Latvijas Biozinatnu un tehnologiju universitate
Latvia University of Life Sciences and Technologies
Tehniska fakultate
Faculty of Engineering

UNIVERSITATE

““-Lg!l SYMALYY
\’C
7

Mg.sc.ing. Karlis Banis

INOVATIVU RISINAJUMU IZSTRADE IEKSDEDZES
MOTORU GAZU APMAINAS SISTEMAS
EFEKTIVITATES PAAUGSTINASANAI

INNOVATIVE IMPROVEMENTS OF GAS EXCHANGE
SYSTEM EFFICIENCY FOR INTERNAL COMBUSTION
ENGINES

Promocijas darba KOPSAVILKUMS

zinatnes doktora grada (Ph.D.) iegiisanai

SUMMARY
Of the Doctoral thesis for the Doctoral degree of Science (Ph.D.)

Jelgava
2023



VISPARIGA INFORMACIJA

Promocijas darba izpilde veikta Jelgava, laika perioda no 2017. Iidz 2023.
gadam, cie$i sadarbojoties ar Latvijas Biozinatnu un tehnologiju universitates
Tehnisko fakultati un izmantojot tas telpas, aparatiiru un akadémiska personala
konsultacijas.

Darbs aizstavets 2023. gada 30. augusta plkst. 11.00 Latvijas Biozinatnu
un tehnologiju universitates Tehniskas fakultates 429. auditorija, J.Cakstes bulv.
5, Jelgava, Vides inZenierijas un energtikas zinatnu nozares promocijas
padomes atklata sede.

Promocijas darba vadttaji

Latvijas Biozindatnu un tehnologiju universitates Tehniskas
fakultates asociétais profesors, galvenais inZenieris, vadoSais
pétnieks Dr.sc.ing. Vilnis Pirs.

Bijusais Latvijas Biozinatpu un tehnologiju universitates Tehniskas
fakultates profesors Dr.sc.ing. Imants Nulle.

Promocijas darba recenzenti

Latvijas Biozinatnu un tehnologiju universitates Tehniskas
fakultates profesors, vadosais pétnieks Dr.sc.ing. Vitalijs Osad¢uks.
Latvijas Biozinatnu un tehnologiju universitates Tehniskas
fakultates viesasociétais profesors un Rigas Tehniskas universitates
Masinzinibu, transporta un aeronautikas fakultates docents Ph.D.
Maris Gailis.

Igaunijas Dzivibzinatnu universitites Mezsaimniecibas un
InZenierzinatnu institita Bioekonomikas un tehnologiju katedras
asociétais profesors. Ph.D. Risto Ilves.

Darba izskatiSanas un akceptéSanas (paplaSinatas institiita sédes norises)
vieta, datums un protokola Nr.

Latvijas Biozinatnu un tehnologiju universitate, Tehniska fakultate,
J. Cakstes bulvaris 5, Jelgava, 2023. gada 11. aprilis, protokola Nr. 7.3.4.-4/2.



KOPSAVILKUMA SATURA RADITAJS
SUMMARY TABLE OF CONTENTS

TEVADS ..ot 5
1. IEKSDEDZES MOTORU TEHNOLOGIJAS ATTISTIBA UN TAS IETEKME UZ
VD oo 7
2. IEPLUDES UN IZPLUDES SISTEMU DARBIBAS PARAMETRU APREKINI. 12
2.1.Ieksdedzes motora atveido$ana programma Engine Analyzer Pro..................... 12
2.2.Gaisa plusmas atruma aprekins iepliides kanala............c.ccocevvvnininciiiiininnenn, 13
2.3.Droselvarsta darbibas linearitates aprékina princips ..........ccooeveveeeveienivniennsennns 15
2.4.Degvielas iesmidzinasanas sist€éma un tas eksperimentalo p&tijumu rezultatu
APSLIAAES PIINCIPS 1.vvvvviieitcrresre et 17
2.5.Gazu tilpuma caurpliades aprékins izpliides kan@la............ccoceveveevieiiiinnenenns 19
3. INOVATIVU RISINAJUMU IZSTRADE ......ccccceceviiiiiiiriieeeeeee e 21
3.1.Unikalas droselvarsta konstrukcijas izstrade ..........ccocoovvviiiniiiiciiiiin 21
3.2.Jaudas stenda konstrug8ana un izstrade ............cccvvirieiiiiiieini e 22
4. EKSPERIMENTALIE UN MODELPETTIUMI ........ccoooviiiiineieinisineinirseeeissssinsenes 25
4.1.Droselvarsta darbibas izvert&jums visa ta atvéruma diapazona.................cc...... 26
4.2.Degvielas iesmidzinasanas izvertéjums visa droselvarsta atvéruma diapazona .28
4.3.Brivgaitas parametru NOVEItEJUINS. .....c.veuvruerrerrerrerreeeeeiesresresreseereeeseseesresreneeans 30
4.4.Spiediena harmoniskas svarstibas iepludes kanala............ccocceevviininiiniiicnnns 32
4.5.Viena un divu inZektoru iesmidzinasanas risinajumu izvert&jums ..................... 34
4.6.Spiediena harmoniskas svarstibas izpludes sistéma
4.7.Droselvarsta korpusa harmonisko svarstibu frekvencu analize..............ccccovene 38
4.8.1zstradata jaudas stenda aprobACIa ........ccccvverireriiieieieenee e 40
5. EKONOMISKAIS NOVERTEJUMS .......ccoeiiuiieieiniiiiiiieseieretsssssssss s 42
5.1.Eksperimentala droselvarsta atmaksaSanas perioda aprékins..........c.cccovrvenenne. 42
5.2.Jaudas mérijumu stenda pasreizgjas vertibas aprekins ..........ccoveveeevvivnienenennns 44
SECINAJUMI UN PRIEKSLIKUML........c.covsiiieereeeesseeeeseeesseseessesiensessesses s 47
GENERAL INFORMATION ...ttt 49
INTRODUCGTION ...ttt sttt sttt bt et te e b sseenbe e 50
1. DEVELOPMENTS IN INTERNAL COMBUSTION ENGINE TECHNOLOGY
AND THEIR IMPACT ON THE ENVIRONMENT ......ccoiiniiniieenee e 52
2. CALCULATION OF THE OPERATING PARAMETERS OF INTAKE AND
EXHAUST SYSTEMS ..ottt 57
2.1.Defining an internal combustion engine in Engine Analyzer Pro ...........c.cc....... 57
2.2.Calculation of air velocity in the inlet dUCt ... 58

2.3.Principle for calculating the linearity of throttle valve operation....................... 60



2.4.Fuel injection system and the processing principle of its experimental data.......62
2.5.Calculation of the volumetric gas flow in exhaust duct............ccccccevviviiiieinenn. 64
3. DEVELOPMENT OF INNOVATIVE SOLUTIONS
3.1.Development of a unique throttle valve design ..........cccccovvvevevencvecciceiece
3.2.Design and development of the dyno bench...........cccccooviiiiiiiiicicc
4. EXPERIMENTAL AND MODELLING RESEARCH

4.1.Evaluation of the throttle valve performance over its full opening range........... 71
4.2.Evaluation of fuel injection over the full range of throttle valve opening.......... 73
4.3.Evaluation of idle Parameters............ccoeieiirenere et 75
4.4.Harmonic pressure fluctuations in the intake duct ...........c..cccceveeeviiviceieicnnn 77
4.5.Evaluation of single and dual injection SOIUtIONS ..........c.cceovveiiriinniiiiiene 79
4.6.Harmonic pressure fluctuations in the exhaust syStem...........ccccoceeereeeriinienne 81
4.7.Frequency analysis of harmonic oscillations in the throttle body..................... 83
4.8.Validation of the developed dyno bench...........cccoovriiiiiiiciicee 85
5. ECONOMIC EVALUATION .....ociiiiiririitiieieess ettt 87
5.1.Calculation of the payback period of the experimental throttle valve ................ 87
5.2.Net present value calculation of the developed dyno bench............ccccooeceriennan 89

CONCLUSIONS AND SUGGESTIONS.........cccooiiiiiiii s 92



IEVADS

Ieksdedzes motori jau ilgu laiku ir galvenais spéka avots transporta
nozaré. Tehnologiju attistiba $aja nozaré ir radijusi virkni uzlabojumu, lai
uzlabotu iekSdedzes motoru veiktsp&ju un samazinatu emisijas. Tomer $aja
attistiba ir palikusi viena svariga niSa, proti, ieplades sistému droselvarsti. Lai
gan to uzbuve ir vienkarsa, ta ir nepilniga un var radit papildu pretestibu plismas
kanala, kas samazina motora veiktsp&ju, it Tpasi viencilindra motoru gadijuma,
kas tiek lietoti dazados lauksaimniecibas un sadzives agregatos un masinas. Lai
uzlabotu iek$dedzes motoru veiktsp&ju, tehnologijas tiek attistitas ar mérki
samazinat motora komponen$u berzes koeficientu un palielinat sadegSanas
efektivitati, tadgjadi palielinot paSa motora darbibas efektivitati un samazinot
nepiecieSamibu péc liclaka darba tilpuma motoriem, lai attistitu to pasu jaudu un
nodro$inatu kvalitativu brauksanu. Tiek arT attistitas gazu p&capstrades sist€émas,
kas kimiski parveido motora izpliides gazes, lai neitralizétu kaitigo vielu
daudzumu lidz aktualajos standartos noteiktajam ITmenim.

Promocijas darba ietvaros tiek pétiti viencilindra iekSdedzes motori.
Pateicoties LBTU grantam “Zinatniskas kapacitates stiprinasana” bija iesp&ja
izstradat un izgatavot pasa patentétu jaudas mérijjumu stendu. Jaudas stenda
izstrade ir nozimiga disertacijas dala, kas lauj realizét iepriekSminéta
droselvarsta eksperimentalos pétijumus. Darba izstrades laika ir publicéti vairaki
petjumi, kas saistiti ar iekSdedzes motoru gazu apmainas sistému, degvielas
iesmidzinasanas sistému, ka ari inovativa jaudas meérjjumu stenda mezglu
konstrukcijas izstradi. |zpétita literatiira par gazu apmainas sist€mas efektivitati
ierobezojoSiem faktoriem un izstradats inovativs koncepts jaunai drose]varsta
uzbiivei.

Pétnieciska darba pétijjumu objekts ir unikdla iekSdedzes motora
droselvarsta konstrukcija, kuras merkis samazinat vai novérst galvenos
trikumus, kadi piemit riipnieciski izmantotajam taurina tipa droselvarstam. Sie
triikumi ir $k&rslu vai kabatu veido$anas pliismas kanala pilniba atvérta pozicija,
ka arT nelineara gaisa masas caurpliides un varsta pozicijas sakariba.

Pétnieciska darba mérkis ir izstradat pilnveidotu droselvarsta konstrukciju
un novertét tas ietekmi uz motora darbibas parametriem, ka ari izstradat un
izgatavot specializétu jaudas mériSanas iekartu ar $adas konstrukcijas
droselvarstu aprikotu spekratu test€Sanai. M&rka sasniegSanai izvirziti Sadi
uzdevumi:

e izveértét pasaules patentu datubazé pieejamo iekSdedzes motoru

droselvarstu analogu prieksrocibas un trukumus;

e  aprakstit gazu dinamiskos procesus iekSdedzes motoru iepliides un

izpluides sistémas un izvertet to ietekmi uz motora darbibu;

e identificét gazu apmainas sisttmas komponensu konstruktivo

parametru ietekmi uz gazu dinamiskajiem procesiem un matematiski



iegit izejas datus turpmako eksperimentdlo un modelp&tijumu
veik$anai;

e izveidot unikalu droselvarsta digitalo prototipu, patentét ta
konstrukciju un izgatavot specializétu jaudas mériSanas iekartu
spekratu testéSanai, kas aprikoti ar $adas konstrukcijas droselvarstu;

e veicot eksperimentalos un modelpétijumus, noteikt gazu apmainas
sistémas komponensu konstrukcijas izmainu ietekmi uz motora
darbibas parametriem,;

e  aprobét jaunizveidoto jaudas meérisanas iekartu un eksperimentali
noteikt tas mérfjjumu atkartojamibas limeni;

e izvertet izstradata droselvarsta prototipa un jaudas mériSanas
iekartas ekonomisko izdevigumu.

Sekmigai uzdevumu izpildei un mérka sasniegSanai promocijas darba
ietvaros ir veikta savstarpgji saistitu p&tjjumu un eksperimentu sérija, kas sastav
no priekSizpétes darbiem, modelpétijumiem, teorétiskajiem aprékiniem, un
dazadiem eksperimentiem. Teorétiskaja dala izstradati iepludes un izplades
sisttmu darbibas parametru aprékinu principi, péc ka iegiti dati, kas nemti par
pamatu talakiem eksperimentalajiem un modelp&tijumiem. Praktiska dala ietver
inovativu risinajumu izstradi, Kura izveidots unikalas konstrukcijas droselvarsts
un jaudas stends, kas paredzets ta vélakai eksperimentalai testéSanai. To
konstrukciju izstrades ietvaros veikti modelpétijumi, ka ari nemtas véra atzinas,
kas iegtitas priekSizp&tes darbos. Eksperimentala dala ietver jaunizveidota jaudas
stenda aprobaciju, ka ari modelp&tijumus un eksperimentus, kas veikti ar
praktiskaja dala izstradato droselvarsta digitalo prototipu, balstoties uz
teorétiskaja dala iegiitajiem izejas datiem.

Promocijas darba novitate saskatama unikalos tehniskajos risinajumos,
kas ieviesti darba ietvaros izstradata droselvarsta un jaudas stenda konstrukcijas
butisku inzeniertehnisko problému risinasanai. Ka apliecinajums $ai novitatei
kalpo pieskirtais Latvijas Republikas patents par iekSdedzes motora droselvarsta
konstrukciju un patenta pieteikums par mehaniskas jaudas meériSanas ierici.
Zinatniska nozime atrodama ta ietvaros veiktajos pétijjumos un eksperimentos
saistiba ar iekSdedzes motoru gazu apmainas sisttmam. To mérkis veicinat
fizisko un mehanisko procesu izzinasanu, kas lauj saskatit dota briza tehnologiju
ierobezojoSos faktorus un piedavat inzeniertehniskos risinajumus. Saskana ar
sekojosaja nodala aprakstito informaciju, §1 darba tautsaimnieciska nozime ir un
bus aktuala, pateicoties dazadiem tehnologiskajiem faktoriem, kas ierobezo
globalas energijas apgades infrastruktliras parieSanu uz atjaunojamo resursu
izmantoSanu un simtprocentigu atteikSanos no iek§dedzes tehnologijam.



1. IEKSDEDZES MOTORU TEHNOLOGIJAS ATTISTIBA
UN TAS IETEKME UZ VIDI

Industrialo revoliiciju d&] tehnologiju attistiba divdesmitaja un divdesmit
pirmaja gadsimta ir atri pieaugusi, tomér cilvéces ekonomiskas aktivitates
ietekme uz ekologiju un klimatu ir kluvusi arvien aktualaka téma. Transporta
sektors ir identificets ka viens no lielakajiem oglekla dioksida emisiju c€loniem,
tap&c auto razotaji pastavigi uzlabo motoru konstrukcijas, lai nodroS§inatu tiraku
sadegSanu un efektivaku darbibu. Elektroautomobili kltist arvien popularaki ka
alternativa iek§dedzes motoriem, bet ir janem véra elektroenergijas patérina
pieaugums nakotné.

Benzina ick8dedzes motori darbojas péc Otto cikla principa
(skat. 1.1. att.), kas iz8kir ¢etras motora darbibas taktis — ieplades, saspie$anas,
darba un izpliides takts.

