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METEOROLOGINIU PARAMETRU ITAKOS KIETUJU DALELIU KITIMUI PRIE GATVES
IVERTINIMAS

Vaida Vasiliauskiené

Generolo Jono Zemaicio Lietuvos karo akademija, Silo g 5 A, LT-10322 Vilnius

Anotacija. Pastaruosius desimtmecius oro uZter§tumas kietosiomis dalelémis tampa vis didesne miesty aplinkos oro kokybés problema.
Vienas i$ kietyjy daleliy $altiniy Vilniuje yra motorinés dyzelinés transporto priemonés, kuriy skleidziama tarSa didéja kartu su seny transporto
priemoniy gauséjimu Siame mieste. Eksperimentas atliktas Vilniaus mieste, prie judrios Antakalnio gatvés, vasara registruojant kietyjy daleliy
(KD2s ir KD10) bei meteorologiniy parametry (aplinkos temperatiiros, santykinés oro drégmés, slégio, vejo greicio ir krypties) kitima. Kietyjy
daleliy koncentracija matuota GRIMM EDM 164 analizatoriumi, o meteorologiniy parametry registracijai naudota mobili meteorologiné stotelé.
Nustatyta, kad tyrimo metu vidutiné KD1o koncentracija 154 % didesné nei KD2;5 koncentracija. Kietyjy daleliy koncentracijos poky¢iams prie
tirtos gatveés daugiausiai jtakos turéjo meteorologiniai parametrai — santykiné oro drégmé ir slégis.

ReikSminiai ZodZiai: kietosios dalelés, transportas, oro tarSa, meteorologiniai parametrai.

Ivadas

Visame mus supané¢iame atmosferos ore yra daugiau ar
maziau kietyjy daleliy, dazniausiai jy kiekis yra nedidelis ir
nekelia pavojaus zmogaus sveikatai, taciau vietos, kur kietyjy
daleliy koncentracija virsija leistinas normas, tampa didziule
aplinkos oro kokybés problema.

Aplinkos tarSos kietosiomis dalelémis Saltinius galima
suskirstyti | natiiralius ir antropogeninius. DidZiausias
natidiralus kietyjy daleliy Saltinis yra dirvozemis, nuo kurio,
puciant stipriam véjui, pakeliamas nemazas daleliy kiekis.
Ugnikalniy iSsiverzimo, misky gaisry metu sklindancios
dalelés, ore likusios druskos dalelés (iSgaravus juros
vandeniui) taip pat laikomi nataraliais kietyjy daleliy
Saltiniais (Karagulian et al., 2015).

Antropogeninés kilmés kietosios dalelés sudaro
10 — 20 % visy daleliy (Weijers et al., 2011). Pagrindiniai
antropogeningés 0ro tar$os $altiniai yra katiliniy bei namy tkiy
iSkastinio ir kietojo kuro degimo produktai. Tokio tipo
kietosios dalelés susidaro ir pramonés jmonése gamybos
metu  (Punsompong & Chantara, 2018). Didelis
antropogeninés tarSos kietosiomis dalelémis Saltinis yra
motorinés transporto priemonés, Kurios ne tik tiesiogiai j
aplinka iSmeta kietasias daleles, bet kartu jas pakelia ir nuo
kelio dangos (Douk et al., 2018). Antropogeninés kilmés
kietyjy daleliy kitokia cheminé sudétis, todél aplinkai ir
zmogaus sveikatai jos yra pavojingesnés negu natiraliai
susidarancios dalelés.

Did¢jantis trumpo ir vidutinio nuotolio judumo poreikis
asmeniniais ir profesinés veiklos tikslais paskatino transporto
priemoniy skaiciaus augimg. D¢l transporto priemoniy
gausos Vilniaus mieste formuojasi transporto spiistys, ilgéja
kelionés trukmé, didéja kuro sanaudos, tai lemia oro tar$g.
Transporto tarSa Vilniuje sudaro 70-80 %, o kai kuriuose
rajonuose arti judriy sankryzy — net iki 90 % visos oro taros.
Motorinés transporto priemonés j aplinkg iSmeta anglies
dvideginj (COy), anglies monoksida (CO), azoto oksidus
(NOy), angliavandenilius (CH), kietgsias daleles (KD)

(Abdallah et al., 2020). Lietuvos transporto parko didZiausig
dalj (~85 %) sudaro dyzelinés transporto priemonés, kuriy
amziaus vidurkis daugiau kaip 10 mety. Nors dyzelinu
varomy automobiliy maZesnés degaly sgnaudos nei benzinu
varomy automobiliy, tadiau Sie automobiliai iSmeta j org
didesnj azoto oksidy ir kietyjy daleliy kiekj. UzterStumas
kietosiomis dalelémis KD;5 (aerodinaminis skersmuo
mazesnis negu 2,5 pum) ir KDio (aerodinaminis skersmuo
mazesnis negu nei 10 um) yra viena aktualiausiy problemy
Vilniaus mieste. Oro tarSa kietosiomis dalelémis prie keliy
apima ne tik degimo metu susidariusias daleles, bet ir daleles,
susidaranéias dylant transporto priemoniy dalims, taip pat
kietasias daleles, vaziuojanios transporto priemoneés
pakeliamas nuo keliy j org (Srimuruganandam & Nagendra,
2010). Antakalnis yra seniausias bei didziausias, daugiausia
gyventojy turintis Vilniaus rajonas. Antakalnio gatve
vaziuoja daugiau kaip 1000 automobiliy per valanda.

