057941
0.25 0.178195 9.815 75 185 | 0.053054
0.25 0.178195 9.771 75 190 | 0.051426
0.5 0.35639 9.698 75 97 | 0.099979
0.5 0.35639 9.63 75 106 | 0.090849
0.5 0.35639 9.597 75 70 0.1371
0.75 0.534585 9.814 75 60 | 0.163567
0.75 0.534585 9.776 75 44 | 0.222182
0.75 0.534585 9.746 75 53 | 0.183887
1 0.71278 9.807 75 37 | 0.265054
1 0.71278 9.776 75 45 | 0.217244
1 0.71278 9.734 75 37 | 0.263081
1.25 0.890975 9.687 75 35| 0.276771
1.25 0.890975 9.663 75 30 0.3221
1.25 0.890975 9.621 75 29 | 0.331759
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123. att. Maisitaja dozatora razigums

EKSPERIMENTALO PETIJUMU VEIKSANA -MAISITAJA DOZATORA RAZIGUMA, ATKARIBA
NO TVERTNES ATVERES REGULEJUMA, NOTEIKSANA

Pieaugot tvertnes atveres platumam pieaug dozatora raZigums, bet pieaug ari datu
izkliede, tas nozime, ka dozators strada nevienmeérigak. Dozatora darbiba tiesi atsaucas ari uz
maisijuma kvalitati, tas nozime, ka nevienmeérigi darbojoties dozatoram, maisijums bas

nehomogeénaks.

124. attéla sniegtais salidzinajums parada, ka pie dozatora tvertnes atveres platuma —
20 mm, tas strada visstabilak.
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2 _
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Lentes kustibas atrums, m s
124. att. Dozatora razigums ar dazadiem tvertnes atveres platumiem
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EKSPERIMENTALO DATU APSTRADE UN ANALIZE

Apskatot 125. attélu var noverot, ka lentas kustibas atrums butiski neietekmé dozatora
Tpatnéjo razigumu, ja tvertnes atveres platums ir 20 mm.

126. attéla redzams smalcinatas masas plismas raksturs. Ta ka masas dalinas ir relativi
garas, tas sava starpa sakeras, un no tvertnes tiek izrautas tikai ar lentas izcilniem.

125.

045
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att. Dozatora ipatnéjais razigums pie dazadiem tvertnes atveres platumiem

1

/-l

126. att. Biomasas plisma no dozatora
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Palielinoties atveres lielumam (125. att.), palielinas art Tpatnéja raziguma izkliede. Tas
saistits ar plismas nevienmérigumu. Plismas nevienmérigumu izraisa tvertnes atveres
aizsprostoSanas (127. att.) un péc tam sekojoso izravumu veidosanas (128. att.).

* *
* oy *

m;%“@? o

127.  att. Aizsprostojumu veidoSanas

\. '6‘ ml& i

128. att. Masas izravumu veidoSanas

4., 5. un 6. tabulas veikta datu statistiska apstrade, analizéti dozatora ipatnéja
raziguma rezultati pie dazadiem lentas kustibas atrumiem atkariba no tvertnes atveres
platuma. Datu vidéja aritmeétiska vértiba (Mean) norada, ka Tpatnéjais raZigums pieaug
palielinoties atveres platumam, tacu ari standartnovirze (Standard Deviation) un mérijumu
klida (pédéja rinda tabulas) pieaug.
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Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis

Skewness

Range

Minimum
Maximum

Sum

Count

Confidence Level(95.0%)

* X x

*
* *
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0.120778
0.001053
0.12209
#N/A

0.004079
1.66E-05
-0.35473
-0.62726
0.013778
0.112475
0.126253
1.811673
15
0.002259

5. tabula. Datu analize (atvere 20 mm)

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis

Skewness

Range

Minimum
Maximum

Sum

Count

Confidence Level(95.0%)

0.192917
0.004206
0.194327
#N/A

0.016291
0.000265
-1.22181
0.005154
0.051112
0.164922
0.216034
2.89376
15
0.009022

6. tabula. Datu analize (atvere 20 mm)

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis

Skewness

Range

Minimum
Maximum

Sum

Count

Confidence Level(95.0%)

0.33249534
0.01173975
0.32515602
#N/A

0.04546785
0.00206733
-0.8738322
0.11497429
0.16070079
0.25491472
0.41561551
4.98743004

15
0.02517925
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129. attéla redzams masas izvietojums tvertne, tas iztukSoSanas laika. Masa dozejot
tiek nemta no tvertnes aizmuguréjas dalas un vilkta pa apaksu priekSpusé uzkrajusajai masai.
Lai samazinatu masas dozéSanai nepiecieSamo jaudu, tvertnes atvere varétu tikt samazinata,
tacu jaievero, ka tada gadijuma tiktu samazinata ari masas plUstamiba, t.i. var rasties
aizsprostojumi un masa lidz lentei nenotakt.

\ o

129. att. Masas izvietojums tvertnei iztukSojoties

LITERATURA

1. Schulze D. The Behaviour of Powders and Bulk SolidseSsaiste]: [skais
2012-11-5]. Pieejamsuttp://www.dietmar-schulze.de/grdlelpr.html
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3. Kwade A.; Schulze D; Schwedes J. Determination lef Stress Ratio in Uniaxial
Compression test®owder Handling & ProcessindNr. 6, 1994, p. 61-65 and p.199-203.
4. Jenike A.W.Storage and Flow of SolidSalt Lake City: University of Utah, 1970. 198 p.
5. Schwedes J.FlieBverhalten von Schuttgutern in BunkeriWeinheim: Verlag
Chemie,1968. 128 p.
6. Schwedes, J. FlielRverhalten von Schuttgutern irkBumChemie Ingenieur Technikdr.
48, 1976, p. 294-300.
Martens, PSilohandbuchBerlin: Verlag Ernst & Sohn, 1988. 286 p.
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373 p.
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Ingenieur TechnikiNr. 67, 1995, p. 60-68.

11.Schulze D. Flowability of Bulk Solids - Definitioand Measuring TechniqueBowder
and Bulk EngineeringNr. 10, 1996, p. 45-61, and p. 17-28.
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TechnologyNr. 61, 1990, p. 59-68.
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2012-11-08]. Pieejamsittp://www.dietmar-schulze.de/ grdlel.html

15.Dartevelle, S.Numerical and granulometric approaches to geophalsiganular flows
[tieSsaiste]: Ph.D. thesis, Michigan Technologidaiversity, Department of Geological
and Mining Engineering, Houghton, Michigan [dksit 2012-11-5]. Pieejams:
http://www.granular-volcano-group.org/phd/

16.P.JI. 3enkoB. Mexanuka nacvinnuvix epy306. Mockba:Mammnoctpoenue, 1964r. 25Q.

MAISAMAS BIOMASAS MITRUMA SATURA UN SASMALCINATO STIEBRU
DALINU LIELUMA SADALIJUMA NOTEIKSANA.

Mitruma noteikSana ir svariga procedira kurinama pienemsana, it seviski, ja kurinama
daudzums tiek noteikts sverot.

Lai noteiktu mitruma var tikt izmantotas vairakas alternativas (130. att.):
v sastavs svara procentos no sausas dalas (d);
v’ sastavs svara procentos no mitras dalas jeb kopé&jas masas (ar);
v sastavs svara procentos no dego3as komponentes (daf).

Ogleklis paliek, ja kurinamo silda standartizeta temperatura, pie kuras atdalas gaistosas
vielas un mitrums.

Gaistosas
< Ogleklis - vielas _ Mitrums

- L

Pelni

A
A 4

Dego3a sastavdala (daf)

| ot

Yy v

Sausa sastavdala (d)

Mitrs kurinamais (ar)

s A

=
Ld

130. att. Cieta kurinama komponentes

Ta ka mitruma saturs kurinamaja mainas plasas robezas, tad literatira pelnu un
gaistoSo vielu saturs tiek izteikts uz sausas substances bazes. Praktiskiem aprékiniem
mitruma saturs biokurinamam tiek izteikts no kopéjas kurinama masas.

Mitruma sastavs kurinamaja tiek noteikts kaltéjot to pie temperatlras 105+2 °C Iidz
parauga masa vairs nemainas [4, 5, 6]:
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M = (m1 _mz)

ar

100,

m,

kur M, — mitruma sastavs izteikts no kopéjas masas, %;
m; — kurinama masa,
m,— izzavéeta kurinama masa.

e _ . .‘# by 4

131. att. Krasnina mitruma noteiksanai

(76)

1. tabula apkopoti dati par dozéSanas eksperimentos izmantoto Miezabrala mitrumu.

1. tabula. Masas mitruma noteikSana Miezabralim

Parauga Parauga kopéja masa, Sausa parauga masa,
Nr. kg kg Mitruma saturs, %
1 227.08 176.12 22.44
2 209.28 164.41 21.44
3 207.95 162.64 21.79
4 252.01 196.54 22.01
5 239.65 186.45 22.2
6 232.51 181.96 21.74
7 208.63 162.86 21.94
8 196.98 153.03 22.31
9 191.24 150.28 21.42
10 217.68 170.03 21.89
11 210.62 163.23 22.5

Eksperimentos izmantotas smalcinatas MieZabrala masas dalinu lieluma sadalijuma

noteikSana tika veikta ar sietu metodi (132. att.).

132. att. Sietu metode
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131. tabula apkopoti dati par dalinu lielumu sadalijjumu.
2. tabula. Masas dalinu lieluma sadalijuma noteiksana Miezabralim

Sadalijums noradits %

Parauga Sieta acs izmérs, mm
Nr. 1 2 3 5 7 10 >10
1 2.68 10.29 20.89 19.11 23.15 9.92 13.96
2 2.60 10.83 18.04 23.61 15.06 6.89 22.96
3 2.39 8.46 13.75 15.24 18.70 6.90 34.56
4 2.68 10.13 16.64 19.17 22.79 14.83 13.76
5 3.40 11.04 17.38 19.96 22.87 11.86 13.49
6 1.76 10.73 17.96 17.46 22.33 8.49 21.26
7 2.64 10.62 19.36 21.02 29.51 12.30 4.56
8 3.46 10.87 17.84 18.39 23.25 11.95 14.24
9 3.30 11.07 18.13 21.60 25.34 8.73 11.83
10 3.10 9.78 13.71 17.22 16.36 3.53 36.31
11 3.92 13.33 20.22 21.65 27.23 8.24 5.42
Vidéji 2.90 10.65 17.63 19.49 22.42 9.42 17.49

133. lidz 139. attélos paradits smalcinata Miezabrala masas dalinu lielumu sadalijums
pa grupam. Uzraditie dalinu grupas izmeri ir sieta acu diametri. Ta ka dalinas ir adatveida,
tad caur sieta acim izkJuvusas dalinas ir ievérojami garakas par noradito acs diametru.
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0.00 —J T T T T T T
1 2 3 5 7 10 >10

Dalinu grupas, mm

Proporcija, %

133. att. Dalinu lieluma sadalijums 1. paraugam
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134. att. Dalinu lieluma sadalfjums 2. paraugam
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135. att. Dalinu lieluma sadalijums 3. paraugam
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136. att. Dalinu lieluma sadaljjums 4. paraugam
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137. att. Dalinu lieluma sadalijums 5. paraugam
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138. att. Dalinu lieluma sadalfjums 6. paraugam
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139. att. Dalinu lieluma sadalijums 7. paraugam

EKSPERIMENTALO DATU APSTRADE UN ANALIZE

Veicot Miezabrala mitruma noteikSanas eksperimentalo datu apstradi redzam, ka
meérijumu klida pie rezultatu ticamibas 95% ir 0.25. Tatad eksperimentos izmantota
Miezabrala mitrums ir 21.97+0.25%.

