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SCENOS MENU NUOTOLINIO MOKYMO REALIU LAIKU
TECHNOLOGINIAI ASPEKTAI

Gediminas Zujus', Dalia Matijkiené'

'Vilniaus technologijy ir dizaino kolegija, Antakalnio g. 54, 10303 Vilnius

Anotacija. Norint internetu vesti muzikos ar scenos meny pamokas, reikia jvertinti mokiniy pasiekimus. Mokantis ka-
rinj, pvz. kvarteta, reikia i§ keturiy viety gauti sinchroniska karinio atlikimg. Tam turi bati jvykdyta viena salyga - signalai i§
visy viety mokytojui turi ateiti kartu. Tai yra aktualu vykdant jvairius internetinius — kultarinius, edukacinius ir muzikinius
projektus. DidZiausia problema —skirtingas signaly ir duomeny vélavimas, trukdantis sinchroniskam atlikimui.

Sprendimo buvo ieSkoma ne mazinant komunikacijos vélinima, ne spartinant internetinés transliacijos greitj, bet tai-
kant laiko suderinimo metoda, t.y. tam tikru, pagal uzvélinima numatytu laiku skirtingose vietose paleidziant sekvencerines
programas su metronomais, pagal kuriuos atlikéjai derins savo veiksmus, o i§ jy gaunamy medijos srauty jau nebereikés

sinchronizuoti.

Buvo atliktas eksperimentas, kurio rezultatai patvirtino hipoteze - pasitelkus debesy kompiuterija galima pasiekti pa-
kankamai maZos paklaidos laiko stabilumg. Sis metodas buvo pritaikytas keliuose internetiniuose koncertuose sinchronigkai
atliekant muzikos karinius ir dalyvaujant solistams, orkestrams i3 trijy kontinenty.

Reik$miniai ZodzZiai: nuotolinis mokymas, internetinis koncertas, internetinis muzikinis jvykis, sinchronigkas atliki-
mas, tiesioginé transliacija, laiko vélavimas, sekvencerinés programos.

Ivadas

Atsiradus internetui ir galimybei bendrauti realiu
laiku viena i§ didziausiy problemy buvo greitis, t. y.
perduodama informacija vélavo, todél bendravimas
buvo nekokybiskas. Si problema i§ dalies isspresta [1].
Dabar interneto greitis yra jau toks, kad vaizdo kon-
ferencijos tapo jprastu dalyku, nekelianciu problemy
dél laiko vélavimy, o kalbant apie edukacija, interneti-
niuose interaktyviuose (on-line) kursuose galima gau-
ti jvairiausiy sri¢iy diplomus - ekonomikos, vadybos,
rinkodaros ir pan.

Taciau yra sriciy, kur net minimalus vélavimas eli-
minuoja galimybe palaikyti kokybiska kontakta. Viena
i$ tokiy sric¢iy yra scenos menai ir jy mokymas. Indi-
vidualus pedagogo ir studento tiesioginis bendravimas
yra batinas mokantis scenos meny ir ypa¢ muzikos.
Sinchronigkas grojimas yra baitina mokymosi salyga.
Norint vesti tokias pamokas realiu laiku internete turi
bati iskelta viena salyga - negali bati laiko vélavimo.
Tai taip pat aktualu vykdant jvairius kultirinius edu-
kacinius ir muzikinius projektus.

Muzikos mokyklos vykdo distancinj mokymag in-
ternetu, pvz., Jungtinése Valstijose Berklee College,
Julliard School, USC Tronton, Arizona State Univer-
sity, Manhattan School of music. Vien tik $ioje moky-
kloje virtualioje mokymo aplinkoje per metus moko-
si apie 10 000 studenty i$ 39 valstijy ir 23 $aliy [1].

ISanalizavus $iose mokyklose naudojamg interneti-
ne technologija paaiskéjo, kad dazniausiai naudojamos
trys programinés jrangos: Skype, PolyCom ir Lola [2].

Skype programiné jranga gali naudoti visiems
prieinamg paprastg, daznai negreitg internetg. Teoris-
kai Skype reikalingas 1,5 megabito per sekundg greitis
(Mb/sek), kad perduoty vaizdo kokybe HD 720 p. Pa-
prastu internetu Skype vélinimas teoriskai turéty buti
50 ms j vieng puse ir 100 ms komunikuojant, muzi-

kuojant abipusiai (praktiskai tokiam rysiui reikalingas
didesnis greitis — nors 4-6 Mb/sek.). Neisvengiama
Skype pagrindiné problema - laiko vélavimas, nes tiek
véluojant signalui nejmanomas sinchroniskas atliki-
mas, o jis daznai net gerokai didesnis nei 100 milise-
kundziy. Skype garso ir vaizdo kokybé taip pat daznai
neatitinka nei auditorijos, nei muzikanty poreikiy.
PolyCom programiné jranga dazniausiai naudoja
Internet2 rysj, kuris yra daug greitesnis uz paprasta.
PolyCom garso ir vaizdo kokybé puiki, bet vélavimas
taip pat daznai didesnis negu 100 milisekundziy. Taigi
sinchroniskas atlikimas nejmanomas. Kita problema -
Internet2 ry$j turi tik didesnés, jj-uzsisakiusios organi-
zacijos, §is ry$ys neskirtas individualiems vartotojams.
Lola - viena naujausiy programy, kurios laiko véla-
vimas, priklausomai nuo salygy, gali bati pakankamai
mazas — 5-35 ms. Tuomet galima groti kartu sinch-
roniskai skirtingose vietose. Didesnis trikumas - Lola
naudoja ne maziau kaip 800 Mb/sek. rysj, taigi kol kas
tai nedaug kam prieinama. Kitas ne maziau svarbus
apribojimas yra atstumas. 100 kilometry prideda apie
1 milisekunde vélavimo. Taigi daugiau negu 1000 km
atstumu groti kartu jau darosi nebejmanoma, nes pri-
pazinta, kad 20 milisekundziy vélavimas (2 x 10 pir-
myn-atgal) muzikantams daugeliu atvejy yra riba ri-
tmigkai groti kartu [1]. Zinoma, yra jvairiy muzikos
stiliy, kiriniy, kuriuos atliekant tempas ir ritmas néra
svarbu, pvz. Pacific Rim of Wire [3], Network Perfor-
ming Arts Production Workshop [4], Music Without
Borders (5], Edinburgh Napier Lola project [6].
Lubecko universiteto profesorius ir kompozitorius
A. Carot atliko testus siekdamas i$siaiskinti laiko véla-
vimo jtakg muzikuojant kartu (7). Testy rezultatai at-
skleidé, kad daugiau kaip 8 metry atstumu tarp grojan-
¢iy ritmine muzika atlikéjy labai sunku islaikyti tempg
be dirigento. Garso greitis — 343 m/sek, 1 metras — 3
ms, o 8 metrus garsas keliauja 24 ms. Sis testas buvo
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atliktas, kai muzikantai grojo scenoje, arba tiesioginio
matomumo ir oro laidumo zonoje, nekonvertuojant
garso nei i analoginj, nei j skaitmeninj varianta. Ta-
¢iau transliacijos metu signalg reikia konvertuoti, o tai
sukelia papildomg vélavimg. Schemoje rodoma, kiek
daugiau vélinanciy grandziy reikia, norint paruosti si-
gnalg skaitmeninei transliacijai, palyginti su akustiniu
ir analoginiu variantu (1 pav.).

Galima ir kitokiu btidu spresti laiko vélavimo pro-
blemg, pvz, naudojant kompiuterinj akompanimenta
kaip asistentg internetinio koncerto metu [8], MIDI
informacijg atkuriamo atlikimo sinchronizacijai (Glo-
bal Metronome) [9], pasitelkiant virtualy dirigentg [7].
Tai pagreitina ritmo ir tempo suderinamumg, bet su-
prastéja muzikiné raiska dél instrumenty ar dirigento
imitacijos netobulumy. Bet tai vis tiek nei§sprendzia
problemos - laiko vélavimas lieka didesnis negu rei-
kalinga.

Teoriskai didziausia komunikacijos sparta buty $vie-
sos greitis — apie 300 000 km/sek. Kadangi aplink Zemés
rutulj yra apie 40 000 km, tai dvipusio ry$io, pavyzdziui,
su Australija ar Naujaja Zelandija signalas $viesos grei-
¢iu pirmyn ir atgal sklisty 133 ms. Taigi net teoriskai
kartu muzikuoti nepavykty. Ta¢iau mokymo metu ar
atlikéjams esant skirtingose $alyse ir atliekant tg patj ri-
tmiska muzikos karinj reikia pasiekti greitesnés komu-
nikacijos. Taigi tenka ieSkoti kitokio sprendimo.

natural path electronic path digital path
Soundconverter Antt aliasing
Soundgenerator | | | filter
Air | Connector Sampling
Ear Amplifier Quantization
Brain Connector Inputfiltering
Loudspeaker Inputblocking

significant delay

slight delay
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Y
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Y
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Y
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Y
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Problema biity iSspresta nesiunciant signalo atgal,
0 ji jrasant vienoje vietoje, tuomet nesunku pasiekti
sinchrong - viena vieta baty pagrindiné, pvz., pedago-
go auditorija su metronomu, o kitoje vietoje studentas
gali muzikuoti kartu pagal mokytojo duodama tem-
pa, ritmg (master - slave). Visiskai kitokio sprendimo
reikia, norint muzikuoti kartu i trijy ir daugiau viety,
nes vélavimai i§ kiekvienos vietos skiriasi. Taigi iskyla
problema, kaip sinchronizuoti laika, i$vengiant véla-
vimo internetinio atlikimo metu. Be to, iskéléme sau
salyga, kad tai turi buti pasiekta:

a) naudojant tik paprastg internetg, kuris bus pasie-
kiamas didziajai daugumai studenty, nepriklauso-
mai nuo jy buvimo vietos;

b) internetiné platforma, jrangos kaina studentams
turéty buti prieinama - nepriklausomai nuo dis-
ponuojamy finansy studentas turi turéti galimybe
naudotis §iuo mokymosi metodu.

Kadangi Lola ir PolyCom jranga nemazai kainuoja,
be to, jiems reikia i$skirtinio Internet2 arba Geant (eu-
ropinis Internet2 variantas) rysio, nuspresta kurti savo
sistemg. Pasitelkta idéja i $ia laiko vélavimo internete
problema pazvelgti visai i$ kitos perspektyvos, t. y. at-
sisakant fizikinio, o ieSkant konstrukcinio sprendimo.
Buvo igkelta hipotezé — laiko vélavimo internete gali-
ma i$vengti, jei sutartu labai tiksliai matuojamu laiku
buty paleistos sekvencinés programos su paruostais
metronomais muzikantams, kurie atlikty savo parti-
jas karinyje, girdédami juos (galéty kartu girdéti dar
ir paruo$ta muzikinj demo takelj). Centrinéje studijoje
belikty sulyginti gaunamus, skirtingai laiko pozitriu
véluojancius signalus ir suderintus i$transliuoti - jra-
$yti gyvu srautu. Tuomet muzikantai rezultata galéty
iSgirsti tuoj pat pabaige groti ir paklause jraso. Tokiu
btdu atsiranda galimybé mokytis su pedagogu, jam ir
kariniy atlikéjams - jsivertinti, i§ karto analizuoti klai-
das ir tobulinti atlikimg ar dziazo improvizacija.

Tikrinant $ig hipoteze buvo atlikti eksperimentai.
Ju tikslas - rasti sekvenceriy startavimo ir sinchroni-
zavimo metoda, kuris sudarys salygas gauti numatytus
vélinimus.

Uzdaviniai:

1. ISsiaiskinti Tarptautinio atominio laiko (TAI) ir
Pasaulinio koordinuotojo laiko (UTC) taikymo
galimybes sinchronizuojant internetinj muzikinj
atlikima.

2. Issiaiskinti debesy kompiuterijos taikymo galimy-
bes sinchronizuojant internetinj muzikinj atliki-
ma.

3. Patikrinti pasirinkto metodo tinkamumg skirtin-
gose vietose esantiems dalyviams atliekant vieng
muzikos karinj.

Eksperimento eiga

I etapas. Bandymas paleisti sekvencerines progra-
mas skirtinguose taskuose sutartu laiku.

Uzdavinys paleisti sekvencerius pvz. pagal TAI[10]
ar UTC [11] pasirodé ne toks jau paprastas. Nors vi-
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diniai kompiuteriy laikrodziai automatiskai sinchro-
nizuojasi pagal UTC, taciau praktiskai isgauti mums
reikalingg tikslumg (bent milisekundziy eilés) yra labai
komplikuota. Pasirodo vidiniai kompiuteriy laikro-
dziai yra nelabai tikslas, o programos seka buitent juos.
Naudoti jstatomus specializuotus precizinius laikro-
dzius, sinchronizuojamus nuo GPS yra labai brangu ir
tai neatitinka masy uzduotyje suformuluoty tiksly. Be
to net ir preciziskai paleidus sekvencerines programas
nutolusiuose taskuose, centrinéje studijoje (ProAud)
gautume audio-video srautus su skirtingais uzvélini-
mais. Juos sulyginti ir sinchronizuoti reikalinga labai
brangi aparattra. Didziausia problema yra tai, kad lai-
kui bégant interneto vélinimas i$ skirtingy tasky kinta
ir i$ to seka, kad reikia matuoti ir laikas nuo laiko ko-
reguoti laiko kompensavimo reik§mes studijos apara-
taroje.

IT etapas. Bandymas paleisti veikti sekvencines pro-
gramas pagal jy vélavimo laika.

Paprastesné sinchronizacija galéty bati sekvence-
riy programas paleidziant ne kartu, o pagal kiekvieno
tasko vélavimg, t.y. anksciausiai startuoja toliausias,
didziausig uzlaikymg turintis taskas, véliau, pagal uz-
laikymo skirtumus sekantis ir t.t., kad j centring dés-
tytojo studijg ateity visi kartu, t.y. sumiksavus gautysi
galutinis visy tasky bendro atlikimo rezultatas. Nau-
dojant tokj algoritmg atkrenta butinybé centrinéje
studijoje naudoti vélinimo kompensavimo aparatirg,
taciau kyla reikalavimai sekvenceriy paleidimo tikslu-
mui. Be abejo patogiausias sekvenceriy paleidimo ba-
das yra i§ pulto centrinéje studijoje. Taciau dél kintan-
¢io vélinimo interneto linijose, tai gali dar sumazinti
sinchronizavimo tikslumg. Buvo realizuota idéja nuto-
lusiy tasky sekvenceriy programas paleisti i§ tarpinio
serverio naudojant atgalinj laiko skaic¢iavima. Be abejo
sudétingiausia tokios sistemos dalis yra audio-video
srauto vélinimo i§ nutolusio tagko apskaic¢iavimas. Sio
etapo eksperimente buvo naudojamas “rankinis“ véli-
nimo nustatymo metodas. Lygindami monitoriy ekra-
nuose projektuojamus audio-video srautus, tam tikslui
sekvencerio programoje galima atsidaryti tiksly laika
skai¢iuojantj laikrodj - i$ to gali bati apskai¢iuojamas
nutolusio tasko paleidimo laikas taip, kad koncertuo-
jant visi srautai j centrine studijg ateity sinchroniskai.
Siuo metodu vyko pirmasis miisy “realaus laiko“ in-
ternetinis koncertas ,,Baltic Song Around The Globe”
2016-08-23, minint “Juodojo kaspino” dieng.

Koncerte buvo naudojama standartiné Youtube
Live srautinio perdavimo paslauga duodanti gana zen-
kly, bet stabily vélinimg.

Eksperimentuojant iSaiskéjo trilkumai:

1) Jeiatliekamas muzikos kiarinys yra ilgesnis (trukmé
daugiau nei 15 minciy), didelé tikimybé, kad | jo
pabaiga metronomy rodmenys jau pradés skirtis
dél kompiuteriuose esanciy kvarciniy laikrodziy
skirtumy, nes vidiniai laikai su i$oriniu UTC yra
sinchronizuojami, bet sekvencinés programos, ku-

rios generuoja metronomus, sinchronizuojamos

nuo vidinio kvarcinio laikrodzio kiekviename ats-

kirame kompiuteryje [12].

2) Paleidimo pagal vélavimo laikg mechanizmas buvo
ne visai tikslus [12].

3) Signaly vélinimo laikas buvo kintantis, ir tai trukdé
jvesti pastovias vélinimo kompensacijos reikSmes
[13] dél vélinimy interneto linijose pasikeitimy.
Taip pat reikia automatizuoti interneto vélinimo
matavimo-sekimo mechanizma ir tobulinti jo tai-
kymo metodika.

Dél $iy priezas¢iy nebuvo taikytas $is metodas -
ieskota kito sprendimo.

III etapas. Bandymas paleisti veikti sekvencines
programas i$ centrinés studijos (ProAud), naudojant
debesy kompiuterija arba debesija (Cloud Compu-
ting).

Debesyse taip pat yra realizuotas miisy srautinio
perdavimo serveris, kurio vélinimas mazesnis 4-5 kar-
tus lyginant su II etapo eksperimentais. I§ ProAud per
serverj ,,debesyje”, pasiunc¢iamas starto signalas j nuto-
lusius taskus — Auditorijas (AUD). Gave starto signa-
la sekvenceriai pradeda generuoti paruosto kirinio
metronoma, pagal jj dalyviai atlieka karinj. AUD fil-
muojama audio - video medziaga siunc¢iama atgal per
misy srautinj serverj debesyse, i§ kurio ProAud jau
gauna sinchronizuotus duomenis ir realiu laiku gali
miksuoti su ProAud filmuojamais atlikéjais ir gyvu
srautu transliuoti Youtube ar Facebooke ar kt. Norint
jgyvendinti §j metoda reikéjo suprogramuoti eile daly-
ky, - nutolusiy tasky internetinio vélinimo matavima,
tiksly tinklo kompiuteriy laikrodziy sinchronizavima
ir sinchroninj visy sekvenceriy paleidima.

2 paveikslélyje pavaizduotas supaprastintas ProAud
sistemos modelis, kur Master 1, 2, 3 yra auditorijos 1,
2, 3, (Aud), Media Server ir Sync Server yra Cloud, o
Slave yra profesoriaus auditorija (ProAud).

Tokiu badu buvo sukurta pakankamai stabili ir

F&R‘l

2 pav. ProAud sistemos schema
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tiksli sistema, kuria jau galima sinchronizuoti realiu
laiku vykstancio veiksmo signalus, pvz., muzikanty
grojimo, $okio, spektaklio ir pan. skirtingu atstumu ir
i$ bet kokiy viety.

Scenoje $okant, vaidinant, grojant garso vélavimas
tarp atlikéjy daugeliu atvejy priimtinas iki 20 — 25 mi-
lisekundziy. Naudojantis jprastu internetu ir neapsi-
ribojant tik netolimomis vietomis, néra nei praktiniy,
nei teoriniy galimybiy gauti norima rezultatg. Daugiau
véluojant jmanoma atlikti tik specifinius karinius, kur
laiko tékmé néra svarbi arba vélavimas naudojamas
kaip specialusis efektas.

Nesudétinga, kai yra tik dvi vietovés, kur atlikimo
momentu naudojamas vienpusis rydys. Siuo atveju
siunciantis atlikéjas parenka tempa, pagal kurj prie jo
prisideda gavéjas, kuris jau sukuria galutinj rezulta-
ta - jrasa.

Eksperimentiniai koncertai vyko visuomet i§ trijy
ir daugiau viety. Atlikimo momentu naudojamas vien-
pusis rysys, kur galutinj rezultatg gauna tiktai ProAud,
o visi AUD turi tik metronomus ir kontrolinius MIDI
ar garso takelius.

Pirmasis internetinis koncertas ,Baltic Song
Around The Globe*“ jvyko 2016-08-23 Vilniuje, minint
Juodojo kaspino dieng. Pagrindiné auditorija ProAud
buvo VTDK filmavimo studija, kurioje dalyvavo Zy-
mis Lietuvos, Latvijos ir Estijos atlikéjai, tokie, kaip
Petras Vys$niauskas, Veronija Povilioniené, KAM or-
kestro grupé, Baiba, Sofija Rubins ir kiti. Buvo susi-
siekta su keturiomis vietomis i$ trijy kontinenty: Los
Angeles - Kestucio Daugirdo vokalinis oktetas, Cika-
goje — dainininké Agné Giedraityté, Vasingtone — se-
natorius John Shimkus, Australijoje - muzikos grupé
»Pamesta klumpé“. Buvo bendraujama naudojant Sky-
pe, Facetime ar Viber, bet atlikimo metu teko iSjungti

ju garsa dél vélavimo. Rezultatg girdéjo VIDK ProAud
esanti publika ir tiesiogine transliacijg stebintys kole-
gos internetu. Patys atlikéjai galéjo pasiklausyti i§ kar-
to po koncerto ir bet kada Youtube Baltic100 kanalu
[14] .

,Baltic Wave II” [15] - antrasis internetinis kon-
certas jvyko 2017-03-12 Vilniuje minint Lietuvos Ne-
priklausomybés atkarimo dieng. ProAud tapo LDK
Valdovy rimai, kuriuose Zymiems Lietuvos atlikéjams
akomponavo ir Baltijos $aliy kompozitoriy kiarinius
atliko Jungtinis Baltijos $aliy karinis orkestras, kvarte-
tas ,,Art Vio”, dirigavo visy trijy $aliy orkestry vado-
vai. Dalyvavo karéjai ir atlikéjai keturiose vietose: Los
Andzele K. Daugirdo vadovaujamas choras ir LA Ope-
ra vokalinis kvartetas, kompozitoré USC prof. Veroni-
ka Krauzas, Cikagoje - Chicago Symphony atlikéjos -
pianisté Lisa Kristina ir sopranas Nida Grigalaviciate,
Toronte — Toronto Symphony muzikanto Atis Banko
Gould Quartet, Australijoje — i§ RMIT University -Isa-
ac Harrison ir Brigita Lastauskaité.

,»Baltic Wave III” [16] jvyko 2017-08-23 Vilniuje
minint Juodojo Kaspino dieng. ProAud tapo Lietuvos
Respublikos Seimo riimai. Dirigavo Modestas Pitrénas
(Vilnius) ir Maris Kupcs (Ryga); dalyvavo atlikéjai is
3 kontinenty: Baltijos orkestras ir Lietuvos kameri-
nis orkestras, Toronto Gould Quartet, dainininkai i$
Cikagos simfoninio orkestro ir Melburno RMIT uni-
versiteto, Lietuvos choras ,,Aidija“ jungtiné Baltijos
$aliy kariuomeniy orkestro grupé (Lietuva, Latvija ir
Estija).

Atlikti kompozitoriy Broniaus Kutaviciaus, Peters
Vasks, Arvo Part, Michael Gordon kariniai.

»Baltic Wave IV” [17] jvyko 2018-03-22 minint
Lietuvos Nepriklausomybés atkiirimo diena. Sis ban-
dymas buvo skirtas jsitikinti, kad sistema veikia ir ki-

1 lentelé. Muzikos kiriniy atlikimo internetu (Network Music Performances) palyginimas
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Zujus G., Matijkiené D.

tur - ProAud §j kartg buvo jkurta Toronte, Kanadoje.
Vél buvo susisiekta su trijuose kontinentuose esanciais
zymiais kompozitoriais ir atlikéjais — solistais, kameri-
niais ansambliais, orkestrais.

Atlikus stebéseng i$siaiskinta, kad naudojanciy to-
kig sistemg nepavyko surasti. Panasi galéty bati minéta
dviejy vietoviy (master-slave) sistema, taciau rengiant
koncertus, o ypa¢ dirbant pedagoginj darbg, dalyviy
btina daugiau.

Palyginus su kitais tokio pobuidzio eksperimentais
ProAud sistema galima neriboti dalyviy skaiciaus ir
centrinéje studijoje stebéti visy dalyviy atlikimag - ga-
lutinj rezultatg (1 lentelé).

Isvados

Ieskant sprendimo, kaip iSvengti laiko vélavimo
problemy i$ keliy viety kartu atliekant vieng karinj,
buvo atsisakyta $ig problema spresti spartinant inter-
neto greitj, o nutarta taikyti laiko suderinimo metoda,
t. y. paleidziant sekvencines programas su metrono-
mais, paleidimo laikg koreguojant pagal kiekvienos
vietos uzvélinima. Buvo atliktas eksperimentas taikant
skirtinga laika:

1. Tarptautinio atominio laiko (TAI) ir Pasaulinio
koordinuotojo laiko (UTC) taikymas sinchronizuojant
internetinj muzikinj atlikimg nepakankamai i$spren-
dzia laiko vélavimo problemas dél vélavimo nestabilu-
mo ir kompiuteriy vidiniy laikrodziy netikslumo.

2. Nutolusiuose taskuose programas paleidziant ne
kartu, o pagal kiekvieno tasko vélavima islieka nesta-
bilumo ir atsiranda kintanc¢iy paleidimo laiky numaty-
mo, jy koregavimo problema.

3 Debesy kompiuterijos (Cloud Computing) me-
todu suderinant laikus skirtingose vietovése pasiektas
pakankamai mazg paklaida turintis laiko stabilumas.
Sis metodas kol kas pats tinkamiausias ir patikimiau-
sias. Jis buvo pritaikytas tris kartus sinchroniskai at-
liekant muzikos karinius ir dalyvaujant solistams, or-
kestrams i$ trijy kontinenty - Amerikos, Eurazijos ir
Australijos.

4.Toliau tobulinant Cloud palaikomg ir kontroliuo-
jama sinchronizacijg tarp AUD ir ProAud, galima pa-
siekti dar mazesniy laiko paklaidy.
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Scenos meny nuotolinio mokymo realiu laiku technologiniai aspektai

TECHNOLOGICAL ASPECTS OF ON-LINE
LEARNING OF STAGE AND MUSIC ARTS

Gediminas Zujus' , Dalia Matijkiené'

"Vilnius College of Technologies and Design

Abstract.In order to remotely conduct music or
stage arts lessons from three or more locations and
check resultin real time, one condition must be fulfilled
on the Internet - there can be no time lag between per-
formers. This is also a case and relevant for various cul-
tural educational and musical network projects. There-
fore, the biggest challenge is to synchronize time by
avoiding its inevitable delay during online music per-

formance. The solution to this decision was to refuse
to address this problem by improving the quality of
the Internet, and it was decided to use the time align-
ment method, i.e. starting the sequencer programs at a
certain time, and at the point of reference, synchronise
all signals compensating time delays. An experiment
was carried out, the results of which confirmed the hy-
pothesis and it was found that using cloud computing
can achieve a sufficiently small error with time stabil-
ity. This method was adapted 3 times synchronously
with musical works and with the participation of solo-
ists, orchestras from three continents.

Key words: distance learning, time delay, time
syng, live stream, sequencers, network musical perfor-
mance, internet concert.
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bYZELINO IR BIODYZELINO MISINIAIS VEIKIANCIO VARIKLIO
EKOLOGINIU RODIKLIU TYRIMAS

Alfredas Rimkus', Jonas Matijosius', Saulius Stravinskas'?