Kietyjy daleliy, nepriklausomai nuo jy susidarymo
pobudzio, skirtingas savybes lemia daugelis veiksniy, tokiy
kaip dydis, forma, elektros krivis, cheminés savybés,
medziaga, i§ kurios susideda dalelés, terpé, kurioje jos yra, ir
kt. (Jeong et al., 2019). Kietyjy daleliy gyvavimo atmosferoje
laikas kinta nuo keliy minuéiy iki savaiciy, tas priklauso nuo
daleliy dydzio ir atmosferos poveikio. Daleliy skersmuo
svyruoja nuo 0,005 iki 100 pm. Ore esancios kietosios dalelés
del gravitacijos poveikio per keliolika minuc¢iy nuséda ant
paklotiniy pavirsiy, o pacios smulkiausios dalelés gali daug
ilgiau issilaikyti ore.

Oro kokybé miestuose priklauso nuo stacionariy ir
mobiliy tarSos Saltiniy emisijy bei nuo terSaly sklaida
lemianciy veiksniy: turbulencijos, temperatiiros inversijos,
véjo parametry, krituliy (Baldauf et al., 2008; Frismantas ir
Stankavi¢ius, 2019). Dazniausiai véjo nebuvimas ir
temperatiiros inversija blokuoja konvekcinj oro judéjima,
slopindami vertikaly oro maiSymasi ir sukeldami terSaly
kaupimasi atmosferos pazemio sluoksnyje (Fortelli et al.,
2016;). Wise ir Comrie (2005) nustaté, kad meteorologinés
salygos 20-50 % lemia kietyjy daleliy poky¢ius miesto ore.
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Aplinkos oro tarSa kietosiomis dalelémis turi
reik§mingos jtakos zmoniy sergamumui kvépavimo taky,
Sirdies ir kraujagysliy ligomis (Ngamsang et al., 2023; Zaheer
et al., 2018). Didesnés kietosios dalelés (KDig) paprastai
paveikia virSutinius kvépavimo takus, nukeliauja iki bronchy,
dazniausiai sukeldamos kosulj ir ¢iaudulj (Yorifuji et al.,
2015; Kalisa et al., 2018; Khaniabadi et al., 2017).
Smulkiosios kietosios dalelés (KD2s) patenka j plaucius,
kraujg paveikdamos ne tik kvépavimo, bet ir kraujotakos
sistemos organus, apsunkindamos létiniy ligy eigg,
pablogindamos vidaus organy funkcijas (Cassee et al., 2013;
Omidvarborna et al., 2015; Patra et al., 2023). Kietyjy daleliy
poveikis Zzmogui priklauso nuo daleliy tipo, koncentracijos,
laiko, praleidziamo uzterStoje kietosiomis dalelémis
aplinkoje, kiekvieno Zmogaus jautrumo uzterStumui.
Kietosios dalelés ypa¢ pavojingos naujagimiams ir vaikams
iki penkeriy mety, nes tampa §ios amziaus grupés vaiky 25 %
sukelty ligy mirtingumo priezastimi (Zhang et al., 2017).

Kadangi didelé kietyjy daleliy koncentracija neigiamai
veikia zmogaus sveikatg, leistinas §iy daleliy kiekis ore yra
reguliuojamas Europos Sajungos ir atskiry valstybiy
jstatymais. Pasauliné sveikatos organizacija rekomenduoja
KD,s metinés koncentracijos vidurkj 10 pg/m%, o paros
koncentracijos vidurkj — 25 pug/m®; KD1o rekomenduojamas
metinés koncentracijos vidurkis yra 20 upg/m% 0 paros
koncentracijos vidurkis — 50 pg/m3.

Darbo tikslas — istirti kietyjy daleliy pasiskirstyma prie
gatvés ir nustatyti meteorologiniy parametry jtaka kietyjy
daleliy dinamikai.

1. Tyrimo metodika

Eksperimento vieta pasirinktas Vilniaus miesto
Antakalnio rajonas, kuris uzima 19,3 % miesto teritorijos,
jame gyvena apie 50 000 Zmoniy. Sis rajonas vienas
Svariausiy ir zaliausiy Vilniaus miesto gyvenamuyjy rajony,
nes miskai ir parkai sudaro apie 70 % teritorijos. Tai
maziausiu jmoniy, pramonés objekty tankumu i$siskiriantis
rajonas, kuriame pagrindinis oro tar$os $altinis — automobiliy
transportas.

Eksperimentas atliktas prie Antakalnio gatvés vasaros
sezono metu. Be judrios Antakalnio gatvés, Salia
eksperimento vietos yra parduotuvé su automobiliy stovéjimo
aiksStele, kur nuo 8 iki 22 wval. stebimas intensyvus
automobiliy judéjimas. Tyrimo laikotarpiu matuota kietyjy
daleliy ir meteorologiniy parametry dinamika. Eksperimentas
atliktas 20 m atstumu nuo Antakalnio gatvés, ménesj
nenutrokstamai fiksuojant ir kompiuterio duomeny bazéje
kaupiant tiriamyjy parametry 1 valandos vidutines vertes.

j Parduotuvé su automobiliu
stovéjimo aikstele

) ) Eksperimento vieta
Antakalnio gatve

Parduotuvé su automobiliu
stovéjimo aikstele

1 pav. Eksperimento vieta
Saltinis: sudaryta autoriy

Kietyjy daleliy (KD2s5 ir KDig) nepertraukiamai
koncentracijai nustatyti naudotas GRIMM EDM 164
analizatorius, kurio veikimo principas pagrjstas diodinio
lazerio veikimu. Sis prietaisas gali matuoti nuo 0,25 iki 32
um dydzio kietgsias daleles, fiksuodamas nuo 0 iki 100 000
pg/m?® daleliy koncentracija. Analizatorius gali veikti, kai
temperatira sickia nuo -20 iki +60 °C, daleliy
srautas — 1,4 I/min.