3. tabula. Mitruma satura datu statistiska apstrade

Mean 21.97091
Standard Error 0.110696
Median 21.94
Mode #N/A
Standard Deviation 0.367136
Sample Variance 0.134789
Kurtosis -0.95491
Skewness -0.08208
Range 1.08
Minimum 21.42
Maximum 22.5
Sum 241.68
Count 11
Confidence

Level(95.0%) 0.246646
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Péc statistiskas datu apstrades (4. - 10. tabula) eksperimentalos pétijjumos izmantotas
smalcinatas masas dalinu lieluma sadalijjums ir $ads: 1mm — 2.90+0.40; 2 mm — 10.65+0.78;
3mm—-17.63+£1.53; 5 mm — 19.49+1.6; 7 mm — 22.42+2.91; 10 mm —9.42+2.12; >10 mm —
17.48+7.00.

4. tabula. Dalinu izkliedes datu statistiska apstrade (siets 1 mm)

Imm

Mean 2.901698
Standard Error 0.181316
Median 2.682344
Mode #N/A
Standard Deviation 0.601357
Sample Variance 0.36163
Kurtosis 0.094016
Skewness -0.14868
Range 2.159517
Minimum 1.761518
Maximum 3.921035
Sum 31.91868
Count 11
Confidence

Level(95.0%) 0.403997

5. tabula. Dalinu izkliedes datu statistiska apstrade (siets 2 mm)

2mm

Mean 10.65002
Standard Error 0.351
Median 10.73472
Mode #N/A
Standard Deviation 1.164135
Sample Variance 1.355209
Kurtosis 3.351772
Skewness 0.619012
Range 4.871366
Minimum 8.457429
Maximum 13.3288
Sum 117.1503
Count 11
Confidence

Level(95.0%) 0.782076
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3mm

Mean 17.62844
Standard Error 0.6897
Median 17.96146
Mode #N/A
Standard Deviation 2.287477
Sample Variance 5.232549
Kurtosis 0.048262
Skewness -0.63268
Range 7.18147
Minimum 13.70775
Maximum 20.88922
Sum 193.9128
Count 11
Confidence

Level(95.0%) 1.536748

5mm

Mean 19.49416
Standard Error 0.72225
Median 19.17171
Mode #N/A
Standard Deviation 2.395431
Sample Variance 5.73809
Kurtosis -0.23604
Skewness -0.04893
Range 8.369685
Minimum 15.24383
Maximum 23.61352
Sum 214.4358
Count 11
Confidence

Level(95.0%) 1.609272

7 mm

Mean 22.41688
Standard Error 1.308227
Median 22.86883
Mode #N/A

Standard Deviation 4.338898
Sample Variance 18.82604
Kurtosis -0.23107
Skewness -0.2646

6. tabula. Dalinu izkliedes datu statistiska apstrade (siets 3 mm)

7. tabula. Dalinu izkliedes datu statistiska apstrade (siets 5 mm)

8. tabula. Dalinu izkliedes datu statistiska apstrade (siets 7 mm)
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Range 14.44813
Minimum 15.06355
Maximum 29.51168
Sum 246.5856
Count 11
Confidence

Level(95.0%) 2.914912

9. tabula. Dalinu izkliedes datu statistiska apstrade (siets 10 mm)

10mm

Mean 9.421155
Standard Error 0.955404
Median 8.727467
Mode #N/A
Standard Deviation 3.168717
Sample Variance 10.04077
Kurtosis 0.004593
Skewness -0.10294
Range 11.30573
Minimum 3.52675
Maximum 14.83248
Sum 103.6327
Count 11
Confidence

Level(95.0%) 2.128773

10. tabula. Dalinu izkliedes datu statistiska apstrade (siets >10 mm)

>10 mm

Mean 17.48765
Standard Error 3.143685
Median 13.96289
Mode #N/A
Standard Deviation 10.42643
Sample Variance 108.7103
Kurtosis -0.09856
Skewness 0.815726
Range 31.74081
Minimum 4.564756
Maximum 36.30556
Sum 192.3641
Count 11
Confidence

Level(95.0%) 7.004568
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dry method - Part 1: Total moisture - Reference method.
5. CEN/TS 14774-2: Solid Biofuels - Methods for determination of moisture content - Oven
dry method - Part 2: Total moisture - Simplified method.
6. CEN/TS 14774-3: Solid Biofuels - Methods for determination of moisture content - Oven
dry method - Part 3: Moisture in general analysis sample.

* X x
*
B *

* *
* 5k

EIROPAS SAVIENIBA

CEN/TS 14774-1: Solid Biofuels - Methods for determination of moisture content - Oven

EKSPERIMENTALO PETIJUMU VEIKSANA -MAISITAJA DOZATORA RAZIGUMA, ATKARIBA
NO ROTACIJAS ATRUMA, NOTEIKSANA

Eksperimentos tika izmantota smalcinata Miezabrala stiebru (Reed Canarygrass) masa.
120. att. paradita maisitaja dozatora eksperimentala shéma. Dozatora piedzina realizéta ar
hidromotora palidzibu. Dzenosa rulla rotacijas atrums tika reguléts ar plismas regulatoru.
Rotacijas frekvence noteikta, izmantojot induktivo devéju un impulsu skaititaju.

g

140. att. Dozatora raziguma noteikSana
7. tabula. Dozatora razigums — atvere 20 mm

Rotacijas Atveres
frekvence, Lentes kustibas | Masa, platums, Razigums,
apgrs™ atrums, ms* kg mm Laiks,s | kgs™
0.25 0.178195 10.883 20 141 | 0.077184
0.25 0.178195 10.859 20 143 | 0.075937
0.25 0.178195 | 10.834 20 143 | 0.075762
0.5 0.35639 10.801 20 78 | 0.138474
0.5 0.35639 | 10.764 20 76 | 0.141632
0.5 0.35639 10.742 20 77 | 0.139506
0.75 0.534585 | 11.169 20 52 | 0.214788
0.75 0.534585 11.121 20 53 0.20983
0.75 0.534585 11.072 20 54 | 0.205037
1 0.71278 | 11.025 20 41 | 0.268902
1 0.71278 10.948 20 40 0.2737
1 0.71278 | 10.884 20 39 | 0.279077
1.25 0.890975 10.821 20 34 | 0.318265
1.25 0.890975 | 10.748 20 32 | 0.335875
1.25 0.890975 | 10.709 20 32 | 0.334656
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121. attéls parada, ka rotacijas frekvenci un dozatora raziguma saista lineara sakariba
ar labu korelaciju. To parada determinacijas koeficients, kas $aja gadijuma ir 0.996.
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141. att. Maisitaja dozatora razigums - atvere 20 mm

Otraja tabula apkopoti dati eksperimentu sérijai, kura dozatora tvertnes atveres
platums bija 40 mm.

8. tabula. Dozatora razigums — atvere 40 mm

Rotacijas Atveres
frekvence, Lentes kustibas | Masa, platums, Razigums,
apgrs atrums, ms* kg mm Laiks,s | kgs™
0.25 0.178195 | 11.094 40 63 | 0.176095
0.25 0.178195 | 11.062 10 54 | 0.204852
0.25 0.178195 11.04 40 64 0.1725
0.5 0.35639 | 11.009 40 33.6 | 0.327649
0.5 0.35639 10.98 10 33.36 | 0.329137
0.5 0.35639 | 10.955 40 30.7 0.35684
0.75 0.534585 | 10.901 10 23 | 0.473957
0.75 0.534585 10.869 40 22 | 0.494045
0.75 0.534585 | 10.839 40 20 0.54195
1 0.71278 | 10.807 40 17 | 0.635706
1 0.71278 10.785 40 16.5 | 0.653636
1 0.71278 | 10.765 40 16.3 | 0.660429
1.25 0.890975 10.72 40 13 | 0.824615
1.25 0.890975 | 10.662 10 14 | 0.761571
1.25 0.890975 | 10.615 40 14 | 0.758214
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122. att. redzams, ka palielinoties atveres platumam, nedaudz palielinas ari datu
izkliede, tacCu salidzinajuma ar ieprieks veiktajiem eksperimentiem, kad tika izmantota rupjak
smalcinata Miezabrala masa, Si izkliede ir mazaka.
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142. att. Maisitaja dozatora razigums

3. tabula apkopotie un 123. attéla atspogulotie dati ir eksperimentu sérijai ar tvertnes
atveres platumu 75 mm.

9. tabula. Dozatora razigums — atvere 75 mm

Rotacijas Atveres
frekvence, Lentes kustibas | Masa, platums, RaZigums,
apgrs™ atrums, ms* kg mm Laiks,s | kgs™
0.25 0.178195 | 10.483 75 28 | 0.374393
0.25 0.178195 10.404 75 28.04 | 0.371041
0.25 0.178195 | 10.323 75 27 | 0.382333
0.5 0.35639 | 10.257 75 13.22 0.77587
0.5 0.35639 10.182 75 13.52 | 0.753107
0.5 0.35639 | 10.132 75 13.6 0.745
0.75 0.534585 10.074 75 10.12 | 0.995455
0.75 0.534585 | 10.007 75 9.35 | 1.070267
0.75 0.534585 11.447 75 10.44 | 1.096456
1 0.71278 11.38 75 7.54 | 1.509284
1 0.71278 | 11.299 75 7.48 | 1.510561
1 0.71278 11.254 75 7.73 | 1.455886
1.25 0.890975 | 11.214 75 6.15 | 1.823415
1.25 0.890975 11.17 75 6.3 | 1.773016
1.25 0.890975 | 11.125 75 6.5 | 1.711538

Projekta Nr. 2010/0306/2DP/2.1.1.1.0/10/APIA/VIAA/128 130



ERERAF £

EIROPAS REGIONALAS
ATTISTIBAS FONDS

leguldijums Tava nakotné

*
* 5k

EIROPAS SAVIENIBA

A

R*=0.9923

0.2 0.4 0.6 0.8

Lentes kustibas atrums, m s?

143.

att. Maisitaja dozatora razigums

EKSPERIMENTALO PETIJUMU VEIKSANA -MAISITAJA DOZATORA RAZIGUMA, ATKARIBA
NO TVERTNES ATVERES REGULEJUMA, NOTEIKSANA.

Pieaugot tvertnes atveres platumam pieaug dozatora razigums, bet pieaug ari datu
izkliede, tas nozimég, ka dozators strada nevienmeérigak. Dozatora darbiba tieSi atsaucas ari uz
maistjuma kvalitati, tas nozimé, ka nevienmérigi darbojoties dozatoram, maisijums bdus

nehomogeénaks.

124. attéla sniegtais salidzinajums parada, ka pie dozatora tvertnes atveres platuma —

20 mm, tas strada visstabilak.

2
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144. att. Dozatora razigums ar dazadiem tvertnes atveres platumiem
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MAISAMAS BIOMASAS MITRUMA SATURA UN SASMALCINATO STIEBRU DALINU LIELUMA
SADALIJUMA NOTEIKSANA.

Smalcinatai Miezabrala masai noteiktais mitruma saturs — 22%.
11. tabula. Masas dalinu lieluma sadalijuma noteiksana Miezabralim

Sadalijums noradits %

Parauga Sieta acs izmérs, mm
Nr. 1 2 3 5 7
1 10.65 28.19 41.22 19.62 0.31
2 14.10 27.27 37.42 16.50 4.71
3 11.27 25.43 37.93 19.19 6.18
4 12.75 26.43 36.38 15.02 9.42
5 12.18 25.51 37.60 16.14 8.56
6 16.84 31.20 38.13 13.32 0.50
7 14.03 29.76 39.88 14.96 1.37
8 15.60 29.61 39.47 13.44 1.89
9 14.43 27.41 35.28 19.12 3.76
10 16.76 29.74 36.42 13.61 3.47
11 12.84 26.36 36.79 20.47 3.54
Vidéji 13.77 27.90 37.87 16.49 3.97

Vizuali novertéjot smalcinato masu varam novérot, ka dalinas, kas izbirusas cauri
sietam ar acs izméru 3mm, vidéji ir 5-10 mm garas, bet atseviskos gadijumos to garums var
sasniegt pat lidz 30mm.