"Vilniaus technologijy ir dizaino kolegija, Antakalnio g. 54, LT-10303 Vilnius
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Anotacija. Tyrime nagrinéjami sléginio uzdegimo variklio, veikiancio biodyzelino - rapsy metilo esterio (RME) ir dyze-
lino misiniais (D100, RME15 % ir RME30 %), ekologiniai rodikliai, nustatyti kei¢iant variklio apkrova. Laboratorijoje atlikti
degaly fizikiniy ir cheminiy savybiy tyrimai. Stendiniai variklio rodikliy tyrimai atlikti naudojant variklio apkrovos stenda
ir iSmetamuyjy dujy sudéties analizatoriy ir damomatj. Straipsnyje pateikta tyrimo metodika, bandymo rezultatai ir jy anali-
z¢, vertinant koreliacinius ry$ius tarp RME koncentracijos ir tiriamy ekologiniy rodikliy. Nustatyta, kad, dyzeline didinant
RME koncentracijg, iSauga CO,, CH bei NO, koncentracija i§metamosiose dujose, taciau dimingumas mazéja. [vertinus
gyvavimo ciklg galima teigti, kad biodegaly CO, emisija yra mazesné uz dyzelino, pagaminto i$ naftos dyzelino.

Reik$miniai ZodzZiai: sléginio uzdegimo variklis, rapsy metilo esteris, ekologiniai rodikliai, koreliaciniai rysiai.

Ivadas

ES transporto politikos ,,Baltojoje knygoje” teigia-
ma, kad iskastinés naftos gavyba mazés, o likusi nafta
bus tiekiama i$ nepatikimy $altiniy. Norint sumazin-
ti $iltnamio efekty sukelianciy terSaly emisijas reikia
naudoti Svaresn¢ energija, ieskoti alternatyviy degaly
ir pakeisti i$kastinio kuro degalus. ES ragina sumazin-
ti Siltnamio efekta sukelian¢iy dujy iSmetima ir uzti-
krinti, kad iki 2050 m., palyginti su 1990 m., iSmetamy
terSaly kiekis transporto sektoriuje bity sumazintas
iki 60 %, iki 2030 m., palyginti su 2008 m., Siltnamio
efektg sukelian¢iy dujy emisijos turi bati sumazintos
20 %. Energetinio saugumo ir ekologines problemas
galima spresti didinant biodegaly dalj vidaus degimo
varikliy (VDV) naudojamuose degaluose. ES reikala-
vimai diegti ir plétoti atsinaujinanciy istekliy energijos
naudojima, grieztéjantys aplinkosaugos reikalavimai,
susije su Siltnamio efekty sukelianc¢iy dujy emisijy bei
atlieky mazinimu, vercia kuo rinktis vietinius atsinau-
jinancius energijos iSteklius. Biodegaly gamyba skati-
na naudoti vietinius energijos iSteklius mazinant im-
portuojamo iskastinio kuro kiekj, taip pat atsiranda
galimybé plétoti zemés ukj [1].

Straipsnio tikslas yra istirti, kaip didesné nei LST
EN 590 standarte numatyta biodegaly koncentracija
(iki 30 %) veikia sléginio uzdegimo variklio ekologi-
nius rodiklius: anglies monoksido (CO), anglies di-
oksido (CO2), angliavandeniliy (CH), azoto oksidy
(NO,) koncentracijg bei diminguma. Tyrimo rezulta-
tai jvertinti nustatant koreliacinius ry$ius tarp tiriamy
rodikliy.

1. Literaturos Saltiniy apzvalga

Viena i§ biodegaly rasiy - riebiyjy ragsciy metilo este-
riai (RRME) yra gaunami i§ augaliniy aliejy arba gyvuliniy
riebaly (biolipidy), kurie yra peresterinami naudojant al-
koholj. Peresterinimo procesas yra cheminis riebiyjy rags-

¢iy, esanciy augaliniame aliejuje, suskaldymas naudojant
alkoholj ir norint suformuoti alkoholio esterius bei glicero-
lj, kad sumazéty augalinio aliejaus klampa ir nestabilumas.
Nors etanolis yra tinkamesnis alkoholis peresterinimo pro-
cesui dél atsinaujinancios biomasés $altinio ir maZesnio
nuodingumo, metanolis daZzniau naudojamas dél mazesnés
kainos, palyginti su kitais alkoholiais, tokiais kaip etanolis
ir izopropanolis. Tai lemia RRME pasirinkima [2].

RRME gali bati gaminamas i§ jvairiy rasiy aliejy.
Europoje dazniausiai naudojamas rapsy aliejus (rapsy
metilo esteris - RME), Jungtinése Amerikos valstijo-
se — sojy aliejus (sojy metilo esteris — SME). Pereste-
rinimo metu katalizatoriai, tokie kaip natrio ar kalio
hidroksidai, naudojami paverciant augalinius aliejus
ir metanolj RRME. Be to, peresterinimo metu gauna-
mi $alutiniai produktai (glicerinas ir vanduo). Saluti-
niai produktai turi bati pasalinti i§ galutinio produkto
kartu su metanolio pédsakais. Grynas RRME gali bati
naudojamas tik tuose sléginio uzdegimo varikliuose,
kuriuose tai daryti numato variklio gamintojas. Daz-
niausiai RRME naudojamas misinyje su jprastu dyze-
linu. RRME biodyzelino, kaip dyzelino pakaitalo, sa-
vybés labai geros. Tai rodo, kad biodyzelinas gali bati
placiai naudojamas jvairiose transporto priemonése.
RRME $ilumingumas yra tarp 37 ir 40 MJ/kg., o tai
atitinka dyzelino standartg, RRME dyzelino tankis yra
0,85-0,9 g/ml,, kas taip pat atitinka tarptautinius dyze-
lino ir biodyzelino standartus. Siame dyzeline yra la-
bai mazai sieros, cetaninis skai¢ius (45-73) rodo geras
savaiminio uZsiliepsnojimo savybes. Plitipsnio taskas
svyruoja nuo 96 iki 188°C. Tac¢iau RRME sudétyje yra
didelis kiekis vandens, tas trumpina degaly filtry nau-
dojimo laika bei sukelia korozija. RRME yra didelio
klampumo, tai garantuoja geras tepimo savybes [3].

Siame darbe tirta ne tik variklio darbas ir iSmeta-
muyjy dujy emisija, bet ir jpurskimo sistemos siekiant
i$siaiskinti, kokig jtaka turi biodegaly miSiniai jpurs-
kimo ir degimo procesui, taip pat ie$kota geriausiy
variklio modifikacijy, kad buty iSnaudotas biodegaly
potencialas. Netaikant modifikacijy reik$mingi degaly



Dyzelino ir biodyzelino misiniais veikiancio variklio ekologiniy rodikliy tyrimas 1

jpurskimo charakteristiky skirtumai uzfiksuoti RRME
koncentracijai virsijus 30 % [4].

Biodyzelino kokybé apibiidinama eksploataciné-
mis (takumas, garingumas, uzsidegamumas, korozin-
gumas, stabilumas), fizikinémis ir cheminémis (tankis,
spalva, riigstingumas) ir aplinkosauginémis (nuodin-
gumas, aplinkotarsa) savybémis. Biodyzelinas, kaip ir
kiti degalai, turi atitikti nustatytus standartus bei rei-
kalavimus. Biodyzelino kokybe apibrézia 2004 m. pa-
rengtas ir patvirtintas Europos standartas, kuris tapo ir
Lietuvos nacionaliniu standartu — LST EN 14214 ,, Au-
tomobiliniai degalai, RRME skirti dyzeliniams vari-
kliams. Reikalavimai ir tyrimy metodai®, kuriame nu-
rodyti kokybés rodikliai ir jy ribos. Siuos reikalavimus
turi atitikti Lietuvos biodyzelino gamintojy ir impor-
tuojama produkcija. Mineralinio dyzelino kokybe re-
glamentuoja standartas LST EN 590 ,,Automobiliniai
degalai. Dyzelinas. Reikalavimai ir tyrimo metodai®.
Sio standarto reikalavimus turi atitikti mineralinis dy-
zelinas su iki 5 % RRME iki 2009 m. ir 7 % RRME prie-
du nuo 2009 m. [5].

2. Tyrimo metodika

Eksperimentiniai tyrimai atlikti naudojant slégi-
nio uzdegimo (SU) variklj 1.9 TDI (1 lentelé). Variklio
efektyvus sukimo momentas M, (Nm) ir veleno stikiai
n (min”) nustatyti apkrovos stendu KI-5543. M, ma-
tavimo paklaida + 1,23 Nm. Bandymai atlikti varikliui
veikiant pastoviais stikiais n = 2000 min™, variklio ap-
krova - 60; 90; 120 Nm, deginiy recirkuliacija atjungta.
Dyzelino valandinéms sanaudoms B, matuoti naudotos
elektroninés svarstyklés SK-5000 ir chronometras, dy-
zelino sgnaudy matavimo paklaida —0,5 %. ISmetamuyjy
dujy temperatiirai matuoti naudota K tipo termopo-
ra. Sio jutiklio temperatiiros matavimo ribos - 50 °C +
800 C. Slégis cilindre fiksuotas kaitinimo zvakéje inte-
gruotu pjezoelektriniu jutikliu GG2 1569 ir jrasytas nau-
dojant AVL DiTEST DPM 800 jrangg. Slégio matavimo
tikslumas — 1 %. Slégis variklio jsiurbimo kolektoriuje
matuotas slégio matuokliu Delta OHM HD 2304.0, ma-
tavimo paklaida + 0,0002 MPa. Ter$aly koncentracija
iSmetamosiose dujose matuota naudojant AVL DiCom
4000 deginiy (CO, CO,, CH, NO) analizatoriy, o di-
mingumas — AVL DiSmoke. Variklio bandymo jrangos
iSdéstymas pateiktas 1-me pav.

Bandymams naudoti Sie degalai: grynas dyzelinas
(D100); 85 % dyzelino ir 15 % RME misinys (RME15);
70 % dyzelino ir 30 % RME misinys (RME30). Gryny
degaly (D100 ir RME100) fizinés ir cheminés savybés
iStirtos Klaipédos universiteto laboratorijoje ir pateik-
tos 2-oje lenteléje. Misiniy $ilumingumas ir tankis ap-
skai¢iuoti remiantis adityvumo principu.

Variklio ekologiniy rodikliy priklausomybé nuo
biodyzelino (RME100) koncentracijos dyzelino ir
RME misinyje vertinama tiesine regresija ir koreliaci-
ja. Regresijos modelis - tai statistinis modelis, leidZian-
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1 pav. Bandymo jranga: 1 - variklis; 2 - degaly siurblys;
3 - turbokompresorius; 4 — deginiy recirkuliacijos (DR) voztuvas;
5 - oro ausintuvas; 6 — velenas; 7 - variklio apkrova; 8 - sukiy
jrasymo jranga; 9 - jpurskimo laiko jutiklis; 10 - slégio jutiklis;
11 - oro temperatiros jutiklis; 12 - temperataros jutiklis;
13 - DR temperaturos jutiklis; 14 — deginiy temperaturos jutiklis;
15 - slégio jutiklis; 16 — oro masés matuoklé; 17 — iSmetamuyjy dujy
analizatorius; 18 — diimingumo analizatorius; 19 — cilindro slégio
jra§ymo jranga; 20 — degaly jpurskimo kampo reguliavimo jranga;
21 - degaly jpurskimo momento jraSymo jranga; 22 - alkaninio
veleno padéties jutiklis; 23 - degaly talpa; 24 - degaly sanaudy
matavimo jranga

Saltinis: sudaryta autoriy

1 lentelé. 1.9 TDI 1Z variklio pagrindiniai rodikliai

Rodiklis Reik$me
Darbinis taris, cm3 1896
Suslégimo laipsnis 19,5

66 (4000 min)
180 (2000-2500 min!)
79,5
95,5

Saltinis: Variklio 1.9 TDI 1Z techniniai duomenys

Nominali galia, kW

Sukimo momentas, N m

Cilindro skersmuo, mm

Stiamoklio eiga, mm

tis vieno kintamojo reik§mes prognozuoti pagal kito
kintamojo reik§mes. Regresiné analizé - tai statistiniai
modeliai, skirti regresijos modeliui sudaryti, patikrinti
ir taikyti prognozéms. Norint sudaryti regresijos mo-
delj, reikia [6, 7, 8]:
o Patikrinti rysio stipruma.
o [vertinti nezinomus regresijos modelio parame-
trus.
o [vertinti, ar pasirinktas modelis yra suderintas su
duomenimis.
Tiesinio rysio stiprumo matas yra koreliacijos ko-
eficientas r, :

po=2 0 (1)
AN

xy

=

¢ia: Xy - kintamyjy sandaugos vidurkis; S ir S - kintamy-
ju dispersijos [9].
Vidutiniai standartiniai nuokrypiai yra skai¢iuojami:

2 1 n x)? (%) x)’
Sx :;Zle(x[ —x)"=(x")—(x) > @
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8: = P L= =0 -0 3)

Atsizvelgiant j apskaic¢iuotg koreliacijos koefici-
entg, moksline tyrimo duomeny grafinio vaizdavimo
programa Origin8Pro 2-me pav. pateikti koreliaciniy
ry$iy grafikai. Vizualiai, analizuojant grafikuose pa-
teiktus ovalus, galima konstatuoti tiriamy rodikliy ko-
reliacines priklausomybes. Ovalui siauréjant vertika-
liame stulpelyje esantys rodikliai labiau priklauso nuo
horizontalioje eilutéje pazyméto rodiklio. Ovalui ky-
lant, horizontalioje eilutéje didéjantis rodiklis didina
vertikaliame stulpelyje esancio rodiklio verte, ovalui
leidziantis - mazina.

3. Degaly savybiy tyrimas

Isnagrinéjus 2-oje lenteléje pateiktas degaly sa-
vybes matyti, kad RME100 zemutinis $ilumingumas
(MJ/kg) yra ~12,5 % mazesnis uz D100 ir tai propor-
cingai didins degaly masés sagnaudas, didinant RME
koncentracija degaly misinyje. RME100 tankis (g/ml)
yra ~5,5 % didesnis uz D100 tankj, taip galima is dalies
kompensuoti degaly sagnaudy didéjimg, augant RME
koncentracijai, degaly sanaudas jvertinant tario viene-
tais [10].

RME100 kinematiné klampa (mPa-s) virsija dy-
zelino klampg ~50 %, o dinaminé klampa (cSt) yra
~58,7 % didesné, todél galime numatyti, kad, didinant
RME koncentracijg, keisis degaly iSpurskimo proce-
sas, jpurskimas truks ilgiau.

Nustatyta, kad RME oksidacinis stabilumas yra
~72 % mazesnis uz dyzelino, ir tai parodo, kad, di-
dinant RME koncentracija, degaly saugojimo laikas
trumpéja.

Salinant sierg i$ dyzeliniy degaly vyksta hibridini-
mo procesas. Sio proceso metu be sieros pasalinami
ir poliarizuoti degaly komponentai, kurie gerai tepa.
Naudojant dyzelinius degalus be sieros, iSkyla skirsto-
mojo tipo jpurskimo siurbliy sudilimo problema dél

2 lentelé. Degaly fizinés ir cheminés savybés

Rodiklis Degalai| 1150 | RME100
Zemutinis $ilumingumas, MJ/kg 42,83 37,47
Ribiné filtruojamumo temperatira, °C -22 -14
Ribiné tankumo temperatira, °C -39 -33
Dinaminé klampa 40 °C, mPa-s 2,412 3,830
Kinematiné klampa, 40 °C, eSt 2,9401 4,421
Tankis, 15 °C, g/ml 0,838 0,884
Oksidacinis stabilumas, min 98,00 27,00
Vandens kiekis, % V/V 0,0028 0,0288
Tepumas, um 406 166
Cetaninis skaicius ~53 51,7
Elementiné sudétis, H % 13,31 11,82
Elementiné sudétis, C % 86,69 77,52
Elementiné sudétis, O, % 0 10,66

Saltinis: Klaipédos universiteto laboratorija

nepakankamo degaly tepumo, todél j dyzelinius dega-
lus dedama tepumg gerinanciy priedy. Tepumas nu-
statomas atliekant dilimo testg. Tvirtai jtvirtintas plie-
ninis rutuliukas degaluose dideliu dazniu yra trinamas
i plokste. Susidariusios plok$tumos dydis (angl WSD:
Wear Scar Diameter) — dilimo pédsako skersmuo, is-
matuotas um, parodo nudilimg, todél yra degaly tepu-
mo matas (Bosch, 2009). Pagal EN590 reikalavimus
dyzeliniams degalams maksimalus WSD<460 um. De-
galy tyrimo metu nustatyta, kad RME100 tepumas -
166 pm, o D100 tepumas — 406 pm. Vadinasi, naudo-
jant RME100 degalus, dilimo intensyvumas sumazéja
~59 %, palyginti su dyzelinu, o dyzeling pakei¢iant i§
dalies, degaly miSinio tepumas geréja proporcingai.
RME100 cetaninis skai¢ius yra artimas D100
(~2,5 % mazesnis) ir tai gali minimaliai veikti degaly
misinio cetaninj skai¢iy didinant RME koncentraci-
ja. Mazéjant degaly cetaniniam skai¢iui didéja slégio
prieaugis intensyvaus degimo periode ir tai didina va-
riklio darbo trankuma, iS$auga degimo temperatiira bei
padidéja NO_koncentracija deginiuose [11].
Elementiné degaly sudétis rodo, kad RME100 an-
glies/vandenilio (C/H) santykis yra artimas D100 de-
galams (6,558 ir 6,513). Taigi, galima numatyti, kad
kietyjy daleliy (dimingumo) formavimasis, didinat
RME koncentracija degaly miSinyje, mazai keisis.
Analizuojant deguonies (O,) koncentracija degaluose
konstatuojama, kad D100 degaluose deguonies neras-
ta, o RME 100 degaluose deguonies nustatyta 10,66 %.
Vadinasi, galima numatyti, kad deguonis gerins dega-
luose esancios anglies degima, kas mazins dimingu-
mg, taciau, pakilus degimo temperatiirai, padidés NO_
koncentracija i$metamosiose dujose [11].

4. Koreliaciniai rysiai ir jy analizé

Isanalizavus 2-me pav. pateiktus koreliacinius ry-
$ius matyti, kad CO koncentracija iSmetamosiose du-
jose priklauso nuo RME koncentracijos degaly misi-
nyje ir, didinat RME koncentracijg, CO koncentracija
mazéja. Tai paaiSkinama didesne O, koncentracija de-
galuose, kas gerina anglies oksidacijg. Didesné O, kon-
centracija RME degaluose veikia ir augancig CO, kon-
centracija iSmetamosiose dujose. Tai akivaizdu, kai
apkrova mazesné, turbokompresoriaus pripttimo
slégis taip pat maZesnis. Auganc¢ioms CO, emisijoms
jtakos turi ir didesnés degaly sanaudos, didinant RME
koncentracija. Paprastesné RME molekuliné grandiné
taip pat turi veikti geresne angliavandeniliy oksidacija
ir mazesng¢ degimo produkty (CO, CH, suodziai) kon-
centracijg i$metamosiose dujose. Taciau koreliaciniy
priklausomybiy grafikuose matome, kad CH emisija,
kai apkrovos mazos, didéja, ir tai gali lemti didesnés
degaly sanaudos, didinat RME koncentracija.

Didéjantis RME kiekis degaluose didina NO_kon-
centracijg, nes mazesnis RME cetaninis skai¢ius didina
degimo intensyvuma ir temperatirg difuzinéje (inten-
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2 pav. Koreliaciniai rysiai tarp RME koncentracijos degaluose ir variklio iSmetamyjy dujy komponenty varikliui veikiant skirtinga

apkrova

syvaus degimo) fazéje, kas skatina NO_junginiy forma-
vimasi. RME esantis O, taip pat didina degaly degimo
temperatiirg. RME NO_ emisijas daugiausia veikia, kai
apkrova didesné, o degimo temperatira iSauga dél di-
desnio ciklinio degaly kiekio ir yra pakankamai auksta
NO, formuotis. Siuo rezimu ir nedidelis temperatiros
prieaugis turi apCiuopiamos jtakos NO_emisijoms.
Visose apkrovose RME veikia (mazina) variklio da-

Saltinis: sudaryta autoriy

minguma, taciau stipriausi koreliaciniai rysiai uzfiksuo-
ti varikliui veikiant didesnémis apkrovomis. Didéjant
RME koncentracijai degaly miinyje, didesnis O, kie-
kis padeda geriau sudeginti suodzius. Kita mazéjancio
dimingumo priezastis — mazesnis RME Zemutinis $ilu-
mingumas ir klampis. Tai pailgina degaly jpurskimo ir
degimo process, o ilgiau issilaikant aukstai temperata-
rai i$siplétimo takto metu suodziai geriau sudega [11].
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Padéka

Tyrimo rezultatai gauti vykdant 2014-2020 mety
Europos Sgjungos fondy investicijy veiksmy progra-
mos 09.3.3-LMT-K-712 priemonés ,Mokslininky,
kity tyréjy, studenty mokslinés kompetencijos ugdy-
mas per prakting moksline veiklg“ veiklos ,,Studenty
gebéjimy vykdyti MTEP veikla ugdymas® poveiklés
»Studenty gebéjimy ugdymas vykdant tyrimus semes-
tro metu“ projekta ,,Sléginio uzdegimo varikliy, vei-
kian¢iy pirmos bei antros kartos biodyzelino ir dyze-
lino misiniais, eksploataciniy rodikliy tyrimas®, kodas:
09.3.3-LMT-K-712-03-0121.

Isvados

Atlikus biodyzelino - rapsy metilo esterio (RME)
ir dyzelino miiniy (iki 30 % RME) sléginio uzdegimo
varikliuose ekologiniy rodikliy tyrimg ir i$analizavus
bandymy rezultaty koreliavimg pateikiamos $ios i$va-
dos:

1. Didinant RME koncentracija degaluose mazéja de-
galy misinio $ilumingumas ir auga degaly sanau-
dos. RME taip pat didina O, koncentracijg degaly
misinyje ir tai gerina degima. Dél $iy priezasciy
didéja CO, koncentracija iSmetamosiose dujose, ta-
¢iau RME yra atsinaujinantys degalai ir, jvertinant
degaly gyvavimo ciklg, $iy biodegaly naudojimas
mazina $iltnamio dujy emisija.

2. RME didina NO_ koncentracijg dél mazesnio bio-
degaly cetaninio skaiciaus ir augancios O, koncen-
tracijos degaly misinyje.

3. RME mazina variklio diminguma, nes RME esan-
tis didesnis O, kiekis padeda geriau sudeginti suo-
dzius. Dimingumg mazina ir dél ilgesnio jpurski-
mo laiko ilgiau trunkantis RME degimas.

4. Koreliaciniai rysiai tarp RME kiekio degaluose ir
variklio iSmetamyjy dujy komponenty suteikia ga-
limybe jvertinti ir ekologiniy rodikliy tarpusavio
priklausomybe.
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RESEARCH OF ECOLOGICAL
PARAMETERS OF ENGINES FUELED BY
DIESEL AND BIODIESEL MIXTURES

Alfredas Rimkus"?, Jonas Matijosius"?, Saulius
Stravinskas'?

"Vilnius College of Technologies and Design
2 Vilnius Gediminas Technical University

Abstract. The study examines the ecological indi-
cators of a compression ignition engine operating on
biodiesel - Rapeseed Methyl Ester (RME) and Diesel
(D100, RME15% and RME30%) in different engine
loads. Physical-chemical tests of fuels were done in a
specialized laboratory. Engine performance tests were
performed using engine load bench, exhaust gas ana-
lyzer and smoke detector. The article presents the re-
search methodology, test results and their analysis for
the purpose of evaluating the correlation relations be-
tween the RME concentration and the ecological indi-
cators under investigation. It has been determined that
increasing the concentration of RME in diesel increas-
es the concentration of CO,, CH and NO_ in the ex-
haust gas, but smoke decreases. Life cycle assessment
suggests that CO, emissions from biofuels are lower
than those from petroleum-based diesel.

Key words: Compression-ignition engine, Rape-
seed Methyl Ester, ecological indicators, correlation
relations.
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TERMINIO APDIRBIMO JTAKA MATMENU NUOKRYPIU STABILIZACI]AI
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Anotacija. Metalo apdirbimo ir metalo gaminiy pramonés jmoné technologinio proceso metu apdirbdama AW-5083,
AW-6082, AW-7075 aliuminio lydinius susiduria su tam tikrais sunkumais. Apdirbimo ir gamybos proceso metu galimi
linijiniy ir kampiniy matmeny nuokrypiai. Gaminio marsruto kortelé¢je numatyta daugybé nuosekliy skirtingo pobudzio
operacijy, taigi gamybos metu aliuminio ruoinys patiria daug skirtingy mechaniniy poveikiy. Siuo metu dél gamybos pro-
ceso specifikos gaunamas rezultatas neatitinka i§ anksto numatyty reikalavimy. Tyrimo metu surinkta ir apdorota informa-
cija padés atskleisti esamo proceso trakumus, netikslumus ir surasti tinkamg ir efektyvy problemos sprendima.

Reik$miniai Zodziai: detaliy plok§tumas, matmeny nuokrypiai, terminis apdirbimas, matmeny stabilumas.

Ivadas

ES transporto politikos ,,Baltojoje knygoje“ raso-
ma, kad analizuojant gamyboje iskilusig problema ba-
tina jvertinti gaminamy detaliy operacijy nuoseklumg,
kurj apibrézia gamybos proceso metu naudojami me-
chanizmai, apdirbamos detalés tvirtinimo pobudis ap-
dirbimo metu bei detalés pastatymo skaiciaus stakly-
nuose. Kiekviena operacija skirtingai veikia gaminama
detale, dél Sios priezasties svarbu i$siaiSkinti operaci-
jos metu naudojamus apdirbimo rezimus ir suprasti jy
poveikj gaminamai detalei. Naudojami tokie rezimai:
pastiima, pjovimo greitis, parinkta uzlaida bei pjovimo
gylis. I$analizavus operacijy nuosekluma, naudojamus
rezimus, technologinéje korteléje parenkamus jrankius
bei tepimo, ausinimo skystj, galima apskaiciuoti reko-
menduojamus ar maksimalius leistinus rezimus [1].

Straipsnio tikslas yra nustatyti medziagos matmeny
stabilizacijos pobudj bei pasitlyti tipinj technologinj
procesa gaminant auksto tikslumo metalines detales.

1. Literataros Saltiniy apzvalga

Gaminant auks$to tikslumo metalines prietaisy
detales, kuriy maksimalus matmuo - iki 600 mm.,
darbiné temperatara - iki 100 °C, turi bati nustatyti
terminio apdirbimo rekomenduojami tipiniai techno-
loginiai procesai, kurie uztikrina prietaisy detaliy ma-
tmeny stabilizacijg.