Meteorologiniai parametrai (aplinkos temperatiira,
santykiné oro drégmé, véjo greitis ir kryptis, slégis)
registruoti mobilia WS 1080 stotele. Si stotelé gali fiksuoti
duomenis, kai temperatara siekia nuo —40 iki +65 °C,
santykinis oro drégnis — nuo 10 iki 100 %, slégis — nuo 300
iki 1100 hPa, véjo greitis — nuo 0 iki 50 m/s. Tikslesnei
duomeny analizei atlikti véjo kryptis buvo Suskirstyta i 16
daliy po 22,5 laipsnius.

2. Tyrimo rezultatai ir jy analizé

Eksperimento, atlikto vasaros sezono metu, ménesj
fiksuotos meteorologinés salygos artimos paskutiniy
penkeriy mety $io sezono daugiametéms vertéms. Tyrimo
laikotarpiu registruota nuo 6 iki 33 °C (vidutiné — 17 °C)
temperatiira. Zemesné kaip 10 °C temperatiira fiksuota < 3 %,
didesné kaip 25 °C temperatira — tik 6 % eksperimento
trukmés. Eksperimento metu santykiné oro drégmé Kito nuo
34 iki 83 % (vidutiné — 59 %), o slégis 985 — 1008 hPa.
Vyravo silpnas véjas ir didesnis kaip 1,9 m/s véjo greitis
nebuvo registruotas. Nustatytas ilgas Stiliaus (30 %
eksperimento laiko) ir silpno véjo (< 0,5 m/s) laikotarpis
(46 % eksperimento laiko). Laikotarpis, kuomet puté
stipresnis nei 1 m/s véjas, siekia 6 %. Vyravo piety (53 %
laiko) ir Siaurés (37 % laiko) krypéiy véjas (iSilgai gatvés).

Tyrimo metu KD s koncentracija prie tirtos gatvés kito
1,0-25 upg/m® o KDy koncentracija - 3,6-73 pg/md.
Vidutinés KDys ir KD1o koncentracijy vertés skirtingomis
tirto ménesio dienomis skyrési iki 75 %.

Kietyjy daleliy (KD2s ir KDig) koncentracijos prie
Antakalnio gatvés kitimas per parg pateiktas 2 paveiksle.


https://pubmed.ncbi.nlm.nih.gov/?term=Ngamsang+P&cauthor_id=37283814
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Saltinis: sudaryta autoriy

Atlikus kietyjy daleliy (KD ir KD1o) koncentracijos
prie tirtos gatvés matavimus gauta, kad S$iy terSaly
koncentracijos pasiskirstymas per parg netolygus ir susijes su
transporto srautais. Tiek smulkiyjy (KD2s), tiek stambiyjy
(KD1o) kietyjy daleliy koncentracijos padidéjimas fiksuotas
automobiliy eismo suintensyvéjimo metu ryte (8-11 val.) ir
vakare (17-21 val.), t. y. automobiliy spisties metu. Vakare
automobiliy spusties metu fiksuota vidutiné KDys
koncentracija siekia 64 %, o KDig koncentracija 59 9%,
didesné nei transporto spisties metu ryte. Taciau buvo dieny,
kai transporto spusties valandomis ryte buvo fiksuota didesné
kietyjy daleliy koncentracija nei vakare. Be to, kietyjy daleliy
dinamika prie gatvés lemia ir meteorologinés salygos.

Vertinant meteorologiniy parametry jtaka smulkiyjy
(KD2;s) ir stambiyjy (KD1o) kietyjy daleliy koncentracijai prie
gatvés atlikta tiriamy parametry koreliacinio ry$io paieska ir
apskaiCiuoti koreliaciniai koeficientai. Tyrimo metu puéiantis
silpnas ir pastovios krypties (palei gatve) véjas terSalo
koncentracijai prie gatvés nebuvo reik§mingas. Silpnas véjas
apribojo turbulentinius procesus tiriamoje vietoje ir lémé
kietyjy daleliy koncentracijos svyravima. Kiti mokslininkai (Li
et al., 2015; Sirithian & Thanatrakolsri 2022) taip pat nustaté,
kad véjo jtaka kietyjy daleliy variacijoms néra Zenkli arba
daugeliu atvejy stebimas neigiamas koreliacinis rysys. Sio
tyrimo metu tarp aplinkos temperatiros ir kietyjy daleliy
koncentracijos nustatytas silpnas teigiamas koreliacinis rysys,
fiksuojant didesng temperatiros jtaka KDip negu KDgs
koncentracijai. Khobragade ir Ahirwar (2022) taip pat jzvelgé
kietyjy daleliy ir temperatiros teigiama rySj. Nustatyta, kad Sio
eksperimento metu didZiausig jtakg kietyjy daleliy sklaidai prie
gatveés turéjo slégis ir santykiné oro drégmé.

Pastebéjus slégio ir drégmés didziausig poveikj kietyjy
daleliy pokyciams prie gatvés atliktas eksperimentiniy
duomeny grupavimas pagal Siuos kintamuosius ir analizé.
PradZioje ieSkota kietyjy daleliy (KD2s ir KD1g) koncentracijos
ir slégio tarpusavio rysio (3 pav.).

+KD25 4 KD 10 {

KDz, pg/m'
——
KDu, pg/m'

1

(2 .