12. tabula. Masas dalinu lieluma sadalijjuma vizuala novértésana

Sieta acsizmérs 1 mm

Sieta acsizmérs 2 mm
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Sieta acsizmérs 10 mm
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133. lidz 139. attélos paradits smalcinata Miezabrala masas dalinu lielumu sadalijums
pa grupam. Uzraditie dalinu grupas izmeéri ir sieta acu diametri. Ta ka dalinas ir adatveida,
tad caur sieta acim izkJuvusas dalinas ir ievérojami garakas par noradito acs diametru.
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145. att. Dalinu lieluma sadalijums 1. paraugam
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146. att. Dalinu lieluma sadalijums 2. paraugam
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147. att. Dalinu lieluma sadalijums 3. paraugam
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148. att. Dalinu lieluma sadalfjums 4. paraugam
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149. att. Dalinu lieluma sadalfjums 5. paraugam
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150. att. Dalinu lieluma sadalijums 6. paraugam
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151. att. Dalinu lieluma sadalfjums 7. paraugam
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EKSPERIMENTALO DATU APSTRADE UN ANALIZE

Apskatot 125. attélu var noverot, ka lentas kustibas atrums butiski neietekmé dozatora
Tpatnéjo razigumu, bet paradas tendence pieaugot kustibas atrumam samazinaties
ipatnéjam razigumam. Tas skaidrojams ar to, ka pie lielakiem lentas kustibas atrumiem
veidojas art lielaka pretestiba smalcinatai masai izplUstot caur tvertnes atveri.

126. attéla redzams smalcinatas masas plismas raksturs. Ta ka masas dalinas ir relativi
garas, tas sava starpa sakeras, un no tvertnes tiek izrautas tikai ar lentas izcilniem.
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152. att. Dozatora Tpatnéjais razigums pie dazadiem tvertnes atveres platumiem

153. att. Biomasas plisma no dozatora
Palielinoties atveres lielumam (125. att.), palielinas ari ipatnéja raziguma izkliede. Tas
saistits ar plismas nevienmérigumu. Plismas nevienmérigumu izraisa tvertnes atveres
aizsprostoSanas (127. att.).
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154. att. Aizsprostojumu veidoSanas

4., 5. un 6. tabulas veikta datu statistiska apstrade, analizéti dozatora Tpatngja
raziguma rezultati pie dazadiem lentas kustibas atrumiem atkariba no tvertnes atveres
platuma. Datu vidéja aritmétiska vértiba (Mean) norada, ka Tpatnéjais razigums pieaug
palielinoties atveres platumam, tacu ari standartnovirze (Standard Deviation) un mérijumu
klida (pedéja rinda tabulas) pieaug.

13. tabula. Dozatora ipatnéja raziguma datu apstrade

Atveres platums 20 mm

Mean 0.39348436
Standard Error 0.00539899
Median 0.39144334
Mode #N/A

Standard Deviation 0.02091019
Sample Variance 0.00043724
Kurtosis 0.03630742
Skewness 0.59014044
Range 0.07593623
Minimum 0.35720947
Maximum 0.4331457
Sum 5.90226535
Count 15

Confidence Level(95.0%) 0.01157968
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14.tabula. Dozatora ipatnéja raziguma datu apstrade

Atveres platums 40 mm

Mean 0.94275
Standard Error 0.019315
Median 0.924166
Mode #N/A
Standard Deviation 0.074808
Sample Variance 0.005596
Kurtosis 3.3221
Skewness 1.516511
Range 0.2986
Minimum 0.850994
Maximum 1.149594
Sum 14.14125
Count 15
Confidence

Level(95.0%) 0.041427

15. tabula. Dozatora ipatnéja raziguma datu apstrade

Atveres platums 75 mm

Mean 2.05742462
Standard Error 0.0219283
Median 2.08222099
Mode #N/A

Standard Deviation 0.08492796
Sample Variance 0.00721276
Kurtosis 0.75032859
Skewness -0.984511
Range 0.31491773
Minimum 1.86210714
Maximum 2.17702487
Sum 30.8613694
Count 15
Confidence Level(95.0%) 0.04703154
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16. BRIKETESANAS, GRANULESANAS PROCESA TEORETISKA IZPETE

MOBILA BRIKETETAJA NEPIECIESAMA BRIKETESANAS SPEKA NOTEIKSANA

BriketéSanas maksimala spéka noteikSanai, nepiecieSams definét presformas
geometriskos parametrus. Starp spéku, kads jaattista presésanas virzulim un nepiecieSamo
spiedienu uz briketes virsmas pastav sakariba

F = pA, (77)
kur  F— spéks no presésanas virzula, N;
p— nepiecieSamais spiediens uz briketes virsmas, MPa;
A— briketes $kérsgriezuma laukums, mm?.

NepiecieSamais spiediens uz briketes virsmas laukumu, atkarigs no velama briketes
blivuma. Lai iegltu péc iespéjas kvalitativakas briketes, tad to blivumam jabat péc iespéjas
lielakam. Analizéjot briketéSanas presu tehnisko informaciju noskaidrots, ka lielakajai dala no
biomasas presésanas iekartam, spiediens uz biomasas virsmu ir no 100 lidz 150 MPa.
Laboratorijas eksperimentos iegltie rezultati rada, ka lai iegltu briketes, kuru blivums lielaks
par 1000 kg m?, spiedienam uz briketes virsmu jabat aptuveni 200 MPa. Izmantojot 155.
attelu iespéjams noteikt maksimalo presésSanas spéku, dazadiem briketes sSkérsgriezuma
laukumiem un pie dazadiem presésanas spiedieniem.

2500 -
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U{ -
Z 1500 _ - &
% /, -""-
= -~ . ‘,.-"
>§ /’ ; ’4"'
3 500 St e
] AL

0 1 1 1 1 ]
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Briketes Skérsgriezuma laukums, mm?

Nepieciesamais spiediens p=100 MPa = === Nepieciesamais spiediens p=150 MPa

Nepieciesamais spiediens p=200 MPa = = Nepieciesamais spiediens p=250 MPa

155. att. Briketésanas spéeks atkariba briketes Skérsgriezuma laukuma
Projekt&jama, mobila briketétaja presformas $kérsgriezuma laukums ir 9000 mm?, lai
nodroSinatu spiedienu 150 MPa uz biomasas virsmu, tad kompaktésanas mehanismam
janodrosina vismaz 1350 kN liels maksimalais presésanas spéks. Mehanisma turpmakajiem
apréekiniem, maksimalais presésanas spéeks tiek pienemts 1500 kN.
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MOBILA BRIKETETAJA PRESESANAS MEHANISMA TEORETISKAIS NOVERTEJUMS

Lai noskaidrot mobila briketétaja prototipa, preséSanas mehanisma raksturliknes,
nepiecieSams sastadit darbigo spéku lidzsvara vienadojumus. PreséSanas mehanisma shéma
redzama 156. attela.

R X

156. att. PreséSanas mehanisma shéma
Lai noskaidrotu sakaribu starp piedzinas spéku P un pretestibas spéku R, nepiecieSams
sastadit spéku projekciju [tdzsvaru vienadojumus uz X un Y asim.
Sastada lidzsvara vienadojumus punkta C.

> F.=0; ~R+Q,cosa - S, cosp =0, (78)

ZFiy:o; -Q,sina+S;sing=0 (79)
Sastada lidzsvara vienadojumus punkta B.

> F,=0; Q, cosa —Q, cosa =0, (80)

>'F, =0; —-P-Q,sina-Q,sina =0. (81)

No vienadojuma (80) redzams, ka Q; = Q; ko apzimé ar Q. Parveidojot vienadojumu
(81) un izsakot Q iegust:

Error! Objects cannot be created from editing field codes.. (82)

Sastada lidzsvara vienadojumus punkta D.
> F,.=0; S,cosB—S,cosf =0, (83)
> F, =0; P+Ssing+S,sing=0. (84)

No vienadojuma (83) redzams, ka S; = S, ko apzimé ar S. Parveidojot vienadojumu (81)
un izsakot S iegust:
P

2sing

S=§=5 - (85)

No vienadojuma (78) izsaka speku R
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R=Q,cosa -5 cosp (86)

Parveidojot vienadojumu (86) un aizstajot Q, un S; ar vienadojumiem (82) un (85)
iegust:

*
* x K

_Pc05a+Pcosﬂ_ PP
2sinae 2sing 2tana 2tang
kur  R— reakcijas speks presforma;
P — spéeks no hidrocilindra.

PreséSanas mehanisma presésanas virzula parvietojumu, atkariba no lenka a (156.
att.), nosaka

R=
(87)

z=(ABcosa —( AO),) 2 (88)

kur  z— virzula parvietojums;
(AO)o — briketesanas mehanisma locekla AB projekcija uz horizontalo asi pie
sakotnéja lenka a.
Izmantojot datorprogrammu Excel aprékinatas presésanas mehanisma spéka -—
parvietojuma raksturliknes. legutie rezultati redzami 157. attela.
600

500

- + Speks F =10 kN
====Speks F=20 kN
= = Spéks F=30 kN
Speks F =40 kN

=S

(]

=]
|

)
=)
S
|

Izejas speks R, kN
(W8]
=
=]
|

100

0 50 100 150 200 250
Parvietojums, mm

157. att. PreséSanas mehanisma spéka — parvietojuma apréekinatas raksturliknes

Spéeka — parvietojuma raksturliknu aprékinam izmantoti Cetri dazadi piedzinas spéki 10,

20, 30 un 40 kN. Piedzinas spéks, ir speks ar kadu hidrocilindrs iedarbojas un mehanisma
locekliem.

MOBILA BRIKETETAJA PROTOTIPA PRESESANAS MEHANISMA LOCEKLU 1ZMERU
NOTEIKSANA

PreséSanas mehanisma loceklu AB un BC (skat. 156. att.) garums ir atkarigs no
nepiecieSama virzula gajiena, bet loceklu AD un DC garums atkarigs no hidrocilindra garuma,
kas saistits ar nepiecieSamo presésanas virzula gajienu.

Presésanas mehanisma loceklu AB un BC garums atkariba no maksimala presésanas
virzula parvietojuma, kas redzams 158. attéla. PreséSanas virzula parvietojuma aprékinam
izmantota formula (88).
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PreséSanas virzula maksimalais parvietojums, mm

att. PreséSanas mehanisma loceklu AB un BC garums atkariba no presésanas virzula

parvietojuma

preséSanas mehanismam janodroSina maksimalais virzula

parvietojums 300 mm. Mehanisma loceklu AB un BC garums, kas izmantots turpmakiem
aprékiniem, tiek pienemts 500 mm.

159. attéla redzama sakariba starp mehanisma preséSanas virzula parvietojumu un
hidrocilindra parvietojumu (mehanisma loceklu AB un BC garums 500 mm).

No apréekinatajiem rezultatiem redzams, ka hidrocilindra katam janodrosSina 353.6 mm
liels parvietojums. Turpmakiem aprékiniem hidrocilindra gajiens tiek pienemt 350 mm.
Stiprinajuma Sarniru attalums 560 mm (atbilstosi 2. attéla redzamajai shémai BD = 560 mm).

Hidrocilindra parvietojums, mm

159.

400
350
300
250
200
150
100
50
0

pd
/
/

100 200 300
PreséSanas virzula parvietojums, mm

att. Presésanas virzula un hidrocilindra parvietojums

Zinot mehanisma loceklu AB un BC izmérus un hidrocilindra garumu iesp&jams
apréekinat locek]u AD un DC garumu
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AD=DC=y/OD’ +AQ’ = |/( ABsin + BD)’ +( ABcosz)” =

=\/(5oo- sin 45+ 56§)Z+( 500 coszl)5= 979.6 mm- 9)

Presésanas mehanisma loceklu AD un DC garums, turpmakiem aprékiniem, tiek
pienemts 980 mm.

PRESESANAS MEHANISMA LOCEKLU STIPRIBAS APREKINS

Mobila briketétaja preséSanas mehanismam izveléts 156. attéla redzamais
stienmehanisms. Stienmehanismi raksturojas ar relativi gariem mehanisma locek|iem.
Mehanisma loceklu savstarpéja savienosana un mehanisma loceklu savienosana ar statni un
presésanas virzuli var tik realizéta ar cilindriskiem Sarniriem.