Spiediens
/

T
1 ——

Tilpums

1.1. att. Otto cikls
1 - iepludes vai izplades takts pie konstanta spiediena; 2 - adiabatiska degmaisijuma
saspieSanas takts; 3 - sadegSana pie konstanta tilpuma; 4 - darba takts, izentropiska
izplesanas; 5 - izpliides takts pie konstanta tilpuma.

Praktiski visi patérina sektora pasazieru automobilu un motociklu
iekSdedzes motori darbojas ar kloka-klana mehanisma palidzibu. Lai padaritu to
darbibu efektivaku, uzlabotu attistitas jaudas raksturlikni, samazinatu degvielas
patérinu, ka arT raditu mazak klimatam un populacijai kaitigo emisiju, $adas
konstrukcijas iek§dedzes motori piedzivojusi daudz uzlabojumu, tomér iepludes
gaisa droselvarsta konstrukcija So uzlabojumu rezultata nav tikusi mainita.

Iepludes gaisa droselvarsts ir dala no iekSdedzes motora iepliides
sisttémas, kas regulé gaisa vai degmaisijuma iepladi degkamera. Musdienas
plasak izmanto taurina tipa varstus (skat. 1.2. att.), kuru konstrukcijas trikums ir
sledzgjelementa nespgja pamest plismas kanalu pilniba atverta pozicija. Tas
izraisa pliismas daliSanu un papildus pretestibu.



1.2. att. Taurina tipa droselvarsta konstrukcija
1 - plasmas kanals; 2 - rotgjoss diskveida varsts; 3 - piedzinas varpsta; 4 - skriive.

Ieksdedzes motoros, kuros nepiecie$ama droselvarsta izmanto$ana,
pamata izSkir divus droselvarsta novietojumus attieciba pret parjo iepliudes
sistému vai motora cilindru galvu. Visplasak izmantotais novietojums izmantots
motoros ar diviem vai vairak cilindriem, kur droselvarsts atrodams starp
cilindriem kopiga ieplides kolektora sakuma (skat.1.3.att. - A), bet retak
izmantots novietojums atrodams pamata viencilindra vai sacikstem paredzetos
motoros, kur droselvarsts atrodas iepliides kanala starp cilindru galvu un iepliides
kolektoru vai iepliides kanala sakumu (skat. 1.3. att. - B).

\ —/

NN

B

1.3. att. Iepliides gaisa droselvarsta iespéjamie izvietojumi
A - visiem cilindriem kopigs droselvarsts; B - katram cilindram atsevisks droselvarsts;
1 - droselvarsti; 2 - iepludes gaisa kolektors; 3 - kolektora ienakosa gaisa pliisma; 4 - uz
cilindriem aizejos$a gaisa plisma.

Ieksdedzes motora cikliska darbiba izraisa spiediena pulsacijas iepliides
kanala, kas rada ta harmoniskas svarstibas. So svarstibu vilni atstarojas atkariba
no Skérsgriezuma laukuma izmainas koeficienta un izraisa rezonansi iepliides
sisttma pie noteiktas rotacijas frekvences. Izmantojot So fenomenu, ieplides
sisttmu iesp&jams projektet ta, lai panaktu motora tilpumiskas efektivitates
pieaugumu. Lidzigs fenomens ir noverojams arT izplides sist€ma.

Vispasaules patentu datu bazé ir pieejami dazadi izgudrojumi, kas
paredzeti, lai samazinatu droselvarsta ietekmi uz pliismas pretestibu, noversot
taurina tipa droselvarsta trikumus, pieméram, slédzgjelementa atraSanos
plusmas kanala $kérsgriezuma pie pilna atvéruma. Piem&ram, kompanijas R&D
racing USA izstradajums “Throttle body with offset axis drum valve”, kas ir
izmantots Cetrtaktu viencilindra sacikSu motocikliem, izmanto -cilindrisku
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segmenta varstu, kas ir profiléts ta, lai pilniba atverta pozicija pieklautos plismas
kanala sienam, radot vienmérigu pareju (skat. 1.4. att.).

Pl

\

1.4. att. Droselvarsts ar cilindrisku varstu uz nobiditas rotacijas ass
1 - korpuss; 2 - gaisa pliismas virziens; 3 - cilindrisks varsts; 4 - varsta rotacijas ass;
5 - degvielas inzektors; 6 - izsmidzinata degviela; 7 - skérsgriezuma laukuma
saSaurinajums.

Sadas konstrukcijas prieksrocibas ietver koncentrétu gaisa straumi un
uzlabotu gaisa un degvielas samaisi$anas kvalitati. Tomer, potencialais trikums
ir kabatas veidoSanas varsta tuvuma pilniba atvérta pozicija. Cilindra tipa
droselvarsts (skat. 1.5. att.) var bat alternativa, jo ta profiléta forma nodrosina
nevainojamu plismas kanala laukumu pat pilniba atverta stavokli, tacu tas var
radit nepiecieSamibu p&c formas mainas, izteikta darbibas nevienmériguma del.

Tapat pasaules patentu datubazg atrodami art vairaki droselvarstu analogi,
kas tikusi izmantoti salidzinosi reti, vai arT palikusi ka neattistiti koncepti. Sadi
droselvarsti ir, pieméram, slidpa tipa droselvarsts (skat. 1.6. att.), rotgjosa
segmenta droselvarsts (skat. 1.7. att.), droselvarsts ar diviem rotgjoSiem
cilindrisku segmentu varstiem (skat. 1.8. att.), ka arT Trisa tipa droselvarsts
(skat. 1.9. att.).

1.5. att. Droselvarsts ar cilindrisku varstu
A - pilniba atverta pozicija; B - aizveérta pozicija; 1 - cilindru galva; 2 - ieplades varsts;
3 - degvielas inzektors; 4 - korpuss; 5 - cilindrisks varsts.



1.6. att. Slidna tipa droselvarsts
1 - korpuss; 2 - izgriezums; 3 - varsts; 4 - izgriezums varsta.

Visi Sie izgudrojumi tiecas noverst taurina varsta galveno trakumu, t.i.,
varsta atraSanos pliismas kanala pilniba atverta pozicija, tomér tikai rotgjosa
cilindra un slidna tipa droselvarstu izgudrojumiem paraléli izdodas panakt
plusmas kanala nepartrauktibu, kur taja neeksiste arT konstruktivu izgriezumu vai
kabatu. Daziem no Siem izgudrojumiem, piem&ram, droselvarstam ar diviem
rotgjoSiem cilindrisku segmentu varstiem un Trisa tipa droselvarstam, piemit
potencials triikums — speku iedarbiba, kas rodas spiediena atSkiribu rezultata
viena un otra pus¢ varstiem. Praktiski visi apskatitic izgudrojumi, ieskaitot
taurina tipa droselvarstu, raksturojas ar nevienmérigu darbibu, kas skaidrojama
ar kanala Skersgriezuma laukuma izmainu varsta atverSanas rezultata.

1.7. att. Rot&josa segmenta droselvarsts
1 - plasmas kanals; 2 - varsts; 3 - korpuss; 4 - rotacijas ass.
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1.8. att. Droselvarsts ar diviem rotéjosiem, cilindrisku segmentu varstiem
A - dalgji atverta pozicija; B - pilniba atvérta pozicija; 1 - korpuss; 2 - varsta atkapsanas
kabata; 3 - varsta rotacijas ass; 4, 5 - varsti.

1.9. att. Irisa tipa droselvarsts
1 - atvérSanas elementa rotacijas virziens; 2 - Trisa lapstinas; 3 - atvérSanas mehanisma
tapa.
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2. IEPLUDES UN IZPLUDES SISTEMU DARBIBAS
PARAMETRU APREKINI

Turpmakajas $is nodalas apakSnodalas aprakstiti ieplides un izplides
gazu dinamisko procesu aprékinu principi, kas izmantoti modelp&tijumu ietvaros
veikto plismas simulaciju izejas datu iegtisanai, ka ari fiziskajos pé&tjjumos
iegiito datu apstradei. Sim mérkim nepieciesami motora darbibas parametri, kas
ieglistami, izmantojot programmu Engine Analyzer Pro (skat. 2.1. att.).

| 2.1. Motora parametru ievadiSana programma Engine Analyzer Pro }—- Motora matematiskais modelis
¥ (Engine Analyzer Pro)
—| 2.2. Gaisa plismas atruma aprekins iepliides kanala

—| 2.3. Droselvarsta darbibas linearitates aprékina princips ‘

2.4. Degvielas iesmidzina3anas sistéma un tas eksperimentalo
rezultatu apstrades princips

—| 2.5. Gazu tilpuma caurpliides aprékins izpliides kanala Fi

Eksperimentalie un mode]p@tTjumi
(4. nodala)

2.1. att. Iepliides un izpludes sistemu darbibas parametru aprékinasanas
logiska seciba

Engine Analyzer Pro ir plasi pielietota ick§dedzes motora matematiska
modela izveidoSanas programma. Ta izmanto ta saucamo galigas diferences
modeli (no anglu val. — Finite Difference Model) viendimensionalas gazu
plismas diferencialvienadojumu risinaanai. Sis programmas trikums ir
ierobezotas iesp&jas aprakstit atSkirigas formas iepliides un izplides kanalus
spiediena svarstibu pétiSanai, tade] programma darbojas p&c pienémuma, ka tiek
izmantots viendabigas formas plismas kanals ar zinamu plusmas pretestibu. Lali
biitu iespgjams pétit ieplides un izplides kanalu formas ietekmi uz
dinamiskajam spiediena svarstibam gazu sadales sistéma, nepiecieSams veikt
plismas simulacijas, par pamatu nemot datus, kas eksportgti no programmas
Engine Analyzer Pro.

2.1. Ieksdedzes motora atveidoSana programma Engine Analyzer Pro

2.2. attéla ir redzama Engine Analyzer Pro matematiska modela
blokshéma, kas pieprasa detalizé&tu motora konstruktivo parametru ievadi
programma. Uzskatamibas nodro§inasanai promocijas darba ietvaros veikti
motocikla Honda CRF450R motora konstruktivo un funkcionalo parametru
merjjumi, izmantojot tehniskas iespgjas, ko nodrosina Latvijas Biozinatnu un
tehnologiju universitate un uznémums SIA Dinex Latvia. Veiktie mérijumi
nodroSina pilnvertigu programmai nepiecieSamo parametru ievadi, ka rezultata
iegiits dotd motora matematiskais modelis.
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2.2. att. Engine Analyzer Pro iekSdedzes motora matematiska modela
blokshéma

Ir svarigi piebilst, ka izmantota programmas Engine Analyzer Pro versija
neatbalsta motora darbibas parametru aprékinu pie nepilna iepliides gaisa
droselvarsta atvéruma, ta vieta tiek pienemts, ka motors darbojas ar maksimalo
noslodzi (pilnu droselvarsta atvérumu) jebkura rotacijas frekvence. Papildus tam
programma izdara dazus pien€mumus— ta nepielauj nekvalitativas
degmaisijuma proporcijas defin€Sanu, ta vieta tick pienemts, ka degmaisijuma
proporcija ir viendabiga jebkura motora darbibas bridi.

2.2. Gaisa pliismas atruma aprékins iepliides kanala

Iepludes sistémas komponensu raksturlielumi, pieméram, droselvarsta
diametrs, kolektora tilpums un iepludes kanala diametrs un garums, ka arT So
komponentu savstarp€jais novietojums, ietekm& motora attistito griezes
momenta raksturlikni. So ietekmi var skaidrot ar plismas pretestibu un spiediena
svarstibam ieplides kanala motora cikliskas darbibas rezultata. Sis svarstibas
iespgjams izmantot, lai lautu uzsakt iepliides varstu atvérSanu ievérojami agrak,
palielinot ieplisto$a gaisa vai degmaisijuma tilpumu degkamera. Spiediena
svarstibas ir dinamiska paradiba, kuras p&tiSanai nepiecieSams ievertét gan gazu
termodinamikas likumus, gan ari plismas kanala geometriju un tas izmainas.
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2.3. attela paradita $aja nodala veikto aprékinu logiska seciba, kada iegati
plusmas simulacijas izejas dati — virzula kustibas raditais gaisa plismas atrums
iepliides kanala.

Motora pal'aml:ll‘i o * Ileplides varstu atvérfanis punkts
i + Iepllides viirstu aizvériands
¥ punkts
* Virzula diametrs + Iepliides viErste maksimdlais
* Klokvarpstas gajiens atvErums
* Klaga att@lums starp pirkstu
centriem l
+ Mobide starp klokvirpstas roticijas .
centa un cilindra asi Engine Analvzer FPro
* leplides kandla tkérsgriezuma
Iauknms
|| b
. . * . " Tepliides vrstu atveéruma
Vienddojumu sistéma |* raksturlikne
.I'
Virzula kustibas raditais gaisa pliismas atrums iepliides kanala ki
funkeija no laika
Modelpé&tijums (4.4. nodala)
Spiediena harmoniskas svirstibas ieplides kanala

2.3. att. Iepliides kanila gaisa plismas atruma aprékinasanas logiska
seciba

ST pétnieciska darba ietvaros veiktie aprékini balstiti uz eksperimentiem
pieejamo motociklu Honda CRF450R. Saskana ar 2.3. attéla redzamo aprékinu
logisko secibu, iepliides sistémas spiediena harmonisko svarstibu pétiSanai
nepiecieSams izmantot plismas simulacijas. Tas paredzéts veikt Solidworks
Flow Simulation vidg, par robeznosacijumu izmantojot plismas atrumu ieplides
kanala, ka funkciju no fiziska laika. lepliides kanala pliismas atruma noteikSanai
ir nepiecieSams izmantot gan vienadojumu sist€mu, gan ari no Engine Analyzer
Pro eksportgtos datus.

Izmantojot vienadojumu sistému, kas apraksta dotd motora virzula
kustibu, iegiist virzula izraistto kustibu cilindra galvas iepliides kanala atkariba
no klokvarpstas pozicijas. Apvienojot $0s datus ar iepliides varstu atvéruma
raksturlikni, kas ieglita no programmas Engine Analyzer Pro, iegist tuvinatu
gaisa pliismas atrumu cilindra galvas iepliides kanala (skat. 2.4. att.). Sos datus
talak iesp&jams izmantot, lai ar plismas simulacijas palidzibu pétitu spiediena
vilnu harmoniskas svarstibas.
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2.4. att. Tuvinats teorétiskais plismas atrums Honda CRF450R cilindra
galvas iepludes kanala

Saja apaksnodala aprakstitaja vienadojumu sistéma identificgjamas divas
nepilnibas. Gaisa pliismas atruma aprekins tiek balstits uz nesaspiezamas gazes
pamatprincipiem, ka ari iepludes varstu atvéruma ilgums ierobezots ar 180
klokvarpstas rotacijas gradiem. Lai gan faktiski gaiss ir saspiezams gazu
maisijums un iepliides varstu atvérums lielakoties parsniedz 180 klokvarpstas
rotacijas gradus, aprékinata plismas atruma robeznosacijuma uzdevums ir radit
harmoniskas spiediena svarstibas iepliides kanala, kas turpinas visa motora darba
cikla laika, tadel minétas nepilnibas nav uzskatamas par biitiskam.

2.3.  Droselvarsta darbibas linearitates aprekina princips

Ieksdedzes motora iepliides gaisa drose]varsts regulé gaisa daudzumu, kas
nonak degkamera, lai mainitu attistito griezes momentu. Attiecibai starp
droselvarsta atveérSanu un motora griezes momentu jabtit paredzamai un linearai,
lai atvieglinatu ta kontroli ar akseleratoru. Lai gan pastav sistémas droselvarsta
kontrolei, tas netiek plasi izmantotas paredzama sadardzinajuma dgl.