Terminio apdirbimo technologija parenkama atsi-
zvelgiant | metalinio gaminio kategorija, kuria apibré-
zia leistini detalés formos geometriniai nuokrypiai bei
tikslumas.

Siekiant stabilizuoti medziagos fazing buseng ir
struktiirg, bitinas stabilizacinis pakaitinimas. Sis ba-
das uztikrina medziagos optimaly pasipriesinimg mi-
kroplastinéms deformacijoms ir sumazina vidinius
jtempius detalése [2 ].

Stabilizacinio pakaitinimo efektyvumas nusakomas
temperatira. Optimalus temperatiros intervalas pri-
klauso nuo lydinio, struktirinés biisenos ir ankstesniy
technologiniy operacijy (karsta ar $alta plastiné defor-
macija, mechaninis apdirbimas pjovimu ir t. t.) [3].

1 lentelé. Detaliy kategorijos priklausomybé nuo matmeny sta-
bilumo

Detalés | Detalés matmeny

katego- | stabilumas numaty-
rija | tomis salygomis pa-

teikiamas procentais

Formos nuokrypiy tikslu-
mas ir pagrindiniy ploks-
tumy geometriniy para-
metry i$laikymas, mm

1 >=0.0050 >=0.050
2 0.0002-0.0050 0.005-0.050
3 <=0.0002 <=0.005

Liejiniy ir deformuoty lydiniy tipiniai technologi-
niai procesai yra skirtingi.

Tipiniai technologiniai procesai naudojami gami-
nant auksto tikslumo detales i§ deformuojamy lydiniy.
Auksto tikslumo metalinés detalés turi biti gamina-
mos i§ medziagy, kuriy matmenys nekinta [4].

Matmeny stabilumas - tai medziagos savybé prie-
$intis matmeny pokyc¢iams eksploatuojant ir saugant
gaminj [5].

Medziagos matmeny stabilumas gali buti jvertintas
pasiprie$inimu mikroplastinei deformacijai.

A) Santykinio tamprumo riba.

B) Santykine relaksacine riba (veiksnumo riba).

2. Tyrimo metodika

Tyrimams pasirinkta AW-7075 detalé (1 pav.).
Pries detalés terminj apdirbimg jvertintas detalés kie-
tumas, plok§tumas.

Terminis apdirbimas buvo atliktas keliais rezimais.
Pasirinkti du egzemplioriai ir atliktas terminis apdir-

1 pav. AW-7075 detalé

Saltinis: sudaryta autoriy
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bimas pirmu rezimu (320 C islaikyta 3val., ausinta ne
greiciau nei 100 °C per val.).

Véliau atliktas terminis apdirbimas antru rezimu
(100 °C islaikyta 4 val., ausinta ne grei¢iau nei 100 °C
per val.).

CNC operatoriui, kuris buvo atsakingas uz detaliy
gamybg, nurodyta detalés netvirtinti griebtuvuose, kad
priverstinai ji nebuty itiesinta, nes apdirbus viena
puse ir atleidus griebtuvus detalé vél sulinkty. Atliktas
terminis apdirbimas pirmu rezimu (320 °C islaikyta
3 val, ausinta ne didesniu grei¢iu nei 100 °C per val.).
ISmatuotas paruo$y kietumas.

3. Detaliy kietumo matavimai

Atlikto plok$tumo bandymo rezultatai pateikti 1-me
pav. (4-d). Skirtingy partijy detaliy plok$tumo skirtumai
akivaizdus. Tokie skirtumai galimi ir dé] CNC operatoriaus
kaltés, jie yra i$taisomi. Kietumo matavimy vertés — nuo
44HRB iki 49HRB. Atmetus matavimo paklaidas. lydinio
kietumas pakankamai tolygus visame pavirsiuje.

4. Plok$tumo tyrimai po terminio detaliy
apdirbimo

4.1. Tyrimas, atliktas pirmu rezimu

Po terminio apdirbimo pamatavus kietumg matyti,
kad aliuminio lydinys suminkstéjo. Matavimo rezulta-
tai — nuo 5 HRB iki 10 HRB (3 pav.).

Atlikus plokstumo matavimus pastebétas akivaiz-

dus pablogéjimas. To ir buvo galima tikétis: detalé su- 3 pav. Plokitumo bandymy rezultatai po terminio apdirbimo
minkstéjo, nebeliko vidiniy jtempiy, ji labiau i$sirieté. ~ pirmu rezimu: a) partijos nr.1; b) partijos nr.2; c) partijos nr.3.

a b
mis_ 1 ki :-u b |Ill p: Clmis P . :-I::ﬂmh w1 I-u
e |-lﬂ- ATRCOnAT 6 Rl LR [-l_l LLER RELT 1) L]
sran | e | r=icxm| ] | F=am)
nag [t [ - M [l [T _ i [ [ :-m“ [ [ I

2 pav Plok$tumo bandymy rezultatai: a) partijos nr.1; b) partijos nr.2; c) partijos nr.3; d) partijos nr.4.
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4.2. Tyrimas, atliktas antru reZimu

Po $io terminio apdirbimo buvo pamatuotos ke-
lios detalés vietos kietumui nustatyti, bet nerasta jokiy
poky¢iy. Priéjome prie i$vados, kad pasirinkus pirma
réZzimg detalé suminkstéja, o tolesni veiksmai (me-
chaninis apdirbimas, kiti rézimai) nedaro pastebimos
jtakos detalei.(4 pav.).

Detalés buvo pamatuotos po terminio apdirbimo.
Matavimo rezultatai turéty rodyti pageréjima, bet ne-
paisyta matavimo vienodumo reikalavimy.

4.3. Detaliy plok§tumo matavimai po mechaninio
apdirbimo

Kadangi matavimo rezultatai neturéty buti tokie
prasti, priéjome prie i$vados, kad stakliy operatorius,
plovyklos darbuotojas kelionés metu j metrologija
arba metrologas neatsakingai elgési su detale ir jg sti-
priai deformavo (5 pav.).

Siuo atveju tolesnis detalés terminis apdirbimas
buvo beprasmis.

Paskutinis terminis apdirbimas neparodé plokstu-
mo matavimo vertés skirtumo (6 pav.).

Isvados

Terminio apdirbimo proceso metu detalés kietumo
verté pastebimai sumazéjo nuo 45-49 iki 5-10 HRB,
vadinasi, lydinys suminkstéjo, medziaga tapo plastiska.
Pagamintos detalés, skirtos ciklinei apkrovai, ar deta-
lés, naudojamos kaip laikancioji konstrukcija, neatitik-
ty mechaniniy reikalavimy. Mechaninis apdirbimas ir
tolesni terminiai apdirbimai kietumo vertés nekeicia,
vadinasi, tolesni terminio proceso etapai nebtini. Po
pirmo tyrimo etapo matyti, kad terminis apdirbimas
nedaro jtakos detalés plokstumo vertei. Antrojo etapo
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6 pav. Ploks§tumo bandymy rezultatai po mechaninio apdirbimo: a) partijos nr.1; b) partijos nr.2.
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(paruos$os) metu buvo jgyta ,geros detalés verté, an-
trojo etapo eiga buvo glaudziai susieta su mechaninio
apdirbimo reik§me. Detalés padétis griebtuvuose, auto-
riy manymu, buvo svarbiausia pasiekiant 0,063 ploks-
tumo verte. Taigi kyla klausimas, ar jmanoma gauti tg
patj rezultatg be terminio apdirbimo, paliekant 2 mm.
ir 0,5 mm. uzlaidas. Sios uzlaidos padeéty isgauti ploks-
tuma netvirtinant detalés griebtuvuose. Mechaniskai
apdorojamos detalésvidiniai jtempiai galéty $ig detale
islenkti. Pirmajam etape po pirmojo terminio apdirbi-
mo proceso detaliy plokstumo verté sumazéjo.
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THE INFLUENCE OF THE TERMINAL
WORK FOR STABILIZATION OF
DIMENSIONAL SURFACES

Vitalijus Rudzinskas', Jonas MatijoSius’,
Virginijus Daugéla', Mantas Juchnevicius',
Mindaugas Pakalnis’

Vilnius College of Technologies and Design

Abstract. During the technological process, the
metal working and metal products industry faces cer-
tain problems in the processing of aluminum alloys
AW-5083, AW-6082, AW-7075. The processing and
manufacturing process is subject to linear and angu-
lar deviations from the set value. The product routing
card for aluminum coat provides a series of sequential
operations of a different kind, so during production,
the aluminum blade experiences a number of different
mechanical conditions depending on the conditions.
The result of the currently applied production process
does not meet the pre-set requirements. The informati-
on gathered and processed during the study will make
it possible to understand the shortcomings and inac-
curacies of the current process and to formulate the
necessary conclusions that will allow finding the most
appropriate and effective solution to the problem.

Key words: Flatness of parts, dimensional deviat-
ions, thermal treatment, dimensional stability.
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Anotacija. Specialybés kalbos programoje [1] akcentuojama, kad svarbiausias déstytojo tikslas yra gerinti studenty profe-
sinés kalbos vartosenos jgiidzius. Siame straipsnyje nagrinéjami transporto srities Zodziy junginiy reik§més klaidos (seman-
tizmai), deja, kai kurie jy tape ,pseudoterminais®, apzvelgiamos jy atsiradimo transportininky kalboje priezastys, pateikiami
taisyklingi atitikmenys. Anketine apklausa siekta nustatyti, ar Vilniaus Gedimino technikos universiteto (toliau - VGTU)
ir Vilniaus technologijy ir dizaino kolegijos (toliau — VTDK) studentai zino tikslius atrinkty Zodziy junginiy atitikmenis.
Daugelio aptariamyjy zodziy junginiy vienas i§ démeny - semantinis komponentas, aptinkamas ir kity mokslo sric¢iy taisy-
tinuose zodziy junginiuose (pvz.: programinés jrangos aptarnavimas, atidirbtos medziagos, draugiskas internetas, skaitiklio
parodymai ir kt.), kai kurie jy fiksuojami tik transporto srityje (pvz., traukiniy stotis ir kt.). Tiriamieji zodZiy junginiai at-
rinkti remiantis studenty baigiamuosiuose darbuose, interneto tinklalapiuose, reklamos iskabose pastebétomis klaidomis.

Reik$miniai ZodZiai: anketiné apklausa, semantizmai, taisyklingi terminai, termino raida, zodZio reik§me.

Ivadas

Semantizmas (plg. graiky sémantikos ,reik§mi-
nis“) — savas zodis, tam tikruose kontekstuose pavar-
tojamas svetima, anksciau neturéta reik§me arba kelio-
mis reik§mémis [2]. Pasak A. Pupkio [3], semantizmy
atsiradimo priezastys yra $ios: 1) Zodzio daugiareiks-
miskumas, dél kurio dviejy Zzodziy semantika nesu-
tampa; 2) skirtingos reik$émés zodziy formy panasu-
mas ar sutapimas.

Neturéta reik§me zodis jgyja dél svetimos kalbos
jtakos. Svetimos jtakos paprastai paveikia Salutines
7odzio reik§mes [2]. Anot R. Dobrzinskienés [4], ,,Zi-
nant, kad lietuviy kalbos Zodziai paprastai turi ne po
vieng reiksme, i tikryjy ne visada lengva kai kuriuos
jy tinkamai vartoti“. Transporto srities semantizmy
aptinkama nemazai [5].

Tirti parinkti $ie taisytini Zodziy junginiai: auto-
mobilio techninis aptarnavimas, arklio jéga, atidirbes
tepalas, dévétos padangos, dyzelinis kuras, draugiskas
aplinkai automobilis, greiciy dézé, kelio atkarpa, ve-
dantysis ratas, vieninga transporto sistema, visuome-
ninis transportas, traukiniy stotis; kébulo iSmatavimai,
spidometro parodymai.

Straipsnio tikslas - istirti, ar VGTU ir VIDK stu-
dentai zino tikslius tiriamyjy zodziy atitikmenis.

Uzdaviniai:

1. Atrinkti aktualias transporto srities Zodziy jun-
giniy reik$émeés klaidas, pateikti statistinius studenty
tiksliy atitikmeny - taisyklingy terminy - Zinojimo
duomenis.

2. Aptarti pasirinkty tirti Zodziy junginiy atsiradi-
mo vartosenoje priezastis, jy taisyklingus atitikmenis
remiantis Dabartinés lietuviy kalbos Zodyne [6] teikia-
momis zodziy reik§émémis, senesniyjy rasty pavyz-
dziais, naujausiy $altiniy (VLKK Konsultacijy [7] ir
Terminy banko [8], Zodyny IATE [9], Eurotermbank

[10], Eurovoc [11], Lietuvos standartizacijos departa-
mento Terminy bazés [12] informacija.

Tyrimo metodai: anketiné apklausa, duomeny sis-
teminimas ir apibendrinimas.

1. Tiriamyjy semantizmy apZvalga:
atsiradimo vartosenoje prieZastys, raida,
atitikmenys

Arklio jéga. Dabartinis terminas yra arklio galia
(rus. nowadunas cuna, angl. horsepower, vok. Pferdes-
tirke) [13]. Dabartinés lietuviy kalbos Zodyne [6] tei-
kiamas ir terminas arklio jéga su nuoroda ,,psn.“. Se-
nesniuose $altiniuose aptariamoji realija jvardijama ir
skoliniu i§ latviy kalbos arklio spéka, tac¢iau dazniausi -
zodziy junginiai su démeniu jéga, kartais jis iSreikstas
ir kiek kitokia gramatine forma (pajéga, pajiega), pvz.:

Kasztas pajiegos vieno mechaniszko arklio lygus ¥
litro naftos [14]. Monoplano motoras 4-iais cilinderiais
turi 40 arklio spéky [15]. Jo pastatytas 80 arklio jégy
motoras yra varomas daug pigesniu kuru, negu Diese-
lio, 0 energijos duoda tiek pat [16]. Variklio galingumas
AJ[17].

Aptarnavimas. Taisyklingas terminas prieiiira
fiksuojamas jau A. Maciejausko ,, Techniko zodynély-
je“: yx00v (3a mawunoii) - prieziiira [18]. Aptinkamas
ir kituose to laikotarpio Saltiniuose, pvz.: <...> Soferiui
draudZiama su kuom nors kalbétis, iSskyrus trumpus
pastebéjimus déliai masinos prieZiiiros [19].

VLKK Konsultacijy banke [7] nurodomi $ie Zodziy
junginio automobiliy techninis aptarnavimas atiti-
kmenys: automobiliy techniné prieziiira, apziiira, re-
montas, taisymas, techninis patikrinimas ir pan.

Daugybé tarybinio laikotarpio Saltiniy pavyz-
dziy, kuriuose randamas rusy kalbos pavyzdziu
(mexnuueckoe obcnymusanue) sudarytas zodziy jungi-
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nys techninis aptarnavimas, leidzia daryti iSvada, kad
jis paplito butent siuo laikotarpiu, pvz.:

Pagrindiniai alkiiminio mechanizmo techninio ap-
tarnavimo darbai [17]. Stai ir techninio aptarnavimo
stotis Nr. 1 [20].

Atidirbes, -usi; atidirbtas, -a (tepalas, alyva). Ati-
dirbti - atlikti pareiga dirbant: Paskirtg laikg atidirbti
(6].

Netaisyklingi Zodziy junginiai atidirbes (atidirbtas)
tepalas, atidirbusi (atidirbta) alyva yra reik§més sveti-
mybés, perimtos i$ rusy kalbos (plg. ompabomanmoe
macno). Kaip pazymimasis Zodis vartojamas biitojo lai-
ko dalyvis naudotas, -a, pvz.: naudotas tepalas [21, 10,
11] naudota alyva [12].

Atkarpa. Dabartinés lietuviy kalbos Zodyne [6] tei-
kiamos keturios Zodzio atkarpa reik§meés: 1. atraiza,
skiauté: Daug prikirpo ~ij. 2. kuponas. 3. laikras¢io da-
lis, einanti per visg puslapj po skersinés linijos. 4. mat.
tiesés dalis tarp dviejy jos tasky. Transporto ir kity
sri¢iy terminijoje vartojamas zodis ruoZas: marsruto
ruozas, kelio ruozas, gatvés ruozas, tilto ruoZas, gelezin-
kelio ruozas, beiesmis ruozZas, meteorologijoje — lietaus
ruoZas, ritko ruozas, net kompiuterijoje — magnetinis
ruozas, tranzitinis ruozas [22].

Kaip transporto terminas ruoZas jteisintas Techniko
Zodynélyje: ruozas - yuacmoxw (ycen. 0op.); yuacmoxs —
ruozas, nuovada [18]. Knygoje [vardai, arba terminai,
priimti Terminologijos komisijos aptinkamas kelio ruo-
Zas - yuacmox nymu [23].

Dévétas, -a. Su $iuo neveikiamosios rasies dalyviu
sudaromi zodziy junginiai drabuziams, batams apibi-
dinti, pvz.: dévimieji drabuZiai [6], dévéta avalyné [24].
Technikos terminijoje sudétiniy terminy pazymimuo-
ju Zodziu eina neveikiamosios rasies dalyvis naudotas,
-a, pvz.: naudotas traktorius [25].

Draugiskas, -a. Transporto srities moksliniuose
tekstuose palyginti neseniai pradéti vartoti angly kal-
bos pavyzdziu (environmentally friendly, eco-friendly,
nature friendly) sudaryti zodziy junginiai draugiski
aplinkai automobiliai, draugiskos aplinkai degalinés
ir pan. Zodzio draugiskas, -a reikimés: 1. linkes drau-
gauti, draugus: D. Zmogus. 2. gera linkintis, tarpusa-
vyje sugyvenantis: ~os valstybés, tautos. 3. neturintis
oficialumo, biciuliskas: D. tonas [6]. VLKK Konsulta-
cijy banke [7] sitloma vartoti: aplinkai nekenksmingi
automobiliai, degalinés, medZiagos. Zodyne Eurovoc
[11] angliskajam Zodziy junginiui environment-frien-
dly label teikiamas lietuviskas atitikmuo aplinkos ne-
tersianti etiketé. Zodyne Eurotermbank [10] nurodytas
angliskojo enhanced environmentally friendly vehicle
atitikmuo nekenksmingumo aplinkai poZitiriu patobu-
linta transporto priemoné. Zodyne IATE [9] eco-frien-
dly label jvardytas lietuvisku zodziy junginiu ekologi-
nis zZenklas. V. Drukteinytés [26] straipsnyje sitilomi
atitikmenys saugus, nekenksmingas, patogus, akcen-
tuojama, kad Sios budvardzio draugiskas reiksmeés ,,vi-
diniais kalbos désniais yra nepaaiskinamos, todél lai-
kytinos skolintinémis i§ angly kalbos®.

Greiciy (greicio) dézé. Tai pasengs terminas, vis
dar pasitaikantis $iy dieny tekstuose. Tam jtakos grei-
&iausiai turi vartosenos tradicija. Sio termino raidos
studijos rodo, kad vietoj dabartinio termino pavara
(-os) transporto srityje anksc¢iau placiai vartotas zodis
greitis (greiciai) (kai kuriuose $altiniuose vartojamas ir
moteriskaja gimine (kilm. greities), pvz.:

<..> pradéti judéjimg nuo pirmutinés greities [19].
Dantraciy pergrupavimai vadinami greiciais, uztat sa-
koma: autoveZimis turi 3 ar 4 greicius [27].

Zodis greitis anksciau vartotas ir kaip sudétinio ter-
mino greiciy dézé (pastebima ir deminutyviné forma
dézelé) komponentas, pvz.:

Naujas Fordo jégos pardavimas yra moderni greiciy
dézé; ji turi tris greicius pirmyn ir vieng atgal [28]. <...>
reikia jjungti greitj; panasiai reikia pasielgti ir su greiciy
déZele <...> [19].

Zodis pavara (pavara - nepedaua) teikiamas A.
Maciejausko Techniko Zodynélyje [18]. Taciau, $altiniy
duomenimis, kaip transporto terminas (ir vienazodis,
ir kaip sudétinio termino pavary dézé komponentas)
pradeda jsitvirtinti tik apie XX a. vidurj:

kopobka nepedau — pavary dézé [29]. Automobilio
M-21 ,Volga“ pavary dézé turi tris pavaras vaziuoti
pirmyn ir vieng uzpakalinés eigos pavarg [17].

Kuras. A. Maciejausko Techniko Zodynélyje termi-
nai degalai ir kuras jau skiriami: degalai - zoprouee, ku-
ras - monauseo [18]. Taciau terminai kuras ir degalai ir
$iuo metu dar vis painiojami, vartojami sinonimiskai.
Siy terminy sinonimija pastebima ir ankstesniuose
$altiniuose, pvz.:

Kodél skysto kuro klausimas vis darosi aktualesnis,
tai esq visiems gerai suprantama — motomechanizaci-
jos didelis vystymasis visuose krastuose. <...> Sie degalai
gaunami is Zemés alyvos [30].

VLKK Terminy banke [8] teikiama keletas terminy
kuras ir degalai apibrézciy. Visos jos pagrindzia Da-
bartinés lietuviy kalbos Zodyne [6] teikiamas apiben-
drintas $iy terminy apibréztis: kuras aiskinamas kaip
»$ildymo, kiirenamoji medziaga (malkos, durpés, an-
glys ir kt.)“; degalai - ,,degiosios medziagos vidaus de-
gimo varikliams®.

Vedantysis, -ioji. Technikos terminijoje teikiami
sudétiniai terminai varantysis (ne vedantysis) ratas,
varantysis (ne vedantysis) velenas, varantysis (ne ve-
dantysis) skriemulys, varantysis (ne vedantysis) tiltas.

Issamiai veikiamosios ruasies dalyvio vedantysis
(-ioji) jsigaléjima technikos Zodziy junginiuose aiski-
no J. Klimavi¢ius [31]: Si terminy mikrosistema la-
bai ilgg laikg turéjo salytj su rus. sedyusee koneco <>
8edomoe Koneco, o $i semanti$kai panasi j pranc. roue
menante (dazniau roue motrice) < roue menée (re-
¢iau roue commandée)]. Lietuviy kalba gana gerai at-
laiké svetimg semantinj poveikj - tik 1949 m. A. No-
vodvorskio Trumpas rusiskai-lietuviskas techninis
Zodynas [32] teiké terminus vedancioji (bet ir varan-
Cioji) asis, vedantysis ir vedamasis (bet ir varomasis)
skriemulys (nors tik varantysis ir varomasis velenas,
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o rato néra jokio). Véliau $ity reik§meés svetimybiy
atsisakyta.

Vieningas, -a. Vieningas — pasiZymintis vienybe,
pvz.: vieninga tauta, vieningas darbas. Taliau $is bu-
dvardis nederama reik§me daznai vartojamas ir tech-
niniuose tekstuose. Anot A. Rosino [33], ,,toks vienin-
g0 yagresyvumas” aiskintinas veikiausiai rusy edunuwii,
vartojamu jvairiose samplaikose, nekiirybisku vertimu
j lietuviy kalbg. Rusy edunwiii reiskia ne tik vieningas,
bet ir bendras, vienodas, vientisas, vienalytis, vienas,
vienintelis. Vartojama: bendras Europos dangus, vienas
bendras transporto dokumentas, vienodos kainos, ben-
drasis fondas ir kt. (plg. IATE [9], VLKK Konsultacijy
banka [7], Terminy bankg [8].

Visuomeninis. Badvardis visuomeninis neteiktinas
zodziy junginyje visuomeninis transportas. Visuomeninis
sietinas su daiktavardziu visuomené: visuomeniné san-
tvarka, visuomeniniai santykiai, visuomenineés paskirties
pastatas. Kaip transporto terminas vartotinas viesasis
transportas (angl. public transport; vok. Massenbeforde-
rung; pranc. transport en commun) (dar plg. viesasis eis-
mas, viesasis geleZinkelis, viesasis sektorius ir kt.).

Traukiniy stotis. Stotis — transporto sustojimo
vieta; jos pastatas [3]. [sidémétina, kad yra autobusy
stotis, taciau traukiniy sustojimo vieta nuo seno vadi-
nama geleZinkelio (o ne traukiniy) stotimi. Taip apta-
riamieji dalykai jvardijami ir daugelyje kity kalby. Pvz.:
latviy k. autobusy stotis — autostacija, autoosta, gele-
zZinkelio stotis — dzelzcela stacija; rus. k. — asmobycnas
CMAHUUs, KHene3Ho00poxHuLll 60k3an; angly k. — a bus
station, railway station, italy — autostazione (stazione
degli autobus) - stazione ferroviaria.

Tokia vartosena pastebima ir senesniuose lietuvis-
kuose $altiniuose. (Pazymimasis zodis geleZinkelio kar-
tais vartotas ir daugiskaitos forma ar kitokios gramati-
nés formos (gelzkelio). Pvz.:

Pagal nesenei iszdutg paliepimg centraliszku val-
dZiu ant staciju gelezinkelio tur but ant parodos dél per-
Ziuréjimo matomoje vietoje pakabintos prekes grudu ir
fraktiszkos tarifos uz ju transportg [14]. Kauno gelzke-
lio stoties apyvarta [34]. Dél to neseniai netoli gelezin-
keliy stoties, Vytauto prospekte, pradéta statyti nauja,
didelé ir patogi Kauno autobusy stotis [35].

ISmatavimai. Parodymai. Zodziy i§matavimas ir
matmuo, parodymai ir rodmenys, duomenys reik$mes
skirtingos: pirmieji zymi veiksmg, antrieji — matavimo
(ar kt.) rezultata (dydj, numerj ir pan.). Dél priesagos
-imas (-ymas) vediniy reik$miy skirtumy (ar jy pai-
niojimo) jie aptariami ir semantikos tyréjy. Iprastai
$ie vediniai nagrinéjami zodziy darybos skyriuje. Kaip
teigia A. Skardzius [36], su priesaga -imas ,visy pir-
ma yra sudaromi veiksmazodiniai abstraktai i§ buto-
jo kartinio laiko kamieny, pvz.: bégimas, krovimas ir
kt. Ilgainiui daugelis i$ jy yra jgije konkrecia reik$me,
pvz., arimas ,,0ré, iarta dirva“ (dar plg. klojimas, nu-
tarimas, skelbimas, veZimas ir kt.). Daiktavardis paro-
dymai jgijo konkrecia reik$me teisés terminijoje, pvz.,
liudytojy parodymai.

A. Paulauskienés teigimu [37], ,,tai, kad i§ esmés gali
bati su priesaga -imas konkreciy daiktavardziy, suda-
ro palankias salygas jtakoms ir visai nereikalingiems
dariniams®. [sidémeétini technikos terminai: apylanka,
aplinkkelis; pakuote, -és; jrenginys, -iai, jranga; jtempis,
-iai; jtrikis, -iai; mikrojtrukis, -iai; nuokrypis, -iai; sto-
telé, -és (ne apvaziavimas; jpakavimas; jrengimas, -ai;
jtempimas, -ai; jtritkimas, -ai; mikrojtritkimas, -ai; nu-
krypimas, -ai; sustojimas).