Projektéjamam mehanismam nepiecieSams veikt loceklu stipribas aprékinu.
Mehanisma locekliem AB, BC, AD, DC (156. att.) tiks veikts stiepes — spiedes un |odzes
aprekins, bet Sarniru tapam cirpes aprékins. Darbibas laika, mehanisma locekli AB un BC tiek
paklauti spiedes slogojumam, AD un DC — stiepes slogojumam, bet Sarniru tapas cirpes
slogojumam.

Aprékinos izmantojamie, mehanisma locek|u garumu ir AB = BC = 500 mm un AD = DC
= 980 mm. Maksimalais aksialais spéks, kads darbojas uz mehanisma loceklu AB un BC
Skersgriezuma laukumu ir 1500 kN. Maksimalais sp€ks, kas darbojas uz loceklu AD un DC
Skérsgriezuma laukumu ir atkarigs no hidrocilindra presésSanas spéka. Turpmakiem
apréekiniem tas tiek pienemts 500 kN.

Mehanisma loceklu materials tiek izveléts térauds S 235. Terauda S 235 raksturojosie
parametri: Elastibas modulis E = 210000 MPa; puasona koeficients v = 0.30; blivums p = 7850
kg m>; pielaujamais stiepes (spiedes) spriegums [0sp] = 235 MPa; pielaujamais cirpes
spriegums [t] = 215 MPa.

Spriegums, kas rodas aréjo speku iedarbiba nedrikst parsniegt pielaujamos spriegumus
Omax < [0s,pl; [Oc]. Stienu aprékiniem stiepes (spiedes) slogojuma izmanto stipribas nosacijuma
formulu

F
6, ..,——Z=%|o
e sl (90)
Ta ka zinams aksialais spéks, kas darbojas stiena Skérsgriezuma laukuma Fs, = 1500 kN,
tad stienu AB un BC nepiecieSamo skérsgriezuma laukumu var aprékinat

E
s _ 1500 1000 6382.9

235 mm?>. (91)

Pienemot, Skérsgriezuma laukumu taisnstlrveida formas ar izmériem 40 x 100 mm
redzams, ka viena stiena Skérsgriezuma laukums ir 4000 mm?. Presé$anas mehanisma
konstrukcija tiks projektéta no diviem paraléliem mehanisma loceklu pariem, lidz ar to
kopé€jais Skérsgriezuma laukums, kas uznems aksialo slodzi ir 8000 mm?, kas ir lielaks par
minimali nepiecie$amo 6382.9 mm?>.

Mehanisma loceklu AD un DC $kérsgriezuma laukuma aprékins (Fs; = 500 kN)

A=

[Gs,p]

A= E :502.;5000:2127.6
[0, mm?. (92)
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Pienemot, Skérsgriezuma laukumu taisnsturveida formas ar izmériem 30 x 80 mm
redzams, ka viena stiena Zkérsgriezuma laukums ir 2400 mm?. Presé%anas mehanisma
konstrukcija tiks projektéta no diviem paraléliem mehanisma loceklu pariem, lidz ar to
kopé&jais &kérsgriezuma laukums, kas uznems aksialo slodzi ir 4800 mm?, kas ir lielaks par
minimali nepiecieSamo 2127.6 mm?.

No iegltajiem aprékiniem redzams, ka stienu Skérsgriezuma laukumu izmeéri ir mazi
salidzinajuma stienu garumu, tapéc nepiecieSams to Jodzes aprékins.

Stipribas nosacijums lodze ir

GIZES(p[G]Sp

A : (93)

kur ¢ - pielaujamo spiedes spriegumu samazinasanas koeficients, kas atkarigs no stiena
materiala un slaiduma.

Veicot spiesta stiena noturibas parbaudi pie zinama Skérsgriezuma laukuma A =
4000 mm? (taisnstdris 40 x 100 mm), spiedes spéka F; = 750 kN, stiena garuma 500 mm.
Stiena gali nostiprinati Sarniros, kas nosaka redukcijas koeficienta vertibu p = 1.

Stiena Skérsgriezuma laukuma minimalais inerces radiuss

3
TS :\/ab :\/40 100 _ 55 9mm. (94)
A 12A 12- 4000
Stiena slaidums
god 1500, 4
Imin 28.9 (95)

kur imin — stiena Skérsgriezuma laukuma minimalais inerces radiuss, mm,;

Imin — Minimalais inerces moments, mm4;

A— 3kérsgriezuma laukums, mm?;

a, b— taisnstdra malu garumi, mm;

A— stiena slaidums;

u— redukcijas koeficients, kas ievérté stiena galu stiprinajuma veidu;

|- stiena garums, mm.

Koeficientu a, b un p nosaka no rokasgramatam. AtbilstoSi aprekinatajai stiena

slaiduma A = 17.3 vértibai tiek atrasts atbilstoSais Jodzes iespaida koeficients ¢ = 0.96.

Izmantojot formulu (93) parbauda stipribas nosacijumu lodzé

Eg(p[c] _, 750 1000 g6, 53
A ® 4000
187.5< 225.6 _ (96)

Pienemot ka kada no presésanas mehanisma darbibas posmiem, mehanisma locekli AD
un DC tiek paklauti spiedies slogojumam, nepiecieSsams veikt to Jodzes noturibas parbaudi.
Spéks F, = 250 kN, locekla garums 980 mm, $kérsgriezuma laukums 2400 mm? (taisnstaris 30
x 80 mm). Stiena gali nostiprinati Sarniros, kas nosaka redukcijas koeficienta vértibu p = 1.

Stiena Skérsgriezuma laukuma minimalais inerces radiuss

3
/mm \/ab \/30-80°’ 931
12A V12-2400 7
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| 1.980
A=t =T 424
i 23.1

min

AtbilstoSi aprekinatajai stiena slaiduma A = 42.4 vertibai tiek atrasts atbilstosais |odzes
iespaida koeficients ¢ = 0.92.

lzmantojot formulu (17) parbauda stipribas nosacijumu Jodzé

R co[o], 2221090 4 . 23
A ® " 2400
104.2< 216.2

Mehanisma loceklu savienoSanai tiks izmantoti cilindriski Sarniri, tapéc nepiecieSams
aprékinat $arnira tapas diametru. Sarniru izgatavosanai izvéléts materials térauda S 355.
Térauda S 355 raksturojoSie parametri: Elastibas modulis E = 210000 MPa; puasona
koeficients v = 0.30; blivums p = 7850 kg m™>; pielaujamais stiepes (spiedes) spriegums [0s,0] =
355 MPa; pielaujamais cirpes spriegums [t] = 335 MPa.

Sarnira tapa tiks paklauta cirpes spriegumam. Cirpes aprékini pamatoti uz izturibas
nosacijumu

F
rz—S[r]
AT, (97)
kur t— cirpes spriegums, MPa;
[t] = pielaujamais cirpes spriegums, MPa.
NepiecieSamais Sarnira tapas diametrs
d:\/ 4F _\/4- 1500 1000

314335 °°
n[r] = mm. (98)

Ta ka cirpes spriegums sadalisies starp divam darbibas plakném, tad minimalais
nepiecieSamais tapas diametrs ir divas reizes mazaks d = 37.7 mm. PreséSanas mehanisma
Sarnira tapas diametrs tiek pienemts 45 mm.
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17. MOBILA BRIKETETAJA PROTOTIPA IZSTRADE UN BRIKETESANAS,
GRANULESANAS PROCESA EKSPERIMENTALIE PETIJUMI (DAZADU
BIOMASU MAISIJUMA GRANULESANA/ BRIKETESANA, TPATNEJA

ENERGIJAS PATERINA NOTEIKSANA, UTT.).

MOBILA BRIKETETAJA PROTOTIPA KOLONNAS AR VERTIKALO HIDROCILINDRU
ELEKTRONISKA MODELA IZVEIDE

Mobila briketétaja kolonna ar vertikalo hidrocilindru, nodroSina preséjama materiala
dozésanu, kas tiek realizéta atbilstosi preséjama materiala specifikai un materiala sakotnéjo
saspieSanu lidz presformai. Solidworks datorprogramma izveidotais kolonas ar vertikalo
hidrocilindru elektroniskais modelis redzams 160. attéla.

160. att. Kolonnas ar vertikalo hidrocilindru elektroniskais modelis: 1 — kolonnas
konstrukcija; 2, 7 — hidrocilindra fiksacijas tapas; 3 — presésanas virzulis; 4 — vertikalais
hidrocilindrs; 5 — hidrocilindra fiksacijas elements

Kolonnas ar vertikalo hidrocilindru gajiena reguléSanai tiek izmantots impulsu

skaitisanas sensors, kas spé&j nolasit uz virzula izvietotos, gajiena noteikSanas elementus
(skat. 161. att.).
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161. att. Kolonnas ar vertikalo hidrocilindru virzulis

MOBILA BRIKETETAJA PRESESANAS MEHANISMA KONSTRUESANA

Nemot véra rezultatus, kas ieglti mobila briketétaja preséSanas mehanisma stipribas
aprekina, izveidots daléjs preséSanas mehanisma elektroniskais modelis (162. att.).

162. att. PreséSanas mehanisma elektroniskais modelis: 1,2 — preséSanas mehanisma
locekli; 3 — hidrocilindrs; 4 — Sarniru tapas
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MOBILA BRIKETETAJA PROTOTIPA PRESESANAS MEHANISMA
LOCEKLU SPRIEGUMU ANALIZE

Presésanas mehanisma spriegumu analize tika veikta statiski slogojot mehanismu ar
1200 kN lielu speku. Spriegumu analizés veikSanai izmatota datorprogramma Solidworks, kas
lauj iegltos rezultatu uzskatami attélot grafiska veida. legltie rezultati redzami 163. attéla.

von Mizes (Mim™2)
636 590 848.0
583 541 568.0
L 530 482 3520
- 47T 4431360
_ 424 393 886.0
_ 371 344 6400
. 3182954240
- 265248 176.0
- 2121989440

. 159147 7120

106093 472.0
53 049 236.0
an

—¥Vield strength; 351 571 000.0

Preg€Sanas meinisma spriegumu sadaims

UURES (fmim)
1731
1587

L 1.443
. 1298
1154
L1010
| oags
L 0721
0577

. 0433

02383
0144
0.000

Preg€Sanas meinisma deforrcijas
163. att. PreséSanas mehanisma spriegumu analizes rezultati

No iegltajiem modeléSanas rezultatiem redzamas kritiskas vietas, kas iekrasotas
sarkana krasa. Sajas vietds maksimalie spriegumi sasniedz materiala robeZizturibu. Sarkanas
krasas neesamiba norada uz konstrukcijas droSumu un izturigumu.

Ta ka simulacijas rezultati parada to, ka Sarniru tapas un mehanisma locek|i tiek
paklauti parak lieliem spriegumiem, tad tika izveidotas jaunas droSibas parbaudes
simulacijas, kur tika palielinati art mehanisma elementu geometriskie parametri. No
iegltajiem rezultatiem tika konstatéts, ka nav pielaujama mehanisma loceklu lieces
deformacija. lzveidoto konstrukciju nepiecieSamas papildinat ar speciali izveidotam stipribas
ribam.
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Preg€Sanas meinisma elementu drdsas prbaudes simaktijas rezuliti redzami 2. atia.