2.5.attela ir paradita Saja apaksSnodala izstradato aprékinu principa
logiska seciba, kas lauj novertét droselvarsta darbibas linearitati — gaisa masas
caurpliides atkaribu no droselvarsta atvéruma.
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r— Droselvarsta darbibas linearitites aprékina princips

| Droselvarsta digitalais modelis (3.1. nodala) |
+
Modelpéttjums (4.1. nodala)

Droselvarsta darbibas izvertdjums visa ta atvéruma diapazond

Gaisa masas caurpliide atkariba no drose]varsta atveruma

L, Rezultatu apstrade
drose]virsta darbibas linearitate

2.5. att. Droselvarsta darbibas linearitates apréekinu principa logiska seciba

2.6. att€la ir redzama efektiva Skérsgriezuma laukuma projekcijas
izmaina rupnieciski razotam taurina tipa droselvarstam, nenemot veéra piedzinas
varpstas jeb asites aiznemto laukuma dalu. Saja ilustracija ir labi iz8kirami divi
savstarpgji nodaliti pusméness tipa laukumi, kas satiekas tikai pie pilna
atvéruma, liecinot par iesp&jamu caurpliistoSo gazu straumes pardaliSanu.

0000

10% 20% 30% 40%
60% %o 80% 90% 100%

2.6. att. Taurina tipa droselvarsta efektivais Skérsgriezuma laukums

Gadijumos, kad degmaisijuma sajaukSanas notiek uzreiz aiz droselvarsta,
gaisa pliismas daliSana vairakas dalas ir nevélams faktors, jo ta plismas dala, kas
atrodas tuvak degvielas inzektoram, satur atskirigu degvielas koncentraciju neka
dala, kas atrodas talak no degvielas inzektora.

2.7. attela ar nepartrauktu Iiniju ir paradita efektiva Skersgriezuma
laukuma izmaina taurina tipa droselvarstam. Ar raustitu liniju ir att€lota pilniba
lineara Skersgriezuma laukuma izmaina. Ir redzams, ka faktiskajai Skérsgriezuma
laukuma izmainai eksisté ievérojama nobide no linearas izmainas, liecinot par
iespgjami nevienmérigu droselvarsta darbibu.
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2.7. att. Honda CRF450R droselvarsta efektiva $kérsgriezuma laukuma
izmaina

Taurinu tipa droselvarsta efektiva Sk&rsgriezuma laukuma izmaina
atSkiras no gaisa masas caurplides izmainas caurplides koeficienta dél, kas
raksturo attiecibu starpibu starp faktisko un idealo masas caurpludi. Faktiska
masas caurpliide ir atkariga no §kérsgriezuma laukuma un geometrijas, bet ideala
masas caurplide ir atkariga tikai no Skérsgriezuma laukuma. Lai noveértétu
droselvarsta linearitati, jaizpéta kop&ja gaisa masas caurplide atkariba no
droselvarsta atvéruma, jo tas nosaka sadedzinatas degvielas daudzumu un
attistito griezes momentu.

Droselvarsta darbibas linearitati var definét ka gaisa masas caurpliides
pieauguma atkaribu no droselvarsta atvéruma, kur ideala gadijuma ta ir tieSi
proporcionala. Veicot aprékinus ar $aja nodala izstradato vienadojumu sist€ému,
ieglist procentuali izteiktu droselvarsta darbibas linearitati. Sadu metodi
iespgjams izmantot, lai novértétu darbibas linearitati, salidzinot dazadu
droselvarstu konstrukcijas, kur pieejami dati par to tilpuma vai masas caurpludi
atkariba no droselvarsta atvéruma. Sos datus nepiecie$ams iegit eksperimentali,
veicot plismas simulacijas vai test€jot gatavu droselvarstu konstrukcijas ar gazu
pluismas mériSanas iekartas palidzibu.

2.4. Degvielas iesmidzinasanas sistéma un tas eksperimentalo pétijjumu
rezultatu apstrades princips

Degvielas iesmidzinaSanas sistéma ir atbildiga par preciza degvielas
daudzuma pievienoSanu motora gaisa plusmai, lai nodro§inatu stehiometrisku
degvielas maisijuma proporciju. Elektronisko degvielas izsmidzinasanas sistému
izstrades laika tika atklats, ka izsmidzinata degviela var veidot planu slani uz
iepliides kanala sieninam, kav€jot iztvaikoSanu un izraisot novirzes no vélamas
degvielas maistjuma proporcijas. Lai to novérstu, plismas atrumu kanala var
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palielinat, lai aizkav&tu slana veidoSanos un veicinatu ta iztvaikoSanu. Tapat ar1
palielinot spiedienu degvielas padeves sistéma, izsmidzinato degvielu var sadalit
sikakos pilienos, kas atrak iztvaiko, tadgjadi samazinot degvielas pléves
veidoSanas un cieto dalinu emisiju risku.

Stehiometriskas sadegSanas motoros izskir vairakas dazadas degvielas
izsmidzinasanas sistémas, kuras raksturigas ar degvielas inzektoru novietojumu
ieplides sisttma. Piem&ram, cilindru galvas kanalu iesmidzinaSana, tiesa
iesmidzina$ana, duala iesmidzinasana un droselvarsta iesmidzinasana.

2.8. atttla redzama $aja apaksnodala izstradata eksperimentalo pétjjumu
rezultatu apstrades logiska seciba, kas paredzéta sekundara inzektora
izmanto$anas priekSrocibu novérté$anai motoram, kas aprikots ar iepliudes
kanalu iesmidzinaSsanu. Tam ir nepiecieSams veikt eksperimentus uz jaudas
stenda ar atkartotu mérijumu izdariSanu, lai izslégtu gadijuma kliidas un uzlabotu
merjjumu precizitati.

Degvielas iesmidzinaSanas sistéma un tas
eksperimentalo péffjumu rezultatu apstrades princips

Eksperimentalais pEtijums (4.5. nodala)
Viena un divu inZektoru iesmidzina%anas risindjuma izvertgjums

!

| Spéeka sensora un roticijas itruma sensora izejas signali I

v
4{ Rezultatu apstrade

altisiitais griezes moments atkaribd no motora roticijas atruma

2.8. att. Degvielas iesmidzinasanas sistémas eksperimentalo pétijumu
rezultatu apstrades principa logiska seciba

Dati, ko péc mérijjumu veik$anas nepiecieSams iegit, ir attistita griezes
momenta atkariba no motora rotacijas frekvences. Balstoties uz priekSizpétes
darbiem, ir secinats, ka jaudas stendi ir paklauti apkartgjo faktoru ietekmei
(elektriskie troksni, vibracijas, u.c.), tadel dati, kas eksport&ti no programmam,
ar kuram tie aprikoti, ir trok$naini. Balstoties uz prieksizp&tes procesa iegiitajiem
noverojumiem, péc datu eksportésanas sagaidami tadi apgratinajumi ka vairaki
griezes momenta datu punkti, kas atbilst vienai rotacijas frekvencei, batiski
atskirTgi griezes momenta datu punkti viena vai blakus eso$0s rotacijas frekvencu
datu punktos (signala troksnis), ka ari rotacijas frekvencu datu punktu atskiriba
starp mérjjumiem.

Saja nodala izstradata vienadojumu sistéma, ar kuras palidzibu iespgjams
apstradat no jaudas stendu programmam eksportétos merijjumu datus, lai biitu
iesp&jama to talaka apstrade un salidzinaSana ar citiem mérfjjumiem, pieméram,
lai novertétu sekundara inzektora izmantoSanas ieguvumu motoram, kas aprikots
ar iepludes kanalu iesmidzinasanas sistému.
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2.5. Gazu tilpuma caurplides aprékins izpliides kanala

Ieksdedzes motora izpliides sistéma pamata veic sadegSanas produktu
izvadiSanu un troksnpu. Dazas izplides sist€mas ari attira izpludes gazes, lai
ierobezotu kaitigo izmeSu daudzumu. Pareizi projektéta izpludes sistéma var
palidzet attistit lielaku jaudu spiediena vilnu svarstibu del, kas atbilst pareizam
ieplides un izplides kanalu garumam noteikta motora rotacijas frekvencu
diapazona, ko sauc par "tiningu". Sada panémiena trikums ir risks negativi
ietekmét attistito griezes momentu arpus “tininga” rotacijas frekvencu
diapazona. Dazu eksperimentalo izplides sistému merkis ir samazinat izplades
sistémas spiediena vilpu svarstibu amplitidu noteiktd rotacijas apgriezienu
diapazona, lai mazinatu $0 efektu.

Lidzigi ka aprakstits 2.2.nodala, ari izpliides sistémas spiediena
harmonisko svarstibu pétiSanai iesp&jams veikt plismas simulacijas, kur
nepiecieSsams uzdot no fiziska laika atkarigus robeznosacTjumus. Tomeér,
atSkirtba no 2.2. nodala veiktajiem aprékiniem, Saja gadijuma ka plusmas
simulacijas robeznosacijumu nepiecieSams izmantot cilindru galvas izpludes
kanala gazu tilpuma caurpliidi un temperatiiru. 2.9. att€la ir paradita Saja nodala
veikto aprekinu logiska seciba, kada iegiiti plismas simulacijas robeznosacijuma
dati. ST pétnieciska darba ietvaros veiktie aprekini balstiti uz eksperimentiem
pieejamo motociklu Honda CRF450R. Ta motora matematiskais modelis
programma Engine Analyzer Pro izveidots 2.1.nodala. No $§1 matematiska
modela tiek ieglita degkameras gazu temperatiira un spiediens atkariba no
klokvarpstas lenkiskas pozicijas pie dazadam motora rotacijas frekvencém.

Saja nodala izstradata vienadojumu sistéma, ar kuras palidzibu tiek
noteikti plismas simulacijas robeznosacijumi spiediena harmonisko svarstibu
pétisanai izpliides sistémas izmantojot no programmas Engine Analyzer Pro
eksportétos datus (skat. 2.10. att.). Aprakstitajiem plismas simulacijas
robeznosacljumu aprékiniem piemit nepilniba — aprékinata izplides gazu
tilpuma caurpliide ir tuvinata. To ietekmé linearas interpolacijas un spiediena
krituma transformacijas metodes izmantosana. Lidzigi ka 2.2. nodala, ar1 Saja
gadfjuma aprékinato plismas simulaciju robeznosacijumu uzdevums ir radit
harmoniskas spiediena svarstibas izpliides kanala, kas turpinas visa motora darba
cikla laika, tade€] minéta nepilniba nav uzskatama par butisku.
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2.10. att. Aprekinata Honda CRF450R izplides gazu tilpuma caurplide un
temperatira cilindra galvas izplades kanala
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3. INOVATIVU RISINAJUMU IZSTRADE

Péc 1.nodala aprakstito iekSdedzes motoru droselvarstu trikumu
identificéSanas tiek uzsakta inovativas droselvarsta konstrukcijas izstrade. Tas
mérkis ir noverst visizplatitaka droselvarsta tipa galvenos trikumus, uzlabojot
ick8dedzes motora gazu apmainas sistémas efektivitati. Lai péc konstrukcijas
izstrades biitu iesp&jams novertét tai uzdota meérka sasniegSanu, nepiecieSami
eksperimentalie pétijumi, kam par bazi kalpo digitalais modelis. Lai uzlabotas
konstrukcijas droselvarstu butu iesp&jams test€t p&c ta uzbiveSanas,
nepiecieSama mehaniskas jaudas mériSanas ierice — jaudas stends, kura
nodro§inata mérjjumu atkartojamiba ir pietiekoSa, lai fikseétu droselvarsta
modifikacijas raditas izmainas motora darbiba.

3.1. Unikalas droselvarsta konstrukcijas izstrade

Saskana ar 1.nodala aprakstito informaciju izmainam droselvarsta
konstrukceija ir lielaks potencials gadijuma, kad tas novietots aiz cilindra galvas
iepludes kanala (skat. 1.3. att. - B), kur $ads novietojums visbiezak sastopams
tiesi viencilindra motoros, ar ko aprikoti motocikli, kvadricikli, dazada darza,
lauksaimniecibas un blivniecibas tehnika u.tml. P&tnieciska darba ietvaros ir
pieejams motocikls Honda CRF450R, kas aprikots ar viencilindra motoru un
taurina tipa droselvarstu, kura integréta elektroniskas degvielas iesmidzinasanas
sisteéma ar vienu degvielas inzektoru.

Uzlabotas droselvarsta konstrukcijas izstradei dotajam motociklam
vispirms ir nepiecieSama detalizétu meérjjumu veiksana. To nodroSina uznp@muma
SIA Dinex Latvia iekarta Faro Quantum FaroArm, izmantojot mértausta! metodi.

Projekt&jot unikalas konstrukcijas droselvarstu ir janem véra tadi faktori
ka identiska pievienoSanas metode, trosiSu piedzina ar lidzvertigu akseleratora
roktura gajienu, ka arT to pasu vai lidzveértigu elektronisko ieri¢u izmantos$ana.
Sledzgjelementu mehanisma izvéle pamata balstita uz viendabiga pliismas
kanala veidoSanas pie pilna droselvarsta atvéruma un iepliistosa gaisa
koncentrésanas kanala $kérsgriezuma pie nepilna atvéruma. Izstradatais jauna
droselvarsta digitalais prototips pabeigta stadija redzams 3.1. attela.

! Mértausta metode 3D mérisana — mérama objekta taustisana ar “probi” jeb
specialu keramisku loditi, registr&jot tas telpiskas koordinatas attieciba pret
sakumpunktu.
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3.1. att. Pabeigta jauna droselvarsta konstrukcija
1 - lielais korpuss; 2 - mazais korpuss; 3 - vacins; 4, 5 - varstu gultnu servisa vacini;

6 - plismas kanals; 7 - varsti; 8 - MAP sensors; 9 - brivgaitas gaisa regulacijas skriive;
10 - kondensatora pieskruivésanas vieta; 11 - degvielas inZektors; 12 - degvielas
inzektora savienojuma kronsteins; 13 - MAP sensora caurulite.

Balstoties uz $aja nodala izstradato konstrukciju iegiits Latvijas
Republikas patents Nr. 15411 (A) (skat. 3.2. att.). Tas prieksrociba ir viendabiga
plismas kanala forma pilniba atvérta pozicija, samazinot pliismas pretestibu. Tas
nodrosina lielaku gaisa masas caurpliidi un netraucétu spiediena vilnu dinamiku,
ka arT kanala centrétu pliismu pie nepilna atvéruma.

2 ho N M N6
3.2. att. Inovativas konstrukcijas droselvarsta patenta zZiméjums
1 - korpuss; 2 - plasmas kanals; 3, 4 - varsti; 6 - plismas kanala centra linija;
7, 8 - ieksgjo zobratu sektori, 9 - argjo zobratu paris, piedzinas varpsta.

3.2. Jaudas stenda konstrué$ana un izstrade

Lai var&tu eksperimentali novertet izstradata droselvarsta tipa ietekmi uz
motora darbibu, nepiecie$ams veikt mérijumus ar jaudas stenda palidzibu. Sadi
stendi Latvija ir pieejami, tomér smagu rotoru konstrukciju ietekmé tiek
ierobeZots sisttmas dinamisko izmainu reakcijas laiks. Nemot véra $o faktoru,
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pétnieciska darba ietvaros ar Latvijas Biozinatnu un tehnologiju universitates
palidzibu izstradats un izgatavots Sasijas tipa jaudas stends (skat. 3.3. att.), kura
mérkis ir nodro§inat 1saku sist€mas reakcijas laiku dinamisku izmerita griezes
momenta izmainu ietekme. Lai var€tu relativi novertet izstradatas konstrukcijas
parametrus, jaudas stenda izpildjjumam jabut salidzinamam ar kadu analogu
sistému, uz kuras jau ieprieks veikti eksperimenti un iegliti merjjumu rezultati.
Sadi eksperimenti veikti, izmantojot Dynojet-200ix 3asijas tipa jaudas stendu ar
motociklu Honda CRF450R (skat. 4.5. nodalu), tadel $aja nodala izstradata
jaudas stenda konstrukcija tiek pielagota motociklu testeéanai.