2. VGTU ir VIDK studenty transporto srities
semantizmy vartosenos tyrimas

Anketiné apklausa atlikta 2018 m. kovo mén. | an-
ketos klausimus atsaké 120 respondenty - 60 VGTU
Transporto inzinerijos fakulteto Transporto inzine-
rijos programos nuolatiniy studijy ketvirto kurso ir
Transporto inzinerinés ekonomikos ir logistikos pro-
gramos iStestiniy studijy antro kurso studenty bei 60
VTDK Technikos fakulteto Automobiliy elektronikos
sistemy programos pirmo kurso nuolatiniy studijy
studenty.

Tyrimu siekta suzinoti, ar VGTU ir VIDK stu-
dentai zino tiriamyjy Zodziy junginiy taisyklingus ati-
tikmenis. 1 ir 2 pav. pateikti teiginio ,,Parasykite pa-
teikty Zodziy junginiy tikslius atitikmenis“ statistiniai
duomenys (paveiksluose nurodyti taisyklingi termi-
nai).
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1 pav. VGTU studenty Zinojimo tikslius sudétinius transporto
terminus duomenys procentais

Zinomiausias VGTU studenty - ZodZiy junginio
greiciy dézé atitikmuo pavary dézé (97 %), (VIDK -
90 %). Tai buaty galima paaiskinti $io termino raida:
dabartinis terminas turi palyginti senas vartosenos tra-
dicijas ir retai bepainiojamas su XIX a. pabaigos - XX
a. pirmosios pusés terminais. Tai pasakytina ir apie
termina arklio galia (taisyklinga atitikmenj nurodé
77 % VIDK ir 75 % VGTU studenty).

Daugiausiai VIDK studenty nurodé tikslius Zo-
dziy junginio dyzelinis kuras atitikmenis. Apklausos



22

Grasiené J., Petrétiené A.

rezultatai rodo, kad VIDK studentai pirmenybe tei-
kia vienazodziam terminui (dyzelinas — 74 %, dyzeli-
niai degalai - 26 %), o VGTU studentai — dvizodziam
(dyzeliniai degalai — 76 %; dyzelinas — 24 %). I$ visy
atsakiusiy VGTU studenty 6 % aptariamajj Zodziy jun-
ginj jvardijo Zodziu dyzelis. Jsidémeétina, kad sis zodis
netinka nagrinéjamai degaly rasiai nusakyti. Pateisina-
mas $nekamajame kalbos stiliuje dyzeliniam varikliui
pavadinti.
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2 pav. VIDK studenty Zinojimo tikslius sudétinius transporto
terminus duomenys procentais

Zodziy junginio vieninga transporto sistema pateik-
ty atitikmeny analizé rodo, kad i$ nurodyty taisyklingy
varianty populiariausias — bendra transporto sistema
(pasirinko 68 % VGTU ir 67 % VTDK taisyklingus va-
riantus pateikusiy studenty).

Gerai respondenty zinomas sudétinis terminas vie-
Sasis transportas. Taisyklinga varianta nurodé 90 %
VGTU ir 80 % VTDK studenty.

Zodziy junginio automobiliy techninis aptarna-
vimas tyrimo statistiniai duomenys rodo, kad i§ pasi-
rinkty taisyklingy varianty (tiek VGTU (73 %), tiek
VTDK (53 %) studenty) dazniausias buvo automobilio
techniné priezinira. Tikétina, kad tokj rezultata nulémeé
tai, kad $is terminas, palyginti su kitais teikiamais vari-
antais, yra placiausios reik§més [38].

88 % VGTU ir 80 % VTDK studenty nurodé tiksly
zodziy junginio traukiniy stotis atitikmenj. 12 % visy
atsakiusiy VGTU studenty pateiké variantg geleZin-
keliy stotis. Sio varianto priskirti prie taisyklingy ne-
galima. Kaip aptarta teorinéje dalyje, §i daugiskaitiné
forma (geleZinkeliy) aptinkama senesniuose rastuose
ir studenty pateiktg variantg galima laikyti pasenusiu
terminu.

72 % VTDK ir 68 % VGTU studenty pateiké tiks-
ly Zodziy junginio vedantysis ratas atitikmenj. 28 %
VGTU ir 17 % VTDK visy atsakiusiy studenty parasé
variantg varomasis ratas. Galbut tam jtakos turéjo stu-

denty i$manymas, kad lietuviy kalboje terminus jpras-
ta sudaryti su jvardziuotinémis neveikiamyjy dalyviy
formomis. Tacdiau sudétiniy terminy risiniu démeniu
veikiamasis dalyvis gali eiti tada, kai egzistuoja pries-
prieSa. Aptariamuoju atveju ji egzistuoja: varantieji ra-
tai (jie automobilj varo) — varomieji (arba nevaromieji,
laisvai riedantys ratai) [39].

Ne itin didelj Zodziy junginio atidirbes tepalas tai-
syklingo atitikmens procentg nulémé tai, kad 28 %
VGTU ir 23 % VTDK studenty rinkosi prie§déline ne-
veikiamojo risies dalyvio formg (panaudotas). Zodziy
junginio panaudotas tepalas galbut nereikéty priskirti
prie neteiktiny (plg. panaudota alyva [12].

78 % VGTU ir 78 % VTDK studenty parasé tiks-
ly zodziy junginio spidometro parodymai atitikmenj.
Netiksliy atsakymy skaiciui jtakos turéjo ir studenty
manymas, kad taisytinas yra skolintas Zodis spidome-
tras. Tai yra tarptautinis Zodis, turintis liet. atitikmenj
greitmatis. Tiek VGTU, tiek VIDK studenty nurodyti
atitikmenys néra taisyklingi: VGTU - prietaisy skyde-
lis, odometras, VIDK - greitis, rida. Tai rodo skoli-
niy temos déstymo reikalinguma: svarbu aptarti, ko-
kie skolinti Zodziai laikomi klaidomis, supazindinti su
tarptautiniy zodziy vartosenos ypatumais.

Zodziy junginio draugiskas aplinkai automobilis
tiksly atitikmenj nurodé 15 % VGTU ir 55 % VIDK
studenty. Tadiau net 62 % VGTU ir 5 % VTDK stu-
denty pateikeé atitikmenj ekologiskas automobilis, 0 3 %
VGTU ir 13 % VTDK studenty - netersiantis aplinkos
automobilis. Siy atitikmeny ZodZiy junginiui draugis-
kas aplinkai automobilis Saltiniuose nepavyko aptikti,
taciau, remiantis teorinéje dalyje iSdéstyta informacija,
galbat juos buty galima vartoti greta sitlomo nekenks-
mingas aplinkai. Pazyminys ekologiskas, manytume,
ypac tikty elektromobiliams apibadinti.

ISvados

1. Transporto srities semantizmy vartosenos stu-
denty kalboje tyrimas parodé Sios temos déstymo
svarbg. Taisyklingy terminy iSmanymas svarbus tiek
studijuojant, tiek ir pradéjus profesing veikla, nes jy
prisireiks rasant baigiamajj darba, reikaly rastus, ben-
draujant su klientais ir kt.

2. Tokie tyrimai parodo, kokioms temoms reikeéty
skirti daugiau démesio per specialybés kalbos paskai-
tas. Pvz., studenty nurodytas Zodziy junginio vedan-
tysis ratas atitikmuo varomasis ratas atkreipia démesj
i tai, kad lietuviy kalboje terminai sudaromi ne tik su
jvardziuotiniais neveikiamosios rasies dalyviais. Per
paskaitas reikéty iSsamiau paaiskinti, kad sudétiniy
terminy rasiniu démeniu veikiamasis dalyvis gali eiti
tada, kai egzistuoja prieSpriesa arba kai yra tiesioginis
veiksmo atlikéjas, pvz., laikancioji konstrukcija.

3. Ne itin seniai vartosenoje paplitusiy zodziy jun-
giniy reik§més klaidy vartosenos tyrimas naudingas
tuo, kad studentai pateikia Saltiniuose nefiksuoty atiti-
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kmeny. Kai kuriuos jy galbtt biity galima apsvarstyti
ir priimti kaip galimus pakaitus. Tai pasakytina apie
studenty pateiktus atitikmenis ekologiskas automobi-
lis, netersiantis aplinkos automobilis (zodziy junginiui
draugiskas aplinkai automobilis).

4. Semantizmai neretai apibadinami kaip viena pa-
vojingiausiy klaidy grupiy. Svarbu supazindinti stu-
dentus su terminy Zodynais, kad baty vartojami tiks-
las (o ne nugirsti) terminai.
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TRANSPORT RELATED SEMANTISMS IN
THE LANGUAGE OF STUDENTS

Jolita Grasiené', Angelika Petrétiené>

Vilnius College of Technologies and Design
2 Vilnius Gediminas Technical University

Abstract. The Language for special purposes program-
me (2014) emphasizes that its general objective is to im-
prove students’ professional language skills. This article
deals with semantic mistakes (semantisms) in the area
of transport, some of which have, unfortunately, already
become pseudo-terms. It discusses the reasons for their
emergence in the language of transport specialists and

provides correct equivalents. The aim was to determine,
by means of a questionnaire, if the students of Vilnius
Gediminas Technical University (VGTU) and Vilnius
College of Technologies and Design (VTDK) know the
exact equivalents of selected phrases. One of the com-
ponents of many of those phrases, namely the semantic
component, is commonly found in phrases to be correc-
ted used in other science related areas (e. g. programinés
jrangos aptarnavimas, atidirbtos medziagos, draugiskas
internetas, skaitiklio parodymai, etc.), while others are
registered only in the area of transport (e. g. traukiniy
stotis, etc.). The phrases analysed were selected on the
basis of mistakes noticed in students’ final papers, web-
sites, and advertising signboards.

Key words: questionnaire, semantisms, correct
terms, term development, word meaning.
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TRANSPORTO STATINIY MODELIAVIMAS IR ANALIZE, TAIKANT
BAIGTINIU ELEMENTU PRINCIPU VEIKIANCIAS KOMPIUTERINES
PROGRAMAS

Darius Ulbinas

Vilniaus technologijy ir dizaino kolegija, Petro Vileisio geleZinkelio transporto fakultetas,
K. Kalinausko g. 7, LT-03106 Vilnius, d.ulbinas@vtdko.lt

Anotacija. Tiesiant nauja kelig, arba remontuojant seng, jo trasoje pasitaiko jvairiy kliti¢iy: upiy, kanaly, dauby grioviy,
sléniy ir t.t. Norint nutiesti kelig per $ias klittis reikia statyti specialius statinius — transporto statinius. Statant $iuos stati-
nius, labai svarbu yra tinkamai pasirinkti statinio konstrukcine schema bei racionaliai sukomponuoti transporto statinio
konstrukcinius elementus, tam, kad buty sunaudojama kuo maziau medziagy, statinio konstrukcija bty kiek jmanoma

lengvesné, grakstesnés i$vaizdos ir ekonomigkesné.

Straipsnyje aprasoma transporto statinio modeliavimo ir analizés ypatumai, taikant baigtiniy elementy principu vei-
kian¢ig kompiuterine programg Staad. Pro. Atlikus transporto statinio modeliavimg, statinys apkraunamas realy pés¢iyjy
eismg imituojan¢iomis apkrovomis, bei atliekama transporto statinio konstrukciniuose elementuose veikianciy jrazy ana-

lizé.

Reik$miniai Zodziai: arkinis tiltas, transporto statinys; kompiuteriné programa, palyginamoji analizeé.

Ivadas

Pastaruoju metu pastatoma daugybé vienas uz kit
grazesniy tilty. Kai kuriuos i$ $iy statiniy galima baty
priskirti prie didziausiy zmogaus rankomis sukurty
pasaulio stebukly. Daugelis tilty formy, sukurty prie$
daug mety, buvo tobulinamos ir isliko iki musy die-
ny. Taciau ne visoms konstrukcinéms formoms buvo
lemta perzengti §j istorinj slenkstj ir vis dar dziuginti
zmogaus akj. Todél apie daugelj didingy tilty galima
suzinoti tik i§ istoriniy $altiniy. Vieni i$ tokiy buvo
arkiniai kombinuotieji ledio formos tiltai. Sie statiniai
reik§mingi ne tik dél savo unikalios formos, bet ir dél
istorinés vertés, nes buvo statomi du paskutiniuosius
XIX a. desimtmecius (Pang, Hai- Fan 2007).

Be reikalo buvo sustabdyta lesiuko konstrukcinés
formos tilty statyba, nes, palyginti su tradicine arkine
perdanga, jie turi savy privalumy. Juk ne visuomet s3-
lygos leidzia iSkelti tradicinés formos arkg iki norimos
pakylos aukscio, tuomet tikslinga jrengti apatiniasias ar-
kas. Sie tiltai taip pat racionalesni ir tuo, palyginti su tra-
dicine arkine perdanga, jog pasiskirs¢iusios jrazos tilto
elementuose sumazina pamaty masyvuma, kai tradici-
nés arkinés perdangos elementuose veikiancioms dide-
léms asinéms jégoms reikia masyviy pamaty.

Temos aktualumas ir problematika: Pasirinkus
transporto statinio (tilto, viaduko) konstrukcine sche-
ma, labai svarbu yra ja optimizuoti. Sis procesas rei-
kalauja palyginamosios analizés, siekiant priimti kaip
jmanoma kuo racionalesnj sprendimg. Straipsnyje,
taikant baigtiniy elementy principu veikiancig pro-
gramg Staad.Pro, yra nagrinéjami du arkiniai pésciyjy
tiltai, turintys vienoda ilgj tarp atramy ir atliekama $iy
konstrukcijy palyginamoji analizé, taikant skirtingus
komponuojamuosius parametrus. Kas leis masés at-
zvilgiu sumazinti pacios tilto perdangos medziagy bei
gamybos kastus.

Straipsnio tikslas - Taikant baigtiniy elementy
principu veikian¢ig kompiuterine projektavimo pro-
grama, sumodeliuoti ir iSanalizuoti du transporto sta-
tiniy variantus.

Straipsnio uzdaviniai:

1. ISnagrinéti praktikoje taikomas arkiniy perdangy
konstrukcines schemas;

2. Taikant baigtiniy elementy principu veikiancia pro-
grama Staad. Pro pasirinktinai sumodeliuoti dvi,
arkines perdangas, taikant skirtinga jy konstrukci-
niy elementy komponavimo tipa;

3. Apskaic¢iuoti nagrinéjamyjy tilty konstrukciniuose
elementuose veikiancias jrazas;

4. Nustatyti abiejy transporto statiniy konstrukcijy
mase bei pasitlyti racionalesnj (masés atzvilgiu) ar-
kinio tilto konstrukcinj sprendima;

Tyrimo objektas — arkiné transporto statinio per-
danga ir jos projektavimas.

Tyrimo metodika: tyrimas atliekamas taikant paly-
ginamaja dviejy transporto statiniy analize, pagal skai-
tinio eksperimento metu, taikant baigtiniy elementy
principu veikian¢ig programg Staad.Pro, nustatytus
projektinius duomenis.

Arkiniy tilty perdangy konstrukciniy
sprendimy literatiiros apzvalga

Savo moksliniame straipsnyje S. Zilénaité (3) teigia,
kad: ,,Arkiniai tiltai - vieni populiariausiy, seniausiy ir
graksciausiy tilty, statomy miesto ir uzmiesc¢io zono-
se. Ta¢iau dél dominuojancios asinés gniuzdymo jégos
arkos tampa ypac jautrios stabilumo praradimui arky
plokstumoje ir i§ plokstumos. Pirmieji pavieniy arky
ir arkiniy tilty elgsenos tyrimai buvo atliekami esant
tampriai stadijai“ (3).

Sio darbo autore, arkose veikiancias asines gniuz-
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1 pav. Arkinis tiltas su paklotu vir§ arkos ir tiltas su paklotu arkos viduryje

dymo jégas jvardija kaip trakuma, kadangi $ios jégos
padidina arky jautrumg stabilumo praradimui, tac¢iau
zvelgiant kitu aspektu, kaip teigia kitas mokslininkas
D. Ulbinas (1, 2) ,arkoje veikiancios simetrinés apkro-
vos sukelia tik gniuzdymo jrazas, o nedidelis lenkia-
masis momentas atsiranda tik dél asimetriniy apkrovy
poveikio. Todél arkoms sunaudojama santykinai ma-
7ai plieno (2). Sis autorius taip pat i$sako tai, kad ,,Ar-
kos dél savo veiksmingumo yra daznos $iuolaikiniuose
peésciyjy tiltuose. Racionali apybrézos forma (dazniau-
siai kvadratiné parabolé) lemia $iy konstrukcijy racio-
naly jrazy pasiskirstyma (2).

»Anksciau arkinis tiltas buvo suvokiamas kaip til-
tas su vaziuojamaja dalimi (tilto paklotu) vir$ laikan-
Ciosios arkos. Vystantis medziagy pramonei ir didé-
jant konstruktoriy sumanumui, pakloto padétis arkos
atzvilgiu kito. Kartais paklotas jrengiamas arkos pady
lygyje ir joje veikiancios skétimo jégos perduodamos
sijai — stygai. Tokiy neskétriy statiniy skaiciuojamoji
schema jau yra gerokai nutolusi nuo primityviy arky“
(1).

Arkiniai tiltai yra pakankamai unikalas tuo, kad
Siose konstrukcijose paklotg galima jrengti trim ba-
dais, jrengiant jj virs arkos ir atremiant per vertikalius
statramscius jj i arka. Tokio pakloto jrengimo budas
yra pateiktas 1 paveiksle. Kitu atveju, paklotas yra jren-
giamas per arkos vidurj ir pakabomis sujungiamas su
standumo sija. Ta¢iau dazniausiai projektuojant ir sta-
tant arkinius tiltus, priimamas pakloto jrengimo tipas,
kai paklotas jrengiamas arkos apatinéje dalyje, paka-
bomis palaikomu visame jos tarpatramyje.

Pastaruoju metu pastatoma daugybé, vienas uz kita
grazesniy arkiniy tilty. Kai kuriuos i$ $iy statiniy ga-
lima baty priskirti prie didziausiy pasaulio stebukly,
sukurty Zmogaus rankomis. Daugelis tilty formuy, su-
kurtos prie$ daug mety, buvo tobulinamos ir isliko iki
miusy dieny. Taciau ne visoms konstrukcinéms for-
moms buvo lemta perzengti §j istorinj slenkstj ir vis
dar dziuginti Zzmogaus akj.

Todél apie daugelj didingy tilty galima suzinoti tik
i§ istoriniy $altiniy. Vieni i$ tokiy buvo arkiniai kom-
binuotieji legio formos tiltai. Sie statiniai reikimingi ne
tik dél savo unikalios formos, bet ir dél istorinés vertés,
nes buvo statomi tik iki XIX a. pabaigos. Jie kaip dino-

zaurai meégavosi savo istorine epocha, pries daug, daug
mety ir tada staiga iSnyko.

Lesio formos tiltai taip vadinami dél jy unikalios for-
mos, kurig sudaro dvi i$lenktos juostos, tarpusavyje su-
formuojancios lesio forma, kitaip dar vadinama ,,zuvelés®
forma, arba paraboline santvarg. Abipusiai iskilos formos
tiltuose virSutinés ir apatinés juostos yra tokios formos,
kad virsutiné dalis tarnauja kaip arka, o apatiné dalis kaip
kabamasis lynas. Vertikalas ir jstrizi pakaby tinklelio ele-
mentai atskiria apating juostg — arka nuo vir$utiniosios ir
paskirsto apkrova konstrukcijos elementams.

Vertikalas ir jstrizi tinklelio elementai taip iSdalina
asimetrine apkrovg, kuriai pasipriesinti neuztenka vien
tik arkos arba lyno. Tad jstriZi rysiai stabilizuoja kons-
trukcijos poslinkius veikiant asimetrinéms apkrovoms.

Abipusiai iskilos formos sukarimas yra susietas su
tuo, jog buvo norima pagaminti idealios formos kons-
trukcija, kurios arkos atitikty parabolés formg. Kai
momenty diagrama nuo tolygiai paskirstytos apkrovos
standumo sijoje yra parabolé, asinés gniuzdymo jégos,
visuose paraboliniy arky elementuose yra lygios. Dél
asimetrinés apkrovos, $iems tiltams buvo reikalingi
jstrizi tinklelio elementai.

Si arkiniy — kombinuotyjy tilty rasis i§ pradziy pap-
lito Europoje ir tik po to, XIX a. viduryje pasirodé JAV.
Lesio formos konstrukcijos Europoje atsirado apie puse
amziaus anksciau, nei buvo pradéta naudoti Amerikoje.

Konstruojant visus Siuos statinius stengiamasi is-
vengti lenkiamyjy momenty laikanciojoje arkoje, ta-
¢iau ne visuomet tai pavyksta. Be to, kiekvienas projek-
tas turi bati kuriamas priklausomai nuo jam realizuoti
numatyty metody bei priemoniy, neignoruojant stati-
nio estetinio vaizdo.

Transporto statiniy skaitinis eksperimentas

Siame skyriuje nagrinéjamas tradicinis arkinis plie-
ninis pésc¢iyjy tiltas ir arkinés kombinuotosios lesio
formos plieninés pésciyjy tilto konstrukcijos, sudary-
tos i§ parabolés apybrézos virSutinés ir apatinés juos-
ty — arky, sujungty tarpusavyje bei su standumo sija
tinkleliu, variantai. Siuose variantuose kei¢iami pa-
grindiniai geometriniai arky - juosty parametrai.
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Taikant skaitinj eksperimentg nustatomas arkinio
kombinuotojo tilto konstrukcijy varianty jrazy pasis-
kirstymas, veikiant simetrinéms ir asimetrinéms ap-
krovoms. Visy $e$iy analizuojamy tilty tarpatramiai
yra po 40 m, o jy konstrukcijy elementams taikomas
vienodas lenkiamasis standumas. Visy analizuojamy
tilty arkos gaminamos i§ dézinio TUB2502506 skers-
pjavio, kurio

A = 61,20cm?, W = 484cm’. Tilty standumo sijos
konstruojamos i§ dvitéjinio HE 300A profilio, kurio
A =113cm? ir W = 421cm’.

Tilty vertikaliosios pakabos modeliuojamos i§ ap-
valaus 0,15m. skersmens skerspjavio.

Analizuojamus  tiltus  veikianc¢ios  nuolatiné
9,77 kN/m ir laikinoji 13,5 kN/m apkrovos sukoncen-
truojamos j mazgus, per pakabas jungiancius standu-
mo sijas su arkomis.

Pirmuoju atveju buvo sumodeliuota arkiné perdan-
ga, kurios einamoji dalis buvo jrengta tilto apacioje, ja
apjungiant j bendra darbg su tilto arkomis (2 pav.).
Tokiu atveju tilto paklotas tarnauja kaip styga, arkoje
veikiancias asines gniuzdymo jégas perimdamas asiné-
mis tempimo jégomis.
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2 pav. Trandicinés arkinés perdangos modelis

Modeliuojant antrajj arkinio tilto varianta (lesio
formos konstrukcija) buvo papildomai jrengiami jstri-
7i tinklelio elementai (3 pav.). Siame konstrukciniame
sprendime buvo jrengiamos virSutinés ir apatinés ar-
kos. Kadangi arkos buvo vienodo aukscio, tai vir§uti-
nése arkose veikiancias asines gniuzdymo jégas pilnai
tempimu perémé apatiniosios arkos, taip nukrauda-
mos einamajg tilto dalj.

Abiejy modeliuojamuyjy tilty arkos buvo jrengia-
mos i§ vienodo dézinio skerspjuvio elementy, standu-
mo ir skersinés sijos i§ dvitéjinio profilio elementy, o
pakabos ir jstrizi tinklelio elementai i§ apvalaus vamz-
dinio skerspjivio elementy.

3 pav. Lesio formos arkinés perdangos modelis

Skaitinio eksperimento metu gauty rezultaty
aptarimas

Atlikus pirmojo tilto varianto skaitinj eksperimen-
ta buvo gautos asiniy jégy ir lenkiamyjy momenty
pasiskirstymo tilto konstrukciniuose elementuose dia-
gramos. Jos atitinkamai yra pateikiamos 4 - 5 paveiks-
luose.

4 pav. ASiniy jégy pasiskirstymas tradicinés arkinés perdangos
elementuose

Kaip matome i$ 4 paveikslo, isilginése standumo si-
jose adinés jégos neveikia, kadangi arka atremiama ats-
kirai nuo standumo sijos j pamatg, nors ji ir jtvirtina-
ma tame paciame lygyje kaip standumo sija. Tuo tarpu
arkoje susidaro asinés gniuzdymo jégos (ruda spalva),
o pakabose, jungianciose arkas su standumo sijomis —
adinés tempimo jégos (mélyna spalva).
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5 pav. Lenkiamyjy momenty pasiskirstymas tradicinés arkinés
perdangos elementuose

Pagal 5 paveiksle pateiktg arkinés perdangos mo-
menty pasiskirstymo diagramg matome, kad tiek arko-
je, tiek standumo sijoje susidare lenkiamieji momentai
pasiskirsto pagal kvadratinés parabolés forma.

Atlikus 3 paveiksle pateikto lesio formos tilto vari-
anto analize, nustatyta, kad vir§utiniy arky gniuzdymo
jrazas pilnai perima apatinés arkos tempimu.

Siekiant nustatyti racionalesnj tilto variantg (ly-
ginant tradicine arkine perdangg su lesio formos per-
danga pagal masés kriterijy), pagal gautas jrazas buvo
parinkti abiejy tilty konstrukciniy elementy skerspjt-
viai ir gautos bendros tilty masés. Bendryjy tilty ma-
siy palyginamosios analizés metu buvo nustatyta, kad
tradicinio arkinio tilto bendroji masé yra lygi 17,321
tonos, o 3 paveiksle pateikto abipusiai iskilo tilto masé
yra 8,849 tonos. Tai reiskia, kad arkinio l¢sio formos
tilto masé yra apie du kartus mazesné uz tradicinés ar-
kinés perdangos mase.

ISvados

1. I$nagrinétos praktikoje taikomos arkiniy per-
dangy konstrukcinés schemos;

2. Taikant baigtiniy elementy principu veikiancig
programa Staad. Pro pasirinktinai sumodeliuotos dvi
arkinés perdangos, taikant skirtingg jy konstrukciniy
elementy komponavimo tipg;
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3. Apskai¢iuotos nagrinéjamuyjy tilty konstrukci-
niuose elementuose veikiancios jrazos;

Nustatyta, kad antrojo, arkinio l¢sio formos tilto
masé yra apie du kartus mazesné uz tradicinés arkinés
perdangos mas¢. Todél antrasis nagrinéjamasis tilto
variantas yra racionalesnis.
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Modelling and Analysis Of Transport
Structures Using Finite Element-Based
Computer Programs

Darius Ulbinas

Vilnius College of Technologies and Design

Annotation. When laying a new route, or repai-
ring the old, there are various obstacles on its route:
rivers, canals, troughs, valleys, etc. In order to pave the
way through these obstacles, it is necessary to build
special structures - transport structures. When cons-
tructing these structures, it is very important to choose
the structure of the structure properly and to construct
the structural elements of the transport structure ra-
tionally, in order to use as little material as possible,
the construction of the structure is as easy as possible,
more graceful and more economical.