500
458
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L 375

! 333
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d 250
L 208
187

]

. 083

I 042
0.nn

PregSanas meinisma loceka drodbas

PregSanas meinisma locela drosbas parbaude, nepiaujot locelu lieces
parbaude deformiciju

164. att. PreséSanas mehanisma elementu droSuma parbaude
Mobila briketétaja prototipa presésanas mehanisma fiksacija tiek nodrosinata
izmantojot divas plaksnes. Ta ka maksimalajam slogojumam tiks paklauta tikai gala plaksne,
tad nepiecieSamas parliecinaties par konstrukcijas droSumu, izveidojot spriegumu
simulacijas modeli. legutie simulacijas rezultati redzami 165. attéla. No iegutajiem
rezultatiem var secinat, ka projektéta gala plaksnes konstrukcija ir pietiekosi drosa.
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o Mises (Mim*2)

351571 0060
] 322 287 300
. 293004 3200

. 2637209600
_ 234 437 B160
. 205154 2720
1758709260
146 567 S564.0
. 117304 2480
_ BE020904.0
5B 737 560.0
204542140
1708704

— Yield strength: 351 571 000.0

Gala ptksnes spriegumu sadjaims Gala ptksnes drodas prbaude
165. att. Gala plaksnes spriegumu modelésanas rezultati

MOBILA BRIKETETAJA PROTOTIPA PRESESANAS MEHANISMA PROJEKTESANA

Datorprogramma Solidworks izveidots mobila briketétaja prototipa presésanas
mehanisma sakotnéjais elektroniskais modelis.
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166. att. Mobila briketétaja prototipa presésanas mehanisma elektroniskais modelis:
1 — mehanisma nostiprinasanas ramis; 2 — vadikla ar gala Sarniru; 3 — preséSanas mehanisms;
4 — nekustiga gala Sarnirs

Projekta Nr. 2010/0306/2DP/2.1.1.1.0/10/APIA/VIAA/128 152



ERERAF

EIROPAS REGIONALAS
ATTISTIBAS FONDS

I
it @-1 o

leguldijums Tava nakotné

500
M

{zm.| Lapa | Dokwmn. Nr.
Rasgla | E Repsa
Fiepéma

Faraksts Dat

Projekta Nr. 2010/0306/2DP/2.1.1.1.0/10/APIA/VIAA/128

230
. 80
M

LOT-1

Mehanisma
loceklis

5355

* X x
*
B *

* *
* x K

EIROPAS SAVIENIBA

LMMZL

' 1:3
Ad

lapa | | tspas 2

Masa:

153



BRERAF [

leguldijums Tava nakotné L
EIROPAS REGIONALAS

ATTISTIBAS FONDS EIROPAS SAVIENIBA

500

500
370

0
4urb. @70-2

/ \.

[
!
I
I
I

LY

E (1:2) " \ /\

10x45

1. Visu izméru pielalides saskana ar IS0 13920 C, iznemot noraditas.

PO1-1(2) LMMZL

FProjic. mefode Mérogs

lzm. Lapa  Dokum. Nr. | Paraksts| Dat. ?". 5

Rastia | £ Nepda Plaksne 500x500 Ad
fenéma

laps 3  Lapas 4

5355 Masa:

Projekta Nr. 2010/0306/2DP/2.1.1.1.0/10/APIA/VIAA/128 154



BRERAF

EIROPAS REGIONALAS
ATTISTIBAS FONDS

leguldijums Tava ngkotné L

* X x
* *
* *

EIROPAS SAVIENIBA

MIEZABRALA BIOMASAS BRIKETESANAS EKSPERIMENTI

Miezabrala briketésanas eksperimenti veikti
slégta tipa presforma (skat. 167. att.).

Eksperimentu meérkis ir noskaidrot miezabrala
brikeSsu blivumu un Tpatnéjo briketésanas energiju
atkartba no preséSanas spiediena un materiala
dalinu lieluma. BrikeSu izgatavoSanai izmantoti pieci
spiediena limeni — 90, 120, 150, 180 un 210 MPa. Lai
noskaidrotu miezabrala brikeSu blivuma un brikesu
izgatavoSanas 1patnéjo energiju atkariba no
miezabrala dalinu lieluma izvéléts materials, kura
smalcinasanai izmantoti Cetri dazadi sieti. Sietu acs
lielumi — 1.5, 6, 12 un 20 mm. 168. attéla redzams
briketésanas eksperimentos izmantotais materials.

A

167. att. Shéma: 1 — presforma; 2
— preséjamais materials; 3 - virzulis

| Siéts 15 mrﬁ

__ ;uirn{gﬂnlwmﬂu j!||li\_lllq[l&\l]%|‘;{[lj\ﬁ!éﬂll .i‘ v

Siets 20mm

168. att. BriketéSanas eksperimentos izmantotais materials

Eksperimentos ieglto rezultatu matematiska apstrade veikta izmantojot MS Excel
programmu. legutie rezultati redzami 169. un 170. attélos.
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169. att. Izgatavoto brikesu videjas blivuma veértibas
45

B
o

w
)]

Ipatnégja briketésanas

w
o

enerdija, kJ kg

—_
[4)]

—_
o

50 100 150 200 250
Spiediens, MPa

& Siets 1.5 mm OSiets 6 mm ©Siets 12 mm XSiets 20 mm
170. att. Briketésanas ipatnéja energija

No iegutajiem rezultatiem redzams, ka palielinot briketésanas spiedienu no 90 lidz 210
MPa vidéjais brike$u blivums pieaug no 746+11 lidz 91525 kg m™ (siets 20 mm), no 781+14
lidz 899420 kg m (siets 12 mm), no 888+12 lidz 951+19 kg m (siets 6 mm) un no 917+18
lidz 964423 kg m™ (siets 1.5 mm). Savukart Tpatnéja briketésanas energija no 24.2+0.5 lidz
39.3+4.9 kJ kg'3 (siets 20 mm), no 22.0£2.5 lidz 32.545.3 kJ kg'3 (siets 12 mm), no 16.5+0.3
lidz 24.0+4.0 kJ kg™ (siets 6 mm) un no 16.6+0.8 lidz 23.9+0.3 kJ kg™ (siets 1.5 mm).
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18. BRIKESU UN GRANULU KVALITATES TEORETISKA IZPETE

BrikeSu mehaniska izturiba var tikt raksturota ar spéku kads nepiecieSams, lai tas
sagrautu [1, 2]. Sada veida parbaudés nepiecie$ams mazaks daudzums brike$u un iegitie
meérijumi ir tieSi. Apala Skérsgriezuma briketi novieto starp atbalsta plaksném, ka tas paradits
171. attéla. Starp plaksném briket tiek spiesta tik ilgi, kamér ta parlazt. Sados eksmerimentos
ieteicams lietot iesp&jami lielu atkartojumu skaitu — vismaz 11 briketes.

F

171. att. BrikeSu stipribas parbaudes shéma
172.
1. Brozek M., 2001. Briketovani nekovového odpaduShornik z mezinarodni konference
XIV Diamatech.Krakow, Univerzita Radom: 84-87.
2. PIistil D., BroZzek M., Malaték J., Hutla P. (2008)echanical characteristics of standard
fuel briquettes on biomass basic. Research in Ajual Engineering, 51: 66—72.
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19. NOTURIBAS PETIJUMI DAZADU MAISTJUMU GRANULAM,
BRIKETEM

MIEZABRALA BRIKESU MEHANISKAS NOTURIBAS TPASIBU EKSPERIMENTALIE PETHIUMI

Miezabrala brikeSu mehaniskas noturibas Tpasibu pétijumiem tika izmantots brikesSu
sagrausanas tests. Sagrausanas tests realizéts izmantojot materialu testéSanas masinu Zwick
Z2.5.

Eksperimenta laika, brikete tiek novietota starp divam paralélam plakném un tiek
slogota ar spéku radiala virzienad. Sada veida tiek noteikts maksimalais spéks, kads
nepiecieSams briketes sagrausanai. Eksperimentiem izmantotas miezabrala briketes, kas
izgatavotas ar dazadiem maksimalajiem spiedieniem 90, 120, 150, 180, 210 MPa.

45

[T
(&) B e

A

/
//

o

w

speks, N mm2

= = NN W
o

Ipatnéjaus sagrausanas

o oo W

20 100 150 200 250

PreseSanas spiediens, MPa

No iegltajiem eksperimentu rezultatiem redzams, ka brikeSu Tpatnéjais sagrausanas
spéks mainas no 16.5 lidz 39.8 N mm™, ja brikeSu maksimalais izgatavo3anas spiediens
palielinas no 90 lidz 210 MPa.
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KALTESANAS EKSPERIMENTALA MODELA KURTUVES FUNKCIONALA PARBAUDE DEGSANAS

REZIMA UN EKSPERIMENTALA SILTUMA JAUDAS NOTEIKSANA

173.

att. Temperatlras mérijumi funkcionalaja parbaudé

Konvektiva siltumatdeve no siltummainas virsmas apkarteja videé:

Q=az (t;—t;) 5, (99)
kur, ag— virsmas vidéjais siltumatdeves koeficients, pienem og=50W/(m?*K);
t; — vidéja virsmas temperatira, K;
t,— vidéja gaisa temperatura virsmas tuvuma, K;
Sy— virsmas laukums, m-.
Virsmas | Vidéja virsmas | Temperatlra _ Virsmas
~ . _ . Temperaturu .
MEérisanas virsma laukums, | temperatira virsmas staroiba siltumatdeves
]
m? ty, °C tuvuma t,, °C P jauda, W
Durvis 0.25 114 35 79 988
Aizmugures virsma 0.55 30 20 10 275
Prieksdalas augsa 0.26 116 30 86 1118
Prieksdalas apaksa 0.05 260 45 215 538
Virsma 0.33 99 30 69 1139
Sana priekséja
0.4 130 25 105 2100
puse
Sana aizmugures
0.4 56 25 31 620
puse
Kopa 6.8kW
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Genereétais karstais gaiss:

Q=v-c- (tizvp!. — t:‘a*p:.} = 69972k] (100)

kur, V- generéta karsta gaisa daudzums, V = 980m>;
c— gaisa siltumietilpiba, cgaisam = 1.05kJ/kgK;
tiep. — generatora ieplustosa gaisa temperatura, tiep = 10°C;
ti;pl. — NO generatora izplustosa gaisa temperatira, tiz. = 78°C

Generatora jauda:

P, = e_ 19.43kW;
5 (101)
kur, s— karsta gaisa generésanas laiks, s=3600s;

Kurtuves sadedzinasanas jauda P, — 28kW.

=
—
=
-
E

-

174. att. Kurtuves funkcionala parbaude
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22. DAZADU MAISIJUMU BIOMASAS GRANULU SILTUMSPEJAS,

PELNU KUSANAS TEMPERATURAS U.C. PARAMETRU NOTEIKSANA

Apzinati standarti, kas reglamenté granulu sadegSanas un mehaniskas noturibas
parametru noteikSanu.