3.3 att. Darba ietvaros izstradata Sasijas tipa motociklu jaudas stenda
kopskats

Par izstradata jaudas stenda unikalo rulla konstrukciju iesniegts Latvijas
Republikas patenta pieteikums Nr. LV15597A (skat. 3.4.att.). Sadas
konstrukcijas rulla bitiskaka priekSrociba ir par 83% mazaka masa,
salidzinajuma ar analogdm sisttmam. Tas nodroSina Tsaku sistémas reakcijas
laiku uz dinamiskam izmérita griezes momenta izmainam, ka arT dod iesp&ju
izstradat kompaktu un efektivu ramja konstrukciju. Tapat $adas konstrukcijas
prieksrociba ir iesp&ja izmerit spararatu un tiem pievienota slogosanas elementa
radito pretestibas momentu no nekustigas varpstas. Tas, savukart, lauj vienkarsot
speka mérisanas elementa konstrukciju un uzlabot sistémas precizitati. Saja
nodala aprakstita jaudas stenda izgatavoSana, izvélétie materiali, tehnologijas un
ar tam saistitie procesi. Aprakstits arT speka elementa izgatavoSanas process,
vadibas sist€mas izvéle, kalibréSana un parametru ievade vadibas
datorprogramma, ka rezultata iegiits jaudas stends, ar ko iesp&jama izstradata
droselvarsta eksperimentala testéSana.
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3.4. att. Mehaniskas jaudas mérisanas ierices konstrukcijas patenta
pieteikuma zimejums
1 - rulla apvalks; 2, 3 - nesoSie gultni; 4 - diferencialparvada korpuss; 5, 6 - sateliti; 7,
9 - varpstu zobrati; 8 - varpsta, kas slogojama ar mehanisko pretestibu; 10 — varpsta, kas
savienojama ar slodzes meriSanas sisteému.

2 4 1\ 5 3

Lai gan $aja nodala izstradatais jaudas stends sdkotn&ji konstruéts
balstoties uz motocikla Honda CRF450R parametriem, tas ir derigs jebkura cita
motocikla testé8anai bez specialu modifikaciju nepiecieSamibas. Ar atsevisku
modifikaciju palidzibu iespgjams veikt arT citu, lidzigas jaudas transportlidzeklu
vai agregatu testésanu.
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4. EKSPERIMENTALIE UN MODELPETIJUMI

Disertacijas ietvaros veiktie eksperimentalie pétijumi sastav no vairakam
dalam. Katra pétijumu dala risinats kads konkréts, ar disertacijas kop&jo merki
saistits jautajums. Eksperimentalo petfjumu struktira paradita 4.1. attela. Ka
redzams, eksperimentalos pétijumus nosaciti var iedalit divas dalas, t.i.,
modelpétijumi jeb simulacijas un fiziskie eksperimenti. Ta ka projektgjamais
droselvarsts ir projekté8anas un izstrades stadija, tad ne visus eksperimentus
iespgjams veikt praktiski. Turklat optimalas konstrukcijas noskaidro$anai
lietderigi sakuma veikt modelp&tijumus, kuros iesp&jams atklat dazadas nianses,
ko nav iesp&jams noteikt un paredzgt, projektgjot konkréto elementu vai mezglu.

Eksperimentalie pétijumi

Modelpétijumi (simulacijas) F‘*{ Fiziskie pétfjumi

4.1. Droselvarsta darbibas izvértéjums visa ta
atvéruma diapazona

4.2. Degvielas iesmidzinasanas izvertéjums visa
droselvarsta atvéruma diapazona

4{ 4.3. Brivgaitas parametru novertéjums }7

4.4. Spiediena harmoniskas svarstibas iepluides
kanala

4.5. Viena un divu inzektoru iesmidzinasanas
risindjumu izvertéjums

4.6. Spiediena harmoniskas svarstibas izpludes
sistema

4.7. Droselvarsta korpusa harmonisko svarstibu
frekvené¢u analize

4.8. Izstradata jaudas stenda aprobacija }7

4.1. att. Eksperimentalo pétijumu struktiira

Lai veiktu pilnvértigu konstrukcijas analizi eksperimentalajam
drose]varstam, kas pielagots lietosanai uz motocikla Honda CRF450R, ir
nepiecieSami pétijumi, kuros ieklauts salidzinajums ar originalo taurina tipa
droselvarstu. Noveérotajam atskiribam ir nepiecieSams rast skaidrojumu, ka ar1
novertét to potencialo ietekmi uz motora darbibu.

25



4.1. Droselvarsta darbibas izvértéjums visa ta atvéruma diapazona

Ka minéts 1. nodala, transporta industrija visplasak pielietota droselvarsta
galvenais trikums ir varsta atraSanas plusmas kanala pie pilna atvéruma, kas rada
papildus gaisa vai degmaisijuma plismas pretestibu, samazinot motora
maksimalo tilpumisko efektivitati. Patentéta droselvarsta konstrukcijas
teorctiskais salidzinajums ar taurina tipa droselvarstu veicams, testgjot
3.1. nodala izstradato konstrukciju ar plismas simulacijam. Tam izmantota
SolidWorks Flow Simulation vide, ievértgjot pilnu motocikla Honda CRF450R
ieplides sistemu, uzdodot konstantu spiediena kritumu un izdalot droselvarsta
atvéruma soli 10%. Eksperimenta izmantotas modela un ta attiecigas plismas
simulacijas konfiguracijas uzskaititas 4.1. tabula.

4.1. tabula. Visa diapazona pliismas simulacija izmantotas konfiguracijas

Droselvarsta Taurina tipa varsts Projektéjamais varsts
atveérums, Varsta Spiediena Varstu Spiediena
% lenkis, ° kritums, kPa lenkis, ° kritums, kPa
10 76.5 86.4

20 68.0 76.8

30 59.5 67.2

40 51.0 57.6

50 425 48.0

60 340 1.0 | 50 | 10.0 38.4 1.0 | 50 | 10.0
70 255 28.8

80 17.0 19.2

90 8.5 9.6

100 0 0

Plasmas simulacijas rezultati visam motocikla Honda CRF450R ieplades
sistému konfiguracijam ir redzami 4.2. tabula un atspoguloti 4.2. att€la Tie
izteikti ka gaisa masas caurpliide caur droselvarsta Skersgriezumu atkariba no
varsta procentuala atvéruma pie tris dazadiem spiediena kritumiem. P&c tiem ir
redzams, ka eksperimentalais droselvarsta dizains uzrada lielaku gaisa masas
caurpliidi visa varsta atvéruma diapazona, ieskaitot maksimalo atvérumu.

Lai novertétu droselvarsta darbibas linearitati, izmantojot Sos datus, veic
aprekinus saskana ar 2.3.nodala aprakstito metodi. Pie 1 kPa liela spiediena
krituma nav novérojamas izmainas darbibas linearitate starp eksperimentalo un
originalo taurina tipa droselvarstu. Pie 5 kPa liela spiediena krituma
eksperimentalais droselvarsts uzrada par 0.5% lielaku darbibas linearitati
salidzinajuma ar originalo droselvarstu, bet pie 10 kPa liela spiediena krituma §1
atskiriba ir samazinajusies par 0.3%.
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4.2. att. Visa diapazona plismas simulaciju rezultati — gaisa masas
caurpliude caur droselvarsta §kérsgriezumu un varsta darbibas linearitate

4.2. tabula. Visa diapazona pliismas simulaciju rezultati — gaisa masas
caurpliide caur droselvarsta Skérsgriezumu un varsta darbibas linearitate

Taurina tipa varsts Inovativais varsts
1kPa | 5kPa | 10kPa | 1 kPa | 5kPa | 10 kPa
Maksimala gaisa masas

_ 1 190.5 | 4182 | 578.8 | 193.7 | 4315 | 592.0
caurplade, kg h
Darbibas linearitate, % 925 | 926 92.7 925 | 931 93.0

4.3. attéla paradits plismas simulaciju rezultats — gaisa plismas atrums
motocikla Honda CRF450R ieplades sistéma, kas aprikota ar originalo taurina
tipa droselvarstu salidzinajuma ar eksperimentalo droselvarstu (sanskata). P&c §1
att€la iespgjams noverot, ka taurina tipa droselvarsts dala gaisa plismu augsgja
un apaksgja straume, bet eksperimentala tipa droselvarsts to koncentré viena
straume.

Kriterijs

legtitie rezultati apliecina izstradatas konstrukcijas prieksrocibas, uzradot
par 2.4% lielaku maksimalo gaisa masas caurpladi un par 0.3% vienmérigaku
darbibu.
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4.3. att. Plismas atrums motocikla Honda CRF450R iepliides sistéma pie
10 kPa spiediena krituma un 50% varsta atvéruma
A - taurina tipa droselvarsts; B - eksperimentalais droselvarsts.

4.2. Degvielas iesmidzinasanas izvértéjums visa droselvarsta atvéruma
diapazona

Lai arT maksimala gaisa masas caurpliide un darbibas linearitate ir butiski
droselvarsta efektivitates parametri, ta ka dotais motocikls Honda CR450R
aprikots ar elektronisko degvielas izsmidzinaSanas sistemu, kas integréta
droselvarsta korpusa, tad vienlidz svarigas ir degvielas izsmidzinaSanas
parametru izmainas. Balstoties uz aprkinatajiem pliismas simulacijas
rezultatiem, tas iesp&ams novertét, veicot dalinu iesmidzinaSanas analizi.
Degvielas izsmidzinaSanas kvalitate ir svarigs iekSdedzes motora efektivitates
faktors, jo tas tiesa veida iespaido motora efektivitates koeficientu. Lai
izsmidzinatie degvielas pilieni spetu pilnvertigi sadegt, tiem vispirms jatiek
iztvaicétiem.

Benzina dalinu iesmidzinaSanas simulacija ar attiecigo masas caurpludi,
dalinu diametru un atrumu no divpadsmit inzektora iestradatajiem
izmidzina$anas punktiem tiek veikta SolidWorks Flow Simulation vidg,
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balstoties uz iepriek$gja nodala iegiitajiem pliismas simulacijas rezultatiem. P&c
tiem ieghist statistisko analizi, kura apkopota informacija par katra punkta
izsmidzinato dalinu trajektorijas garumu un taja pavadito laiku. Tas dod iesp&ju
veikt visu divpadsmit izsmidzinaSanas punktu trajektoriju garumu summeésanu,
izdalot to ar summaro laiku, kas pavadits visas divpadsmit trajektorijas, ka
rezultata ieglist izsmidzinato degvielas pilienu vid€jo atrumu. Izsmidzinato
degvielas pilienu cela pavaditais laiks no izsmidzinasanas punkta lidz nonak$anai
degkamera ir efektivs kritérijs, kas nosaka pilieniem atvéleto laiku iztvaicgSanas
procesam, bet to atrums ir efektivs kritérijs, kas nosaka pilienu tieksmi tikt
iztvaicétiem.

4.4. attela ir paraditi degvielas pilienu iesmidzinasanas rezultati pie 5 kPa
spiediena krituma. Rezultatos ir redzams, ka, neatkarigi no spiediena krituma,
palielinoties droselvarsta atvérumam, palielinas ari izsmidzinato degvielas
pilienu vidgjais atrums.
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0 0.00
10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Droselvarsta atvérums
~—Tauripa varsts (atrums) ———Eksperimentalais varsts (dtrums)
- Taurina virsts (laiks) = Eksperimentalais varsts (laiks)

4.4, att. Degvielas iesmidzinasanas simulacijas rezultati pie 1 kPa spiediena
krituma

Turklat eksperimentala droselvarsta gadijuma pie atvéruma, kas mazaks
par 50...60%, degvielas pilieni parvietojas ar lielaku (+38.1%) vid&jo atrumu. To
iespgjams skaidrot ar eksperimentala droselvarsta pliismas kanala sasaurinajuma
konstruktivo ipasibu, kuras iespaida pie maziem varsta atvérumiem caur
sasaurinajumu pliistosa gaisa straume tiek novirzita degvielas sprauslas virziena.

Ta ka tiesi zemas motora slodzes jeb nepilnie droselvarsta atveérumi
sastada vislielako procentu no motora darbibas laika, tad uzlabojot degvielas
iztvaicSanas kvalitati Saja droselvarsta atvéruma diapazona, rodas potencials
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uzlabot sadegSanas kvalitati. Tas, savukart, dod iesp&u samazinat degvielas
pat€rinu un raditas kaitigds emisijas, tomér, lai precizi noteiktu Sadas
konstrukcijas droselvarsta degvielas pat€rina un kaitigo emisiju samazinajumu,
nepiecieSami fiziskie eksperimenti ar brauk$anas ciklu, izmantojot fizisko
droselvarsta prototipu.

4.3. Brivgaitas parametru noveértéjums
3.1. nodala izstradatas droselvarsta konstrukcijas brivgaitas loks
(skat. 4.5. att.) nenove&rSami sevi ietver trukumu. Varstiem savstarpgji

parsedzoties, pie esosajiem izmeru ierobeZojumiem nav iesp&jams nodro$inat
pilnigu hermétiskumu starp varstu atdalitajam pliismas kanala pusém.

5 \6 3

4.5. att. Jauna droselvarsta brivgaitas gaisa padeves shema
1 - brivgaitas gaisa plasma; 2 - gaisa pievads; 3 - plasmas kanals; 4 - specials urbums; 5,
6 - varsti.

Pie maza atvéruma konstrukcija veidojas Sauru kanalu sérija, kas savieno
plismas kanala labo un kreiso pusi, veidojot mazu gaisa masas caurplidi
(turpmak — nopliidi) pilniba aizvérta pozicija. So trikumu potenciali pasliktina
razo$anas tehnologijas izvéle, kur zemakas precizitates komponentes veido
lielaku nopliidi. Lai mazinatu risku, ka $1s nopliides rezultata pie pilniba aizveértas
droselvarsta pozicijas motoram piepliistosa gaisa masas daudzums ir parak liels
motora brivgaitas rotacijas frekvences nodrosinasanai (1,900...2,200 min),
korpusa konstrukcija tiek papildinata ar nopliidi mazino$am komponentem.

ST pétijuma mérkis ir noskaidrot, vai noplides rezultata motocikla Honda
CRF450R motora nominala brivgaitas rotacijas frekvence tiek nodrosinata, ka ari
pétit degvielas izsmidzinasanas kvalitates izmainas brivgaitas rezima. Ta
ietvaros izmérits motocikla Honda CRF450R motora brivgaitas rezima raditais
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spiediena kritums un talak izmantots ka robeznosacijums pliismas simulacijas
veik8anai SolidWorks Flow Simulation vidé. Eksperimenta veik$anai izmantots
elektroniskais modelis dota motocikla ieplades sistémai, aprikotai ar inovativa
droselvarsta konstrukciju, kas aprakstita 3.1.nodala, ka salidzinajumu
izmantojot ar originalo taurina tipa droselvarstu aprikotu dota motocikla ieplides
sisttmu. Inovativaja droselvarsta konstrukcija ir ievertetas atstarpes starp
kustigajiem elementiem, kas atbilst prototipa materialu izvélei un aprakstitajai
izgatavosanas tehnologijai. No pliismas simulacijas rezultatiem ir izm&rita gaisa
masas caurplide originala iepludes sisttmas izpildijjuma, ka ari ar
eksperimentalo droselvarstu aprikota iepludes sistemas izpildijuma, turklat
mérjjumi veikti pie divam dazadam brivgaitas gaisa regulacijas skriives
pozicijam — 1.3 un 1.7 apgriezieni atvérSanas virziena no pilniba aizvertas
pozicijas. ST eksperimenta rezultati paraditi 4.3. tabula.