The article describes the peculiarities of modeling
and analysis of transport static, applying a computer
program operating on the principle of finite element.
Pro After carrying out modeling of the transport struc-
ture, the building overloads actual pedestrian traffic si-
mulations, as well as analysis of the operating inflows
of the structural elements of the transport structure.

Key words: arched bridge, transport building, com-
puter program, comparative analysis.
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Anotacija. Hibridinémis konstrukcijomis vadiname konstrukcijas, kurios yra sudarytos i§ maziausiai dviejy visiskai
skirtingy medziagy. Transporto priemoniy gamybos pramonéje hibridinés konstrukcijos - tai konstrukcijos, sudarytos is
plieno ir anglies pluosto kompozito arba i$ plieno ir stiklo pluosto kompozito. Statybos pramonéje taip pat placiai naudo-
jamos hibridinés konstrukcijos: plieninés kolonos ir medinés sijos, gelzbetoninés kolonos ir plieninés sijos, plieninés sijos
ir 1§ kompozitiniy medziagy pagamintos sijos, betoninés perdangos, kuriose plieniné armatiira yra pakeista kompozitinés

medziagos armatira.

Reik$miniai ZodZiai: hibridiné konstrukcija, kompozitas, stiklo pluostas, anglies pluostas, pultruzija.

Ivadas

Transporto priemoniy gamybos pramonéje pla-
¢iai naudojami anglies arba stiklo pluosto kompozitai,
kurie sumazina transporto priemonés mase. Lengvy-
jy automobiliy pramonéje jvairios kompozitinés me-
dziagos naudojamos gaminant interjero ir eksterjero
komponentus, automobilio kébula, pavyzdziui, auto-
buso saugos konstrukcija vis dar gaminama i$ plieno.
Vidutiniskai saugos konstrukcija sudaro apie 20-25
procentus autobuso masés. Tradicinj pliening¢ kons-
trukcija baty galima pakeisti hibridine konstrukcija,
pagaminta i§ kompozitiniy medziagy.

Objektas ir problema

Darbo objektas yra kompozitiné konstrukcija ir
jos pritaikymo galimybés transporto inZzinerijos srity-
je siekiant panaudoti kompozitine struktiirg autobuso
rémo gamybai.

Dél hibridiniy konstrukcijy jvairovés, kainos ir sa-
vybiy rodikliy jos parinkimas pasidaro probleminis.

Tikslas ir uzdaviniai

Darbo tikslas — apzvelgti placiausiai pasaulyje nau-
dojamas hibridines konstrukcijas. Tikslui pasiekti is-
keliami tokie uzdaviniai:

1.Aprasyti kompozitines medziagas ir palyginti jas
su jprastomis konstrukcijomis;

2. Apzvelgti stiklo audinio kompozita;

3. I$nagrinéti anglies pluosto privalumus ir trakumus;

4. Pristatyti kompozitiniy konstrukecijy $iuolaiki-
nes gamybos technologijas.

Temos aktualumas ir metodai

Naudojant kompozitines medziagas, transporto
priemonés mase galima sumazinti apie 30 procenty
[1]. Taigi pritaikius hibriding¢ konstrukcija, dél suma-
Zéjusio transporto priemonés masés transporto prie-
monés nebiity perkrautos, uztikrintas didesnis kelei-
viy saugumas, taip pat sumazintos degaly sanaudos ir
padangy nusidévéjimas.

Visi uzdaviniai nagrinéjami analitiniu metodu.

1. Hibridiniy konstrukcijy privalumai

Konstrukcijoms, kuriose yra naudojamos kompo-
zitinés medziagos, budingos tokios savybés:

« jos yra atsparios korozijai, nes, skirtingai nei meta-
las, tiek anglies, tiek stiklo pluosto kompozitas yra
apsaugoti nuo oksidacijos;

o kompozitiniy medziagy, kurios naudojamos hibri-
dinéje konstrukcijoje, gamybos technologija leidzia
per trumpesnj laika pagaminti gaminius;

« konstrukcijos yra puikiy fiziniy ir mechaniniy cha-
rakteristiky, ergonomiskos;

+ naudojant hibridines konstrukcijas, vidutiniskai ga-
lima sutaupyti apie 30-40 procenty skirty lésy, nes
nereikia sunkiy pamaty, jos greitai montuojamos,
lengvai gabenamos;

« tokios konstrukcijos dazniausiai labai gerai atlaiko
skersines jégas;

« naudojant kompozitines medziagas galima suma-
zinti konstrukcijos mase apie 30 procenty [2];

« naudojant pultruzijos bidu pagamintus profilius,
galima sumazinti zaliavy kiekj, gamybos sanaudas
bei aplinkos tarsg [3].

2. Kompozitinés medziagos - kas tai?

Kompozitiné medziaga - tai vienalyté medziaga,
sudaryta i§ maziausiai dviejy visiskai skirtingy me-
dziagy, kurios jgauna tam tikry savybiy ir gali atlikti
tokias funkcijas, kuriy negaléty atlikti badamos ats-
kirai [4]. Inzinerine prasme kompozitinés medziagos
turi atitikti tokius reikalavimus:

o kompozitinés medziagos turi buti sudarytos i dvie-
ju aiskiai atskiriamy komponenty;

o sudeétis, forma ir jy kiekis turi bati i§ anksto supro-
jektuoti;

» medziaga turi turéti tokiy eksploataciniy savybiy,
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kuriy neturi né vienas atskirai paimtas kompoziti-
nés medziagos komponentas [4].

Kompozitams priskiriami laminatai, sluoksniuo-
tosios, armuotosios medziagos bei medziagos, kuriose
gausu jvairaus dydzio daleliy ir kt.

Kompozito struktiiroje skiriamos dvi pagrindi-
nés dalys (komponentai): matrica ir armuojamosios
medziagos (dar vadinamos uzpildais arba intarpais).
Matrica suteikia gaminiui forma, suri$a visus kom-
ponentus, uzpildo kitus komponentus bei perduoda
veikiancias apkrovas armuojamosioms medziagoms.
Dazniausia skiriami matricos tipai yra polimerinis,
metalo bei keramikos.

Praktika rodo, kad didziausig jtakg kompozito sa-
vybéms turi uzpildai, jy pasiskirstymas ir i§sidéstymas
matricoje. Armuojamosioms medziagomis arba uzpil-
dams priskiriami metalai ir jy lydiniai, keramika, sti-
klas, organinés medziagos bei kompozicinés sandaros
medziagy sialai. Dazniausiai armuojama stiklo ar an-
glies pluostu [4].

Ivairiy pluo$ty parinkimas kompozitinéms medzia-
goms armuoti pagristas tuo, kad skirtingy medziagy

pluostas suteikia kompozitui stiprumo ir standumo, be
to, pluosty lankstumas palengvina klojima, armujamoji
medziaga gali bati jvairiai formuojama. Pluostai dedami
i palyginti trapig cemento mase, kad medziaga tapty at-
sparesné smigiams, léCiau suirty formuojantis jtrikiams
bei norint padidinti tempiamajj ir lenkiamajj stiprius [4].

Knygoje ,Kompozicinés medziagos ir dirbiniai
energetiskai efektyviy pastaty gamybai“ pateikia sche-
mas (1 pav. ir 2 pav.) [4].

Efektyvis yra tie kompozitai, kuriy intarpai (uzpil-
dai) misras ir yra skirtingo skersmens ir ilgio. Tokia
medziaga naudojama kelio dangoms, oro uosty dan-
goms, krantinéms ir t. t.

3. Stiklo pluostas

Stiklo pluostas — daznai naudojama medZziaga avi-
acijos, automobiliy, laivy gamybos pramonéje, nes ji
tvirta, atspari korozijai ir lengva. I§ Sios medziagos
gaminamos net toksiniy chemikaly taros, taip pat vo-
nios, duso kabinos, vandentiekio vamzdZiai, meskeriy
kotai.

Mineraliniai intarpai Organiniai intarpai Siaudai
A Pjuvenos
Drozlés
Augalinés kilmés Spaliai
Polietilenas Linai
Polipropilenas Popierius
stiklo pluostas, Poliesteris
Fvirgidas, Puty Sintetiniai
jvairios skaldos, polistirenas
. Kapronas
keramzitas, -
. Nailonas
kiti Kiti
1 pav. Mineraliniai ir organiniai intarpai
Stiklo puosto ritiniai
Kreiptuvai
Dervos

vonia

Apsauginis
sluoksnis
Profilio

ormavimas

Stiklo pluosto audinys

Formos ruosimas

2 pav. Pultruzijos jrenginio pagrindinés dalys

Traukos mechanizmai

Pjautuvai
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Stiklo plastikas - tai kompozitas i$ stiklo pluosto ar
stiklo audinio ir termoreaktyviosios dervos [5]. Stiklo
pluostas yra medziaga i$ labai plony stiklo sialeliy. Ji
naudojama gaminant plastiko produktus. Stiklo plas-
tiko konstrukcija yra labai paklausi visame pasaulyje,
net ir $iandien ji sudaro daugiau kaip 60 % visy kons-
trukcijy [6]. Stiklo pluosto konstrukcijos, deja, negali
buti pigesnés nei cinkuoto ar juodojo metalo gaminiai,
nes jos turi daugybe pranasumuy: stiklo pluosto gami-
niams badingas didelis mechaninis atsparumas. Sios
konstrukcijos taip pat atsparios korozijai bei jvairioms
cheminéms medziagoms, nesukelia radijo trukdziy

Stiklo pluosto profilis - tai stiklo pluosto ir termo-
aktyviy dervy misinys. Siy dervy pagrindas - skystos
poliesterio, vinilo, epoksidinés ir fenolio dervos. Pasta-
rosios suteikia antikoroziniy ypatybiy, o dervy jvairo-
vé padaro medziagg atsparig korozijos poveikiui.

Délilgaamziskumo, saugumo bei kokybiskumo sti-
klo pluosto gaminiai placiai pritaikomi, jie naudojami
chemijos bei maisto pramonéje, nutekamyjy vandeny
jrenginiuose, tekstilés ir popieriaus pramonéje, tilty
bei tuneliy statyboje ir jvairios paskirties architektaros
statiniuose. Stiklo pluosto konstrukcijy profiliai nau-
dojami visur, kur yra i$kelti ypatingi reikalavimai [2].

Stiklo pluosto profilius verta pasirinkti, nes jie [2]:
« yra mechaniskai atsparus ir geri dialektrikai;

« turi gerg $iluming izoliacijg ir antimagnetiniy savy-
biy, nesukelia radijo trukdziy;

o atsparis kar$¢iui ir $aléiui ir UV;

o yraneslidas.

4. Anglies pluostas

Karbonas yra anglies pluostas, panasus i stiklo
pluosty, taciau tvirtesnis ir brangesnis. Anglies pluos-
tai yra ypac standds, atspariis tempimo jégoms, koro-
zijai, cheminiam poveikiui, jy lyginamasis svoris ma-
zas, taip pat nedidelis $iluminio plétimosi koeficientas.
Anglies pluostas gaminamas kaip ir stiklo pluostas.

I$ $io pluosto gaminamos lengvos, bet tvirtos de-
talés: motocikly rémai, ratlankiai, lenktyniniy bolidy

dalys, aptakai, modernizuojamy automobiliy sparnai,
kapotai, aptakai ir net ratlankiai [2].

Anglies pluostas taip pat sékmingai naudojamas ir
statybose. Dél puikiy fiziniy savybiy - ypatingo stiprio
tempiant ir mazo svorio - §i medziaga jau kurj laikg
pritaikoma ten, kur reikia sustiprinti esamas konstruk-
cijas ir nenorima ar negalima naudoti papildomy ma-
syviy plieniniy konstrukciniy elementy. Pavyzdziui,
kai reikia i$saugoti istorine ir architektaring verte tu-
rinc¢iy pastaty konstrukcijy pradine i$vaizda. Anglies
pluostas - tekstilé arba anglies pluosto ir epoksidinés
dervos laminatai su praktiskai nepastebimu statybi-
niais masteliais skerspjaviu - gali atlaikyti milziniSkas
apkrovy jégas ir minimaliai pakeisti konstrukcinio ele-
mento geometrinius parametrus. Be to, anglies pluos-
tas, palyginti su plienu, turi dar vieng pranasumg, — dél
panasiy tamprumo (Jungo) modulio reik§miy, kurios
gali siekti iki 200 GPa ir daugiau, jis pradeda veikti zy-
miai anksciau - vos atsiradus net visiSkai nedidelei ele-
mento deformacijai. Jau senokai mokslininkams ir sta-
tybiniy produkty i$ anglies pluosto gamintojams kilo
mintis, kad baty puiku sukurti $io pluosto jtempia-
mosios armatiros sistemg ir dar efektyviau iSnaudo-
ti ypatinga jy stiprj. Be visy ¢ia i$vardyty pranasumy
anglies pluostas turi ir vieng neabejoting trikumga - jis
yra labai jautrus skersinio kirpimo jégoms. Tai suke-
lia didziuliy sunkumy ieskant btudy, kaip galima bty
jtempti ir uzfiksuoti (,inkaruoti“) jau jtempta elemen-
ta. Dél Sios priezasties i technologija ilga laika buvo
daugiau akademiniy diskusijy objektas nei reali prak-
tika statybos aiksteléje [7].

5. Pultruzijos technologija

Pultruzija - viena i§ sparciausiai populiaréjanciy su-
détingesniy stiklo plastiko gaminiy gamybos technolo-
gijy. Zodis ,,pultruzija“ (angl. pultrusion) kildinamas i3
zodzio pull (liet. ,traukti®) ir Zodzio trusion bei zodzio
ekstrusion (liet. ,,i§spaudimas®). Ekstruzija — tai vienodo
profilio gaminiy (vamzdziy, pléveliy, strypy, juosty, sit-
ly) gavimas i$spaudimu (ekstruderiu arba ekstruziniu

3 pav. Formos profiliy gamybai
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4 pav. Stiklo pluosto gijos ir pusverpaliai

presu) per stampg. Nors pultruzijos ir ekstruzijos pro-
cesai turi tam tikry panasumy, pagrindiniai $iy procesy
skirtumai yra tie, jog ektruzijos metu suformuojamas
profiliuotis i$ iSlydytos medziagos, o pultruzijos metu
stiklo pluostas impregnuojamas derva ir, veikiamas tam
tikros traukos jégos, juda per stampa, kuris suformuoja
stiklo pluosto profiliuotj [8]. Pultruzijos jrenginys ir jos
sudedamosios dalys pavaizduotos 2-me paveiksle.

Pultruzija — nenutriikstamas procesas, kurio metu
stiklo pluosto sitily matrica impregnuojama termo-
aktyviomis dervomis, o dervoje impregnuotas stiklo
pluostas toliau tiekiamas j jkaitintg formg, kuri parink-
ta pagal formuojamo produkto geometrines ypatybes
(3 pav.).

IS esmés visi profiliai sustiprinti stiklo pluosto au-
diniu (4. pav.). Profilio centre iSdéstytas stiklo sitly
pluostas, kuris atlaiko isilgines jégas, nepalyginamai
didesnes uz skersines jégas. Tokia sandara leidzia at-
laikyti didesnes apkrovas [9, 10].

Kietinimas vyksta jkaitusioje krosnyje, taip sukie-
téja dervos. Suformuotas stiklo pluosto profiliuotis su-
pjaustomas reikiamu ilgiu. Stiklo pluosto profiliy pa-
vir$iai biina padengti papildomu pluosto audiniu, kad
buty garantuotas UV ir oro salygy atsparumas.

Isvados

1. Plieng pakeitus kompozitine medziaga, kons-
trukcijos svorj galima sumazinti 15-30 procentuy, islai-
kant tokias pacias geras stiprumo savybes.

2. Individualiai parenkant medziagas, ju tarpusa-
vio padétj, galima sukurti tam tikry savybiy turincius
kompozitus, kurie bity tinkami pasirinktai konstruk-
cijai.

3. Stiklo pluosto kompozitai stipris, lengvi, ilgaam-
Ziai palyginti su plienu ar aliuminiu.

4. Stiklo pluostas néra toks tvirtas kaip anglies
pluostas, taciau gerokai pigesnis;

5. Dél gamybos technologijos pultruzijos badu pa-
gaminti profiliai gerai atlaiko isilgines jégas, gaunama
kokybiska pavirsiaus struktira.
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Annotation. Hybrid construction is a construction
which consists of two or more different materials. In
the vehicle manufacturing industry, hybrid construc-
tions are constructions made of steel and carbon fiber
composites or of steel and glass fiber composites. In the
construction industry, hybrid structures are also wide-
ly used: steel columns and wooden beams, reinforced
concrete columns and steel beams, steel beams and be-
ams made of composite materials, concrete overlays,
where steel reinforcement is replaced with reinforce-
ment of composite material.
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Anotacija. Toninio daznio bégiy grandiniy elektriniy parametry tyrimas - svarbus uzdavinys, siekiant tinkamai ap-
skaiciuoti veikimo parametrus skirtinguose darbo rezimuose. Skirtingos schemos kombinacijos ir aukstesnis, nei jprastai,
signalinés srovés daznis reikalauja didesnio skaic¢iavimo tikslumo ir bégiy linijoje vykstanciy procesy suvokimo. Kadangi
nuo bégiy grandiniy veikimo tiesiogiai priklauso gelezinkelio eismo saugumas, o toninio daznio bégiy grandinés vis dazniau
diegiamos geleZinkeliy infrastruktaroje, svarbu apzvelgti ir suprasti kaip klasikiniai analizés metodai gali buti pritaikyti in-
dividualiems toninio daznio bégiy grandiniy struktaros atvejams analizuoti.

Reik$miniai ZodZiai: Bégiy grandinés, Toninio daznio bégiy grandinés, Besandurinés bégiy grandinés, Bégiy linija.

Ivadas

Gelezinkelio ruozy uzimtumo kontrolé - viena
svarbiausiy gelezinkelio automatikos eismo sauguma
uztikrinanc¢iy techniniy priemoniy funkcija. Butent
ruozy uzimtumo informacija yra esminé, kontroliuo-
jant gelezinkelio eismo valdymo jranga: ieSmy pava-
ras, $viesoforus, automatinés lokomotyvy signalizaci-
jos (ALS) sistema. Praktiskai realizuojant gelezinkelio
ruozy uzimtumo kontrolés technines priemones, po
truputj nutolstama nuo klasikiniy uzimtumo kontro-
lés sprendiniy. Ilgg laikg naudotos elektriniy bégiy
grandiniy schemos yra modifikuojamos, tolimesnéje
perspektyvoje vystomos idéjos visiskai atsisakyti bégiy
grandiniy schemy, uzimtumo kontrole patikint bali-
séms, traukiniy pozicionavimo sistemoms su nuolati-
niu centralizuotu duomeny perdavimo rysiu arba asiy
skaitikliy sistemos principu.

Zvelgiant i $iy dieny aktualijas, modernizuojant
Lietuvos gelezinkeliy tinklg, ruozy uzimtumo kontro-
lé vis dar numatyta bégiy grandiniy schemoms. Egzis-
tuoja taisyklés, kuriomis vadovaujantis gelezinkelio
kelio ruozai yra suskirstomi j atskiras, viena nuo ki-
tos elektriskai izoliuotas atkarpas. Kiekvienos i$ $iy at-
karpy kontrolei diegiama individuali bégiy grandinés
schema. Pastebétina, kad izoliacinés sandiiros kons-
trukcijai naudojamos medziagos yra riboto atsparumo
mechaniniam poveikiui. Veikiamos bégiais vaziuo-
janciy sastaty sukeliamos mechaninés vibracijos bei
gniuzdomos beégio, kurio ilgis keiciasi priklausomai
nuo aplinkos temperatiros, izoliaciniy sandary pra-
musimas islieka pagrindine bégiy grandiniy funkcio-
navimo sutrikimo priezastimi.

I 5 faktg buvo atsizvelgta pasirenkant bégiy gran-
diniy tipa Lietuvoje modernizuojamiems gelezinkelio
ruozams. Parinktas toksai bégiy grandiniy tipas, ku-
riam realizuoti nebuty reikalingos izoliacinés sanda-
ros. Tai TRC3 tipo toninio daznio bégiy grandinés.
Pastebétina, kad $io tipo bégiy grandiniy konstrukci-
joje besanduriniy bégiy grandiniy galimybé yra numa-
tyta tik tarpstocio ruozuose, gelezinkelio stociy bégiy
grandines vis dar suskirstant j atskirus izoliuotuosius
ruozus.

Mokslinés literatiiros apzvalga

Pasaulyje egzistuoja ir kitokios toninio daznio sis-
temos, skirtos gelezinkelio ruozy uzimtumui kontro-
liuoti, taciau jose signalas siunc¢iamas ne bégiais, o ki-
tomis techninémis priemonémis, arba nenaudojama
besandiriné bégiy grandiniy sistema (1, 2).

Analizuojant elektrinius procesus bégiy linijoje,
dominuoja klasikine bégiy linijos struktiirg aprasantys
analizés modeliai (3, 4, 5, 6, 7). Cia visada aiskiai api-
bréztas bégiy linijos ilgis, o riedmenimis Suntuojamas
bégiy linija siunc¢iamas signalas parametrus keicia tik
$untuojamos linijos ribose, nesudarydamas jokio po-
veikio gretimame ruoze, uz izoliacinés sandaros esan-
cios bégiy linijos elektriniams parametrams.

Yra literattros, kurioje galima rasti besandariniy
bégiy linijy elektriniy parametry skai¢iavimo ketur-
poliy koeficienty israiskas (8, 9), taciau nepakankamai
argumentuojama $iy iraiSky gavimo budas ir kiek
tiksliai jomis skai¢iuojami parametrai atitinka realiose
bégiy linijose vykstancius procesus.

Tiriant bégiy grandiniy parametrus visada tinka
klasikiniai bégiy grandiniy analizés ir sintezés meto-
dai. Cia Bégiy grandinés aparatiira jvertinama elektro-
technikos principais, o analizei jdomiausia bégiy gran-
dinés dalis - bégiy linija, analizuojama kaip elektriniy
junginiy darinys, atitinkantis elektrinius parametrus
bégiuose, priklausancius nuo tiriamojo rezimo: nor-
malusis rezimas, kontrolés rezimas ir Sunto rezimas.
Butent bégiy linijos tyrimas yra aktualiausias, siekiant
apskaiciuoti bégiy grandinés parametrus taip, kad ji
tinkamai funkcionuoty visais reikiamais. Taciau to-
ninio daznio bégiy grandiniy struktiira ne visada ati-
tinka klasikine struktiira. Biina atvejy, kai nesakotoji
bégiy grandiné turi du relinius galus, arba bégiy linijos
galuose néra izoliuotyjy sandiry. Be to ir toninis daz-
nis yra gerokai aukstesnis uz klasikinése bégiy gran-
dinése naudojama 50 Hz arba 25 Hz signalinés srovés
daznj. Dél to signalas grei¢iau slopsta ir parametry
skaic¢iavimas reikalauja didesnio tikslumo, norint su-
derinti bégiy grandiniy darbo rezimus. Darbe apzvel-
giami tarpstocio besanduriniy bégiy grandiniy, stoties
$akotyjy bégiy grandiniy tyrimo problematika ir ypa-
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tumai, pasitlomas fizinio toninio daznio bégiy linijos
modelio sudarymo idéja, leisianti imituoti bégiy linijos
parametrus ir bégiy grandinés veikimg jvairiuose dar-
bo rezimuose.

Besandiriniy bégiy grandiniy bégiy linijos
tyrimas

Besandtrinése bégiy grandinése pasireiskia Sun-
tuojamojo ruozo pailgéjimo efektas, prie bégiy gran-
dinés pradzios artéjant traukiniui, bégiais tekantis si-
gnalas jau yra veikiamas riedmeny Sunto ir todél ruozo
uzimtumas fiksuojamas traukiniui fiziSkai dar nepriar-
téjus prie bégiy grandinés pradzios. Sio efekto keliami
nesklandumai yra i$spresti, blokuojamojo ruozo $vie-
soforus montuojant numatytu atstumu (40 m) nuo bé-
giy grandinés pradzios. Bégiy grandiniy diegimo metu
pastebéta, kad projektiniai bégiy linijos elektriniy pa-
rametry reguliavimo duomenys daznai neduoda tiks-
laus Suntuojamojo ruozo ilgio rezultato. Siekiant sure-
guliuoti Suntuojamojo ruozo ilgj taip, kad jis nevirsyty
numatytojo (40 m), paleidimo-derinimo metu daznai
nepasiteisina projektiniai sprendiniai ir tiksliy bégiy
linijos parametry tenka ieskoti eksperimentiskai. Tai
sulétina jrengimo darby ir projekto i$pildomosios do-
kumentacijos parengimo eiga.

Jei klasikinis bégiy grandinés parametry skaiciavi-
mo budas vertindavo bégiy linijos parametrus tik ilgy-
je nuo bégiy grandinés maitinimo galo iki relinio galo,
besandarinés bégiy linijos atveju, tiriant bégiy linija,
tenka jvertinti dar ir tg apkrova, kurig sudaro bégiy li-
nijos dalis, esanti uz tiriamos bégiy grandinés riby.
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1 pav. Sanddriniy ir besanduriniy bégiy grandiniy struktara (S -
maitinimo galas, R - relinis galas)
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Uz tiriamosios bégiy grandinés esancios bégiy lini-
jos dalies apkrova sudaro bégiy linijos ir prie jos pri-
jungtos gretimy bégiy grandiniy aparatiiros sudaroma
apkrova.

Tiriant bégiy linijos sudaroma apkrova, vertinami
du varziniai parametrai: bégiy linijos varza ir izoliaci-
jos tarp bégiy varza. Jei laikome, kad visame tarpstoty-
je naudojamas

vienodas bégiy tipas R65, tai bégiy linijos varza ir
izoliacijos tarp bégiy varza priklauso nuo bégiy lini-
jos ilgio [, siun¢iamo signalo daznio fir izoliacijos tarp
bégiy varzos ri. Prie bégiy prijungtos maitinimo galo

ir relinio galo aparatiros sudaroma apkrovos Zam ir
Zar gali buti apskaiciuotos klasikiniais elektrotech-
nikos metodais, jvertinant gelezinkelio automatikos
jrenginiy Zinynuose pateiktus duomenis, todél $io ty-
rimo kontekste laikysime, kad yra Zinomi dydziai.