Cietas biodegvielas. Tilpumblivuma | Normativs
1 LVS EN 15103 2010 o
noteikSana
Cietas  biodegvielas. @ Mitruma  satura | Normativs
2 | LVSEN | 14774-2 | 2010 | noteik$ana. Zavé3anas krasns metode. 2.
dala: Kopéjais mitrums. VienkarSota metode
3 | LVSEN 14775 | 2010 | Cietas biodegvielas. Pelnu satura noteikSsana | Normativs
LVS EN 14918 | 2010 | Cietas biodegvielas. Siltumspéjas noteikSana | Normativs
Cietas biodegvielas. Granulu un brikeSu | Normativs
5 | LVSEN | 15210-1 | 2010 | mehaniskas ilgizturibas noteikSana. 1. dala:
Granulas
Cietas biodegvielas. Dalinu blivuma | Infotmativs
6 LVS EN 15150 2012 .
noteikSanas metodes
Cietas biodegvielas. Sadrupinatu granulu | Infotmativs
7 LVSEN 16126 2012 - _ -
granulometriska sastava noteikSana
LVS EN Cietas biodegvielas. Granulu garuma un | Normativs
8 16127 2012 . .
diametra noteiksana
LVS Cietas biodegvielas. Pelnu izkauséjamibas | Infotmativs
9 | CEN/TS | 15370-1 | 2007 | noteiksana. 1.dala:  Raksturtemperatiru
metode
Cietas biodegvielas. GaistoSo vielu satura | Infotmativs
10 | LVSEN 15148 2010 .
noteiksana
Cietas biodegvielas. Séra un hlora kopéja | Infotmativs
11 | LVSEN 15289 2011 .
satura noteikSana
Cietas biodegvielas. Makroelementu Al, Ca, | Infotmativs
12 | LVSEN 15290 2011 . . o
Fe, Mg, P, K, Si, Na un Ti noteikSana
Cietas biodegvielas. Mikroelementu As, Cd, | Infotmativs
13 | LVSEN 15297 2011 | Co, Cr, Cu, Hg, Mn, Mo, Ni, Pb, Sb, V un Zn
noteikSana
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PATENTU IZSTRADE UN PIETEIKUMU SAGATAVOSANA

Autori

Dainis Ancans
Imants Nulle
Aivars Kakitis

Kopsavilkums:izgudrojums attiecas uz lauksaimnles produkcijas gostrades ieldrtam un

ir izmantojams stiebru matehi (niedru, salmu, kgpju) sagarumosSanai noteikta garuma
ddas un sagarumas masas padeves reggdnai. lzgudrojuma novii nodroSina tas, ka
griezjnazi ir nostipriati uz diviem sinhroni préjos virzienos rajoSiem rotoriem.
Garumoijs izmantojams galvenak stiebru biomasas sagrumosSanai noteikte&eranddas un

to doZtas padeves nodro&anai biomasu kuriima brikeSu razoSan

Stiebru materialu dozators - garumofjs

Izgudrojums attiecas uz lauksaimniggs produkcijas gostrades ieldrtam un ir izmantojams
stiebru matedlu (niedru, salmu, kgpju) sagarumoSanai noteikta garumalaslaun
sagarumats masas padeves reggdnai. Garum@js izmantojams galvenak stiebru
biomasas sagrumoSanai noteikta dzanddas un to doztas padeves nodrodBanai biomasu
kurinama brikeSu razoSan

Ir zinama iefice ,GarumoSanas e un metodeas vadbai” (Amerikas patents Nr. US
2007/0234863 Al, IPChk2sp 7109, kura paredsta pbna phkSpu materila sagariaSani
noteikta izndra gabalos un to transpégtnai. leices griezjmehanisms sadv no diviem
rotejoSim naziem un diviem nekdgtem naziem — pretgriégem.

Mingtajai ieficei piemt trakums, kad nenodroSina stiebru mat&u gariraSanu un padevi.
Izgudrojuma rmarkis ir iefices funkcioflo spEju paplasiasana, kas nodrogitu stiebru
materilu gariraSanu noteikta izera ddinas un to padevi, saktota veida, brike€taja.
Izgudrojuma rarkis tiek sasniegts izveidojot grigmehanismu ar diviem r@osSiem naziem,
kuri rote pregjos virzienos un grieSanas momentos to asip&vietojas viens otram pretim.
Nazi nostiprirti rotoros, kas veic amaterila padevi un nodrosSina tloZ£Sanu.

lerices uzlave redzama Fig. 1. Garumagg sasiv no diviem rotoriem 1, ar izgriezumos
nostipriraitiem naziem 2, smalcima materéla 3 padeves tiiem 4 un izvadkaiia 5.

lerices dariba notiek sekojoSi. Smal@mais stiebru matetis 3 tiek padots padevesllas 4,
kuri to parvieto uz rotoriem 1. Rotoru grieSanrezuléta nazu 2 asmg norak kontaké un
nocrt stiebru matedlu. Atdalita materila ddinas p@rvieto nazi un as tiek izsviestas
izvadkarala 5.

Dalinu garums ir atkags no rotoru diametra un nazu skaita. Matgradevi nosaka padeves
rullu un rotoru grieSas atrums. Izmainot Sos parametru igspns dozt materila padevi.
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* x K

Fig. 1

Pretenzija

Stiebru matedla dozators garumas, kas satur vienu rgbSi nazi un vienu nekusfu

pretgriezjnazi, atgiras ar to, ka, ar anki paplasiat funkcioralas iesgjas, nazi ir nostipriati

uz diviem sinhroni préjos virzienos raijoSiem cilindriem, kuriem smalcima masa tiek
padota ar diviem dliem, kas nosaka padeves daudzumu.

Izmantoa literatira

3. Aivars Kakitis, Imants Nulle, Dainis Ancans. (201ZEOMETRIC AND KINEMATIC
PARAMETERS OF BIOMASS CUTTER Engineering for rudgvelopment: Proceedings of 11th
International Scientific Conference, Latvia Univgrsof Agriculture, Faculty of Engineering
Jelgava: LUA, pp. 251-256.

4. Patents EP1837137 (Al), tieSsaistes resurss
http://worldwide.espacenet.com/publicationDetadsttiption?CC=EP&NR=1837137B1&KC=B
1&FT=D&ND=3&date=20100602&DB=EPODOQOC&Iocale=en EBkatts 02.12.2012.
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EVALUATION OF REED CANARY GRASS SHREDDING
AND COMPACTING PROPERTIES

Andris Kronbergs, Eriks Kronbergs, Edgars Repsa

Latvia University of Agriculture, Faculty of Engiegng, Institute of Mechanics,
J. Cakstes bulv. 5, Jelgava, Latvia, LV-3001,
e-mail:andris.kronbergs@llu.lv; eriks.kronbergs@Ilu.lvgads.repsa@llu.lv

Abstract: Reed canary grass biomass is recommended for #idifliel production. The main
conditioning operation before preparation of hedmars biomass compositions for solid biofuel proiurcts
shredding. Shredding can increase bulk densitpuB6 kg rt. Biomass compacting represents technology for
the conversion of biomass into a solid biomass ifushape of briquettes and pellets. Compactingiahass is
one of the important processes for effective hagglliransport and storage of this biomass fuel rigtel he
purpose of the work was to investigate reed cagaags Phalaris arundinacepcomminuting energy, bulk
density and briquetting energy dependence on hanmmilkiscreen opening size. For comminuting was used
hammer mill, equipped with four different screenghwopening sizes 20, 12, 6 and 1.5 mm. Comminuting
energy for these opening sizes was stated within-1236 kJ kg. Bulk density for reed canary grass by
comminuting can be increased up to 165 kifrhammer mill screen with opening size 1.5 mnused. For
briquetting experiments were used hydraulic lalwyapress, where for compacting were used fiveecffit
pressure levels — 90, 120, 150, 180 and 210 MP&irvan density 899 — 964 kg frhad been achieved for
compacting pressure 210 MPa. Summary energy corteamfpr comminuting and briquetting is approxinigite
50 kJ kgr:gf screen opening sizes are 12 and 20 mm in conninigh. For these sizes briquette density is 839 an
915 kg n¥’.

Key words: herbaceous biomass, comminuting, briquetting.

Introduction

Density of herbaceous biomass like reed canary grass (Phalaris arundinacea) after primary
treatment have a relationship with transport and storage costs and affects the size of handling
systems and processing equipment in the end use facilities. Bulk density has significant effect on
material handling and storage aspects in a bio refinery, and depends on material composition,
particle size, shape and distribution, moisture content, specific density and applied pressure ( Lam
et al., 2007). Bulk density of biomass increases during transportation, handling, and storage which
can be caused by compaction due to vibration, tapping, or normal load (Emami & Tabil, 2008).

Compacting is way how to increase herbaceous biomass density. Compacting of biomass
represents technology for conversion of biomass into solid fuel in shape of briquettes and pellets.

European countries have standards (ONORM 7135, SS 18 71 20 and DIN 51731) (Matu$ &
Krizan, 2010; Alakangas, 2011) concerned with wood pellets and briquettes properties. Demand of
mentioned biofuel density is > 1000 kg m™ in standards. For lower quality biomass solid fuel
permissible density is > 900 kg m™.

In this study, shredding and compacting properties of reed canary grass was investigated using
hammer mill and laboratory hydraulic press equipment.

The purpose of the work was to investigate reed canary grass comminuting energy, bulk density
and briquetting energy dependence on hammer mill screen opening size.

Materials and Methods

In experiments was used reed canary grass material which was stored in round bales. Bales
were spread out before comminuting. The length of reed canary grass stalks was within 0.1 and 0.5
m.

For reed canary grass stalk comminuting was used hammer mill. The machine was equipped
with 15 kW electric motor and four different screens with round shaped opening size 1.5, 6, 12 and
20 mm. Hammer mill was equipped with instantaneous power measuring equipment. Electric motor
was connected to a voltage transformer and to the Pico Data Logger. All data were collected with
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computer and processed with Microsoft Excel software. Before material comminuting was
determined hammer mill idle power. Specific cutting energy was calculated:

Eec = E. -Ep ) (1)
m
where: Eg. - specific cutting energy, kJ kg™
E, —total consumed energy for comminuting, kJ;
E,, —calculated idle energy during experiment, kJ;

M — comminuted material weight during experimenting, kg.
Bulk density for comminuted reed canary grass material was measured according DD CEN/TS
15103:2005.

Laboratory compaction experiments had been cawigdin closed die (Fig. 1) with

diameter 35 mm by means of laboratory hydraulic
press equipment. The dosage of 35 grams of P grinded
reed canary grass was used for every briquette P sipes
Grinding of reed canary grass was realized v with
hammer mill using four different screen \v opening
sizes 1.5, 6, 12 and 20 mm. Moisture of 1 7 ] material
was 17.6%. The moisture content was Y /
determined according the standard BS EN " 14774-
2:2009, where oven drying of the samples was
carried out at 105+2°C. |

During compacting of individual L o _ briquette,

. Fig.1. Close die pressing .
the force — displacement data were recorded _ _ biico
schemel - die; 2 — pressing

Data Logger and computer. Energy , i ,

) . .~ material; 3 — pressing piston
requirement for compacting was obtained from force

— displacement curves by graphical integration. allot specific energy
of reed canary grass compacting was calculatedjbgt®n:

Esp = (2)

whereEs, — specific compacting energy, kJ kg
W — compacting energy, kJ;
m, — mass of briquette, kg.

The briquettes with different density had been obtained as result. For density calculation the
weight of briquette was measured on electronic scales Sartorius GM312 with division 0.01 g and size
of briquettes was measured with sliding calipers (division 0.1 mm). Briquette density has to be
evaluated after briquette ejection from die.

For compacting of reed canary grass were used five different maximal pressure levels 90, 120,
150, 180, 210 MPa.

Results and Discussion

Comminuted reed canary grass material bulk density is within 101+2 kg m™ (if screen with
opening size 20 mm is used) and 165+1 kg m™ (if screen with opening size 1.5 mm is used). Using
Microsoft Excel program was determined comminuted reed canary grass material density
dependence on hammer mill screen size (Fig. 2). The trend line shows hammer mill screen size
influence on material bulk density.
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Fig.2. Bulk density dependence on hammer mill scseee
Screen size influence on bulk density trend line formula was:

p="f(D)=180-D%. (3)
Where: p —bulk density, kg m>;

D — Hummer mill screen opening diameter, mm.

Reed canary grass material cutting energy for all screens was determined (Fig.3). Screen size
influence cutting energy trend line formula was:

Eq. =435 D% (4)

Specific cutting energy per mass unit is growing considerably when screen opening with size less
than 12 mm is used.

300
250 \
. 236
v
= 200
s\
2 150
C
@ \
2 100
= \ 69
o (@)
50
0 T T U T |o
0 5 10 15 20

Opening size, mm

Fig.3. Cutting energy dependence on hammer mi#lestopening size
Compacting pressure is a factor which influences mainly on briquette strength and density. In
figure 4 is shown average density of reed canary grass depending on compacting pressure and
material particle size. For material particle size characteristic was used hammer mill screen opening
size. The result shown that the highest average value of briquettes density was obtained compacting
reed canary grass particles which was produced using hammer mill screen opening size 1.5 mm, but
the lowest values are for screen opening size 20 mm.
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Fig.4. Reed canary grass briquettes density

Fig. 4 shows that the briquettes density for all particle size groups increased with an increase in
pressure. The mean density value of briquettes increase from 746+11 to 915+25 kg m™ (screen
opening size 20 mm), from 781+14 to 899+20 kg m™ (screen opening size 12 mm), from 88812 to
951+19 kg m™ (screen opening size 6 mm) and from 917+18 to 964+23 kg m™ (screen opening size
1.5 mm), if compacting pressure increase from 90 to 210 MPa. Satisfactory values of briquettes
density for each material particle groups were obtained at the maximal compacting pressure — 210
MPa.