4.3. tabula. Gaisa masas caurplade brivgaitas reZima

?e":’l(lg;cl?;sg:;(lls‘?lves Taurina tipa Eksperimentalais
gwacy droselvarsts, kg h't droselvarsts, kg h
pozicija ’
1.3 apgriezieni 1.076 1.925
1.7 apgriezieni 1.925 2.650
Pec 4.3.tabula redzamajiem datiem izdarits secinajums, ka

eksperimentalas konstrukcijas droselvarsta gadijuma nepieciesami papildus 0.4
brivgaitas gaisa regulacijas skriives apgriezieni aizvér§anas virziena, lai pilniba
aizverta pozicija sasniegtu gaisa masas caurplidi lidzvertigu originalajam taurina
tipa droselvarstam.

Tapat Saja petfjuma, lidzigi ka 4.2. nodala aprakstitaja eksperimenta,
veikta arT degvielas dalinu izsmidzinasana pilniba aizverta droselvarsta stavokli,
kur vieniga gaisa plisma caur droselvarstu notiek caur brivgaitas gaisa padeves
loku originala droselvarsta gadijuma, un papildus ari caur nopliides vietam starp
kustigajam detalam, eksperimentala droselvarsta gadfjuma. ST eksperimenta
rezultati paraditi 4.6. attéla. No tiem izdarits secindjums, ka brivgaitas rezima
izsmidzinato degvielas pilienu atrums to trajektorijas eksperimentala jeb
inovativa droselvarsta gadijuma ir par 16.91% lielaks neka originala taurina tipa
varsta gadijuma, noradot uz iesp&ami labaku gaisa un degvielas maisjjuma
veidosanas kvalitati.
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4.6. att. Izsmidzinato degvielas dalinu atrums to trajektorijas brivgaitas
reZima

4.4. Spiediena harmoniskas svarstibas iepludes kanala

Ta ka eksperimentala droselvarsta prototipu paredzets pielagot lietosanai
uz motocikla Honda CRF450R, tad konstrukcijas izstrades procesa nepieciesams
ievérot virkni ierobezojumu. Ka aprakstits 3.1. nodala, $aja procesa ir izdevies
sekmigi apvienot visas nepiecieSamas komponentes, ievérojot vietas
ierobeZojumus, ta¢u rezultata ir nepiecieSams veikt plismas kanala formas
mainu no koniskas uz cilindrisku. Saskana ar 1. nodala aprakstito informaciju,
plismas kanala formas maina ievie§ papildus vakuuma un spiediena vilpu
atstarosanas punktus, kas savukart var izmainit motora rotacijas frekvenci, pie
kuras iestajas rezonanse ar vakuuma un spiediena harmoniskajam svarstibam
iepliides sistéma. Papildus tam, ievieSot plismas kanala saSaurinajumus, rodas
risks samazinat maksimalo gaisa masas caurpliidi, tadgjadi samazinot motora
maksimali attistito jaudu.

Lai novertétu pliismas kanala formas mainas ietekmi uz harmoniskajam
vakuuma un spiediena svarstibam taja, veikts pétijums, kura mérkis ir salidzinat
harmonisko spiediena un vakuuma svarstibu frekvenci un amplitadu, ka ar1
maksimalo gaisa tilpuma caurpludi dazadu formu iepliides kanaliem. Ta ietvaros
veikta statiska un dinamiska pliismas simulacija SolidWorks Flow Simulation
vide, par pétjjumu objektu izmantojot motocikla Honda CRF450R ieplides
sistému, kas uzskatamibas uzlaboSanas noliikos ir atbrivota no droselvarsta,
atstgjot netraucétu plismas kanalu. Izmantojot 2.1. nodala iegatos datus, ar
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statiskas plismas simulacijas palidzibu ieglitas gaisa masas caurpliides vertibas,
bet ar dinamiskas pliismas simulacijas palidzibu iegiitas spiediena un vakuuma
harmoniskas svarstibas ieplides kanala péc impulsa radiSanas. P&tijuma
izmantotas iepludes sistému konstrukcijas paraditas 4.7. attéla.

4.7. att. Spiediena harmonisko svarstibu pétijjuma izmantotie plismas
kanala dizaini

V1 - originals, konisks; V2 - taisns; V3 - pakapienveida pareja no taisna uz konisku.
No iegiitajiem rezultatiem izdarits secinajums, ka $adas formas pliismas
kanals iegiist par 1.0% lielaku spiediena vilnu amplitidu, ka kompromisu
zaud€jot maksimalo gaisa tilpuma caurplidi -1.0% apméra. Tomér péc
4.1. nodalas rezultatiem, veicot lidzigu eksperimentu ar pilnvertigadm taurina tipa
un izstradata droselvarsta konstrukcijam, ir redzams, ka maksimala caurplide,
neskatoties uz atskirigo plismas kanala formu, ir pieaugusi par 1.6...3.2%,
tadgjadi liecinot par efektivaku eksperimentala droselvarsta darbibu gan no
spiediena un vakuuma vilpu dinamikas, gan maksimalas gaisa masas caurpliides

viedokla.

4.8. attela paraditi spiediena harmonisko svarstibu rezultati motocikla
Honda CRF450R iepliudes kanala izmantojot taurina varstu un eksperimentalo
droselvarstu. Saja attéla paraditais variants V1.1 ir veidots par pamatu izmantojot
ieprieks aprakstito variantu V1, un papildinot to ar taurina varstu pilniba atverta
pozicija, bet variants V3.3 ir balstits uz variantu V3, izmantojot atSkirTgus
noapalojuma radiusus r1 Un ro, Ar §adu taurina tipa varstu aprikota plismas kanala
spiediena svarstibu amplitida samazinas par 1.9%, salidzinot ar vienlidzigu
plismas kanalu bez taurina varsta (variants V1). Sads novérojums apstiprina
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1. nodala izteikto apgalvojumu — §keérsli plasmas kanala var izmainit spiediena
vilnu svarstibas.
Klokvarpstas pozicija, ©
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4.8. att. Spiediena harmonisko svarstibu pétijuma rezultati — taurina tipa
un izstradata droselvarsta spiediena svarstibu salidzinajums

4.5. Viena un divu inZektoru iesmidzinasanas risinajumu izvértéjums

ST eksperimenta pétijumu objekts ir motocikla Honda CRF450R
elektroniska degvielas iesmidzinasanas sist€éma, kas papildinata ar sekundaro
degvielas inzektoru, novietotu pirms droselvarsta 76 mm attaluma no primara
degvielas inzektora (Skat. 4.9. att.). Saskana ar 0. nodala aprakstito informaciju
sekundara inzektora izmantos$ana stehiometriskas sadegSanas ick§dedzes motoru
iepliides sistémas dod iespgju attistit lielaku jaudu pie augstam motora rotacijas
frekvencém, pateicoties iepludes sist€mas sieninu dzes€Sanai un degvielas
pilieniem paredzeta iztvaicesanas laika pieaugumam.

Petfjuma mérkis ir novertet izmainas uz motora attistita griezes momenta
raksturlikni, kas rodas, izmantojot sekundaro degvielas inzektoru. Eksperimenti
veikti Riga 2018.gada decembri, izmantojot Sasijas jaudas stendu
Dynojet-200ix. Originala izpildijuma motocikls Honda CRF450R aprikots ar
vienu degvielas inzektoru, tade] jaudas meérijumi §ada konfiguracija tiek uzskatiti
par referenci, bet sekundara inzektora pievieno$ana izdalita tiTs atseviskos
rezimos (Skat. 4.4. tab.). Katram no degvielas izsmidzina$anas rezimiem tiek
veikti tris merfjumu atkartojumi, no ka tiek aprékinata vid€ja attistita griezes
momenta vertiba. Datu apstrade pec eksporteSanas no jaudas stenda programmas
SportDyno 4 tiek veikta saskana ar 0. nodala aprakstito metodi, bet rezultati
vid€jo griezes momentu un jaudu forma apkopoti 4.5. tabula.
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4.9. att. Honda CRF450R iepliides sistéma, aprikota ar sekundaro

inzektoru

1 - cilindra galvas ieplades kanals; 2 - ieplades varsts; 3 - droselvarsts; 4 - ieplides
kanals; 5 - primarais degvielas inzektors; 6 - sekundarais degvielas inzektors.

4.4. tabula. Eksperimenta izmantotais degvielas sadalijums starp

inZektoriem
Konficuriciia Izsmidzinatas degvielas sadalijjums
ontiguracl Primarais inZektors Sekundarais inZektors
Reference 100% 0%
ReZims 1 65% 35%
Rezims 2 50% 50%
ReZims 3 35% 65%

4.5. tabula. Vidgjie jaudas un griezes momenta rezultati dazados motora
rotacijas frekvencu intervalos

Int. 4,500...6,000 min?! 6,100...8,000 min! 8,100...10,000 min*!
Vl(_iejals Videja Vl(_iejals Videja V1<_ieja1s o
. griezes . griezes . griezes Vidgja
Konfig. jauda, jauda, .
moments, moments, moments, | jauda, Zs
kW kw
Nm Nm Nm
Ref 39.78 21.76 49.55 30.85 45.62 42.47
) +0.29 +0.16 +0.38 +0.28 +0.15 +0.13
Rez. 1 39.73 21.72 49.72 36.26 45.85 42.68
e +0.34 +0.18 +0.46 +0.45 +0.16 +0.23
Re. 2 39.68 21.70 49.33 21.95 45.75 42.58
) +0.29 +0.16 +0.36 +0.26 +0.13 +0.12
Rez 3 39.31 21.49 49.16 35.86 45.64 42.49
) +0.20 +0.11 +0.24 +0.17 +0.11 +0.10
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Apkopojot rezultatus, secinats, ka sekundara degvielas inzektora
izmantoSana $1 motocikla iepliides sistéma nesniedz biitisku ieguvumu, turklat
uz Sasijas tipa jaudas stenda DynoJet-200ix iegiitie mérfjumu rezultati sniedz
relativi zemu ticamibu, uzradot 0.11...0.46 N m lielu izmerita griezes momenta
klidu starp mérfjumu atkartojumiem. Tas parsniedz starp degvielas
izsmidzina§anas reZimiem novérotas atSkiribas — 0.02..045Nm. Lai
paaugstinatu $o rezultatu ticamibu, eksperimentu nepiecie$ams atkartot uz
motora jaudas stenda, palielinot mérjjumu atkartojumu skaitu un nodrosinot
stingraku parametru kontroli, lai mazinatu to ietekmi uz mérijumu rezultatiem.

4.6. Spiediena harmoniskas svarstibas izplades sistéma

Saskana ar 2.5.nodala aprakstito informaciju, spiediena vilpu
harmoniskas svarstibas noteikta motora rotacijas frekvencu diapazona dod
iesp&ju palielinat motora tilpumisko efektivitati. Tomér motoram atrodoties
arpus §1 rotacijas frekvencu diapazona, So harmonisko svarstibu iespaids uz
tilpumisko efektivitati var but negativs. Efektivs panémiens, lai samazinatu
izpludes sistémas spiediena vilnu svarstibu izraisito nevélamo efektu, ir
izpleSanas kameras izmanto$ana. Ta darbojas péc gazu kinétiskas energijas
izkliedeéSanas un akustisko vilnu atstaroSanas principa, ko izraisa izmainas
plismas kanala $kérsgriezuma laukuma. Sada tehnologija tick izmantota ne tikai
izpludes “tlininga” negativa efekta mazinasanai, bet arT izpludes sist€mas
klusinasanai.

Si eksperimenta pétijumu objekts ir motocikla Honda CRF450R izpliides
sisttma, kas aprikota ar izpleSanas kameru, un mérkis ir pétit §is kameras
parametru ietekmi uz spiediena vilnpu amplitidu izplades sistéma. Lai sasniegtu
izvirzito meérki, tiek izveidots eksperimentos izmantotad motocikla izplides
sisttmas digitalais modelis (skat. 4.10. att.), uz kura pamata tiek veikta
dinamiska plismas simulacija SolidWorks Flow Simulation vide.
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4.10. att. Honda CRF450R izpludes sistema, aprikota ar izpleSanas kameru
1 - sistémas ieeja; 2 - sist€mas izeja.
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Ta veidota balstoties uz 2.5. nodala iegtitajiem robeznosacijumiem, kas
raksturo gazu plismas atrumu un temperatiiru Honda CRF450R cilindra galvas
izplides kanala pie dazadam motora rotacijas frekvencém. Eksperimentam
izveletie mainigie izpleSanas kameras parametri ir tas garums (4.10. att. - I),
savienojuma diametrs (4.10. att. - p) un attalums no cilindra galvas izpludes
kanala jeb simulacijas icejas (4.10. att. - a). Kopgjie konstrukcijas izmeéri
uzskaititi 4.6. tabula.

4.6. tabula. Spiediena svarstibu simulacija izmantotie Honda CRF450R
izpliides sistemas parametri

Konstrukcija Dmm|dmm|Lmm|I,mm|p,mm|amm]|b mm
K1 (bez

K am(eras) 42 - 1,000 - - - -
K2 (atskaite) 42 260 1,000 200 @15 100 40
K3 42 60 1,000 200 15 300 40
K4 42 60 1,000 200 5 500 40
K5 42 260 1,000 200 @20 100 40
K6 42 60 1,000 200 @25 100 40
K7 42 260 1,000 300 @15 100 40
K8 42 60 1,000 400 5 100 40

P&c simulaciju pabeigSanas tiek veikti spiediena mérijjumi sisteémas ieeja
jeb cilindra galvas izpludes kanala. Simulacijas rezultati maksimalas spiediena
amplitidas forma paraditi 4.7. tabula, bet 4.11. att€la ir paradits maksimalas
spiediena svarstibu amplitiidas samazinajums salidzinajuma ar izpliides sisteému,
kas nav aprikota ar izpleSanas kameru (konfiguracija K1).

4.7. tabula. Spiediena svarstibu simulacijas rezultati — maksimala

amplitiida
Rotacijas frekvence, min 3,000 5,000 9,000
K1 (bez kameras), kPa 102.0 147.61 184.64
K2 (atskaite), kPa 79.72 109.41 135.16
K3 (a =300 mm), kPa 79.44 108.15 130.94
K4 (a =500 mm), kPa 84.22 111.17 161.02
K5 (p = @20 mm), kPa 78.86 94.37 100.94
K6 (p = @25 mm), kPa 79.2 88.24 85.43
K7 (I = 300 mm), kPa 76.94 106.21 133.89
K8 (I = 400 mm), kPa 74.64 104.78 135.23

Apskatot rezultatus, ir redzams, ka izpludes sist€ma, kura aprikota ar $ada
tipa izpleSanas kameru, novérojama samazinata spiediena vilnpu amplitida un
palielinats to vilpa garums jeb samazinata frekvence. Parvietojot izpleSanas
kameru talak no cilindra galvas izpludes kanala, novérota tas ietekmes
samazinasanas visas motora rotacijas frekvences, bet, palielinot savienojuma
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diametru, noverota tas ietekmes palielinasanas. lev@rojami palielinot izpleSanas
kameras tilpumu noverotas atSkiribas spiediena vilpu svarstibas ir mazak
izteiktas salidzinajuma ar tas novietojumu vai savienojuma diametru.