Jei tyrimui pasirenkama n-toji bégiy grandiné, tai
i$ maitinimo galo pusés esancios n-1-sios bégliy gran-
dinés ir prie jos prijungto relinio galo aparataros ap-
krovos Zar sudaroma varza Zbm-1, naudojantis pa-
siskirs¢iusiyjy parametry linijoje tyrimo metodus,
nustatoma naudojantis (1) formule:

_Z, cosh(/, , -y)+Z, sinh(/, -y)’ (1)

bm-1 —

Z

Za, sinh(/, , -y)+cosh(/,_, -v)

Zb

kur y - bégiy linijos sklidimo koeficientas, Z, - bégiy
linijos banginé varza, [, - priesais tirilamgjg n-t3jg bé-
giy linijg esancios bégiy linijos ilgis.

Tarpstociuose skaic¢ius n priklauso nuo to, ko-
kiu atstumu nuo stoties yra tiriamoji tarpstocio bé-
giy grandiné, skai¢iuojant bégiy grandiniy skaic¢iumi.
Maksimalus Lietuvoje naudojamy tarpstociy, kuriose
jdiegtos toninio daznio bégiy grandinés, ilgis nevirsija
20 km ir bégiy grandiniy skaicius jose yra iki 80. Sie-
kiant istirti koksai bégy grandiniy skaicius turéty bati
jvertintas siekiant nustatyti uz bégiy grandinés esan-
Cios bégiy linijos sudaroma apkrova, tiriama kaip su-
daroma apkrova priklausys nuo jvertinamy BL ilgiy ir
ruozy skaiciaus. Tyrime jvertinta bégiy izoliacijos var-
Za R = 0,5Q km, signalinés srovés daznis 780 Hz.

2 pav. Tolimesniy [n] bégiy grandiniy sudaromos apkrovos
priklausomybé nuo grandiniy ilgio [10 m]

I§ tyrimo nustatyta, kad bégiy grandinéms, kuriy
linijos ilgis didesnis uz 200 m, didinant jvertinamy bé-
giy grandiniy skaiciy, jy sudaromos apkrovos reiks-
mé nusistovi. Todél tiriant aparatiiros bei bégiy linijos
sudaromg apkrova, tikslinga jvertinti ne daugiau, nei
n-6-tgja bégiy grandine.

Normaliojo rezimo tyrimas. Pagrindinis norma-
liojo rezimo tyrimo tikslas yra nustatyti BG maitini-
mo jtampg maitinimo gale, kuriai esant patikimai
suveikty reliniame gale esantis kelio imtuvas. I§ Ziny-
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nuose pateikty techniniy charakteristiky galima jver-
tinti imtuvo patikimo suveikimo salygas, klasikiniais
elektrotechnikos metodais galima jvertinti pajung-
tos maitinimo galo schemos elementy ar relinio galo
schemose sujungty elementy jtaka schemos veikimui.
Pagrindinis tyrimo objektas — bégiy linijoje vykstan-
tys procesai ir jy jtaka elektriniams parametrams. Nuo
klasikiy bégiy grandiniy analizavimo metody TDBG
analizé skiriasi tuo, kad kartu vertinama uz tiriamosios
bégiy grandinés galy esanciy bégiy grandiniy jtaka —
t.y. sudaroma apkrova.

me An Bn

L A — J
I 4||m ] A\ A"

Um Ur

3 pav. Besandurinés BG tyrimas normaliajame reZime

Sudarytg bégiy linijos tyrimo uzduotj galima spres-
ti vertinamas bégiy linijy apkrovas jvertinant keturpo-
liais ir tada trijy kaskada sujungty keturpoliy bendro
keturpolio koeficientus galima i$reiksti naudojant ma-
tricy sandauga (4):

I 0
1

cosh(,-y) ~ Z,sinh(/, -v)
Zisinh(ln-y) cosh(/, -y)

b

A, B

nr nr

¢, D,

= X X - (2)

I 0
1

bm br

Tada, jvertinus patikimo suveikimo jtampg relinia-
me linijos gale, bei jvertine relinio galo aparatiiros su-
daromag apkrova, maitinimo galo jtampg ir srove gali-
ma nustatyti naudojantis keturpolio lygtimis.

Tokiu budu nustacius patikimo suveikimo jtam-
pa U, ir srove I, bégiy linijos maitinimo gale, galima
apskaiciuoti generatoriaus parametrus, kuriems esant
schema bus aprapinta $iais parametrais. Reikia nepa-
mirsti, kad tas pats generatorius yra naudojamas dar ir
n-1-gjai bégiy grandinei maitinti. Jei daryti prielaida,
kad I, = I, ,, tada maitinimo galo trosu tekanti srové
bus lygi 27 .

Sunto rezimo tyrimas. Sunto rezimo tyrimo tikslas
nustatyti kaip keiciasi bégiy linijos parametrai bégiy li-
nijg Suntuojant pravaziuojanciais riedmenimis. Jverti-
nus normaliojo rezimo metu nustatyta bégiy grandinés
maitinimo jtampa, yra nustatoma kaip keiciasi jtampa
bégiy grandinés reliniame gale U,s, priklausomai nuo
linijg Suntuojanéiy riedmeny vietos. Sunto rezimo ty-
rimas vykdomas nepalankiausiomis salygomis: verti-
namas tik vienos raty poros sudaromas $untas, kurio
varzos R_norminé reik§mé yra lygi 0,06 Q. Taciau be-
sandirinés bégiy grandinés Sunto rezimo tyrimui ten-
ka jvertinti papildomus faktorius:

1. Reikia jvertinti kitoje tiriamosios bégiy grandinés
puséje esancios bégiy linijos sudaromg apkrova,

2. Reikia jvertinti j tiriamajg bégiy grandine dar ne-
atvaziavusiy, taciau jau artéjanciy riedmeny Sunto
jtaka relinio galo jtampai.

Nesuntuojamoje puséje esancios bégiy linijos su-

daroma apkrova turi buti vertinama analogiskai, kaip
ir normaliojo rezimo atveju. Tada, Sunto vietai judant
nuo tiriamosios bégiy grandinés vieno galo iki kito,
tinka klasikinis bégiy grandinés Sunto rezimo tyrimo
budas, papildytas neSuntuojamosios bégiy grandinés
sudaromos apkrovos jvertinimu.

Zbr

4 pav. Besandurinés BG tyrimas $unto rezime

Sunto rezimo tyrimui keturpolio koeficientai gau-
nami tokiu badu:

1 0
As By _|1
=1 X
CS DS me
— 2 —
1+ Zyl,-x) Z,l,—x)x +Z,1 1 0
R R
% s s «| 1 (3)
1 Z,x —— 1
_ 1+4h1 br
Ry Ry

¢ia Z,, - tai bégiy linijos varza, priklausanti nuo signa-
linés srovés daznio, x — tai Suntavimo vieta.

Tada, remiantis keturpolio lygtimis, galima nusta-
tyti jtampg ir srove reliniame bégiy grandinés gale:

B
UrS = Um 1 - Im > >
A _Bsics Dy A = B C
Dy
I =1mi+U,S&. (4)
Dy Dy

Bégiy grandiniy tyrimg aprasanciuose literattiros
$altiniuose nepavyko rasti kaip jvertinti Sunto jtaka,
kai linijg $untuojantys riedmenys artéja prie tiriamo-
sios begiy grandinés, taciau ar néra jos privaZiaves.
Akivaizdu, kad n-1-tgja bégiy grandine link tiriamo-
sios artéjantis $untas sudaro papildoma apkrova mai-
tinimo aparaturai.

A,__C, A, B,

B
C D . C. D,|—e
J “Im L v Irs
U rs

5 5
5 pav. Besandurinés BG tyrimas gretimos grandinés $untavimo
atveju

Toninio daznio bégiy grandinése esantis generato-
rius yra ribotos galios — 20VA. Butent dél to, kas prie
generatoriaus artéjantis $untas sudaro generatoriui ap-
krovg, didesne uz jo nominalg ir sumazéja generato-
riaus signalo jtampa. Bitent $is jtampos sumazéjimas
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ir lemia relinio galo jtampos sumazéjimg, dél kurio
ruozo uzimtumas fiksuojamas bégiy Sunto vietai dar
net nepasiekus tiriamosios bégiy grandinés.

Matematinio modeliavimo budu galima nustatyti
kaip keiciasi generatoriaus sudaroma maitinimo jtam-
pos U reik§me ir jtampos reliniame gale U _reikSmé,
$untavimo vietai artéjant link tiriamosios bégiy gran-
dinés.
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6 pav. Bedandurinés bégiy linijos tyrimo Sunto rezimu rezultatas

Gautame grafike matoma, kad artéjant $untavimo
vietai, likus 40 m atstumui iki n-tosios bégiy grandi-
nés, jtampa reliniame gale yra sumazéja.

Sakotosios BG linijos parametry tyrimo
modelis

Sakotosios BL parametry skai¢iavimui siilome su-
formuoti keturpoliy struktara, kur kiekvienas ketur-
polis imituos bégiy linijos atkarpa, esancig tarp BL
arba atSakos galo ir ieSmo arba tarp dviejy ieSmy. Su-
détingiausia naudojama Sakotosios BG struktara yra
trijy atSaky. Tokiai BL matematiskai aprasyti reikia
tirti penkiy keturpoliy junginj:

I, I, I
B A: By A, B,
SEET
C; D; C, D,
As Bs
5
Cs Ds

7 pav. Sakotosios BL keturpoliy junginys

Tarkime, kad n - tai keturpolio numeris. Tada kie-
kvieno keturpolio jéjimo arba pradzios jéjimo srové ir
jtampa I, ir U,,, o i8¢jimo arba galo - I, ir U,. BG
atveju U, ir I,, - tai jtampa ir srové, kurig bégiy linijai

turi tiekti BG maitinimo galo aparatiira. Papildoma sg-
lyga — keturpoliu 3 yra pazyméta at$aka, kurios relinis
galas labiausiai nutoles nuo maitinimo galo, toliau nei
keturpoliais 4 ir 5 Zzymimy atsaky reliniai galai:

Per keturpoliy koeficientus, apkrovos varza Z, ir
tolimiausio relinio galo suveikimo jtampg Uy, i$veda-
me BL maitinimo jtampa U, ir srové I, reik§mes:

U,=AU, +Bl,.1,=CU, +Dl,,
Iy=1,+1,1,=U,(C+DiZ,),
— A +BZ,
Uy=—"=""2U,=4U,+B,1,,,
gl
2 =CU,+D) 0, =1, +1 (5)
A,+B,Z,
i =U(C,+D,Z)U,, =——4
U,
Uy =AU s+ Byl 5,1, =CU s+ D1 3,
7,=Ys
g3 .
ZA

Keturpoliy koeficientai normaliajame rezime ap-
skai¢iuojami kaip ir klasikinéje rysio linijoje:

4, =cosh(y-1,), B, = Z, sinh(y-1,),

_sinh(y-1,) (6)

C, ,D,= A,

b

Sklidimo koeficientui y ir banginei varzai Z, skai-
¢iuotéje jvertinama per visg BL ilgj pasiskirsciusi ly-
ginamoji BL izoliacijos varza r, ir savitoji BL varza Z,
kuri yra kompleksiné ir jos modulis bei argumentas
priklauso nuo signalinés srovés daznio. Z reik§mé gau-
nama i$ lentelés, kuri eksperimentiniu badu sudaryta
kiekvienam bégio tipui.

Bégiy linijos fizinio modelio idéja

Toninio dazniy bégiy grandinés reikalauja detales-
nio signalo sklidimo bégiy linija fizikiniy reiskiniy su-
vokimo, auksto skaic¢iavimy tikslumo, bégiy grandiniy
projektavimo metu, ir individualios analizés atskirais
bégiy grandinés struktiros atvejais. Todél nuspresta
sukurti laboratorinj stendg, skirtas padéti iliustruoti
TDBG bégiy linijoje vykstancius signalo slopimo reis-
kinius, realizuoti bégiy grandiniy darbo rezimus.

Bégiy linija laboratoriniame stende realizuotina
elektrinius parametrus atitinkanciais elementais. I$
projektavimo normy, paremty eksperimentiniais re-
zultatais, matyti, kad kilometras bégiy sudaro kom-
pleksing apkrova, turincig induktyving dedamaja.
Stende numatoma, kad izoliacijos varza tarp vieno ki-
lometro ilgio bégiy yra 1 Q-km. Tokig izoliacijos varza
galima interpretuoti kaip lygiagreciai sujungtas trum-
pesniy ruozy izoliacijos varzas. Tada 100 m bégiy ati-
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tiks 11 Q varza.

6

0 0,5 1 1,5 2
8 pav. Bendrosios BL izoliacijos varzos [Q2] priklausomybé nuo
BL ilgio [km]

Viska apibendrinus galima sudaryti imitacinj bégiy
linijos elektriniy parametry modelj.

Modelis sudarytas i$§ 8 segmenty, atitinkanciy 100m
ilgio BL parametrus; bendrai 800 m. Imitacinis modelis
leidzia uzfiksuoti jtampos atskiruose bégiy linijos tas-
kuose kitimo grafikus ir palyginti skirtingo daznio si-
gnalinés srovés slopimg bégiy linijoje. I§ apskai¢iuoty
oscilogramy galima matyti, kad 420 Hz signalo jtampa
nuslopo iki 35 mV, o 780 Hz signalo jtampa - iki 20
mV, nors linijos pradzioje signalo amplitudé buvo vie-
noda. Tai labai vaizdziai demonstruoja signalo slopini-
mo priklausomybe nuo daznio, arba tai, kad aukstes-
niojo daznio signalai bégiy linijoje slopsta labiau.

—PRL:V(11)
—PR2:V(1)
—PR3:V(2)
—PR4:V(4)
—PR5:V([5)
—PRAV(E)
—PR7:V(7)
—PRE: V(B)

Time (s)

9 pav. 420 Hz signalo jtampy oscilogramos, uzfiksuotos bégiy
linijoje kas 100 m

Tokios bégiy linijos elektriniy parametry fiziniam
modeliavimui tikty bégiy linijos modelio moduliné
struktira, sudaryta i§ bégiy linijos segmenty, atitin-
kanciy 100 metry bégiy linijos elektrinius parame-
trus. Tokio modelio realizavimas - atskira uzduotis.
Tokj parametry modelj galima panaudoti tiek stoties
kelio BG, tiek tarpstoc¢io BG aparatiiros jungimo va-
riantui.

1 [ — ] 1 - I

h. 220pH |_I/_H22ﬁuH L&_\Z’(E_%Eﬁ

L 220uH

R
110

R R
10 110

—

10 pav. Bégiy linijos fizinio elektriniy parametry modelio schema,
toninio daznio atvejui

Tokia struktiira atitinka klasikinj bégiy linijos ana-
lizés aprasy ir, skirtingai jungiant toninio daznio bégiy
grandiniy aparatiirg, gali buti pritaikyta skirtingo tipo
bégiy grandiniy imitavimui ir elektriniy bégiy linijos
parametry eksperimentiniam tyrimui.

Isvados

Teorinés elektrotechnikos metodais galima jvertin-
ti kiekvienos schemos elementy jtaka ir nustatyti koka
jtampa bégiy linijos gale atitinka kelio imtuvo jautru-
mo riba. Pateiktais biidais ir priemonémis galima tiks-
liau jvertinti gretimy bégiy linijy apkrovos sudaromg
jtaka relinio galo jtampai U _ir nustatyti kokiu désniu
§i jtampa kis prie tiriamosios bégiy grandinés artéjant
$untui. Tokiu badu galima nustatyti ne generatoriaus
jtampa ne tik uztikrinant normaliojo, $unto ir kontro-
lés rezimy veikima, bet ir apskaiciuoti tokig generato-
riaus siun¢iamo signalo reik$me, kuriai esant tiriamoji
besandiriné bégiy grandiné uzimtumga fiksuoti pradés
$untui priartéjus tiksliai numatyto ilgio atstumu. Rea-
lizavus pateikta fizinj bégiy linijos parametry tyrimo
modelj laboratoriniame stende, galima bus realizuoti
ir tirti skirtingos strukttros toninio daznio bégiy gran-
diniy struktdros variantus mokymo arba moksliniy-
inZineriniy tyrimy tikslais.
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Investigation of Audio Frequency Circuit
Track Line

Dr. Vytautas Gargasas
Vilnius College of Technologies and Design

Annotation. Audio frequency track circuits be-
come more popular at the railway infrastructure. To
determine the parameters of the track circuits it is ne-
cessary to investigate and evaluate the electrical pro-
cesses in a track line at different operating modes. In
this type of track circuits, the signal slips faster than in
traditional track circuits, higher requirements for engi-
neering calculations. The article presents methods for
determination the parameters of the different types of
track circuits. A special case of the audio frequency
track circuit structure is frequency separated circuits,
without isolated junctions. The paper presents the idea
of the influence of non-junction track circuits on the
load of the next track equipment’s load. Suggestions
for normal and shunt modes investigation are presen-
ted. In the course of the study, a method is provided
for assessing the train’s forward shunt zone. The next
section presents a method for the analysis of the para-
meters of the branched audio frequency track circuit.
Finally, the idea of creating a physical track line mo-
del is presented. There is simulation result that shows
how the phase amplitude of the signal current changes,
depending on the signal measurement location in the
track line. The physical model is intended for the trai-
ning process and is suitable for checking the results of
the analysis in laboratory conditions.

Keywords: Track Circuit, Audio Frequency Track
circuit, Non-junction track circuits, Track line.
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RADIO COMMUNICATION OF WIRELESS MODULES ZIGBEE

Valentin Popov
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Annotation. This paper, based on the results of experimental studies of the influence of forest vegetation on the trans-
mission of digital signals in a radio channel for ZigBee technology, testifies that there is a zone (with a radius of about 50 m),
within which the influence of forest on the loss of packet information does not occur, it suggests: 1 ) an empirical calculation
model for the linear attenuation coefficient and its numerical value for the frequency 2.4 GHz is estimated to o, , = 0.5215
dB / m, which is practically close to the value o, , = 0.5 dB / m. as per Recommendations ITU-R P.833.6., 2) an empirical
expression determining the dependence of the working attenuation of a radio signal in forest vegetation as a function of the
operating frequency and the distance between the transmitting and receiving stations.

Key words: wireless modules in sensor networks, forest vegetation, attenuation coeflicient, working attenuation.

Introduction

As is known (1), ZigBee is a specification based on
IEEE 802.15.4 for a set of high-level communication
protocols being used for creating personal networks of
small low-power digital radio stations with low-capac-
ity low-bandwidth requirements designed for small
projects that require a wireless connection, i.e. ZigBee
is a wireless network with low power, low data rate and
close proximity. It should be noted that the technology
defined by the ZigBee specification should be simpler
and cheaper than other wireless personal networks
(WPAN), such as Bluetooth or more general wireless
networks such as Wi-Fi.

In recent years, ZigBee technologies are being
widely used in the construction of wireless sensor net-
works, and these technologies are usually used where
it is impossible to operate wired sensors. Since in most
cases ZigBee networks operate in real terrain condi-
tions, while manufacturers of these networks indicate
the range of the transceivers for free space, experimen-
tal studies and the construction of empirical formulas
on their basis are necessary to assess the impact of for-
est vegetation on the transmission rate of digital sig-
nals and on the range of stable radio communication.

1. ZigBee hardware and its characteristics (1)

For the experiments used 2 XBee modules (Fig. 1a)
from Digi (MaxStream) (Specifications of ZigBee XBee
modules are given in Table 1), while the complete set
of equipment and corresponding setup kits are shown
in Fig. 1b.

As the transmitter and receiver antennas in Xbee
modules, vertical nonsymmetrical vibrators were
used, i.e. the polarization of electromagnetic waves in
experiments was vertical and at the receiving point,
the multimode electromagnetic field represented a
superposition of EMW reflected from the forest litter
and scattered on the trunks, twigs and leaf. Digital in-

formation packets transmission was used and the per-
centage of packets on the receiving side was estimated
(Figure 1).

2. Description of the experiment

The experiment on the through propagation of
radio waves was carried out in the mixed forest area

Fig. 1. Appearance of the Xbee (a) and set of equipment for the
experiment (b)
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Fig. 2. Mixed forest in the place of the experiment and clearing in the place of the experiment

Table 1. Specifications of ZigBee XBee and XBee-Pro modules

XBee Options
Range of action in the room, m 30
Effective range in free space, m 100
Maximum output power, mW 1
Data transmission rate over the air, kbit / s 250
Data transfer rate on the interface, kbps / s 1.2..115.2
Sensitivity, dBm -92
Supply voltage, V 2,8..34
Current consumption in transmission mode, mA 45
Current consumption in receive mode, mA 50
Current consumption in energy saving mode, uA 10
Operating frequency, GHz 2.4
Number of channels 16
Number of addresses in the network 65000
Dimensions, mm 24,4*27,6
Operating temperature range, C -40 ...+85

(Fig. 2) at the level of tree trunks within the territory of
M. Gorky Park in the city of Kharkov.

In Fig. 2 shows a map of the forest massive, where
points of different diameters correspond to trees hav-
ing different diameters, and the dashed line shows the
trajectory of the Xbee mobile transceiver module.

The experiment was carried out under identical
conditions twice, with a time interval between experi-
ments of 15 minutes.

3. Results of experiments

Fig. 4 and 5 represent the dependencies of the re-
ceived packets percentage, while Figs. 6 and 7 show the
dependence of working attenuation of radio signals as
a function of the distance between the Xbee modules
under impact of forest vegetation on propagation of
radio signals for the first and second experiments.

4. Analysis of the results

4.1. Dependencies of the number of received pac-
kets on the distance upon impact by forest vegetation
on the propagation of a radio signal

As follows from the graphs of Figures 2 and 3, the
following features are observed in the number of re-
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Fig. 3. Forest map where the experiment was conducted (the
dashed line shows the path of the mobile unit's movement)

ceived packets depending on distance upon impact of
forest vegetation:

- up to a distance of 66 m in the first case, and up to
a distance of 54 m in the second, the influence of vege-
tation on the batch mode of transmission is practically
not observed (100%), which for WiFi systems means
that an undistorted transmission of digital signals is
possible in woodlands at distances less than 50 m,

- at distances exceeding 50 m, digital information
packets sustain losses of fluctuating character, which
is due to two reasons - signal attenuation and EMW
scattering on forest vegetation, leading to interference
of electromagnetic waves at the receiving antenna (at
certain points — where the percentage of losses pack-
ets is very low (addition of EMF vectors), and at other
points, the percentage of packet loss increases dramat-
ically (the antiphase of the scattered EMF vectors).

4.2. Dependence of the attenuation of the radio si-
gnal on the distance between the modules under the
influence of forest vegetation.

As shown by experiments, the average value of
the coefficient of linear attenuation in a light forest
at 2.4 GHz was: a_, = 0.5215 dB/m, which practically
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Fig. 4. A graph of the received packets percentage depending on distance under influence by forest
vegetation upon propagation of a radio signal for the first experiment
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Fig. 5. The plot of the received packets percentage depending on distance under influence by forest
vegetation upon propagation of a radio signal for the second experiment
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corresponds to a value of a =05 dB/m. , given for
the frequency of 2.4 GHz in Recommendations ITU-R
P.833.6 (2).

4.3. The empirical dependence of the coefficient of
linear attenuation of the radio signal on the operating
frequency under the influence of forest vegetation can
be written in the form (3):

\B
_ol L], 1
o, c(foj (1)

where f is the operating frequency, f, = 1 MHz is the
normalizing frequency, ¢ = 1.35 - 10* (dB / m) and
B = 0.8 - constants obtained empirically.

Consider the numerical example

0,8
o, = 1,35-104[24100j =0.5215 dB/m.

4.4. The empirical dependence of the radio signal
attenuation on the operating frequency and distance
under the influence of forest vegetation can be written
in the form [2]:

where f is the operating frequency, f, = 1 GHz is the
normalizing frequency, a = 13.1 (dB) and b = 0.3 and
¢ = 1 - constants determined empirically.

A numerical example:

f 0,6 rFl
L, (fory) =L,y +131-| | | 2| =
S R

0 o

0,6
= 55+13,1~(2i4] [llzj =60 db,

which corresponds to the points on the graph in Fig.7

4.5. At a weak signal level (close to the sensitivi-
ty - (-92) dB), the trees with leaf cover, i.e. levels of the
canopy, can exert a strong influence on the number of
errors. Even a simple displacement of the second mo-
dule by 2-3 centimeters resulted in an increase in the
number of lost packets from 20% to 90% (Fig. 4).

Conclusions

The influence of forest vegetation (light forests) on the
transmission speed of digital signals is expressed in the
fact that there is a zone in which forest vegetation practi-
cally does not cause errors in the transmission of packet
information in WiFi networks, while in this zone the con-
dition of stable radio communication is fulfilled (power
levels at 15- 20 dB exceed the sensitivity of the receiving
equipment). Outside this zone, forest vegetation causes
not only the appearance of the effect of packet loss, but
also a decrease in the speed of their transmission and, ul-
timately, the loss of stable radio communication. There-
fore, when using WiFi networks in forest conditions, the
radius of stable radio communication at a frequency of
about 2.4 GHz should not exceed r, < 50 m.
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Annotation. This paper analyzes information on standards and norms for electromagnetic radiation in wireless com-
munication systems, including cellular mobile communication networks. It is shown that in the CENELEC, ANSI / IEEE,
FCC standards, the accepted levels of safe EMR for the population in the 900-1900 MHz range are from 400 to 1000 pW/cm?,
which is much higher than the levels of a safe electromagnetic background - 10 pW/cm?. In this regard, from the viewpoint
of environmental safety, it is concluded that it is necessary to revise the standards and reduce the values of safe levels to the

values close to electromagnetic background levels.
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Introduction

Electromagnetic radiation in the human environ-
ment is created by both natural and artificial sources.

Natural sources include:

- electromagnetic radiation of the sun, which creat-
es a power flux density of 1400 W/m? in a wide range
of radio frequencies over the Earth’s atmosphere, and
no more than 100 W/m? on the surface of the earth;

- electrostatic (up to several V/m) and magnetic
field (up to 40 A/m) radiated by terrestrial sources;

- electromagnetic radiation caused by natural phe-
nomena on earth, for example, by lightning dischar-
ges, turbulent currents in the ionosphere, etc.

Throughout the entire existence of mankind on
Earth the natural emitters create an electromagnetic
background (less than 1 uW/cm?), to which mankind
has long adapted itself. Over the past 100 years the-
re has been an increase in the level of electromagnetic
background, due to the rapid development of artificial
sources of electromagnetic radiation, while they can be
divided into two large groups:

- radio systems: radio and television stations, ra-
dars, radio navigation systems, radio relay commu-
nication lines, mobile communication systems, tech-
nological installations in industry, physiotherapeutic
installations, etc.;

- devices that are not intended to radiate electroma-
gnetic energy into space, but wherein electric currents
flow, which are sources of parasitic electromagnetic
fields: transformer substations, high-voltage power li-
nes, electric stoves, electric heaters, refrigerators, TV
sets, microwave ovens, etc.