<985 985 - 990 990 - 995 995 - 1000 1000 - 1005 >1005
Slégis, hPa

3 pav. KD2s ir KD1o koncentracijos priklausomybé nuo slégio
Saltinis: sudaryta autoriy

Dazniausiai (58 %) tyrimo laikotarpiu vyravo
995 — 1005 hPa slégis, iki 990 hPa slégis registruotas tik 7 %
eksperimento trukmés. Gauti tyrimo duomenys rodo, kad
kietyjy daleliy KD2 5 ir KD1o koncentracija prie gatvés didéja
kartu su auganciu slégiu. Didziausia KD, (10 pg/m3)ir KD1o
(28  ug/m®  koncentracija  nustatyta, kai slégis
1000 — 1005 hPa. KD2s koncentracija, kai slégis 1000-
1005 hPa, registruojama 51 %, o0 KD1o 154 % didesné, negu
kai slégis mazesnis uz 985 hPa. Kai slégis padidéja daugiau
kaip 1005 hPa, fiksuotas nedidelis kietyjy daleliy
koncentracijos sumazéjimas, kuris gali bati susijgs su
mazesne oro temperattra.

Veliau tirtas  kietyjy daleliy (KD25 ir KDjig)
koncentracijos ir santykinés oro drégmeés tarpusavio rysys (4

pav.)

3
+KD25 4KD10
12 i ‘ .
10 . ? . -£ i { .
" t i } 2
g : : -
E ‘ £
‘. 1 I I 1n 2
a6 .
4 . o
Ry -
o -
) i 10
0 5

30-35 35-40 40-45 45-50  50-55 55-60 60-65 65-70  70-75 75-80  80-85

Santykiné oro drégmé, %
4 pav. KDz ir KD1o koncentracijos priklausomybé nuo santykinés
oro drégmés
Saltinis: sudaryta autoriy

50-70 % drégmé fiksuota puse tyrimo laiko, o didesné
kaip 70 % drégmé — 24 % laiko. Tyrimo duomenys rodo, kad
didéjant santykinei oro drégmei didéja tiek KD2 5 tiek KD1g
koncentracija. NereikSmingas kietyjy daleliy koncentracijos
sumazéjimas, kai santykiné oro drégmé didesné nei 75 %, gali
biti susijgs su véjo greiCio padidéjimu, fiksuotu padidéjus
drégmei (> 75 %). Nustatyta, kad tyrimo laikotarpiu, kai
drégmé < 35 %, vidutiné KD, s koncentracija 75 %, 0 KD1g
koncentracija 59 % mazesné nei esant 70-75 % drégmei.
ReikSmingas santykinés oro drégmés poveikis kietyjy daleliy
koncentracijai nustatytas ir kity mokslininky atliktuose
tyrimuose (Kliengchuay et al., 2021; Wu et al., 2013;).

Atliktas koreliacinis tyrimas, ieSkant rySio tarp KD2s ir
KD1o koncentracijos (5 pav.).
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. y=0,901x07%
R?=0,497

0 2‘0 4‘0 K;O 80
KDio, pg/m®
5 pav. Rysys tarp KDz ir KD1o koncentracijos
Saltinis: sudaryta autoriy

Tirtoje  Antakalnio gatvéje KDzs ir KDy
koncentracijos pasiskirstymas perteiktas laipsnine lygtimi.
Tarp kietyjy daleliy (KD2s ir KDig) nustatytas stiprus
koreliacinis rySys, gautas koreliacijos koeficientas 0,71.
Tyrimo duomenys rodo, kad stipresnis KDy ir KD rysys
fiksuojamas vyraujant iki 40 pg/m® KDjo koncentracijai.
Vadinasi, smulkiosios kietosios dalelés (KD2;5) daro jtaka
stambiyjy daleliy (KDig) susidarymui, ypa¢ iki vidutinio
dydzio Sio terSalo koncentracijos vertés. Nustatyta, kad
tyrimo laikotarpiu maziausios ir didziausios KD 5 sudaro
28-35 % KDjg vertés.

ISvados

1. Tiriamoje vietovéje kietyjy daleliy susidarymg lémé
transporto eismo intensyvumas, todél didesné kietyjy
daleliy koncentracija nustatyta transporto priemoniy
spis¢iy metu. Didziausios KD»s koncentracijos vertés
skirtingomis dienomis skyrési iki 64 %, 0 KD1o— iki 75 %.

2. Tarp KDys ir KDyo nustatytas statistiskai reikSmingas
stiprus rySys, fiksuojant tarp Sio dydzio daleliy 0,71
Pirsono koreliacijos koeficienta. Eksperimento metu
nustatyta vidutiné KD, koncentracija sudaro 40 % KD
koncentracijos.

3. DidZiausia per ménesj nustatyta vidutiné paros KD;s
koncentracija 16 ug/mS, o KDy1o koncentracija 42 ug/m?®
nevirsijo leistino paros koncentracijos vidurkio (20 pg/m®
ir 50 pg/m? atitinkamai).

4. Svarbiausi meteorologiniai veiksniai, kurie daugiausiai
turéjo jtakos kietyjy daleliy (KD2sir KD1o) koncentracijos
kitimui prie tirtos gatvés, yra santykiné oro drégmé ir
slégis. Gautas statistiskai reikSmingas teigiamas rysys tarp
KD;s ir drégmés 0,91 bei KDy ir drégmés 0,94, taip pat
tarp KDz ir slégio 0,86 bei KDy ir slégio 0,96.
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EVALUATION OF THE IMPACT OF
METEOROLOGICAL PARAMETERS ON THE
VARIATION OF PARTICULATE MATTER NEAR
THE STREET

Vaida Vasiliauskiené

General Jonas Zemaitis Military Academy of Lithuania

Summary. Over the past decades, the particulate-matter air
pollution has become an increasingly relevant problem in terms of
urban ambient air quality. One of the major sources of particulate
matter in Vilnius is diesel motor vehicles emitting the pollution which
is increasing along with the number of old vehicles in the city. The
experiment was carried out in Vilnius city near the crowded
Antakalnis street by recording the variation of particulate matter
(PM2s and PMaio) and meteorological parameters (ambient
temperature, relative air humidity, pressure, wind speed and direction)
during the summer time. A GRIMM EDM 164 analyzer was used to
measure the particulate matter concentration, and a mobile weather
station was used to record meteorological parameters. During the
study period, the average PMao concentration was found to be 154%
higher than PM2s concentration. The meteorological parameters that
had the largest impact on the variation of the particulate matter
concentrations near the investigated street were relative air humidity
and pressure.