60%
50%

ajums

40%
30%
20%
10%

Amplitiidas samazin

0%

K5 Ko
Konfiguracija

®3,000 min~' ®3,000 min~ ®9,000 min™

4.11. att. Spiediena amplitiidas samazinajums Honda CRF450R cilindra
galvas izpliides kanala, salidzinajuma ar sistému bez izpleSanas kameras

Secinats, ka izpleSanas kameras izmanto$ana $ada tipa izpliides sistéma
samazina spiediena vilnu svarstibu amplitiidu un frekvenci, potenciali samazinot
izplides sisttmas “tiininga” negativo efektu un uzlabojot izpludes sist€mas
klusinasanas 1patnibas.

4.7. Droselvarsta korpusa harmonisko svarstibu frekvencu analize

Viens no galvenajiem faktoriem, kas ietekme izstradata droselvarsta spgju
pilnvértigi darboties uz motocikla Honda CRF450R, ir ta brivo svarstibu
frekvences. Sis ir bitisks apsvérums, jo gadijuma, ja droselvarsta korpusam
uzspiestas vibraciju frekvences sakrit ar ta brivo svarstibu frekvenci vai tas
harmonikam, tad var iestaties droselvarsta rezonanse, kuras rezultata ta korpuss
vai atseviski regioni sak nekontroléti svarstities, izraisot Kkonstrukcijas
bojajumus.

Saja pétijuma tiek aprekinats motocikla Honda CRF450R motora izraisito
vibraciju frekvenéu kopgjais diapazons ~33...357 Hz robezas un veikta
droselvarsta korpusa brivo svarstibu frekven¢u analize SolidWorks Simulation —
Frequency vidé. Tas merkis ir noskaidrot vai izstradata droselvarsta korpusa
brivo svarstibu frekvences vai to harmonikas ietilpst motora izraisito vibraciju
frekvencu diapazona. Dota programma, pieskirot modelim materialu ar zinamu
blivumu un elastibas koeficientu, aprékina fundamentalo brivo svarstibu
frekvenci vismaz viena svarstibu rezZima. Svarstibu reZims $aja izteiksmé apzimée
noteiktus modela regionus un to svarstibu virzienus, kur tajos aprékinatas brivo
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svarstibu frekvences ir modela geometriskas stingribas un pieskirta materiala

1pasibu produkts.

4.8. tabula ir atspoguloti harmonisko svarstibu frekvencu simulacijas
rezultati piecas zemakajas brivo svarstibu rezimu frekvences.

4.8. tabula. Droselvarsta korpusa detalu brivo svarstibu frekvences

Rezonanse Lielais korpuss, Hz Mazais korpuss, Hz Vacin§, Hz
ReZims 1 2,016 5,220 1,730
ReZims 2 2,947 6,279 2,338
Rezims 3 4413 7,745 3,479
Rezims 4 4,784 7,972 4,231
ReZzims 5 7,068 9,532 5,167

Ir redzams, ka zemaka brivo svarstibu frekvence novérota vacinam
rezima 1-1,730 Hz, kas 4.85 reizes parsniedz motora izraisito vibraciju
maksimalo svarstibu frekvenci 357 Hz. Tas nozimé, ka motora darbibas rezultata
izraisitas vibracijas nespgj izsaukt rezonansi inovativa droselvarsta korpusa
detalas. 4.12. att€la ir atspoguloti tris korpusa brivo svarstibu rezimi, kur krasu
skala apzimé modela geometrijas maksimalo novirzi no miera stavokla.

]

4.12. att. Brivo svarstibu frekvencu simulacijas rezultati — liela korpusa
svarstibu reZimi
A —rezims 1; B — rezims 2; C — rezims 3; D — reZims 4; E — reZims 5.

39



4.8. lIzstradata jaudas stenda aprobacija

Lai eksperimentala droselvarsta testeSana butu objektiva, 3.2.nodala
izstradatajam jaudas mérjjumu stendam ir janodroSina zinama Itmena
atkartojamiba. Sim mérkim 2021. gada augusta veikti eksperimenti uz izstradata
jaudas stenda, izmantojot motociklu Honda CRF450R.

Eksperimentu laika veikta tris m&rijumu atkartojumu serija kontrol&tos
apstaklos. 4.13. attela redzami mérfjumu laika ierakstitie spéka mériSanas
elementa griezes momenta dati atkariba no motora rotacijas frekvences. Liknes
atte€lo no programmatiski filtrétu signalu iegiitos griezes momenta datus, bet to
punkti att€lo no datu vacgja ierakstitajiem jeb nefiltrétajiem signaliem iegiitos
datus.

180

tena, Nm

ari

Izmeritais griezes moments uz motocikla dzenos

4,000 5,000 6,000 7,000 g,000 9,000 10,000

Motora rotacijas frekvence, min™

—+— Atkirtojums 1 —— Atkartojums 2 —— Atkfrtojums 3

4.13. att. Jaudas stenda aprobacijas procesa griezes momenta mérijjumu
rezultati

4.9. tabula paradita katra mérfjuma atkartojuma procentuala novirze no
vidgjas vertibas noteikta motora rotacijas frekvendu intervala. Siem datiem ir
novérojama korelacija ar speka sensora signala trokSnainibu. Vislielaka signala
trok$nainiba novérojama rotacijas frekvenéu diapazona 4,100...5,000 min, kas
atbilst 4.9. tabulas lielakas novirzes (1.15% * 0.22%) atrumu diapazonam.
Balstoties uz So nov€rojumu, iesp&jams secinat, ka speka sensora signala
trokSnainiba tiesa veida ietekme mérjjumu rezultatu atkartojamibu.
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4.9. tabula. Jaudas stenda aprobacijas procesa izmérito griezes momentu
novirze no vidéjas vertibas

Motora rotacijas o o =

.frekve_néu N Atkall:t(;)AJ)ums Atkzgt;gums Atkaél:t;(])ums Vidaji, %
intervals, min

4,100...6,000 1.25 0.90 1.29 1.15+£0.22
6,100...8,000 0.35 0.31 0.19 0.28 £ 0.08
8,100...10,000 0.65 0.49 0.70 0.61+0.11
4,100...10,000 0.74 0.56 0.72 0.67 £0.10

4.10. tabula ir paradits jaudas stenda aprobacijas rezultatu salidzinajums
ar 2019. gada decembra pé&tijuma izmantotas sistémas datiem. No ta iesp&ams
secinat, ka darba ietvaros izstradatais Sasijas tipa jaudas stends nodro$ina griezes
momenta mé&rfjumu atkartojamibas limeni, kas parsniedz DynoJet-200ix
sistémas atkartojamibas limeni.

4.10. tabula. Izstradata jaudas stenda aprobacijas rezultatu salidzinajums
ar DynoJet-200ix sistemu

Motora rotacijas .

frekvenéu DynoJet-200ix klada Izstradata ia udas stenda
. _ S ’ kliada
intervals, min

4,100...6,000 +121Nm + 3.58% +0.22Nm + 0.66%
6,100...8,000 +139Nm +3.24% +0.38 N m + 0.90%
8,100...10,000 +0.70Nm +1.78% +0.11Nm +0.29%
4,100...10,000 +1.10Nm + 1.38% +0.24Nm +0.62%

Lai eksperimentala drose]varsta testéSana ar izstradato jaudas merjjumu
stendu biitu objektiva, ta raditajam izmaindm motora attistita griezes momenta
raksturltkng ir jabat lielakam par mérijjumu atkartojumu standartkliidu, Saja
gadljuma > 0.29..0.90%. Atkartojamibas uzlaboSanas noliikos iesp&jams
izstradata jaudas stenda spéka sensoru aprikot ar elektronisko troksnu filtru, ka
arl palielinat rulla korpusa inerces momentu. Sada gadfjuma sagaidima
merTjumu atkartojumu standartklfidas samazinasanas, kas lautu izgkirt smalkakas
atskirtbas motora attistitaja griezes momenta raksturlikng.
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5. EKONOMISKAIS NOVERTEJUMS

ST pétnieciska darba ietvaros ir izstradats digitalais prototips
droselvarstam ar unikalu, patenttu dizainu, kas pielagots lietosanai uz motocikla
Honda CRF450R. Ir izstradata §1 droselvarsta izgatavoSanas tehnologija un
identificéti materiali, ka arT nepiecieSamas gatavas komponentes. Lai batu
iespgjama plaSa $ada tipa droselvarsta testeSana dazados apstaklos, $1 darba
ietvaros ir izstradats un izgatavots unikals $asijas tipa jaudas stends, Kkas
paredz&ts motocikliem, tacu ar atsevisku modifikaciju palidzibu izmantojams ar1
citiem Iidzigas jaudas transportlidzekliem un agregatiem. Turpmakajas §1 darba
apaks$nodalas aprékinati izstradato iericu ekonomiskie raksturlielumi, pieméram,
pasreizgja vertiba un atmaksasanas periods.

5.1. Eksperimentala droselvarsta atmaksasanas perioda aprékins

3.1.nodala izstradata eksperimentala droselvarsta izgatavoSanas
izmaksas sastav no divam komponentém — vienibas cenas un vienreizgjam
investicijam. Vienreiz&jas investicijas raksturo izgatavoSanas tehnologijas
izstradei nepiecieSamos lidzeklus, bet vienibas cena ir no $o Iidzeklu summas
neatkariga vertiba. Jauna droselvarsta izgatavosSanas vienreizgjas investicijas
saskana ar apkopoto informaciju sastada 1,242.22 Eur, bet vienas droselvarsta
vienibas izgatavoSana sastada 826.04 Eur. Ir nepiecieSams uzsvert, ka izveleta
korpusu un vacina izgatavoSanas metode (ciparvadibas fréz€Sana un virposana)
ir attiecinama uz maza vienibu skaita razoSanu, jo ietver sevi salidzinosi lielu
nonemta materiala daudzumu, padarot apstrades procesu neefektivu liela apjoma
razoS$anai. Lai pielagotu doto izstradajumu liela vienibu skaita razoSanai,
nepiecieSama minéto detalu izgatavoSana ar lieSanas tehnologiju. Tas ievérojami
palielina vienreizgjam investicijam nepiecieSamo summu, bet samazina vienibas
izgatavosanas cenu.

Lai iegiitu ekonomisku salidzinajumu starp jauno droselvarstu un plasi
pielietoto taurina tipa droselvarstu, nepiecieSsams izmantot metodi, kas noverte
abus izstradajumus no naudas plismas viedokla. Efektivs instruments $adam
mérkim ir pasreizgjas vertibas metode (skat. (5.1.) formulu). Ta nosaka projekta
vai produkta pasreiz€jo vértibu péc noteikta laika perioda un ieverté ari noteiktu
resursu sadardzinasanos, nosakot fiksétu diskonta likmi.

Y PR S 5.1.
NPV=7 (1 (1+i)") . o4
kur NPV — pagreizgja vertiba, Eur;
C — naudas plasma, Eur gada;
i — diskonta likme, %;
n — periodu skaits, gadi;
IN — sakotngjas investicijas, Eur.
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Lai noskaidrotu eksperimentala droselvarsta ekspluatacijas atmaksasanas
periodu ar pasreiz€jas vertibas metodi, nepiecieSams noteikt punktu, kura naudas
plusma starp taurina tipa droselvarstu un eksperimentalo droselvarstu izlidzinas.
Sim mérkim nepiecieSams izdarit vairdkus pienémumus, kas uzskaititi
5.1. tabula. Diskonta likmes vértiba 5% raksturo sagaidamo degvielas cenas

sadardzinajumu viena perioda.

5.1. tabula. Izstradata droselvarsta atmaksaSanas perioda aprékinam

izmantotie pieneémumi

Pienémums Veértiba
Eksperimentala droselvarsta izgatavosanas sadardzinajums, % 20
Eksperimentala droselvarsta degvielas patérina samazinajums, % 1...5

Transportlidzekla nobraukums gada, km

10,000...50,000

Degvielas cena, Eur 1.65
Degvielas patérin$ izmantojot taurina tipa droselvarstu, | uz km 10
Diskonta likme, % 5

Veicot aprékinus p&c $aja nodala aprakstita principa, iegiist jauna
drose]varsta atmaksasanas periodu atkariba no degvielas patérina procentuala
samazinajuma un ikgadgja nobraukuma (skat. 5.2. tabulu un 5.1. att.).

5.2. tabula. Izstradata droselvarsta atmaksasanas periods gados atkariba
no degvielas patérina samazinajuma un ikgadeja nobraukuma

Degvielas patérina samazinajums
Nobraukums, km 1% 2% 3% 1% 5%
10,000 11.07 4.80 3.07 2.26 1.79
20,000 4.80 2.26 1.48 1.10 0.87
30,000 3.07 1.48 0.97 0.73 0.58
40,000 2.26 1.10 0.73 0.54 0.43
50,000 1.79 0.87 0.58 0.43 0.35
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5.1. att. Eksperimentala droselvarsta atmaksasanas periods atkariba no

degvielas paterina samazinajuma un ikgadeja nobraukuma
Degvielas patérina samazingjums jaunajam droselvarstam $aja gadijuma
ir nezinams lielums, jo nosakams tikai eksperimentala veida, veicot kontroletu
brauksanas testu sériju, tadel $aja aprékina tas tiek pienemts robezas 1...5%.

5.2. Jaudas mérijjumu stenda paSreizéjas vértibas aprékins

Izstradatais jaudas stends paredzéts spekratu novértésanai, kas aprikoti ar
promocijas darba izstradatas konstrukcijas droselvarstu. Ta izgatavosana veikta
ar Latvijas Biozinatnu un tehnologiju universitates projekta Z25 — “Zinatniskas
kapacitates stiprina$ana 2018 finans€juma atbalstu. Tas procesa izmantotas ari
tehnologiskas iesp&jas, ko nodroSina Tehniska fakultate. lzmantoti tirgli brivi
pieejami materiali un komponentes, ka ari to izgatavoSanas metodes. Jaudas
mérfjumu stends sadalams piecas galvenajas dalas: ramis, rullis, bremzg$anas
sisttma, speka sensors un vadibas sisttma. Veicot informacijas apkoposanu,
iegiitas jaudas stenda atsevisko dalu izgatavosanas izmaksas ir §adas:

e  ramja izgatavoSana — 832.22 Eur;

rulla izgatavosana — 1,402.57 Eur;

bremzeésanas sist€mas izgatavosana — 598.42 Eur;
spéka sensora izgatavosana — 129.00 Eur;
vadibas sistémas komplektésana — 4,228.81 Eur.
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Kopa 3.2. nodala izstradata jaudas stenda izgatavosanas izmaksas sastada
7,137.12 Eur. Ir svarigi piebilst, ka Saja izmaksu kalkulacija nav ieklautas
pozicijas ar griti nosakamu vertibu, pieméram:

e  projektesanas izmaksas, kas veiktas personigiem spekiem;

e materialu, detalu un sisttmu sagades izmaksas, kas veiktas

personigiem spekiem;

e ietaupifjums no procesiem, kas veikti ar Latvijas Biozinatnu un

tehnologiju universitates inventara nodro$inajumu;

e salikSanas un sisttmu kalibréSanas izmaksas, kas veiktas

personigiem spekiem.