Electromagnetic fields of different wavelength rang-
es are biologically active and can affect living organ-
isms, humans including, in different ways. The human
body consciously responds only to electromagnetic
waves of the optical range (eyes, f ~ 10'* Hz), while
for other wave bands people do not have sensitive or-
gans (perhaps during evolution, sensitivity was lost).
However, as practice and studies show, the following

organs are most sensitive to electromagnetic radiation:
eyes, central nervous system, cardiovascular, hormon-
al and reproductive systems. Despite numerous stud-
ies on the effects of electromagnetic fields upon human
health, so far there is only scattered information about
the effect of the respective ranges of electromagnetic
waves with the appropriate power fluxes and exposure
time (1-17). Therefore, to ensure safety in all countries
of the world, standards of norms for safe exposure of
electromagnetic radiation have been developed and
adopted. The following parameters were selected as
the basis for the parameters by which the impact of the
electromagnetic field on the human body is evaluated
(1-17):

- PD - power density, P (mW/cm?);

- SAR - specific absorption rate (degree of specific
absorption): SAR (mW/g, W/kg);

- MPE - maximum permissible exposure, usually
expressed in units of PD (mW/cm?);

- exposure time t (min).

It should be noted that SAR and PD values are rela-
ted by the following simple relationship:

EH)

SAR = =
p-1-dS p-l

_ddw _df dw il
dtdm dt\d(p-V)

where m is the tissue mass, W is the energy of the elec-
tromagnetic field, p is the tissue density, V is the tis-
sue volume, I is the tissue length, S is the tissue sec-
tion. If we accept that p =1 g/cm’, I=1cm, $ = 1 cm?,
P =1 mW/cm?, then [S4R]= lﬂ.

The use of PD and SAR as sgtandard parameters is
somewhat different: SAR values are more suitable for
estimating the levels of exposure of electromagnetic
field, which cause tissue heating processes, while PD
allows evaluating both the effects of weak and strong
electromagnetic fields.

It should be noted that usually safety standards are
divided into two groups:

- safety standards for personnel working with
installations emitting electromagnetic fields (Radio-
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frequency Protection Guidelines for Controlled and
Uncontrolled Environments),

- safety standards for the population (Limits for
General Population / Uncontrolled Environment).

Therefore, below we will analyze the standard
norms adopted in European countries, in Latvia, in
the USA, in Japan and in Russia, for the two indicated
groups.

Safety standards for personnel

Safety standards of being in the zone of electro-
magnetic radiation for personnel, developed by va-
rious institutes and committees of the countries in the
world:

1) CENELEC (Committee European de Normali-
zation Electro-technique) ES 59005, October 1998. (4)

The largest SAR in the frequency range from 30
MHz to 6 GHz:

- for tissues of arms, legs, average SAR value for
time T < 6 min. must not exceed the values: SAR < 20
mW/g (for tissue m = 10 g);

- for other tissues (not limbs), the average SAR val-
ue for T < 6 min. must not exceed SAR < 10 mW/g (for
tissue m = 10 g);

- for the whole body of working personnel in the
radiation zone at T < 6 min., average should be SAR <
0.4 mW/g.

2) Similar SAR values are introduced in the Latvian
standard LVS ENV 50166.2: 1995. (7)

Elektromagnétiska lauka iedarbiba uz cilvéku. Aug-
stas frekvences (10 kHz lidz 300 GHz):

- Admissible PD rate in the range of 400-2000
MHz: P < f/ 400 (MHz) = 900/400 = 2.25 mW/cm?
with an exposure time of T < 6 min.

3) ANSI / IEEE C95.1 - 1992 (ANSI - American
National Standards Institute) / (Institute of Electrical
and Electronics Engineers) (5):

- in the frequency range 300 — 3000 MHz, the value
of PD is determined by the approximate formula - P
< f(MHz) / 300 (MHz), with an exposure time of T <
6 min, that is, for example, for the frequency f = 900
MHz, P < 3 mW/cm?, this is the allowable PD level
for personnel of monitoring equipment and radiation
levels;

- for a similar case, only with uncontrolled radia-
tion, the value of PD will be: P < £/ 1500 = 900/1500 =
0.6 mW/cm? with T < 6 min.

4) FCC (Federal Communication Commission)
1996 (6):

- MPE for the case of controlled radio equipment in
the frequency range 300 — 1500 MHz, the value of PD
is determined by the approximate formula:

P < £/ 300, for example, P =900 / 300 = 3 mW/cm?
with T < 6 min.

So, the allowable values of electromagnetic expo-
sure of the entire body of personnel in the frequency
range used by mobile communication should not ex-

ceed when the exposure time T < 6 min.:

-by PD: P < (0.6 - 3) mW/cm?%

- SAR: SAR < 0.4 mW/g.

It should be noted that in Russia [8] for the person-
nel working in the zone of electromagnetic radiation
during the time t < 20 min, the value of PD according
to the standard should not exceed P < 1 mW/cm?.

Electromagnetic Exposure Safety Standards
for the Public

The safety standards for the population are usually
about 5 (and preferably 10 times) less than the permis-
sible standards accepted for service personnel. Permis-
sible safety standards of electromagnetic radiation for
the population adopted in various standards:

1) CENELEC ES 59005, 1998:

- for tissues of feet, hands, etc. The average SAR
value for a time T < 6 min should not exceed the value:
SAR <4 mW/g (atm = 10 g);

- for other tissues (muscles, etc.), the average SAR
value during T < 6 min should not exceed the values:
SAR <2 mW/g (atm = 10 g);

- for the whole human body at T < 6 min, the aver-
age value of SAR < 0.08 mW/g, i.e. 5 times less (0.4
mW/g) / 5 than for staft.

2) Standard of Latvia LVS ENC 50166.2: 1995 for
the frequency range 400-2000 MHz, the PD value for
an exposure time T < 6 min is defined as P = f / 200
(MHz) (W/m?),

those. at f = 900 MHz: P < 4.5 W/m? = 0.45 mW/
cm? = 450 pW/cm?;

with f = 1800 MHz: P <9 W/m? = 0.9 mW/cm? =
900 uW/cm?;

with f = 1900 MHz: P < 9.5 W/m? = 0.95 mW/cm?
=950 pW/cm?.

3) ANSI/IEEE C95.1-1992:

- in the frequency range 300-3000 MHz, the value of
PD at the exposure time t < 30 min P < f/ 1500(MHz)
=900/1500 = 0.6 mW/cm>

4) FCC 1996:

MPE for the population with uncontrolled radio
equipment:

MPE = P = f/ 1500 (MHz) = 900/1500 = 0.6 mW/
cm? with T < 30 min.

5) Standard of Russia [8]:

With continuous radiation and the constant pres-
ence of the population in the electromagnetic field in
the frequency range 300 MHz - 3000 GHz: the value of
PD should not exceed P < 10 pW/cm?>.

Thus, for the public, a safe level of electromagnetic
radiation in the frequency range used in cellular mobi-
le communication systems (900-1800 MHz) is:

-by SAR < 0.08 mW/g < 80 uW/g,

- by PD P <400 - 1000 puW/cm? (Europe, USA).

- by PD P < 10 pW/cm? (Russia);

It should be noted that the values of PD from 400
to 1000 uW/cm? are large enough for the population to
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remain permanently in the zone of electromagnetic ra-
diation. They should be reduced by two orders of mag-
nitude from 4 to 10 pW/cm?.

Levels of electromagnetic radiation of mobile
phones

Table 1 shows the SAR values (at the ear / near the
body) experimentally found for mobile phones manu-
factured by leading companies.

As follows from a comparative analysis, and the per-
missible SAR values that were discussed above, the safe
SAR level should be equal to SAR = 80 uW/g. SAR val-
ues for mobile phones are in the range from 170 to 1700
uW/g, which indicates that the safe background effect of
the electromagnetic field is exceeded from 3 to 20 times.

The maximum SAR value < 1.7 mW/g for mobile
phones exceeds the allowable standards defined by the
standards:

ANSI / IEEE: 900/1500 = 0.6 mW/cm?,

1900/1500 = 1.26 mW/cm?,

CENELEC: SAR < 0.4 mW/g.

Therefore, the use of mobile phones by cellular mo-
bile subscribers at cell borders (that is, at a significant
distance of mobile stations, MS, from base tower station,
BTS, (for the GSM standard at distances of 10-30 km
from BTS)) when the transmitter of the mobile station
is operating at maximum power it is advisable to have a
short talk time mode not exceeding 1-2 minutes.

Conclusions

Using the above, we will conduct a final analysis of
the possible effects of electromagnetic radiation from
mobile phones on the human body:

Table 1. Information obtained from https://www.bfs.de/

SAR value | SAR value
Manufacturer/model (at the ear) | (near the
mW/g | body) mW/g
Apple - iPhone SE 0,72 0,97
Apple - iPhone 8 1,32 1,36
Apple - iPhone X 0,92 0,95
Samsung - Galaxy Note8 DUOS 0,17 1,29
Samsung - Galaxy J1 0,99 1,17
Samsung - Samsung Galaxy S9+ 0,294 1,35
Xiaomi - Redmi 4X LTE Dual SIM 0,39 1,41
Xijaomi - Xiaomi Mi A1l 1,75 0,76
Sony Mobile - Xperia X Compact 1,08 1,25
Sony Mobile - Xperia XZ Premium 1,21 1,16
Nokia 7 Plus 0,361 1,776
LG V30 0,48 1,23
Isiltltzwei - Huawei P20 Pro Dual 073 122
OnePlus - OnePlus 6 1,33 1,38

At intensities less than 10 mW/cm?, the temperatu-
re of the tissues of the human body practically should
not increase. Apparently, the interaction of the elec-
tromagnetic field and tissue structure should occur at
the cellular and membrane levels.

When the intensity of electromagnetic radiation is
greater than 10 mW/cm? in the frequency range from
100 to 3000 MHz, the following should be observed:

- an increase in local temperature, especially in the
area of the eye and brain tissue;

- increase of the skin temperature;

- complex interaction of the electromagnetic field
with neurons of the brain, changing the biorhythms,
conditions of transmission and storage of informati-
on, causing the appearance of the “radio sound” effect,
in certain conditions initiating the formation of brain
tumors;

- irreversible changes in the eye lens (the appearan-
ce of cataracts), changes in the processes occurring in
the fundus of the eye;

- changes in the processes occurring in the body at
the membrane level, which can cause disturbances in
metabolic processes;

- a change in blood viscosity, a general change in
the hydrodynamics of blood in blood vessels and the
associated thrombus formation processes;

- a change in the sexual function of the body (hor-
monal functions of the sex glands) and the associated
appearance of impotence, a change in the processes of
childbirth and pathology in the health of the new ge-
neration;

- the appearance of benign and malignant tumors
in tissues located in areas of high electromagnetic ra-
diation.

As an example, the temperature increases in the tis-
sues of a living organism when irradiated with an elec-
tromagnetic field. An increase in temperature during
the irradiation of living organisms with different valu-
es of the density of electromagnetic energy flows was
confirmed experimentally. (12) Calculation of tempe-
rature increase, for example, blood in blood vessels ac-
cording to the formula (2):

2
APC =P -dl120n 6, -5, |= O BT (2)
¢ b

showed that for mobile phones having transmit-
ter output power equal to 10 W at frequencies high-
er than 100 MHz with blood parameters: €, = 160,
G, = 12s/m, p,= 1,01-10° kg/m’ c, = 4-10° J/kg-C,
[ =10 cm, S, = 250-107 m* (for large arteries with a
diameter of d = 10 mm) at a distance from the an-
tenna r = 5 cm (the intensity of the electromagnetic
field is P = 31,6 mW/cm?) the increase in the blood
temperature “in vivo” in the large blood artery will
be At = 4,63°C, which is close to the values obtained
experimentally (i.e. the temperature of the blood of
a large artery may increase to a value equal to 36,2°
+ 4,63°= 40,83°C). The dependence of blood tem-
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perature “in vivo” on the exposure time and power
flux density is shown in Fig. 1, from which it follows:
1) to the values of P = 10 mW/cm?, the thermal effects
are weakly expressed; 2) when exceeding the value of
P = 10 mW/cm? (the value of which in accordance with
international standards (17) is the maximum permis-
sible when the exposure time does not exceed 6 min-
utes), the influence of the exposure time becomes de-
cisive and under reaching P = 100 mW/cm? mortally
dangerous to humans.
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Abstract. The paper presents elaboration Matlab Simulink model of six-phase motor controlled by six-phase frequen-
cy converter and analyzes its dynamic performance. The motor model is designed in synchronously rotating reference fra-
me. Two new Simulink blocks for direct and inverse transform of reference frame required for modelling six-phase motors
and not included in Simulink library are elaborated for six-phase motor control. Model of adjustable six-phase drive inclu-
des models of power electronic devices, allowing to consider behaviour of drive in real control conditions. The torque, speed
and currents transients of six-phase drive controlled by frequency converter and operating in both at no-load and loading
modes are presented and analysed. The reliability of six-phase motor is shown by examining motor operation at phase fault.
The transients at fault of three phases are presented and discussed.

Key words: six-phase motor, converter, model, transients, phase fault.

Introduction

Rapid development of power electronics was chal-
lenge to design multiphase converters leading to real
interest in application of multiphase motors. At that
time the performance of five-phase motor, supplied
by frequency converter was described in [1]. In 1990’s
perfection and upgrading of electronic devices raised
new wave of interest in multiphase motors. Mostly they
were used in high power applications. The multiphase
motors divide the controlled power on more converter
legs and reduce the current of power electronic swit-
ches as well as on the larger number of electric mo-
tor phase windings. Development of multiphase mo-
tors lead to solve the main problem of minimization
and miniaturization of actuators and electric drives.
The multiphase induction motors have advantages
over three phase motors, investigated in [2,3]: lower
torque pulsations at high frequency, higher power per
rms ampere ratio for the same machine volume, redu-
ced torque ripples in converter fed drives. Beside five
phase motors, the six, seven and more phases having
motors were designed and investigated. The detailed
overview state-of-the art of multiphase electric drives
area is presented in the articles [2-10].

Steady-state or dynamic characteristics of six-pha-
se motor drive can be analyzed by solving of the motor
state-frequency converter blocks for three phase mo-
tor control but it does not include similar blocks for
multi-phase motor control. The paper presents elabo-
ration of special Simulink blocks to transform the re-
ference frame of six-phase motor and considers desi-
gned model of six-phase PWM converter based on two
three-phase converters and synchronized by PWM ge-
nerators.

Space equations describing dynamic performance.
They can be expressed in matrix form and be solved
by elaborated computer program. Otherwise the Si-
mulink model, made from typical Simulink blocks can
be used and simulation results can be analyzed. Both

methods are used to consider dynamics of the multip-
hase drives. The first method is used [4, 11-17]. Ap-
plications of these transforms depend on problem to
be solved.

Due to motor state-space equations containing va-
riable coeflicients and non-linearity of the controlled
system, application of numerical methods to solve the-
se equations becomes complicated. Simulation models
are more convenient and more universal [13-15]. Si-
mulation models, elaborated in Simulink® can be ap-
plied for real time control systems.

Elaboration of controlled six-phase electric drive
demands to model the control system and the mo-
tor. Nevertheless, researches in modelling of six phase
electric drives do not consider models of power elec-
tronic devices assuming supply of the motor by sine
wave sources.

Simulink® toolbox “SimPowerSystems” has typical

1. Mathematical model of six-phase motor

Dynamics of multiphase electric drive is described
by nonlinear differential equations with time varying
coefficients. Mathematical description of three pha-
se motor in a stationary three phase reference frame
as — bs - ¢s due to varying mutual inductances becau-
se rotation is seldom used for modelling and analysis.
Time varying inductances can be eliminated. G. Kron
[12] proposed to transform both stator and rotor va-
riables to a synchronously rotating reference frame
which moves with magnetic field. This transform will
be used in this paper. The stationary reference frame,
assuming rotor variables transformed to fictitious sta-
tor windings also is widely used in analysis of electrical
machines.

An equivalent circuit of symmetrical six-phase ma-
chine, shown in Fig. 1, with an arbitrary displacement
between two winding sets together with mathematical
model of machine is given in [16]. Equivalent circuit
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Fig. 1. The dynamic equivalent circuits of six-phase motor: a) stator circuit, b) rotor circuit

assumes presence of two similar three phase windings
sets in the stator with their leakage inductance L; and
mutual leakage inductance between two stator win-
ding sets L;,. Stator of equivalent circuit has two di-
rect current supply voltages v, and v, in arbitrary
reference frame with d and g axis. Rotor is supplied by
voltages v, and v,, which are assumed equal to zero
for cage type rotor. The other notations as r; denotes
stator resistor, r is rotor resistance referred to stator,
L,, is magnetizing inductance and L,,, is mutual leakage
inductance between two stator linkage, v, and y; are
rotor q and d axis flux linkages accordingly.

The mathematical model of the motor in synchro-
nously rotating reference frame is expressed as voltage
drops v, and v, as well as v,;, and v, across two sets
of stator windings and single common rotor winding
voltages v, and v/, referred to a stator as this [10]:
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Notations used in (1) and (2): Y, Y, are stator g
axis flux linkage, W, Y., are stator d axis flux linka-
ge, Ly is stator leakage inductance, L; is rotor leakage
inductance, i, and i, are stator g axis current compo-
nents, iz and i, are stator d axis current components,
i, and i, are rotor current components in g and d axis
accordingly.

The electromagnetic torque, delivered by motor is
calculated as:

L
A L ARSI 1

“Ir
where P is number of poles.

The movement of electric drive is described by equ-
ation:

do 1. ..
d,r :T(,-*E—JL), (4)

»

where , is motor rotational velocity, J, is rotor inertia,
T, is electromagnetic torque and 7; is load torque.

Analysis of multiphase motor dynamics applies all
general assumption for electrical machines. Three pha-
se machine transformation from the stationary three
phase reference frame as - bs - ¢s to two-phase statio-
nary reference frame d' - g° and synchronously rota-
ting reference frame d - g is described in [12], where
the stator voltage v, axis is aligned with v, axis. The
transformations are made in this way. If stationary
d’ - q° axes of three phase machine are oriented at an-
gle 6, the voltages v’ and vsqs can be represented in
matrix form as:

Vst ) cos& cos(0—1207) cos(@+1207) || v,,
Vi |==|sin@  sin(@—1207)  sin(@+1207) || v, | (5)
v 0.5 0.5 0.5

<

where V' is zero component. In balanced machine
V= 0.

Usually 0 is assumed equal to zero.

Inverse transform of (5) can be made in this way:

as gsl»?
1, 3,
Vis _5"}qs| 5 Vs> (6)
5 Jg 5
Voo = _E‘I}Qw] + 2 Vaa

The synchronously rotating d - g axes rotate with
synchronous speed ®, with respect to d° - g* axes and
form the angle 0, = ®,t. The voltages on d° - g° axes are
transformed into d - g axes by this way:

v

1 = Vo €080, =V, sind, ;

(7)

4 . 5
Vs = quz sin@, +v,,cos0,.

According to reference frame transform theory we
propose set of three phase voltages v,, v, and v,, shif-
ted by 120° apart, starting with phase voltage v, lag-
ging the voltage v,, by 60°, transform to stationary re-
ference frame in this way:
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Equation (8) can be written like this:
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Then the inverse transform becomes:
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According to equation (9), sinusoidal variables in
xs — ys — zs reference frame appear as sinusoidal quan-
tities in rectangular reference frame vsqsz and v’ 4.

Voltages v, and V', can be transformed to synch-
ro-nously rotating reference frame like this:

5 5 : .
Vg2 = Vg COS 0,-v,sin0,;

i)
gs2

(11)

Viyy = \’;ﬂ sinB, +v), cos0,.

Thus, we have two transforms for two three phase
voltage sets v, — Vi, — V. and v,, — v, - v.. The voltages
are shifted by 120 electrical degrees in each set. These
sets are transformed to stationary rectangular referen-
ce frame with equations (5) and (8). The variables from
rectangular stationary reference frame are transfor-
med to synchronously rotating reference frame using
(7) and (11). Simulink model of six phase motor elabo-
rated on the (1), (2), (3) and (4) is given in the article
[15] and shown in Fig. 2.

The motor parameters are measured experimental-
ly performing locked rotor and no load tests. Leaka-
ge mutual inductance L, was defined experimentally
also. Motor parameters are presented in Table 1.

Table 1.Six phase motor parameters

Parameter 7, r L, L, L, L,
Value 68.8 2.0 4.02 0.45 036 | 0.09
Units Q Q H H H H

Inertia of modelled motor is 0.027 kg-m*and num-
ber of poles is 8.

Outputs of Simulink model are: delivered torque,
speed and direct current iqsl’ iqsz, i1, and 3 > \|/'qr in

d - q reference frame. They can be transformed to sta-
tionary reference frame d° - ¢° and then to three phase
reference frames according to equations similar to (6)
and (10), where voltages should be replaced by cur-
rents.

2. Model of six-phase induction motor with
frequency converter

Simulink library does not include six phase con-
verter models and corresponding switching blocks to
elaborate pulses for converter, producing output vol-
tages, shifted by 60 electrical degrees, therefore we sol-
ved this problem in the way as shown in Fig. 3.

The model consists of two conventional three-pha-
se Simulink blocks named “Three phase converter 1”
and “Three phase converter 2” controlled by blocks
"PWM generator 17 and “PWM generator 2” opera-
ting in synchronized mode. The first converter elabo-
rates voltages by 0, —120, —240 electrical degrees with
respect to v, reference axis. The reference signal from
block “Sine wave 2” is tuned to control PWM gene-
rator 2 and “Converter 2” to produce the other set of
voltages v,,, V,,, V,, shifted by — 120 electrical degrees
apart with phase voltage v,, lagging the voltage v,, by
60°. Thus the three phase “Converter 2” is controlled
by switching block “PWM generator 2” and results in
shift of voltages by -60, —-180 and -300 electrical de-
grees. This control method of two three phase conver-
ters allows getting six phase voltage system with each
phase voltage shifted by 60 electrical degrees.

Thus the output of each converter produces three
phase system of voltages. The first one is transformed
to stationary two-phase system by block, based on (5)
and the second one - on (9). Following two blocks
fulfill transform from stationary reference frame to
synchronously rotating frame according to (7) and
(10). Output of these blocks is direct current voltage
which is transferred to motor model.

Simulation results of electromagnetic torque, de-
veloped by six-phase motor at starting at no-load and
motor speed are presented in Fig. 4. The first peak of
torque is 67 Nm. Eight pole motor supplied by volta-
ge of frequency 314 rad/s reaches synchronous speed
78 rad/s at no-load.

Applied load of 10 Nm at 0.2 s reduces motor speed
up to 67 rad/s, i.e., by 15 %.

Comparison of results, presented in figures 4 and 5
are summarized in Fig. 6.

The torque, delivered by motor and its speed at
starting without load and after 0.2 s application load of
10 Nm, as well as load torque is shown in Fig. 5.

In both cases motor starts at no load. After time 0.2
s motor is loaded by 10 Nm load causing reduction in
speed up to 67 rad/s and increasing torque, produced
by motor up to applied load torque.

Settling time is fast and torque and speed transients
take 0.2 s.
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Fig.3. Simulink model of frequency controlled six-phase drive

The model gives possibility to calculate all six cur-
rents of motor. Figure 7 shows all currents of six-phase
motor. The peak of starting current for this motor is
limited by great stator resistance and it exceeds stea-
dy-state current by 25 %, which is equal to 24 A. Load
torque increases current by 12.5 %.

The elaborated model of adjustable speed of six-
phase motor allows consideration of motor dynamic
characteristics at change of applied frequency keeping
voltage and frequency ratio constant. Figure 8 presents
starting characteristics of six-phase motor at reduced
two and three times voltage and frequency ratio.

In these operation modes the maximum torque va-
lue reduces two or three times respectively.

Keeping frequency and voltage ratio two and three
times smaller, the no-load speed reduces twice or three
times accordingly.

3. Operation of the motor with phase fault

Multiphase induction motors are distinguished by
its reliability. They can operate with phase fault and
can rotate after some phases have been interrupted up
to three phases have being left to produce revolving
magnetic field.

Figure 9 indicates motor speed transients of six-
phase motor without fault and with fault of v,,, v,, and
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as, bs and cs is provided by voltage. Motor with phase
fault reaches the same synchronous speed with some
inertia which is result of smaller torque, produced by
the motor.
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Figure 10 presents the change in motor speed after
three phase fault. The motor remains rotating but at
fault its speed reduces more significantly.

Toque of the motor operating with fault in xs, ys
and zs phases at no load is shown in Fig. 11. Maximum
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Torque at three-phase fault
Load torque
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Fig. 12. Toque of the motor at fault in xs, ys and zs phases at 10 Nm
load

value of torque developed by the motor with three
phase fault is two times smaller.

Figure 12 presents speed of the motor operating in
normal conditions with 10 Nm load and at fault in xs,
ys and zs phases.

Conclusions

Elaborated model of six-phase converter for six
phase motor based on two three phase converters with
synchronized PWM generators allows examining of
frequency controlled multiphase electric drives. Blocks
for transform of reference frame are proposed. Model-
ling proves, that six-phase motor is able to start and
continues rotating after three phase fault. The synch-
ronous speed remains constant for both cases. Torque,
developed by motor, reduces twice. Current values at
three phase fault remain the same.

On the base of this work different modes of vector
control and intelligent control systems currently are
used in elaboration different vector control and intelli-
gent control modes of multiphase electric drives.

Influence of three phase fault indicates, that motor
can start and operate while three phases are provided
with voltage. This show its good applicability in elec-
tric and hybrid transport.
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REGULIUOJAMO GREICIO PAVAROS SU
SESIAFAZIU VARIKLIU MODELIAVIMAS

Roma Rinkevic¢iené!, Broné Mitkiené!

"Vilniaus tecnologijy ir dizaino kolegija

Anotacija. - Straipsnis nagrinéja $esiafazio vari-
klio, valdomo $eSiafaziu daznio keitikliu ir analizuo-
ja pavaros pereinamuosius vyksmus. Variklio modelis
yra sudarytas sinchroniskai besisukancioje koordina-
&iy sistemoje. Sesiafazio variklio valdymui sudaryti du
nauji Simulink blokai, skirti tiesioginei ir atvirkstinei
koordinaciy sistemos transformacijai, kuriy néra Si-
mulink bibliotekoje. Reguliuojamo greic¢io $eSiafazés
pavaros modelyje panaudoti galios elektronikos jtaisai,
leidziantys nagrinéti pavaros veikimg esant realioms
valdymo salygoms. Pateikti ir iSnagrinéti Sesiafazés pa-
varos, valdomos daznio keitikliu, veikiancios tuscio-
sios veikos ir apkrovos rezimais, momento, greicio ir
srovés pereinamieji vyksmai. I$analizuotas $esiafazio
variklio veikimo patikimumas, esant fazés gedimui.
Pateikti ir iSanalizuoti pereinamieji vyksmai, sugedus
variklio trims fazéms.