Key words: particulate matter, transport, air pollution,
meteorological parameters.
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ANALYTICAL APPROXIMATION OF THE AXTAL BEHAVIOUR OF THE HUMAN
VERTEBRA SUBJECT TO THE AXIAL LOAD

Darius Zabulionis, Olga Chabarova

Vilnius Gediminas Technical University, Saulétekio av. 11, LT-10223 Vilnius

Abstract. The present article gives an analytical methodology for modelling the axial behaviour of a vertebra subject to the axial load. The
methodology is based on the evaluation of the axial stiffness of the vertebra as a linear elastic-perfectly plastic solid body consisting of the cortical
shell and the trabecular bone. Only the uniaxial normal stresses are taken into account in the proposed methodology. The Poisson ratio is ignored.
The geometrical shape of the cross-sections of the vertebra is ignored, and only the areas of the cross-sections are taken into consideration in the
proposed methodology. The proposed compressive force-displacement relationships take into account the variation of the transversal cross-sections
areas of a vertebra with respect to the height of the vertebra.

The verification of the proposed methodology was conducted by using the finite element modelling result of the particular vertebra. The
vertebra numerical model was obtained from the computer tomography scan results of the real lumbar vertebra of a person. The analysis showed
that even a simple shape approximation of a vertebra as a cylinder with a constant cross-section area allows the exact prediction of the failure
compressive load of a vertebra.

Keywords: human vertebra; human vertebra failure load; vertebra compressive load-displacement behaviour, analytical approximation of the

vertebra compressive load-displacement behaviour.

Introduction

The permissible or allowable axial load of a vertebra is an
important problem for humans with osteoporotic vertebrae
(Panjabi et al., 1998). Along with the experimental
investigations of the permissible or maximum bearing force of
the vertebra, the theoretical investigations are performed
mainly by using numerical finite element modelling
techniques. However, the usage of the finite element method
(FEM) can be a complicated task and the obtained results are
inadequate in comparison to the scope of the problem that must
be solved: to get or to determine the mechanical and
geometrical properties of the vertebra bones, at least the elastic
constants of the cortical shell and the trabecular bones must be
known; to prepare and to solve a numerical model; to analyse
and to interpret the results and so on. It should be noticed that
the determination of the elastic constants of the bones of the
vertebra probably is the main issue in the modelling of the
mechanical behaviour of vertebrae.

Thus, universal and powerful methodologies also demand
very comprehensive knowledge of the object under
investigation. For example, so-called the Ramberg—Osgood
stress—strain physical model of the bone can be used to model
the mechanical behaviour of the bones. This model is
non-linear with respect to the stresses and the loading strain
rate and depends on 4 parameters (Hight & Brandeau, 1983)
which determination can be complicated since demands at least
a bigger sample in comparison to the sample that is required to
determine the elastic constants: modulus of elasticity, shear
modulus, and the Poisson ratio. Things become even more
complicated due to the fact that the object of the investigation
i. €. human vertebrae very often is still of alive human. And the
osteoporotic degradation level, as a rule, is determined
indirectly. For example, the so-called trabecular bone score
(TBS) (Pothuaud et al., 2008; Rajan et al., 2020) or the bone

volume—total volume ratio (BV/TV) (Klintstrom et al. 2014)
are used to characterize the level of the osteoporosis of the
vertebrae. Both indexes can only indirectly refer to the
mechanical properties of the vertebra bones.

The mechanical properties of the bones are one kind of
the problem. Another problem is to determine the geometry of
the vertebra. To do it directly for alive humans is not possible.
Usually, computer tomography is used to measure the
dimensions of vertebrae (Yao et al., 2012). The determination
of the cortical shell thickness is an even more complicated
problem since the trabecular bone is embedded in the shell, and
may vary depending on the cross-section position of the
vertebra (Ritzel et al., 1997).

The variability of the mechanical properties of bones and
the dimensions of the constituent parts of a vertebra is also
significant. According to (Roy et al., 2008), the coefficient of
variation of the modulus of elasticity of the cortical shell bone
and trabeculae can reach up to 18.9% and 17.8%, respectively.
The coefficient of variation of the cortical shell thickness can
be 24.5% (Fields et al., 2009) or even 62.4% (Roux et al.,
2010).

Along with the mentioned factors, the total error of the
computation also depends on the uncertainty of the theoretical
assumptions on whose base a computation methodology is
based. Therefore, finally, we can state that the total error of the
computation depends on many factors, and the usage of the
finite element method very often is not effective.

The methodology to estimate the axial compression
behaviour of a vertebra under the axial force is proposed in the
present article. The verification of the proposed methodology
was conducted by comparing the results obtained by the finite
element model. The analysis shows that the proposed
methodology can be used as a practical tool to estimate the
failure load of a vertebra under the compression.