Izstradata jaudas stenda paSreizgjas vertibas aprékinasanai noteikta laika
perioda var izmantot (5.1.)formulu, kas ievért€ ari =zinamu resursu
sadardzinasanos. Saja gadijuma to var salidzinat ar alternativu — jaudas stenda
nomasanu, izskirot $adas situacijas:

e jaudas stenda pakalpojumi droselvarsta pétijumu veikSanai tiek

nomati par tirgus cenu,

e  izstradatais jaudas stends sakotngji tiek izmantots droselvarsta

petijumu veikSanai, bet p&c tam iznomats p&c tirgus pieprasjjuma.

Gadijuma, kad droselvarsta pétijjumu veikSanai jaudas stenda
pakalpojumi tiek nomati, ir janem véra izmaksas, ko sastada nomas pakalpojuma
stundas maksa un pétijuma veikSanai nepiecieSamais laiks. Jaudas stenda
izstrades gadijuma, §Ts izmaksas netiek nemtas véra, jo nomas pakalpojumi nav
nepiecieSami. Ta vieta izstradato jaudas stendu var iznomat péc tirgus
pieprasijuma, radot pelnu. Izmaksas $aja gadijuma sastada ikgadgjas apkopes,
piem@ram, ellas un gultnu maina. Izstradata jaudas stenda paSreizgjas vertibas
aprékinam izmantotie pien€mumi uzskaititi 5.3. tabula.

5.3. tabula. Izstradata jaudas stenda pasreizéjas vertibas aprékinam
izmantotie pieneémumi

Pienémums Vértiba
Nomas pakalpojuma maksa, Eur h't 100.00
Vidgjais nomasanas sesijas ilgums, h 3
Jaudas stenda nomasanas sesiju skaits gada 12
Eksperimentala droselvarsta pétiSanai nepiecieSamais laiks, h 10
Ikgadgjas apkopes izmaksas, Eur 200.00
Diskonta likme, % S

Cita jaudas stenda nomasanas gadijjuma, naudas plisma C;
(skat. (5.1.) formulu) sastada nulles vertibu, jo nomasanas pakalpojums tiek
veikts tikai droselvarsta pétijumu ietvaros. ST pétfjuma izmaksas tadel tiek
uzskatitas ka sakotngjas investicijas IN1 (1,000.00 Eur), Ko iegiist sareizinot
pétfjumam nepiecie$amo stundu skaitu ar nomas maksu. Izmantojot izstradato
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jaudas stendu, naudas plasmu C, raksturo ta iznomasana p&c tirgus pieprasijuma,
ka art ikgadgjas apkopes izmaksas. Veicot aprekinu, iegftie rezultati
paraditi 5.2. attéla, kur $ada situacija prognozéjama izstradata jaudas stenda
atmaksasanas péc ~2.25 gadu perioda.
10,000
8,000
6,000
4,000
2,000
0
-2,000
-4,000
-6,000
-8,000

NPV, Eur

W

0 1 2 3 4
Periods, gadi

Nomats jaudas stends === Izstradatais jaudas stends

5.2. att. Izstradata jaudas stenda paSreizéja vértiba salidzinajuma ar
nomatu jaudas stenda pakalpojumu

Izstradata jaudas stenda izmaksu salidzinasanai ar tirgli pieejamu analogu
sisteému tika veikts cenu pieprasijumu Igaunijas kompanija Dynomax Industrial.
Péc pieprasijuma veikSanas tika sanemts piedavajums S$asijas tipa jaudas
stendam, kas paredzéts motocikliem un aprikots ar bremzg€Sanas elementu —
8,500.00 Eur + PVN vertiba. Ir svarigi piebilst, ka piedavatais analogs neieklauj
skabekla sensora komplektu un motora dzes€Sanas sistému, kas saskana ar
sniegto informaciju izmaksa papildus 500.00 Eur, sastadot kop&jo analoga cenu
~9,000.00 Eur + PVN, jeb 10,800.00 Eur vértiba. Lidz ar to $T darba ietvaros
izgatavotais jaudas stends ir par 33.9% 1&taks, sniedzot ievérojamu ietaupTjumu
ar lidzvertigu funkcionalitati un uzlabotu mobilitati.
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SECINAJUMI UN PRIEKSLIKUMI

Galvenie secinajumi

1.

Ieksdedzes motoru efektivitates uzlaboSanas jautajumu aktualitate balstas
salidzino$i lielaja iekSdedzes motoru Tipatsvara Sobrid un tuvakajas
desmitgad@s. Katrs iegiitais motora efektivitates procents ietaupa miljoniem
litru degvielas visa pasaulé.

Pasaules patentu datubazé atrodamas vairakas iekSdedzes motora
droselvarstu konstrukcijas. No tam visoptimalako plismas kanalu nodrosina
droselvarsts ar cilindrisku slédzgjelementu.

Izstradata un patentéta ickSdedzes motora droselvarsta konstrukcija pilniba
atveérta stavokli nodrosina nepartrauktu pliismas kanala formu ar brivu
vidusdalu, kas ir uzskatama par prieksrocibu, salidzinot ar tauripa tipa
droselvarstu. Dalgji atvérta stavokli §1 konstrukcija veido pliismas kanala
centrétu un uz degvielas inzektoru mérkétu gaisa plasmu, kas uzlabo
degmaisijuma sagatavoSanu.

lesniegts patenta pieteikums jaudas stenda rulla konstrukcijai ar unikalu
inerces momenta multiplikatoru, kas nodroSina par 80% lielaku inerces
momentu un kopgjas konstrukcijas kompaktumu, salidzinot ar analogam
sistémam.

Simulacijas rezultati jaunizveidota droselvarsta konstrukcijai pilniba atverta
stavokli uzrada gaisa masas caurpliides uzlabojumu par vid&ji 2.4% un
spiediena vilnu amplittidas picaugumu par vismaz 1.0%. Dalgji atveérta
stavokli iegiits par 38.1% lielaks izsmidzinato degvielas pilienu vidgjais
atrums, un iegits darbibas linearitates uzlabojums par 0.3%.

Izgatavotais jaudas stends, testgjot eksperimentos izmantoto motociklu,
nodroS§ina izmérita griezes momenta atkartojamibas Iimeni robeZas no
+ 0.3% lidz + 0.9% no vidgjas vertibas dazadas motora rotacijas frekvences.
Sads rezultats parsniedz §T darba ietvaros izmantotas sistémas Dynojet-200ix
atkartojamibas limeni (£ 1.8...+ 3.6%).

Jaunizveidota droselvarsta izgatavoSanai neliela vienibu skaita
nepiecieSamas vienreiz€jas investicijas 1,242.22 Eur apméra, bet vienas
vienibas izgatavoSanas izmaksas ir 826.04 Eur. Pienemot ikgadgjo
nobraukumu robezas 10,000...50,000 km un degvielas paterina
samazinajumu robezas 1...5%, pétjuma noteikts ST droselvarsta
izmantoSanas atmaksasanas periods lidz 11.1 gadam.

Izgatavota jaudas stenda kopgjas izgatavoSanas izmaksas Vveido
7,137.12 Eur, kas ir par 33.9% mazaka summa neka firmas Dynomax
Industrial piedavata analoga cena. Sada jaudas stenda izmanto$ana
droselvarstu darbibas pétiSanai sp&j atmaksaties péc 2.3 gadu perioda,
nodroSinot pelnu p&c tirgus pieprasijuma.
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Galvenie priekslikumi

1.

Promocijas darba ietvaros izstradato droselvarsta konstrukciju ieteicams
izmantot stehiometriskas sadegSanas iekSdedzes motoru spékratos vai
agregatos, kas aprikoti ar vienu droselvarstu uz cilindru.

Aprikojot iekSdedzes motoru ar promocijas darba ietvaros izstradatas
konstrukcijas droselvarstu un papildinot to ar dualo degvielas
iesmidzinasanas sist€mu, sagaidams attistitas jaudas pieaugums pie augstas
motora rotacijas frekvences. Aprikojot §adu motoru ar izplades sisteému, kas
izmanto izpleSanas kameru, sagaidama vienmérigaka attistita griezes
momenta raksturlikne.

Izstradato jaudas mériSanas iekartu ieteicams izmantot motociklu testéSanai,
bet ar atsevisku modifikaciju palidzibu ta izmantojama arT citu spekratu vai
agregatu testéSanai.

Izstradata droselvarsta ekonomiska izdeviguma uzlaboSanai ieteicams
izmantot izgatavoSanas tehnologijas, kas paredzétas liela vienibu skaita
razosanai.
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INTRODUCTION

Internal combustion engines have long been the main source of power in
the transportation sector. Technological developments in this sector have led to
a series of improvements for internal combustion engines. However, one
important niche has remained in this development, namely the intake air throttle
valve. Although simple in design, it is imperfect and can create additional flow
resistance which reduces engine performance, particularly in the case of single-
cylinder engines used in a variety of agricultural, domestic plant and industrial
machinery. To improve the performance of internal combustion engines,
technologies are being developed to reduce the coefficient of friction and
increase combustion efficiency, thereby increasing the efficiency of the engine
itself. Gas after-treatment systems are also being developed which chemically
modify engine exhaust gases to neutralize pollutants to the levels required by
current standards.

The thesis investigates single-cylinder internal combustion engines.
Thanks to the LBTU grant "Strengthening of Scientific Capacity" it was possible
to design and manufacture own-patented dyno bench. The development of the
dyno bench is an important part of the thesis, which allows to realize the
experimental studies of a new throttle valve. During the development of the
thesis, several studies related to the gas exchange system of internal combustion
engines, the fuel injection system, and the design of innovative dyno bench have
been published. Literature on the limiting factors for the efficiency of gas
exchange system has been investigated and an innovative concept for a new
throttle valve design has been developed.

The object of the research work is a unique internal combustion engine
throttle valve design, which aims to reduce or eliminate the main disadvantages
of the industrial butterfly valve. These disadvantages are the formation of
obstructions or pockets in the flow passage at fully open position, as well as a
non-linear relationship between mass air flow rate and valve opening.

The aim of the thesis is to develop an improved throttle valve design and
evaluate its influence on engine performance parameters, as well as to design and
manufacture a specialized dyno bench for testing vehicles equipped with a
throttle valve of this design. The following main tasks have been set:

e evaluate the advantages and disadvantages of butterfly valve
analogues available in the world patent database;

e identify the influence of gas exchange system component design
parameters on gas dynamic processes and mathematically derive the
initial data for further experimental and modelling research;

o develop a unique digital throttle valve prototype, patent its design,
and produce specialized dyno bench for testing vehicles equipped
with this throttle valve design;
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e determine the effect of changes in gas exchange system component
design on engine performance by experimental and modelling
studies;

e validate the newly developed dyno bench and experimentally
determine its measurement repeatability level,

e evaluate the economic viability of the developed throttle valve
prototype and dyno bench.

For the successful completion of the set tasks, a series of interrelated
studies and experiments, consisting of feasibility studies, modelling studies,
theoretical calculations, and various experiments, have been carried out within
the framework of the thesis. The theoretical section develops the principles for
calculation of the operating parameters of intake and exhaust systems, and then
derives the data which is taken as a basis for further experimental and modelling
studies. The practical section includes the development of innovative solutions,
with a unique throttle valve design and a dyno bench for subsequent experimental
testing. As part of their design, modelling studies have been carried out and
insights gained from feasibility studies have been considered. The experimental
section includes the validation of newly developed dyno bench, as well as model
studies and experiments carried out on the digital throttle valve prototype
developed in the practical section, based on the input data obtained in the
theoretical section.

The novelty of the thesis can be seen in unique technical solutions
implemented in the throttle valve and dyno bench designs for engineering
problem-solving. This novelty is confirmed by a patent of the Republic of Latvia
granted for the design of throttle valve for an internal combustion engine as well
as the patent application for mechanical power measurement device. The
scientific significance is to be found in research and experiments carried out
within the thesis framework in connection with gas exchange systems for internal
combustion engines. Their aim is to contribute to the understanding of physical
and mechanical processes, which makes it possible to identify the limiting factors
of current technology and to propose engineering solutions. According to the
information presented in the following chapter, the economic relevance of this
work is and will continue to be important due to the various technological factors
that limit the transition of global energy supply infrastructure to renewable
resources and the 100% abandonment of internal combustion technologies.
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1. DEVELOPMENTS IN INTERNAL COMBUSTION
ENGINE TECHNOLOGY AND THEIR IMPACT ON
THE ENVIRONMENT

Technological advances have increased rapidly in the twentieth and
twenty-first centuries because of the industrial revolutions, but the impact of
human economic activity on the ecology and climate has become an increasingly
topical issue. The transport sector has been identified as one of the biggest
contributors to carbon dioxide emissions, and car manufacturers are constantly
improving engine designs to ensure cleaner combustion and more efficient
operation. Electric cars are becoming increasingly popular as an alternative to
internal combustion engines, but future growth in electricity consumption must
be considered.

Petrol internal combustion engines operate according to the Otto cycle
(see Figure 1.1.), which distinguishes between four engine strokes — intake,
compression, power, and exhaust.

Pressure

Volume

Fig. 1.1. Otto cycle
1 - inlet or outlet stroke at constant pressure; 2 - adiabatic compression stroke;
3 - combustion at constant volume; 4 - power stroke, isentropic expansion; 5 - exhaust
stroke at constant volume.

Virtually all internal combustion engines in consumer passenger cars and
motorcycles operate via a crank-rod mechanism. To make them more efficient,
improve the developed power curve, reduce fuel consumption, and produce
fewer emissions, these designs have undergone many improvements, but the
design of the intake air throttle valve has not been changed as a result of these
improvements.

The intake air throttle valve is part of the intake system of an internal
combustion engine that regulates the flow of air or fuel into the combustion
chamber. Butterfly valves (see Figure 1.2.) are more widely used today, the
design drawback of which is the inability of the locking element to leave the flow
channel in the fully open position. This causes flow separation and additional
resistance.
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i Z 4 3

Fig. 1.2. Butterlfy throttle valve construction
1 - flow channel; 2 - rotating disc valve; 3 - drive shaft; 4 - screw.

For internal combustion engines requiring the use of a throttle valve, there
are two general throttle valve positions relative to the rest of the intake system.
The most common position is found in engines with two or more cylinders, where
the throttle valve is common between the cylinders at the inlet of intake manifold
(see Figure 1.3. - A), while the less commonly used position is found in
essentially single-cylinder or racing engines, where the throttle valve is in the
intake passage between the cylinder head and the intake manifold
(see Figure 1.3. - B).

Fig. 1.3. Possible locations of the intake air throttle valve
A - throttle valve common to all cylinders; B - separate throttle valve for each cylinder;
1 - throttle valves; 2 - inlet air manifold; 3 - inlet air flow to manifold; 4 - outlet air flow
to cylinders.

The cyclic operation of an internal combustion engine causes pressure
pulsations in the intake system, which lead to harmonic oscillations. These
oscillatory waves are reflected depending on the cross-sectional area change
factor and cause resonance in the intake system at a given rotational speed. Using
this phenomenon, it is possible to design the intake system in such a way as to
achieve an increase in the volumetric efficiency of the engine. A similar
phenomenon can be observed in the exhaust system.

The worldwide patent database contains various inventions designed to
reduce the effect of butterfly valve on flow resistance by eliminating its
disadvantages, such as the occluding element being in the cross-section of the
flow channel at full opening. For example, R&D racing USA's “Throttle body
with offset axis drum valve”, used on four-stroke single-cylinder racing
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motorcycles, uses a cylindrical segment valve that is profiled to match the walls
of flow passage when fully open, creating a smooth transition (see Figure 1.4.).

Fig. 1.4. Throttle body with offset axis drum valve
1 - body; 2 - direction of air flow; 3 - cylindrical valve; 4 - valve rotation axis; 5 - fuel
injector; 6 - fuel spray; 7 - cross-sectional area constriction.