For obtained results correlation evaluation was used linear trend line. The coefficient of
determination R’ for results was ranged between 0.92 and 0.97.

Pressing energy consumption had been obtained from force — displacement curves by graphical
integration. Figure 5 shows the pressing energy consumption for briquetting of the same grinded
reed canary grass. For all four particle size groups, specific energy significantly increased with an
increase in pressure from 90 to 210 MPa.

The mean specific compacting energy value increases from 24.230.5 to
39.3+4.9 kJ kg™ (screen opening size 20 mm), from 22.0+2.5 to 32.5+5.3 kJ kg (screen opening size
12 mm), from 16.5+0.3 to 24.0+4.0 kJ kg™ (screen opening size 6 mm) and from 16.6+0.8 to 23.9+0.3
k) kg (screen opening size 1.5 mm), if compacting pressure increases from 90 to 210 MPa.

For obtained results correlation evaluation was used linear trend line. The coefficient of
determination R? for results was ranged between 0.92 and 0.98.

Obtained results show that specific compacting energy depends on particles size used for
briquetting. Lowest specific briquetting energy consumption is for particle size obtained with
hammer mill screen opening size 1.5 mm comparing with screen opening 20 mm.
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Fig.5. Specific energy of briquetting
Summary reed canary grass conditioning energy can be calculated as sum of cutting and
compacting energy. Obtained results at maximal compacting pressure 210 MPa are shown in Fig. 6.
Comparing specific cutting energy and specific compacting energy results show that total energy
consumption is 260 kJ kg™ (if screen with opening size 1.5 mm is used) and 48 kJ kg™ (if screen with
opening size 12 mm is used). The total specific conditioning energy consumption difference is 212 kJ
kg™ for used screen sizes.
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Fig.6. Conditioning energy dependence on screen openinges

Conclusions

Comminuted reed canary grass material bulk defisityithin 10%2 kg ni® (if screen
with opening size 20 mm is used) and 4B%g ni® (if screen with opening size 1.5 mm is
used).

Specific cutting energy per mass unit is growingsiderably when hammer mill screen
opening size is less than 12 mm.

During compacting the mean density value of britpseincrease from 746+11 to 915+25
kg m* (screen opening size 20 mm), from 781+14 to 899%@0° (screen opening size
12 mm), from 888+12 to 951+19 kg r(screen opening size 6 mm) and from 917+18 to
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964+23 kg nT (screen opening size 1.5 mm), if compacting presicrease from 90 to 210
MPa.

The mean specific compacting energy value incredsem 24.2+0.5 to
39.3+4.9 kJ kg (screen opening size 20 mm), from 22.0+2.5 to #8235 kJ k& (screen
opening size 12 mm), from 16.5+0.3 to 24.0+4.0 &3 fscreen opening size 6 mm) and from
16.6+0.8 to 23.9+0.3 kJ Kg(screen opening size 1.5 mm), if compacting presscrease
from 90 to 210 MPa.

Maximu of specific conditioning energy is 260 kJk@f screen with opening size 1.5
mm is used), but minimum is 48 kJk¢f screen with opening size 12 mm is used). Talt
specific conditioning energy consumption differeie@12 kJ kg for used screen sizes.
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Belt feeder for biomass mixing

Aivars Kg&itis, Imants Nulle, Dainis Arans
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Address:J. Cakstes blvd. 5, Jelgava, LV-3001

Abstract —Level of agricultural productivity has been  deviation of the component field ratio was 6% tisat
increased, and also increased land area not utilidefor  gp acceptable result for biomass mixtures [3].
food production. This area can be used for growing 14 gchieve better results it is necessary additiona

energy crops, including grasses. In addition, in Latia L . . o .
there is non-agricultural land suitable only for growing mixing but it requires for additional technic ur@ur

energy crops like Reed canary grass etc. Reed cagar task was to create biomass mixer with not additiona
grass growing for energy needs could be an additiah ~expensive components. Therefore the mixer showed in
source of income for Latvian farmers, who have Fig. 1 was created. This mixer is recommended for
harvesting technic for hay, for example dairy farmng. It mixing different kinds of bulk materials (Patent.Nr
could be also a local heat energy source if wood farm | \/14603 B). Mixer consists of two belt feeders with

area is not available. Pelletizing or briquetting 6 dried .
herbaceous biomass has several advantages such agpemal knobby belts. Feeders are placed above each

increasing energy density, improving storability am  Other |n_determ|ned height and be_I'Fs are WQV'”@ wit
reducing handling and transport costs, but remainsof ~ appropriate speeds to ensure additional mixingvof t
the fuel quality negatively affecting things, suctas high components in space between conveyor belts (Fig. 2)
ash and chlorine content (wheat straw 0.1 — 2.3%).
Therefore, to reduce ash content and corrosion of la¢
transfer surfaces suggestible to make blends withtleers
biomass where those parameters are lower. Briqueteof
herbaceous biomass blends with peat are denser,
durabler and take less energy for briquetting and
pelleting. A new mixing method in this article is
described. Experiments of biomass feeding in mixing
process with belt feeder were done. The specific
throughput of belt feeder was evaluated for Reed ceary
grass.

Keywords — mixer, feeder, Reed canary grass

Fig. 1. Bulk material mixer (Patent Nr. LV14603 B)
l. INTRODUCTION

Biofuels and especially — herbaceous biomass,||“||“||
contain more alkali metals (mainly potassium and
sodium) than coal and peat. Alkali metals lower the
ash melting point and upon reaction with chlorine,
also contained in biomass, have a strong corrosive
effect on heat exchangers [1]. Strategies for
minimizing deposition problems include co-firing
biofuels with “cleaner” fuels. Suitable “clean” ise
include certain types of coal or peat, which cantai
large amounts of inert species such as silica or LLb Lias |
alumina in their ash. By blending peat with chips oFig. 2. Working principle of mixer
herbaceous biomass also sulphur content of thaduel
increased, sulphates are formed instead of chimride Mixing process is essentially influenced by quality
and the risk of corrosion is avoided [2]. of the continuous feed. The objective is to feetd se

Components of mixtures have to be in the requireduantities of material per unit of time in an
proportion and homogeneous mixed to provide goodhinterrupted product flow. Feeding can be perfatme
quality (density, durability, and burning propesjieof Vvolumetrically by feeder equipment which draws
briquettes or pellets. Usually in mixing procesteast Material by volume or gravimetrically by controlled
two feeders and mixer have been involved. If fdkbu feeding using weight or mass as the control value.
material feeding two belt feeders are used, blendsravimetric feeding offers greater accuracy eveerov
from two components can be achieved by mergingeriods of hours or days (long term constancy) iand
flows without additional mixing [3]. This type of also suited to the feeding of materials with fluattng

inflow mixing showed good results. The standardulk density or flow properties, such as cohesive
powders and liquid additives with a variable vistos
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Gravimetric feeding also enables the actual meter{
volume to be reported back for the purposes .
recording, taking printouts and storing, as weltlatg
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transference to the process control, informatio

management and alarm systems [4].
By feeding volumetrically it is important that the
flow pattern be such that the whole outlet of thedf

hopper is fully active. This is of fundamental# 1

importance in the case of mass-flow hoppers [5h In #"
mixer design presented in this paper (Fig. 1) feeid
hoppers outlet is fully active. In this case respefc [
this rule is very important because of poor floviapi
of the chopped biomass. Mixer should have to hay

possibility

components therefore feeder throughput charadterist
is important to calculate parameters and to adjust
feeders. In this paper the volumetric throughpugof
belt feeder by feeding Reed canary grass was stated

1.
Estimation of the volumetric throughput of a beltFi9: 5. Inductive sensor and impulse counter

change proportion of blended® . e
ig. 4. Hydraulic drive of feeder

PULSE METER

MATERIAL AND METHODS sy 0

feeder was carried out in experimental equipment i ) )
(Fig.3). It consist of belt feeder, bin for chopped EXPeriments were carried out with chopped Reed
biomass with changeable gate opening and hydrauff@nary grass. There were two experiment sets with

: 25
Fig. 3. Experimental equipment
Rotation frequency of feeder was changed by | =20
hydraulic motor (Fig. 4). The angular velocity of 2:
feeder was measured with inductive sensor and | £ 15 -
impulse counter MP5W-4N (Fig. 5). Feeder bin was g
filled with determined weight chopped Reed canary 10 -
grass biomass. Time was set during bin emptying. é&
5 -
0 .
1 2 3 5 7 10 =10
Particle size, mm

motor for driving feeder. different particle size distribution of chopped iniass

(Fig. 5 — coarse chopped and Fig. 6 — fine chopped)
Moisture content of Reed canary grass was ~22%.

In firs experiment set coarse chopped biomass was
used. Sieve analyze showed that there are more than
15% particles that didn't pass through sieve witlek
diameter 10mm. Visual estimation (Table 1) of
particles let us state that particles of choppatk stre
thin and long. Particles passed through sieve holes
with diameter 3mm could be in average 5-10 mm but
in some cases up to 30mm long.

In second experiment set fine chopped particles was
used there were just 4% of particles which didn't
passed through sieve with 5 mm holes.

Fig. 6. Particle size distribution of chopped material for first
experimental set — coarse chopped
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Fig. 7. Particle size distribution of chopped material for
second experimental set— fine chopped

TABLE |
SIEVE AND PARTICLES SIZE

leguldijums Tava nakotné

Sieve holes diameter 1mm Sieve holes diameter 2m

Sieve holes diameter 3mm

Sieve holes diameter 10mm

=TSN

Particles above sieve with holes diameter 10mm

P _. _

Il. RESULTS AND DISCUSSION
Experiments were carried out

* X x
*
- *

* *
* oy *

particles and bin gates opening 20 mm grows from
0.02 to 0.11 kg S (Fig. 7) but for fine from 0.08 to
0.33 kg & (Fig. 9). The feed intensity is influenced by
particles size, particles orientation and otherkbul
properties. Bulk density of fine chopped particies
higher and also throughput is higher. There areesom
other factors that influences feeder throughputr€e
chopped Reed canary grass is a material with poor
flowability. In Fig. 12 is showed that material is
pulled out of the bin with V design profile of thelt.
As a result is discontinuous flow. Even at large
opening 75 mm the flowabilty of material is stibqr.
The more so as, material itself makes jam (Fig. 13)
decreasing opening and feeder throughput. Afteresom
periods jams crushes and makes blow-outs (Fig. 14)
therefore material flow stability is negative
influenced.

Belt feeder throughput increases to 1.8 kgsbelt
velocity 0.89 m 8 and opening 75 mm (Reed canary
grass fine chopped) (Fig. 10) .

0.35
- AOpening 75 mm R2=0.95 A
’ OOpening 40 mm A
T 025 <©Opening 20 mm C
=
< 02
=
=1
®015
E
= 0.1
0.05 -
0 . . !
0.15 0.4 0.65 0.9
Belt velocity, m s!

Fig. 8. Throughput of belt feeder for first set of experiment

The specific throughput of belt feeder shows that
there is not noticeable influence of belt veloaity it
by feeding coarse chopped particles (Fig. 9). The
specific throughput at opening 20, 40 and 75 mm
respectively is 0.1£0.002, 0.120.009, 0.3%
0.025 kg rit (Confidence Level 95.0%).

to establish

parameters of belt feeder by feeding Reed canary
grass. The throughput of the belt feeder is iningas
nearly linearly at feeder belt velocity from 0.18 t
0.89 m &. The throughput with rough chopped
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Fig. 12. Discontinuous flow

Fig. 10. Throughput of belt feeder for second set of
experiment e

The specific throughput of finer particles by the
same belt speed is higher (Fig. 11) because of t
density of material and steady flow (Fig. 3). Th
specific throughput at opening 20, 40 and 75 mrg
respectively is 0.380.011, 0.940.041, 2.06&
0.047 kg it (Confidence Level 95.0%).