10
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1. Modelling of the force-displacement behaviour of
a vertebra

Assumptions:

e only the vertebral body is taken into consideration,
spinous process, and transverse process are not taken
into consideration

e  avertebra consists of two homogeneous solid phases:
the trabecular bone and the cortical shell

e the plane section hypothesis is valid for vertebrae
transverse cross-sections

e  the trabecular and cortical shell bones are isotropic
and obey the linear elastic — perfectly plastic law, see
Fig. 1

e the effect of the Poisson ratio of the trabecular and
cortical shell bones on the load-displacement
behaviour is ignored

e only the normal stresses are taken into account in the
analysis

o the influence of the intervertebral discs is ignored

o the cortical shell is perfectly connected with the
trabecular bone and the cortical shell interacts with the
trabecular bone by their entire surfaces

o the vertebra trabecular and cortical shell bones
interact with the loading plates without friction

Stress o Cortical shell bone
Tct.sh,y +
Trabecular bone
Otr.b,y -

€ct.sh,y

€tr.by
/ | ———

I I

Strain €
Fig 1. Principal stress-strain diagrams of the cortical shell and
trabecular bones

The principal view of the vertebra and its coordinate
system is shown in Fig 2. The goal of the present investigation
is to model the vertical displacements s(h) of the top plane of
the vertebra, see Fig 2.

Top plane of
the vertebra
at coordinate
z=h

Cortical shell

(b)

Trabecular bone

Fig 2. Principal view of the vertebra under investigation:
general view (@), and a cross-section at coordinate z (b)

Due to assumed plane section hypothesis and the elastic
perfectly plastic stress-strain diagrams of the trabecular and
cortical shell bones there is a displacement at which the stresses
of the trabecular bone are equal to the yield point in the entire
cross section of the trabecular bone, i.e., g, = 04y p,y. AlSO,
there is a displacement at which the stresses of the cortical shell
bone are equal to the yield point in the entire cross section of
the cortical shell, i.e., o, s = 0c¢ on,. Therefore, the principle
force-displacement diagram of a vertebra has two
characteristic points, see Fig 3, A and B that correspond the
conditions when the maximum stresses of a cross section of
vertebra reach the yield points. Two cases are possible:

e Case I, when point A, see Fig 3, corresponds to the
case when the trabecular bone maximum stresses
equal the yield point, max,e(o n{0tp.5 (2)} = Otrpy,
and stresses of the cortical shell bone are less than
the yiel point, i.e. max, e n{0ct.sn(2)} < Ocrsny-

e Case Il, when point B, see Fig. 3, corresponds to
the case when the cortical shell bone maximum
stresses equal the yield point,
Max,egony{0ce.sn(2)} = Ocr.sn,y, and stresses of the
trabecular bone are less than the yiel point, i.e.

MaxX,er0n3{0thb(2)} < Oty p,y-

In both cases | and Il point B corresponds the stress-strain
state when the stresses of the cortical shell bone and the
trabecular bone equal the corresponding yield limits:

maxze{o,h}{atb.b (2)} = 0trpy

and
maxze{o,h}{act.sh @)} = Oct.shy-
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Force F
Faf /ﬁ
Fpl . :
A
L sa(h)
/" su(h)
281

displacement s(h)
Fig 3 Principal force-displacement diagrams of a vertebra
The moduli of the cortical shell and the trabecular bone
are different, also their yield points are different, therefore one
of the following conditions must be valid:
Stress-strain state 1. The maximum stresses of the

trabecular bone and the cortical shell bone are less than the
corresponding yield points:

maxze[o,h]{o-tr.b (Z)} < Otr.b,y and (1)

maxze[o,h]{act.sh(z)} < O-ct.sh,y (2)

where s(h) € [0, s4(h)[, and o, sp,,, and oy, 5, ,, are yield points

of the cortical shell and trabecular bone respectively; s, (h) is
the displacement at point A4, see Fig 3.

Stress-strain state 2. The stresses of the cortical shell bone

are equal to the yield point, while the trabecular bone stresses
are less than the yield point:

max,eon){0er»(2)} < Oprp and (3)

masz[O,h]{Gct.sh (2)} = Oct.sh,y 4

where s(h) € [s,(h),sg(h)[; sg(h) is the displacement at
point B, see Fig 3.

Stress-strain state 3. The stresses of the trabecular bone

are equal to the stresses of the yield point, while the cortical
shell stresses are less than the yield point:

Mmax,ero n{0¢r.b(2)} = Otrp,y and (5)
max,epon{0ct.sn(2)} < Octsny (6)

where s(h) € [s,(h), sg(R)[.
Stress-strain state 4. The stresses of the trabecular bone
and the cortical shell are equal to the corresponding yield

points

max,eon{0er»(2)} = 04y, and @)

maxze[o,h]{o—ct.sh (2)} = Oct.shy (8)

where s(h) € [sg(h),oo[.

Under the given assumptions we can govern the following
equations necessary for the modelling of the load-displacement
behaviour of a vertebra.