The advantages of this design include a concentrated air stream and
improved mixing of air and fuel. However, a potential disadvantage is the
formation of a pocket near the valve in a fully open position. A cylinder type
throttle valve (see Figure 1.5.) may be an alternative because its profiled shape
provides a smooth flow channel area even in a fully open position, but this may
necessitate a change in shape due to the pronounced unevenness of operation.

The world patent database also contains several butterfly valve analogues
that have been used relatively rarely or remain as undeveloped concepts. These
include, for example, the slide type throttle valve (see Figure 1.6.), the rotary
segment throttle valve (see Figure 1.7.), the throttle valve with two rotating
cylindrical segments (see Figure 1.8.) and the iris type throttle valve
(see Figure 1.9.).
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Fig. 1.5. Cylindrical throttle valve
A - fully open position; B - closed position; 1 - cylinder head; 2 - inlet valve; 3 - fuel
injector; 4 - body; 5 - cylinder valve.

Fig. 1.6. Slide throttle valve
1 - body; 2 - cut-out; 3 - valve; 4 - cut-out in valve.

All these inventions seek to eliminate the main disadvantage of the
butterfly valve, i.e., the flow obstruction in fully open position, but only the
rotating cylinder and slide type throttle valve inventions manage to achieve
continuity of the flow channel, where there are also no technological cut-outs or
pockets. Some of these inventions, such as the throttle valve with two rotating
cylindrical segments and the iris throttle valve, have the potential disadvantage
of being subjected to forces due to pressure difference between one side of the
occluder and the other. Practically all the inventions considered, including the
butterfly throttle valve, are characterized by uneven operation because of the
dependency between change in the cross-sectional area and valve opening.
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Fig. 1.7. Rotating segment throttle valve
1 —flow - channel; 2 - valve; 3 - housing; 4 - rotary axis.

Fig. 1.8. Throttle body with two rotating cylindrical segment valves
A - in partially open position; B - in fully open position; 1 - body; 2 - valve retreat
pocket; 3 - valve rotation axis; 4, 5 - valves.

Fig. 1.9. Iris throttle valve
1 - direction of rotation of the opening element; 2 - iris blades; 3 - pin of the opening
mechanism.
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2. CALCULATION OF THE OPERATING
PARAMETERS OF INTAKE AND EXHAUST
SYSTEMS

The following subsections of this Chapter describe the principles used to
calculate the dynamic inlet and exhaust processes used to derive the input data
for the flow simulations carried out as part of the modelling studies, as well as to
process the data from the physical studies. For this purpose, the engine
performance parameters are required and can be obtained using Engine Analyzer
Pro (see Figure 2.1.).

| 2.1. Definition of engine parameters in Engine Analyzer Pro l—’ Mathematical engine model
l (Engine Analyzer Pro)
—| 2.2. Calculation of air velocity in the inlet duct |<—

—| 2.3. Principle for calculating the linearity of throttle valve operation |

|| 2.4. Fuel injection system and the processing principle of its
experimental data

—| 2.5. Calculation of the volumetric gas flow in exhaust duct |<—

Experimental and modelling research
(Chapter 4.)

Fig. 2.1. Logical sequence for calculating the operating parameters of
intake and exhaust systems

Engine Analyzer Pro is widely used software for building a mathematical
model of an internal combustion engine. It uses the so-called Finite Difference
Model to solve the differential equations of a one-dimensional gas flow. The
disadvantage of this program is the limited capability to describe different shaped
inlet and outlet ducts for the study of pressure fluctuations, therefore the program
works under the assumption that a homogeneously shaped flow duct with a
known flow resistance is used. To be able to study the influence of the shape of
the inlet and outlet channels on the dynamic pressure fluctuations in a gas
distribution system, it is necessary to perform flow simulations based on data
exported from Engine Analyzer Pro.

2.1. Defining an internal combustion engine in Engine Analyzer Pro

Figure 2.2 shows a block diagram of the Engine Analyzer Pro
mathematical model, which requires detailed input of engine design parameters
into the software. For clarity, the structural and functional parameters of the
Honda CRF450R motorcycle engine were measured using the technical facilities
provided by the Latvian University of Biosciences and Technology and the
company Dinex Latvia LLC. The measurements performed provide full input of
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the parameters necessary for the program, resulting in a mathematical model of
the given engine.
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Fig. 2.2. Engine Analyzer Pro mathematical model block diagram of an
internal combustion engine

It is important to note that the version of Engine Analyzer Pro used does
not support the calculation of engine performance at part throttle, but instead
assumes that the engine is operating at maximum load (full throttle) at any
rotational speed. In addition, the program makes some assumptions: it does not
allow the definition of an incorrect fuel mixture ratio, instead it assumes that the
fuel mixture ratio is homogeneous at any point in the engine operation.

2.2. Calculation of air velocity in the inlet duct

The characteristics of the components of the intake system, such as
throttle valve diameter, manifold volume and intake duct diameter and length, as
well as the relative positions of these components, influence the torque
characteristic curve developed by the engine. This effect can be explained by the
flow resistance and pressure fluctuations in the intake duct due to the cyclic
operation of the engine. These fluctuations can be used to allow the intake valves
to open much earlier by increasing the volume of intake air or fuel in the
combustion chamber. Pressure fluctuations are a dynamic phenomenon, which
requires consideration of the laws of gas thermodynamics as well as the geometry
of the flow channel and its variations.
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Figure 2.3. shows the logical sequence of calculations performed in this
chapter to obtain the flow simulation output, the air velocity in the inlet duct due
to the piston motion.

Engine parameters s| * Intake valve open point
- * Intake valve close point
1 *+ Maximum intake valve lift
+ Piston diameter
* Crankshaft stroke l
* Connecting rod centetline length R
« Crankshaft offset Engine Analyzer Pro
* Flow channel cross-section
1 3
System of equations Intake valve opening curve

v
Air velocity in the intake duct induced by the
piston motion as function of time

.
Modelling research (Chapter 4.4.)

Harmonic pressure oscillation in the intake duct

Fig. 2.3. Logical sequence for calculating the inlet duct air velocity

The calculations carried out in this research work are based on the Honda
CRF450R motorcycle available for experiments. According to the logical
sequence of calculations shown in Figure 2.3., it is necessary to use flow
simulations to study the harmonic oscillations of the intake system pressure.
These are to be carried out in the Solidworks Flow Simulation environment, using
the flow velocity in the inlet duct as a function of physical time as the boundary
condition. For the determination of the inlet duct flow velocity, it is necessary to
use both the system of equations and the data exported from Engine Analyzer
Pro.

Using the system of equations describing the piston motion of a given
engine, the piston induced motion in the cylinder head in the inlet passage is
obtained as a function of the crankshaft position. Combining this data with the
intake valve opening characteristic curve obtained from Engine Analyzer Pro, an
approximation of the air velocity in the cylinder head intake passage is obtained
(see Figure 2.4.). This data can be further used to investigate harmonic
fluctuations in the pressure wave by flow simulation.
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Fig. 2.4. Approximated theoretical flow velocity in the Honda CRF450R
cylinder head intake duct

Two weaknesses can be identified in the system of equations described in
this subsection. The calculation of the air flow rate is based on the basic
principles of incompressible gas and the duration of the inlet valve opening is
limited to 180 degrees of crankshaft rotation. Although air is in fact a
compressible gas mixture and the inlet valve opening is in most cases greater
than 180 degrees of crankshaft rotation, the purpose of the calculated flow rate
boundary condition is to produce harmonic pressure fluctuations in the inlet duct
which continue throughout the engine duty cycle, and therefore these
shortcomings are not considered to be significant.

2.3.  Principle for calculating the linearity of throttle valve operation

The intake air throttle of an internal combustion engine regulates the
amount of air entering the combustion chamber to vary the torque developed.
The relationship between throttle opening and engine torque shall be predictable
and linear to facilitate control by the accelerator. Although throttle control
systems exist, they are not widely used because of their predictable cost.

Figure 2.5. shows the logical sequence of the calculation principle
developed in this subsection to assess the linearity of the throttle valve operation
- the dependence of the air mass flow rate on the throttle valve opening.
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—i  Principle for calculating the linearity of throttle
valve operation

Digital throttle body prototype (Chapter 3.1.)
Y
Modelling research (Chapter 4.1.)

Evaluation of the throttle valve performance over its full opening range

v

Mass flow rate as a function of throttle valve opening
'

L, Processing of results
Linearity of throttle valve operation

Fig. 2.5. Logical sequence of the throttle valve linearity calculation
principle
Figure 2.6. shows the change in the effective cross-sectional area
projection for a commercially produced butterfly valve without considering the
area occupied by the drive shaft or blade. In this illustration, two separated
crescent-shaped areas can be clearly distinguished, which meet only at full
opening indicating a possible redistribution of the flow of gases.

0000

10% 20% 40%
60% 80% 90% 100%

Fig. 2.6 Effective cross-sectlonal area of butterfly type butterfly valve

In cases where mixing of the fuel mixture occurs immediately
downstream of the throttle valve, the division of the air flow into several parts is
an undesirable factor, as the part of the flow closer to the fuel injector contains a
different fuel concentration than the part further away from the fuel injector.

Figure 2.7. shows the change in effective cross-sectional area for a
butterfly type butterfly valve with a solid line. The dotted line shows the change
in cross-sectional area for a fully linear valve. There is a significant deviation of
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the effective change in cross-sectional area from the linear change, indicating
that the butterfly valve may be operating unevenly.
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Fig. 2.7. Change in effective cross-sectional area of the Honda CRF450R
throttle valve

The change in effective cross-sectional area of a butterfly type butterfly
valve differs from the change in air mass flow rate due to the flow coefficient,
which describes the ratio of the difference between the actual and ideal mass flow
rate. The effective mass flow rate depends on the cross-sectional area and
geometry, while the ideal mass flow rate depends only on the cross-sectional
area. To assess the linearity of the throttle valve, the total mass flow rate of the
air as a function of the throttle valve opening must be investigated, as this
determines the amount of fuel burned and the torque developed.

The linearity of the throttle valve operation can be defined as the
dependence of the increase in air mass flow rate on the throttle valve opening,
where ideally it is directly proportional. The calculations with the system of
equations developed in this chapter give the throttle valve linearity expressed as
a percentage. This method can be used to assess the linearity of operation by
comparing different butterfly valve designs where data are available on their
volumetric or mass flow rate versus butterfly valve opening. This data needs to
be obtained experimentally by flow simulations or by testing of off-the-shelf
butterfly valve designs using gas flow measurement equipment.

2.4.  Fuel injection system and the processing principle of its
experimental data

The fuel injection system is responsible for adding the correct amount of
fuel to the engine's airflow to ensure a stoichiometric fuel mixture ratio. During
the development of electronic fuel injection systems, it was discovered that the
sprayed fuel can form a thin layer on the intake duct walls, preventing
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evaporation and causing deviations from the desired fuel mixture ratio. To
prevent this, the flow rate in the duct can be increased to delay the formation of
the layer and promote its evaporation. Similarly, by increasing the pressure in the
fuel delivery system, the sprayed fuel can be broken down into smaller droplets
which evaporate more quickly, thereby reducing the risk of fuel film formation
and particulate emissions.

Stoichiometric combustion engines distinguish between several different
fuel injection systems, characterized by the position of the fuel injectors in the
intake system. For example, cylinder head channel injection, direct injection,
dual injection, and throttle valve injection.

Figure 2.8. shows the logical sequence of experimental results developed
in this subsection to evaluate the benefits of using a secondary injector on an
engine equipped with intake channel injection. This requires experiments on a
dyno bench with repeated measurements to exclude random errors and improve
the accuracy of the measurements.

Fuel injection system and the processing principle
of its experimental data

Experimental study (Chapter 4.5.)
Evaluation of single and dual injection solutions

!

Outputs of load cell and rotational speed sensor
Processing of results
Produced torque curve as function of engine speed

Fig. 2.8. Logical sequence of the principle for processing the results of fuel
injection system experiments

The data to be obtained after the measurements is the torque developed
versus engine speed. Based on the feasibility study, it is concluded that dyno
benches are subject to environmental influences (electrical noise, vibrations, etc.)
and that the data exported from the programs with which they are equipped are
therefore noisy. Based on the observations made during the feasibility study,
difficulties such as multiple torque data points corresponding to the same
rotational speed, significantly different torque data points at the same or adjacent
rotational speed data points (signal noise), and differences in rotational speed
data points between measurements are to be expected after data export.

This chapter develops a system of equations to process the measurement
data exported from the dyno bench software to allow further processing and
comparison with other measurements, for example to assess the benefit of using
a secondary injector on an engine equipped with a ducted injection system.
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2.5. Calculation of the volumetric gas flow in exhaust duct

The exhaust system of an internal combustion engine is mainly
responsible for removing combustion products and noise. Some exhaust systems
also clean the exhaust gases to limit harmful emissions. A properly designed
exhaust system can help to develop more power due to pressure wave
fluctuations corresponding to the correct length of the intake and exhaust
passages over a given range of engine rotational speeds, called 'tuning'. The
disadvantage of this technique is the risk of adversely affecting the developed
torque outside the "tuning" rotational speed range. Some experimental exhaust
systems aim to reduce the amplitude of the exhaust system pressure wave
oscillations within a certain rotational speed range to mitigate this effect.

Similarly, to the approach described in chapter 2.2., flow simulations can
be used to study the harmonic oscillations of the exhaust system pressure, where
physical time-dependent boundary conditions need to be imposed. However,
unlike the calculations performed in chapter 2.2., in this case it is necessary to
use the volumetric flow rate and temperature of the cylinder head exhaust duct
as the boundary condition for the flow simulation. Figure 2.9. shows the logical
sequence of calculations performed in this chapter to obtain the boundary
condition data for the flow simulation. The calculations performed in this
research work are based on a Honda CRF450R motorcycle available for
experiments. The mathematical model of its engine in Engine Analyzer Pro was
developed in chapter 2.1. From this mathematical model, the combustion
chamber gas temperature and pressure are obtained as a function of the angular
position of the crankshaft at different engine rotational speeds.

In this chapter, a system of equations is developed to determine the
boundary conditions for the flow simulation to study the pressure harmonic
oscillations in exhaust systems using data exported from Engine Analyzer Pro
(see Figure 2.10.). The described flow simulation boundary condition
calculations have the shortcoming that the calculated volumetric exhaust flow is
an approximation. This is influenced using linear interpolation and the pressure
drop transformation method. Similarly, to chapter 2.2., the objective of the
boundary conditions of the calculated flow simulations is to produce harmonic
pressure fluctuations in the exhaust duct that continue throughout the engine duty
cycle, therefore this shortcoming is not considered to be significant.
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3. DEVELOPMENT OF INNOVATIVE SOLUTIONS

After identifying the shortcomings of the internal combustion engine
throttle valves described in Chapter 1., the development of an innovative throttle
valve design is under way. The aim is to overcome the main disadvantages of the
most common type of throttle valve by improving the efficiency of the gas
exchange system of the internal combustion engine. Experimental studies based
on a digital model are necessary to assess the achievement of the objective of the
design. To be able to test the advanced throttle valve after its construction, a
mechanical power measurement device, a dyno bench, is required which
provides sufficient repeatability of measurements to record the changes in engine
performance caused by the throttle valve modification.

3.1. Development of a unique throttle valve design

According to the information described in chapter 1., the throttle valve
has a higher potential for design changes when it is located downstream of the
cylinder head intake passage (see Fig. 1.3. - B), which is most common in single-
cylinder engines equipped with motorcycles, ATVs, various garden, agricultural
and construction machinery, etc. The motorcycle available for the study is a
Honda CRF450R equipped with a single-cylinder engine and a butterf