Belt feeder application for fine chopped Reeq
canary grass is acceptable. Necessary to contin
experiments of feeder equipped with special knobb:
belts showed in Fig. 2.

o LAY
Fig. 13. Jam of chopped biomass

Projekta Nr. 2010/0306/2DP/2.1.1.1.0/10/APIA/VIAA/128 174



ERERAF £

leguldijums Tava nakotné L
EIROPAS REGIONALAS

ATTISTIBAS FONDS EIROPAS SAVIENIBA

Fig. 14. Blow-out

V. CONCLUSIONS

1. The throughput of the belt feeder is increasing
nearly linearly at feeder belt velocity from 0.18 t
0.89 m & and it grows from 0.02 to 0.11 kg's
(opening 20 mm, rough chopped biomass).

2. Belt feeder throughput increases to 1.8 kgt
belt velocity 0.89 m § and opening 75 mm (Reed
canary grass fine chopped).

3. Belt feeder application for fine chopped Reed
canary grass is acceptable. Necessary to continue
experiments of feeder equipped with special knobby
belts
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Abstract — The main task of this investigation is ezluation of
patented (LV 14604 B) biomass briquetting mechanism
Theoretical calculation of relationship between neasary drive
force and resistance force during pressing in die & determined.

Briquettes from grinded common reed Phragmites Australi}
or common reed — peat mixture were produced with dggned
briquetting press. Experimentally was stated densityof common
reed briquettes depending on the size of particledetermined
density of briquettes obtained during compacting wa 826.3+16.4
+ 934.5+35.1 kg rif. The minimum of density 826.3+16.4 kg M
had briquettes with particles from 6 mm grinding seeen and
maximal 934.5+35.1 kg it when particles from 1.5 mm grinding
screen had been used. Compositions of reed partislavith peat
allow obtaining briquettes density of > 1000 kg m if peat
proportion in mixture is 30%.

Results of theoretical and experimental investigatin show that
the designed pressing mechanism can be recommendéolr
biomass compacting.

Keywords — reed
briquetting

briquetting mechanisms, common

VII.

Firewood, agricultural straws, and energy crops te
most prominent biomass energy sources. In
approximately 14.6% [1] of unfarmed agriculturatdacan be
used for herbaceous energy crop growing.

Herbaceous energy crops would be the main basisolat
biofuel production in agricultural ecosystem inufit.

Herbaceous energy crops — reed canary grBbsldris
arundinacea and hempCannabis sativphave been grown in
recent years. Beside that there is possibility titize for

INTRODUCTION

bioenergy production natural biomass of common seed

overgrowing shorelines of Latvian more than 200@&

One of the major limitations of biomass for enepgyposes
is its low bulk density, typically ranging from &6 150 kg ¢
for straw material, therefore compacting of biomisene of
the important processes for effective handlingngport and
storage of this biomass fuel material. Low bulk signalso
makes difficulties in feeding the fuel into the leoi and
reduces burning efficiencies.

Peat can be used as additive for manufacturingobdl s
biofuel, because it improves density, durability sfalk
material briquettes (pellets) and avoid corrosidnboilers.
More than 230 million tons of peat is available fuofuel
production in Latvia.

The aim of this paper is theoretical and experiment

evaluation of patented (LV 14604 B) briquetting fmaaism.
Typical compacting equipment’s are classified intioe
following categories based on their working prifeg piston
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press, screw press, roller press and pelletizer. tHis
investigation is presented piston press with patémhomb
mechanism drive.

The presented rhomb mechanism can be used where
overcome of large resistance with a small driviegcé is
necessary.

VIII.

Relationship between necessary drive force andteggie
force during pressing in die was expressed usirtgaliwork
theory [2]. Scheme of rhomb mechanism is shownign E

MATERIALS AND METHODS

Fig. 1. Scheme of briguetting mechanism
Notes: AB, DE, EG, AC - links of mechanism;- angle between mechanism
link and y-axis;B — angle between mechanism link and x-axis: angle

between velocity vectors/, and V,; V. — velocity vector of point A;
V. — velocity vector of point EV, — velocity vector of hydraulic cylinder

displacement;\7F> — velocity vector of mechanism piston; F — drfeece;
R — reaction force in die.

For reaction force R calculation power equation ca
be used

FV,=R\,.
)
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Mathematical relationship between velocity veciers During briquetting experiments hydraulic pressure
o _ was measured with calibrated pressure sensor. e d
V, =V, cosy+\V; siry; collection was useRico Data Loggerlnd computer.
) For briquetting experiments grinded common reeds

was used. Grinding of common reed was realized with
3) hammer mill using four different screen openingesii.5, 6,
12 and 20 mm.
With aim to increase the density and mechanicahloility
of briquettes, common reed and peat mixtures wad.UBeat
_ Vo o A proportion in mixture was 15, 30 and 50%.
The briquettes with different density had been ioleth as
result. Briquette density was determined from t#orof the
) mass to the volume of the briquette. The weighbriduette
was measured on electronic scales Sartorius GM3itR w
division 0.01 g and size of briquettes was measwiht
7 i V] sliding calipers (division 0.1 mm).
\7h = COS}./ Ve + CO&. Ve = Ve . European countries have standar@®QRM 7135,
2siny  2siy  tay SS 18 71 20 and DIN 5173 [3, 4] concerned with proigs of
wood pellets and briquettes. Demand of mentionexubl
density is > 1000 kg thin standards. For lower quality
nbiomass solid fuel permissible density is > 9007ky
Results of briquetting experiments were evaluated
bases of mentioned standards.

V, =2V, siny = 2V siry.

From equation (3) express&i and \7E

= ,V = - .
A 2siny’ F 2siny

ReplacingV, and V¢ in equation (2)

From equation (1) unknown reaction force i
briquetting die
R:F_\7h:_|:\7p __F
VeV tany tary IX. RESULTS AND DISCUSSION

©) During briquetting experiments hydraulic pressurasw
measured with calibrated pressure sensor. Example o

Experimental briquetting press is shown in Fig. 2. - : s =
briquetting pressure dependence on time is showangin3.

12

le

=8

Pressure,

6
4
2
0

0 10 20 30 40
Time, s

Fig. 3. Briquetting pressure diagram

From briquetting pressure diagrams were recordedmad
pressure values for all types of pressing mateAakrage
values of maximal pressure are shown in Table 1.

TABLE 1
MAXIMAL PRESSURE AVERAGE VALUES

Fig. 2. Briquetting press

Notes: 1 — pressing mechanism; 2 — container; 3yeralic cylinder; Type of pressing material

S6 S6 S6

4 — frame; 5 — pressing piston; 6 — die S, 15 S.6 S, 12 S, 20 . a0 50
Pressing mechanism (1) links size are 200 mmAverage

Pressing die diameter 25 mm. Piston stroke 175 With | ™M | 1085 | o086 | 974| o006l 1020 1010 9da
experimental briquetting press briquettes were madgrass:re’
continuously in conical die. For pressing mechanirive Force

hydraulic cylinder with piston diameter 60 mm wagd. from | 16992| 15474 15297 14225 16160 15849 14856
hydraulic
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‘ ‘ ‘ ‘ opening size 12 mm), 842.2+31.9 k&’ igscreen opening size
20 mm). The briquettes of common reed particleanfro

Notes: S, 1.5, S, 6, S, 12, S,d20 — common rgeitllmrfrom gri(r;ding screen grinding screen opening size 1.5 mm let obtain iders900
opening sizes 1.5, 6, 12 and 20 mm accordingly., PB® and P50 — peat -3 :
additive proportion 15%, 30% and 50% accordingly. kg m”, recommended EU standards for wood briquettes.

. . . Common reed particles with one size group (screeming
Average maximal pressure values in rhomb mechamsgpZe 6 mm) were used for composition with different

drive CY"”de_f from 9.14 MPa_to_10.82 MPa show cﬁ;hmce proportion of peat (15, 30 and 50%). Briquettessitgrand

on particle size and characteristics of briquettiragerial. mechanical durability can be improved with peatiag in
For pressing mechanism theoretical evaluation nredsu densification. Fig. 6 shows peat proportion infloenon

maximal pressure was converted to force of hydrnaulicommon reeds briquette density.

cylinder. Calculated pressing forces R, correspuogdio

maximal drive forcd= = 15 kN, using equation (6) are shown

* *
* ok

cylinder,
N

in Fig. 4. 1200
1100 I I +
1000 1000 I —
800 E 900 -
(2]
X I
< 800 - |
o 600 3 700 - -
(] ()
S 400 0O 600 - —
e
200 500 —"% 15 30 50
Peat proportion, %
0 T T T 1
0 50 100 150 200 Fig. 6. Common reed — peat mixture briquettes aedensity
Displacement, mm
Fig. 4. Pressing mechanism force — displacementcteistic Fig. 6 shows that the briquettes average densityease

from 826.3+16.4 to 1118.2+30.9 kg hif peat proportion in

The presented pressing mechanism piston force mixture increases up to 50%. The density of commeed
displacement characteristics are nonlinear curvith two  particles and peat mixture briquettes larger tha@ Rg m°
quasilinear parts. Calculated results show thatigded has been obtained then peat proportion is > 15% in
pressing mechanism is able develop much biggersimges composition.
forceR (800 kN) comparing with drive forde (15 kN). In Fig. 7 and Fig. 8 are shown a photo of produs@tdmon

Using designed briquetting press with rhomb medrani reed briquettes.

briquettes from four common reed particle groupss wa
produced. For particle group’s characterizationr fdifferent
screen opening sizes 1.5, 6, 12 and 20 mm was us
Experimentally obtained density results are showrFig. 5
depending on particles grinding screen openingssi2ensity
is the most important parameter in briquetting. Tfgher the
density, the higher is the energy volume ratio.

Sieve 1.5 mm Sieve 6 mm Sieve 12 mm f| Sieve 20 mm ||

Fig. 7. Common reed briquettes
1000

950
900 +—
850 +— T
800 +—
750 +—
700 +—

650 +—
600 1 Fig. 8. Common reed and peat mixture briquettes

Notes: Common reed particles from grinding scrg@enong size 6 mm.
550 +—

500

—

Peat 0%

Peat 15% Peat 30%

Peat 50%

Density, kg m#

15 6 12 2 These experimental briquettes with diameter 25 ramlxe
classified also as pellets and used appropriatelipdating.

The designed rhomb pressing mechanism can be
recommended for biomass briquetting with drive frivactor
hydraulic system with pressure < 20 MPa in ruraiditions.

Fig. 5. Common reed briquettes average density

Average density of experimental briquettes was 283b.1
kg m® (screen opening size 1.5 mm), 826.3+16.4 kj m
(screen opening size 6 mm), 841.5+16.5 kg gscreen
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X. CONCLUSION

Average maximal pressure values in rhomb mechani
drive cylinder from 9.14 MPa to 10.82 MPa show defsnce
on particle size and characteristics of briquettiragerial.

The presented pressing mechanism piston force -

displacement characteristics are nonlinear curvél two
quasilinear parts. Calculated results show thatigdesd

forceR (800 kN) comparing with drive forde (15 kN).

Average density of experimental briquettes was
934.5+35.1 kg m (screen opening size 1.5 mm),
826.3+16.4 kg m (screen opening size 6 mm),
841.5+16.5 kg m (screen opening size 12 mm),
842.2+31.9 kg i (screen opening size 20 mm).

The briquettes of common reed particles from grigdi [7]
screen opening size 1.5 mm let obtain density > lgon®, i8]
recommended EU standards for wood briquettes.

The briquettes average density increase from 826.3+o
1118.2+30.9 kg m if peat proportion in mixture increases up
to 50%. The density of common reed particles andt pel®
mixture briquettes larger than 900 kg*rhas been obtained
then peat proportion is > 15% in composition.

(6]
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The designed
gigcommended for biomass briquetting with drive froector
hydraulic system with pressure < 20 MPa in ruraiditions.

* X
* *
* *

* *
* oy *
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rhomb pressing mechanism can be
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