Stress-strain state 1. The maximum stresses of the
trabecular bone and the cortical shell are less than the yield
point:

The displacement of the top plane of the vertebra, see Fig
2, generally can be expressed as follows:

s(h) = [ e(z)dz )

where € is the linear strain in direction z due to the normal
stresses o, for the vertebra consisting of the two components —
the trabecular bone and the cortical shell the normal strain can
be expressed according to the following well known formula
for the layered rods:

F
Atrp(2)Etrp+Actsh(Z)Ect.sh

€(z) = (10)
where A, and A ¢, are the cross-sections of the trabecular
bone and the cortical shell respectively; E.., and E g, are
their corresponding modules of elasticity; F is the axial force.
The areas A, and A.; s, depend on the coordinate z; while
the modules of elasticity E;,, and E.; ¢, are uniform and do
not depend on z. For the further considerations it is worth to
introduce the axial stiffness notation as follows:

B(2) = Birp(2) + Bersn(2)=

11

=Atrp(2)Etrp + Act.sn(2)Ecesn (1)
Combining Egs. (9), (10) and (11) we get:

s(h) =F ['——dz (12)

0 B(2)

From Eg. (12) we can express the force F depending on the
displacement of the top plane A s(h):
s(h)

F= (13)

h 1
fO %dz

In Egs. (12) and (13), the definite integral is Riemann
integral:

h1 . -1 @it+1—2))
~(2)dz = lim n-1 272 14
fo B( ) ié’?{?_ﬁl}{zi+1_zi}_’0 i=0 B(fi) ( )

where &; € [2;,2i44], 2o = 0, z, = h, and
Zo < <7 < Zjyq << 2y

12



Technologijos ir menas, 2023/14 ISSN 2783-8064

and B is defined in Eq. (11).

Therefore, the displacement s(h) depending on the force
F, or the force F depending on the displacement s(h) can be
expressed approximately as follows:

o a — n— 1(ZL+1 Zj)
s ~ 5 = FYI @ )
-~ P _ s(h)
Fr=F= yn-1Cit1=2) (16)
=0 B(§)

In Egs. (15) and (16), §(h) - s(h) and F —> F asn — oo.
Egs. (15) and (16) can be useful when it is difficult or even not
possible to evaluate exactly the integral foh 1/B (z)dz.

It should be noticed, that from the point of view of the
material mechanics, if B is an axial stiffness of a vertebra
cross-section, then K =1/ foh 1/B(z)dz is the axial stiffness
of the vertebra.

Obtained Egs. (10), (12), (13), (15) and (16) are valid only
for the case when the maximum stresses of the cortical shell
and the trabecular bone are less than the corresponding yield
points, i.e., when Egs. (1) and (3) are valid.

For practical purpose, the more useful and more
convenient conditions for the validity of Egs. (10), (12), (13),
(15) and (16) are the following:

zE[O h]{ ct.sh B(z)} = Ogt. sh,y and (17)

2e Oh{ tr.b B(z)} = Utrby (18)

When Eqgs. (3) and (6) or Egs. (17) and (18) do not hold,
then the maximum trabecular bone stresses

maxze[o,h]{atr.b (2)} = Otr.by and (19)

maxze[o,h]{act.sh (2)} = Oct.shy- (20)

Stress-strain state 2. The stresses of the cortical shell bone
are equal to the yield point, while the trabecular bone
stresses are less than the yield point

In this case, the stresses of the cortical shell bone o, ¢, =
Octsny N the cortical shell bone domain of a particular
cross-section of the of the vertebra. The total normal force F
component of the trabecular bone is

Fct.sh,y = Zgéﬁ]{gct.sh,y‘qct.sh @)}=

. 21
:act.sh,yzgéﬁ]{‘qct.sh (Z)} ( )
Then the total force F:
h
F== 5(1 ) + Fct.sh,y (22)

—— = az
fo Atrb@Etrp

The condition to check the stress-strain state (2) is:

2€[0 h]{ ct.sh B(z)} act.sh,y and (23)

ze[o h]{ tr.b B(z)} O—trby (24)
Stress-strain state 3. The stresses of the trabecular bone are

equal to the stresses of the yield point, while the cortical
shell stresses are less than the yield point

In this case, the stresses of the trabecular bone o, =
Oirpy IN the entire trabecular bone domain of a particular
cross-section of the of the vertebra. Then, the total normal force
F component of the trabecular bone is

Ftr.b,y = ng(l;ﬁ]{atr.b,yAtr.b (Z)}:

_ . (25)

_O-tr.b,yzrer%é'r’ll]{‘qtr.b (Z)}

Then the total force F:
(h)
F= ﬁ + Fpy (26)
0 Actsh(DEctsh
The condition to check the stress-strain state (3) is:

2€[0 h]{ ct.sh B(z)} Gct.sh,y and (27)
z€ Oh]{ tr.b B(z)} = atrby (28)

Stress-strain state 4. The stresses of the trabecular bone
and the cortical shell are equal to the corresponding yield
points

The total normal force F component of the trabecular
bone is
Ftr.b,y = Zz%(l;?l]{o-tr.b,yAtr.b @)=

_ - (29)

fo‘tr.b,yzrer%(ggl]{Atr.b (2)}
Fct.sh,y = Zg%(l)?}l]{o-ct.sh,y/lct.sh @)}= 30)

=Oct.shy z‘rer%(l;‘,rfll] {Acesn(2)}

Then the total force F:
F= Ftr.b,y + Fct.sh,y (31)
The condition to check if there is stress-strain state (4):

ze[o h]{ ct.sh B(z)} Uct.sh,y and (32)

13
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F
ng[‘ol’%]{Etr.b %} = Otr.p,y- (33)

2. Verification of the proposed methodology

The proposed methodology, given in section 1, is verified
by the finite element solution of the vertebra under
compression.

2.1. Finite element modelling

The numerical model of the vertebra under the
investigation with the mesh is shown in Fig 4. The geometry
and dimensions of the vertebra under investigation were
obtained from high-resolution CT images.

Fig 4. The numerical model of the vertebra under
investigation with the mesh prepared with ANSYS

The pre-processing, i.e., modelling, imposing of the
boundaries conditions, meshing; solution; and the post-
processing, i.e., the analysis of the results was conducted by
ANSYS finite element program.