Reik$miniai Zodziai: SeSiafazis variklis, daznio kei-
tiklis, modelis, pereinamieji vyksmai, fazés gedimas.
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Abstract. The proper use of seat belts is an effective means of preventing serious injury or death in a motor vehicle crash.
However, injuries caused by the seat belt itself may result in serious injury to the user.

This article examines how to minimize the risk of serious and fatal injuries in older adults, resulting from seat belts in
crash involvement, with the aim of improving the design, ergonomic and anthropometric adjustments, and comfort of seat

belts.

The research methodology is descriptive and correlates recent automotive studies, seat belt laws, road accident statistics,
crash tests, medical reports, ergonomic and anthropometric data, and elderly health evaluations.

This study concludes that the seat belt design in most marketed vehicles with three attachment points, are not the most
adequate to the anthropometry, physical fragility and weakness, comfort, and safety of elderly users. From this research, we
propose improvement aspects to consider in seat belt design to minimize this problem.

Key-words: Seat belt design; Senior drivers; Occupant protection; Crash involvement; Safety; Ergonomic

Introduction

The Association for Safe International Road Travel
(ASIRT) classifies road traffic as the ninth leading cau-
se of death worldwide, accounting for 2.2% of all cau-
ses of death. The “annual global road traffic statistics”
[1] indicate that at least 1.3 million people are killed
in traffic accidents annually, with an average of 3,877
deaths per day. In addition, between 20 and 50 million
people suffer permanent injuries or lasting harm every
year from car related injuries. Injuries caused by road
accidents are estimated to become the fifth leading
cause of death worldwide by 2030.

Currently, cars represent the primary means of
transportation for many seniors in numerous coun-
tries [2, 3, 4], with the number of drivers aged 65 and
over expected to be more than double over the next
30 years [5]. It is expected that older drivers will keep
their driving licence and the ability to drive safely for
longer [6-7]. The OECD/ITF (8) report adds that se-
niors have been increasing the duration and frequency
of car trips, and this increase is even greater for those
aged over 75. The same report also shows that drivers
aged 65 or older have higher death rates than drivers
between 25 and 64 years of age, suggesting that seniors
are at greater risk of fatal accidents. Consequently,
increases in the number of injury-related fatalities in
road accidents are expected in the most advanced age
groups [1, 5].

Police and medicine reports, and motor insurance
statistics suggest that older drivers are more suscepti-
ble to involvement in multiple-vehicle accidents and
more serious injuries, as well as being held responsible
for the accidents in which they are involved [5, 9-10].

Seniors, due to their greater physical frailty, are
more likely to suffer serious or fatal injuries (about 2

to 5 times more) than young adults in a collision, and
they recover more slowly from injury due to greater
physical weakness [11].

In several countries, since the introduction of man-
datory seat belt legislation in the late 1970s, the reduc-
tion of serious and fatal injuries has become effective
at around 25% [12]. It is widely demonstrated that the
use of seat belts contributes to reducing the number of
fatalities in road accidents (12-15). Although the bene-
fits of seatbelt use are clear, it should not be disregar-
ded that these are associated with user injury patterns.
Thus, users of seat belts, when involved in road acci-
dents, should be specifically evaluated by specialized
doctors in identifying such injuries [16].

Recent investigations by the Ohio State’s Wexner
Medical Center [17] indicate that current car seatbelts
are not designed to protect older people who are fragi-
le or thought to have the current anthropometric stan-
dards of the population. Body injuries are common
throughout the areas covered by the safety belt, par-
ticularly in the thoracic and abdomen, where ribs and
spinal vertebrae fractures and crushing soft tissues, ar-
teries, and vital organs can result.

Road safety issues in older adults are a current con-
cern of the automotive industry, which is interested in
identifying what contributes to the use or non-use of
seatbelts by people aged 65 years and over [1, 5].

This research intends to understand issues related
to the use of seat belts by senior users, namely: the fac-
tors that influence the decision making of a seat belt;
the physical and comfort conditions experienced; the
ergonomic characteristics and design of the safety
belts; the effectiveness of legislation on seat belts; the
levels and techniques of safe use; and other factors that
may contribute to the reduction of the level of perso-
nal injuries in cases of impact/collision of vehicles.
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We conducted a broad review of the literature rela-
ted to the issues of physical changes of the human body
in aging and injury patterns caused by the three-point
automobile safety belt, to identify potential improve-
ments in automotive safety belts design to mitigate the
risk of serious and fatal injury to senior drivers.

1. Fragility, weakness, and body morphology
of the senior

The fragility and weakness of the human body incre-
ases with aging due to numerous morphological mutati-
ons and organism composition changes, each of a com-
plex and diverse nature. Fragility is characterized by the
lower capacity for resistance to disease or injury. The
biomechanics of frailty involve studies on age and the
reduction of bone density, such as declines in bone mass
or changes in bone morphology and geometry (which
makes them more prone to fractures). In automobile
accidents, due to the magnitude of the impact force, it
is likely that greater fragility will induce higher levels of
body damage. Therefore, in an accident with more im-
pact energy, a more fragile individual will experience a
higher level of bodily injury [14, 18-19].

Weakness, in turn, refers to the ability to recover
from disease or injury, and an aged body takes lon-
ger to recover from injury [11, 20-21]. The physical
components of fragility and weakness include muscu-
lar atrophy (sarcopenia), loss of muscle mass, physical
inactivity, and decreased motor function. For exam-
ple, the tolerance and recovery of spinal tissues decre-
ase during aging due to increased weakness [22-23].

Body fragility and weakness were identified as the
major factors contributing to the increased risk of de-
ath in older people in road traffic accidents [3, 24-26].

Aging is associated with innumerable bodily muta-
tions that directly and/or indirectly influence human
fragility and weakness. We identified the most signi-
ficant mutations that influence the level of damage or
injury caused by seat belt retention as: slow and pro-
gressive reduction of muscle mass and function, which
in stages of increased degeneration result in sarcope-
nia — muscle atrophy and loss of strength [22, 27-28];
degeneration of the elastic fibres and collagen support
of the dermis and weakening of the epidermis in ge-
neral [29]; the replacement of some body tissues by
fat mass [30]; the increase of the abdominal perime-
ter, i.e., larger diameter in the waist and hip circumfe-
rences [31-33], with many individuals even presenting
obesity (due to variations in societal anthropometric
standards in recent years, with special emphasis on ur-
ban regions of developed countries) [13, 34-36]; the ri-
gidity of the bony and muscular elements of the thorax
[29]; the reduction of bone calcification [29]; loss of
elasticity and resistance of cartilages and joints (which
causes a greater propensity for bone fractures) [29];
the narrowing of the bronchial channels and greater

Fig. 1. (left) Comparison of the ribs of a young adult person with
a senior, respectively. (right) Declines in bone mass with aging.
Image source: NHTSA (accessible in: https://www.toyota.com/
csrc/projects/index.htmi).

difficulty in muscle ventilation [29]; and the reduction
of the contractile force of the heart and the bioelectric
centres that regulate its rhythm [29].

Figure 1 compares, in a side view, the chest (ribs,
costal cartilages, and costal muscles) of a young adult
with a senior [5]. The senior chest shows: wide spacing
of the twelve ribs (on each side of the thorax), compo-
sed of flat and curved bones that extend from the dor-
sal vertebral column to the external; loss of bone mass,
with morphological alterations suggesting atrophy,
volume reduction, and bone density; loss of muscle
mass from the thoracic walls to the abdomen decre-
ased; clavicle and sternum bones; and higher thoracic
cavity volume and depth of the lateral chest, as pointed
out by several studies [5, 12, 29, 37].

The vertebrae that form the vertebral column (cervi-
cal, dorsal, and lumbar) project in the central region of
the dorsum, following a vertical line [29]. In aging, loss of
bone density, changes in the properties and relative pro-
portions of connective tissue elements of the interverte-
bral discs', when associated with the loss of capacity of
the intervertebral discs for water absorption, result in the
reduction of shock absorption capacity in the spine [29].

In a senior, the geometric and degenerative changes
in the vertebral structures (which are forced to support
disc load and postural changes) associated with a gre-
ater proportion of the compressive, traction, and shear
loads that act on the spine [38-39], influence the re-
duction of the height of the vertebral column and are
the origin of the deformation of the abdomen region
and the reduction of physical height in general, contri-
buting for the adoption of the forward flexed posture,
as represented in Figure 2.

2. Standard seat belt legislation and design
(with three attached points)

A seatbelt directs the occupant forces into the struc-
ture of the vehicle through seat belt assembly anchor-

! Intervertebral discs: fibrocartilaginous structures existing between dif-
ferent vertebrae and that serve as a bumper at the points of union be-
tween vertebrae [29].
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Fig. 2. Variation of the spine with age: (left) 55-year-old individual.
(centre) 65-year-old man. (right) 75-year-old individual. Source
image: http://bioquimicaenvelhecimento.blogspot.pt/2010/11/.

age points and this aspect is regulated separately in the
US by standard FMVSS 210 (and to some extent FM-
VSS 207 on seating systems) and in the EU by UNECE
Regulation No 14. In summary, the seat belt anchorage
point prescriptions (FMVSS 210/207 and R14) for pas-
senger cars (EU: M1 vehicles) between the EU and US
are not identical, varying specifically in terms of the
ramp-up time and duration of the maximum test force
application [40-41]. It should be pointed out that car-
rying out a compliance test on a test bench poses cer-
tain limitations that will cause the strength test not to
be completely representative of a real-world crash. reg-
ulatory standards in the US and EU covering car safety
in general differ to such great extent that it would not
be possible to make a meaningful comparison on sin-
gle subject-to-subject basis (40-41). However, Euro-
pean Commission, in 2016, concluded on equivalence
of certain automotive safety standards, on the basis of
their real-world performance [40-41].

In Portugal, Decree-Law n° 190/2006, of Septem-
ber 25 (published in the Diario da Republica, 1st series,
number 185/2006, of September 25) regulates the ap-
proval of safety belts and systems approved by Decree-
Law n° 225/2001 of 11 August and transposes Directi-
ve 2005/40/EC of the European Parliament and of the
Council of 7 September 2005 into the internal legal or-
der [42]. The preamble to this law emphasizes that “the
studies carried out show that the use of safety belts and
restraint systems can contribute to a drastic reduction
in the number of victims and the severity of injuries in
the event of an accident, its installation in all categories
of vehicles is an important step towards increasing road
safety and preventing loss of life, providing a substantial
benefit to society”.

Safety belts and restraint systems are accessible me-
chanisms designed to reduce the risk of injury to the
user in the event of a collision or sudden deceleration
of the vehicle, limiting the possibilities of body move-
ment and, in principle, less serious injures for the oc-
cupant [43].

Standardized seat belts, currently applied to all
marketed vehicles, are “three-point” type. This desi-

gnation is due to the anchorage or fixation that takes
place in three points (in Figure 3, identified by points
1, 2, and 3). Apart from the safety belt between points
1 and 3, it is customary to refer to the shoulder belt
and, in turn, to the part between points 2 and 3 as a
“lap belt” [43].

Fig. 3. Human body and three-point seatbelt retention zones: (left)
Bones: clavicle, sternum, ribs and costal cartilages. (centre) Vital
organs: lungs, liver, and intestines. (right) Major arteries. Image
adapted from source: Vigué-Martin, 2006 [29].

Safety belts are designed to distribute the impact
forces through the strongest parts of the upper body
(as depicted in Figure 4), namely: clavicle, sternum,
and pelvic bones [45-45]. A literature review found no
evidence of seat belt anchorage failures (in both EU
and the US) supporting that such failures are not an
issue when it comes to passenger car safety in the real-
world [40-41]. However, the current three seat belt re-
tention points for seat retention result from a balance
between safety factors and usability factors [5].

Fig. 4. (left and centre) Ilustrations showing the position of the
bones of the thorax and abdomen in relation to the parts of the
shoulder belt - (A) clavicle, (B) sternum, (C) ribs and costal
cartilage, (D) condrocostal union, (E) pelvic bones. (right)
lustration of frontal collision: the occupant advances in relation
to the interior of the vehicle and the seat belt, in the region of
the shoulder, applies a restraining force to the clavicle, sternum,
and rib cage. The belt in the abdominal region reacts by applying
a restraining force to the pelvis and abdomen (F). The body is
propelled forward and the spine (G) folds and compresses the
intervertebral discs. Image adapted from the original source:
https://www.thompsoncoe.com/.

First-class safety belts were designed and tested in
the late 1970s using “Crash Test Dummies” ?, like a
“mid-sized”, “middle-aged” (40-year), weighing ap-
proximately 78 kilos “standard man” (17). Presently,

2 Crash Test Dummies: full-scale anthropomorphic test devices (ATDs)
that simulate the human body’s dimensions, weight, and joint propor-
tions, generally instrumented to record information about dynamic
behavior in vehicle impact simulation tests [46].
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many of the assessment procedures adopted by the
automotive industry for designing vehicle safety sys-
tems for the driver and occupant continue to use the
“standard man”. Anthropomorphic Testing Devices
(ATDs)? are used as human models with a small num-
ber of body sizes, when studies have already identified
significant effects of stature and obesity on the risk of
injury, especially in frontal and lateral accidents (17,
31).

Only recently have some of the major automotive
brands (such as Toyota and Volvo) begun to consider
the need for more ATDs scaled to the current popula-
tion percentiles to assess shock resistance and protec-
tion of the driver and occupant in tests (31) and their
impact on the levels of protection achieved through
the seat belt (47).

According to both UNECE Regulation No 14 and
FMVSS 207, about comparison of static and dynamic
seat belt forces, the restraining device for a forward-fa-
cing seat shall not release or fail when a forward Hynd
et al. (2001) undertook a study investigating the po-
tential benefits that could be realised if modern car
restraint systems were optimised to protect a more di-
verse range of car users. A part of this research pro-
gramme involved sled testing with different size dum-
mies and measurements of the seat belt webbing forces
(40). Worldwide, only a few sizes of adult occupants
are represented by ATDs (31). Regulatory testing of
ATDs varies across countries, but the dimensions of
the reference body do not correspond to the percenti-
les of that population. For example, the American man
currently weighs about 89kg, and the woman weighs
75kg, which is almost 10kg more than 40 years ago
(48). Thus, obese and non-obese drivers and the “tall
man” and the “small woman” present a higher risk of
injury than the standard “middle-aged man.” In height
analysis, greater risks of injury were observed in obese
drivers compared to non-obese drivers. These results
suggest that the size and shape of the body of the driver
and occupant affect their interaction with the compo-
nents of the seat belt at the position of the attachment
points and the kinematics of the bodies, increasing the
risk of severe injuries in frontal and lateral accidents
(31), to which are added the effects of corporeal aging
(18, 47, 49).

The Ohio State’s Wexner Medical Center and the
University of Michigan (17, 32, 46, 49) indicate that cur-
rent car seatbelts are not designed to protect the most
fragile seniors, nor for current population anthropo-
metric standards. New ATDs (Figure 5) are being de-
veloped for vehicle impact/collision tests [46-48].

Current ATDs with standard usage procedures are
not capable of representing the large belt-skeleton of-
fset and sub-optimal belt routing, so current testing
does not evaluate the load-sharing situations encoun-
tered by most -occupants, particularly those who are
obese [47-48].

* ATDs - Anthropomorphic Test Devices.

Fig. 5. (left) Photo of obese ATD (=124 kg), in the driving position
and with a safety belt. (right) Comparative photo between ATDs
of different sizes: on the left - “woman of 70 years”; in the
centre — “obese man”; on the left - “standard man”. Image source
(left): Splash News (http://www.mirror.co.uk/news/weird-news/
fat-crash-test-dummies-weigh-9812349). Image source (right):
http://www.dailymail.co.uk/news/article-4212828/Crash-test-
dummies-fatter-older.html.

The standard seatbelt design (with three attachment
points) may be less effective for older drivers and may
cause fatal injuries resulting from injuries sustained
along the belt path [47, 49]. Figure 3 shows the bodily
retention areas by the seat belt at skeletal, organ, and
artery levels.

3. Senior bodied regions with damage

or injury caused by the retention of the
automobile standard safety belt (three fixing
points)

In the elderly population, physiological changes
associated with aging play a role in increasing gene-
ral susceptibility to injury because the general shape
of the body changes, particularly in the thorax, asso-
ciated with structural and geometric differences in the
thoracic region [15, 38].

In a car crash event, the combination of airbags
and three-point seat belt does not relieve the body
from injury [12]. Hospital clinicians often detect open
or hidden intra-abdominal lesions in injured patients.
Hematoma in the trunk and abdomen along the seat
belt course is a noticeable sign suggesting an increased
risk of thoracic and abdominal injury (Figures 6 and
7). However, signs of bruising are not always apparent,
which does not mean there is no lesion, lacking evalu-
ation of other subtler signs of injury [12, 50].

N
F

Fig. 6. Thoracic contusion and excoriation in a 59-year-old woman,
related to the shoulder belt. Image source: Western Journal of
Emergency Medicine [50].
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Figure 7 - (left) Abdominal hematoma in a 58-year-old man
caused by the back belt. (right) Bruising in a senior woman
(chest, breast and lower abdomen). Image source (left): http://
www.sciencedirect.com/. Image source (right): Abdominal Trauma
by Beka Aberra (Addis Ababa University, School of Medicine,
2012).

Along the course of the safety belt, bruises are the
most frequent signs of injury. In women, hematomas
occur in the chest and breast, as well as in the lower
abdominal region (Figure 7) [51].

According to data from the Emergency Medicine Jour-
nal [51], overweight and obese drivers are at increased
risk of fatal crashes in the event of car crashes compared
to other drivers considered “healthy weight™. Thus, it was
found that the people with the highest fat mass index are
about 80% more likely to die in motor vehicle accidents
than healthy weight drivers. Obese women (with a BMI of
35) have twice the risk of fatality compared to men, with
twice the risk of fatality when compared to other women of
normal weight for height (Figure 8). Obesity has a strong
effect on lap belt routing. On average, an obese individu-
al place the belt fully above the pelvis and an average of
61 mm forward of the anterior superior iliac spine (ASIS)
[49]. Shoulder belt fit is strongly affected by D-ring locati-
on and body size [49].

Fig. 8. Woman body scan image: (left) 113.4 kg woman.

(right) 54.4 kg woman. Image source: National Geographic,
2016.

Depending on the strength of the impact force re-
sulting from a motor vehicle accident, retention by the

* Healthy Weight — The Body Mass Index (BMI) is an indicator of body
fat and is usually based on the ratio of weight to height (there are other
mechanisms for measuring the amount of fat in the body). The healthy
or normal weight of an adult should be associated with BMI between
18.5-24.9 [61-63].

safety belt can cause the following bodily injuries: com-
pression fracture of the upper end plate of the vertebral
body; displaced sternal fracture; and lateral fractures of
the left ribs and contusions (Figure 9). Although with
less incidence, lesions can occur in the small intestine
and the supra-aortic vessels (carotid and subclavian)
in association with rib fractures [50, 51].

Chest and thorax injuries, including rib fractures,
are reported as the most common accident wounds
among senior drivers. In addition, older adults have a
much higher morbidity and mortality rate as a result
of rib fracture compared to young adults [16, 25, 52-
55].

Fig. 9. (left) Dislocated sternal fracture; (centre) Rib
fracture; (right) Compression fracture of the upper end
plate of the vertebral body. Images source: medmovie.com.

In addition, problems arise due to the incorrect
adjustment and positioning of the seat belt by the user
(not foreseen in design). For example, the shoulder
belt: (i) when placed in regions closer to the neck, cau-
ses serious neck injuries; (ii) when placed under the
arm, causes rib fractures; (iii) when placed in the su-
pra abdominal region, causes lesions in the organs of
the digestive tract [51-55]. In turn, the back belt, when
too short, may potentiate bone fractures in the pelvis
region. Fracture of a pelvic bone, femur, or other basin
region in older people can become a fatal injury [55].

Several studies, based on road crash data with fron-
tal collisions, have also shown that obese drivers and
occupants are at increased risk of injury to the thorax
[56] and lower extremities [56-60], as compared to
normal-weight subjects.

Recommendations and Conclusions

Automobile safety belts play a key role in the safety
of the driver and occupant, but a significant portion
of the world’s population still suffers serious and fa-
tal injuries caused by the retention of their own seat
belts. The adjustment of the driver and occupant belt
should consider age, level of fragility and weakness,
body mass index, and the effects of dimensional chan-
ge of the lap belt due to greater adipose mass in the pel-
vic cavity. Thus, the following aspects of improvement
in the interior design of the vehicle are suggested, to
better adjust to the anthropomorphology of the senior
driver and to enhance the effectiveness of the standard
seat belt, in which the images are schematic represen-
tations of seat belt geometry and anchorage positions:

i) Create a larger back belt length, i.e., longer re-
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tractor position (point 3) and fixed anchorage (point
2), thus contemplating anthropometric differences
and higher body mass indexes of the user, as well as
better adjustment to the neck / abdomen.

Before

Afier

ii) Larger seats at coccyx level and pelvis region, or, al-
ternatively, increase the spacing between points 2 and 3 of
anchorage, for better positioning and adjustment by the
user between points (2) and (3).

Before

iii) Position anchor points (2 - Lower outboard an-
chorage) and (3 - Lower inboard anchorage) a few in-
ches ahead of the current position of the seat back, thus
slightly pulling the belt back from the position of the
soft tissues and organs of the abdomen, i.e., belt must go
under the belly. A new transitional position is therefore
proposed on the thigh (driver’s legs). This repositioning
continues to promote retention of the driver in the seat,
preventing slippage and slightly redistributing the im-
pact forces of the belt back into the femur bones (with
greater strength). This repositioning mainly benefits
users with a higher body mass index or greater abdomi-
nal volume. It is important to emphasize that tests must
be carried out to validate this theory.

iv) Increase the width of the safety belt in order to
obtain a larger area of contact surface with the user’s
body for a greater distribution of the impact energy,
minimizing its intensity and, consequently, the level of
localized damage. Women should position strap bet-
ween the breasts.

Before

After

v) Providing a belt airbag, i.e., inflatable safety sys-
tem that increases the area of distribution of impact
energy on the user’s body would make injuries less
burdensome and less likely. The beltbag is an inflatable
seat belt strap that can lower the risk of injury to the
driver during a frontal impact by reducing the loads
acting on the ribcage. Should the crash sensors detect
severe frontal impact, the airbag control unit trigger
deployment and inflation of the beltbag. A gas genera-
tor then inflates the multi-layered belt strap with Vel-
cro seams to nearly three times its normal width. The
resulting larger surface area can better distribute the
force acting on the seat occupant, thereby reducing the
risk of injury.

vi) Choose the “Belt-in-Seat Design” in front of
the “B Pillar Seat Belt Design” (D-ring anchorage). By
adjusting the position of the seat to their comforta-
ble driving position, many drivers do not modify the
shoulder belt’s travel position in the respective belt
height adjuster guide (located on the B-pillar) becau-
se of ignorance, inattention, or due to the difficulty of
the operations necessary for the respective adjustment.
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The “Belt-in-Seat Design” provides a better fit of the
shoulder belt to the body, better belt access, and great-
er occupant comfort.

vii) Use a seat with a higher lumbar backrest “Belt-
in-Seat Design” (providing different positions for
adjusting the head restraint), with the aim of impro-
ving anthropometric positioning and its relation to
shoulder height (predicting the effects of geometric
variation of height).

Good

Very Good

vii) Further investigations suggest that a four-point
belt design could minimize many of the current injury
patterns noted in this paper. However, solutions to the
limitations of the four-point seat-belt are lacking, in
terms of belt retractability, retention mechanisms, and
accessories for easy placement, which ensure accepta-
ble usability standards. It is important to provide an
intelligent, retractable, easy-to-fit seat belt that can be
adjusted to the anthropomorphological profile of the
user.

The reclining seat should be standard equipped
with a cushion bag to provide a higher level of accident
safety. The airbag is located under the seat cushion up-
holstery, but on top of the plastic seat shell, which is
moved by the seat mechanisms. This means the air-
bag is always in the same position on the seat shell,
and therefore relative to the pelvis position of the oc-
cupant. In an accident, with the occupant in a reclined
position on a flat seat cushion, there would otherwise
be danger of the pelvic area sliding beneath the seat
belt (so-called submarining). This can be prevented by
the cushionbag, as it raises the front section of the seat

7

4-point fixation (study proposals)

cushion upholstery. The airbag is only activated if the
seat is in the reclined position. It is not activated in the
upright position, as there is then no danger of subma-
rining because of the seat cushion angle.

To better identify the lesions and the effects of age
on the risk of injury, lesion type, and severity of the le-
sion, further studies are required that consider the bi-
omechanical metrics and anthropomorphic profiles of
the user, especially for the most vulnerable individuals,
seniors, whose profile is not always considered by the
automobile manufacturer.

A design that best addresses the ergonomic issues
of the senior driver can contribute to the development
of risk assessment matrices and solutions to mitigate
injury levels caused by the seat belt in the event of an
accident/collision of the vehicle.
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VAIRUOTOJU RIMTU SUZALOJIMU
RIZIKOS IR MIRTINGUMO MAZINIMAS
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Santrauka: Tinkamas saugos dirzy naudojimas
yra efektyvi saugumo priemoné, apsauganti nuo rim-
ty suzalojimy arba mirc¢iy automobilio avarijos metu.
Tacdiau, suzalojimai nuo paciy saugos dirzy avarijos
metu gali sukelti rimty pasekmiy vairuotojui.

Sis straipsnis nagrinéja vyresnio amZiaus vairuo-
tojy rimty suzalojimy rizikos ir mirtingumo avarijy
metu mazinimo badus, naudojant saugos dirzus tam,
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kad pagerinti automobiliy dizaing, ergonomiskuma,
antropometrinius duomenis ir saugos dirzy patogy
naudojima.

Tyrimo metodologija — aprasomasis tyrimas, ku-
ris koreliuoja su naujai atliktais automobiliy tyrimais,
saugos dirzy jstatymais, keliy eismo jvykiy statistika,
avarijos metu atliktais techniniais testais, medicinine-
mis ataskaitomis, ergonominiais ir antropometriniais
duomenimis bei pagyvenusiy zmoniy sveikatos verti-
nimu.

Siame tyrime padaryta i§vada konstatuoja, kad sau-
gos dirzy dizainas daugumoje parduodamy transpor-
to priemoniy su trimis tvirtinimo taskais néra tinka-
miausias antropometrijai, fizinei sveikatai, patogumui
ir pagyvenusiy zmoniy saugumui. Remdamiesi §iuo
tyrimu sitlome patobulinti saugos dirzy dizaing, sie-
kiant sumazinti $ig problema.
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gumas, ergonomika
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