The cortical shell of the numerical model was discretised
by the shell finite elements, while the trabecular bone and the
spinous process were discretized by 3D volumetric finite
elements of 20 nodes. The large strain and large displacement
were taken into account in the finite element modeling. The
displacement of the top surface is imposed to the trabecular and
cortical bones by using the top endplate, while the boundary
condition — restrain the vertical displacement is also applied by
the bottom endplate. The cortical shell and the trabecular bones
are connected perfectly, i.e., no interslip is possible between
these bodies.

The mechanical properties of the vertebra used in finite
element modelling are listed in Table. 1.

1 Table. Elastic constants of the vertebra components
Component Cortical Trabecular  Loading

shell bone  bone plates
Modulus of 100 Mpa, -
elasticity E 8GPa, [1] [2] 50* MPa
Poisson ratio, v 0,3* 0,3* 0,4*

Densities [kg/m®]  1700* 100* 1200*

Yield points o,
[Mpa]
* Heuristically assumed values
[1] (Liang et al., 2015)
[2] (Yang et al., 2023)
[3] (Kim et al., 2013)
[4] (Gehweiler et al., 2021)

64, [3] 4, 4] -

The locations of the cross-sections of the vertebra of the
finite element model are shown in Fig 5, while the dimensions
and the corresponding areas of these cross-sections are listed
in Table 2.

Fig. 5 Dimensions, in mm, of the vertebra and the positions of
the cross-sections of the finite element model of the vertebra
under the investigation

2 Table. Dimensions and areas of the cross-sections of the
vertebra of the finite element modeling

Section Dimension Dimension Cross-section  Cross-section
No. b;, mm d;, mm areas of the areas of the

trabecular cortical shell,
bone, mm? mm?

| 37,15 32,48 1016,2 62,553

] 33,89 31,12 911,94 57,792

Il 33,16 30,67 866,91 55,439

v 34,64 31,82 983,76 61,901

\Y 38,08 33,38 1062,9 64,325

The cortical shell thickness: § = 0,5 mm
The total height of the vertebra: h = 25,23 mm.

The load-displacement curve of the top surface of the
vertebra obtained by the finite element modelling is shown in
Fig 6, denoted as Frgy,. In Fig 6 there are also shown two other
curves F,. and F,, obtained by using the proposed
methodology as it is described below.

14
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2.2. Modelling of the force-displacement behaviour of
the vertebra by the proposed methodology

The methodology proposed in Section 1 is applicable for
any shape of the vertebra. The application of the general
methodology of section 1 for the vertebra used in finite element
modelling described in Subsection 2.1. is given in the present
subsection.

The mechanical properties of bones of the vertebra under
the investigation are given in Table 1.

Shape of the vertebra. The correct approximations of the
areas of the cross-sections of vertebra depending on the
coordinate z is important issue. According to the methodology
proposed in Section 1, the shapes of the vertebra, the trabecular
bone as well as the cortical shell are not important and it is not
taken into account explicitly. However, the areas of the cross
sections of the trabecular bone A, (z) and the cortical shell
A.:sn(2) depending on coordinate z must be known to perform
an analysis. In the present analysis it is assumed that the
vertebra is of cylindrical shape of constant cross section. Two
cases were considered:

Shape case |. The shape of the cross-section of the
vertebra under investigation is approximated by circle which
diameter is mean value D = ¥?_,(b; + d;)/2 = 33,639 mm,
where b; and d; values are given in Table 2. The cross-section
of the trabecular bone and the cortical shell are A, =
(D —268)%/4 =836,688 mm? and A.on = Aror — Aerp =
52,055 mm? respectively.

Shape case Il. when the cross-section areas of the
trabecular bone A4,,, = 968,342 mm? and the cortical shell
A sn = 60.402 mm? are evaluated as average values 4, , =
YiiAwpi and  Acsn = Xi-1Acesni DY using  the
corresponding values of the areas given in Table 2.

Evaluation of the force-displacement behaviour. Due
to the assumption that the cross sections of the trabecular bone
Agp = 968342mm? and the cortical shell A, =
60,402 mm? are constant, i.e., do not depend on coordinate z,
then, the axial force F and the displacement s(z) are evaluated
according the following formulae obtained by simplification of
the formulae given in Section 1, i.e., according to Egs. (1) —
(33).

At the beginning, it is assumed that the stresses of the
cortical shell and the trabecular bone are less than the
corresponding yield points. l.e., the conditions of Egs. (1) and
(2) hold. Then, the force-displacement relationship for the
stress-strain state 1 is obtained from Eq. (13):

F,=s(h)B/h (34)
where B is evaluated by Eq. (11).

For stress-strain state 2 the conditions of Egs. (3) and (4)
hold. Then:

Fip=5s(h) (AgrpEerp)/h+ Fersny (35)

where Fe gny = OctsnyAct.sh

For stress-strain state 3 the conditions of Egs. (5) and (8)
hold. Then

FIII = S(h) (Act.shEct.sh)/h + Ftr.b,y (36)

where Ftr.b,y = O-tr.bAtr.b-
For stress-strain state 4 the conditions of Egs. (7) and (6)
hold. Then
Fy = Fct.sh,y + Ftr.b,y- (37)

Then, finally, the compressive force F is evaluated by the
following conditions:

F =F, as

Ectsh < Oct. sh,y and Etrb =< O-trby
F=F,as

Ect sh > Oct. sh,y and Etrb < atrby
F=F, as

Fy
Ect sh < Oct. sh,y and Etrb > atrby
Finally: F = F,V as
Ect sh > Uctshy and Etrb > C’-trby-

Force F', kN
e,

(5]
T

T T T T T T
0 1 2 3 4
Displacement s(k), mm

Fig. 6 Force-displacement curves: Fpgy, denotes the finite element
analysis results; F,;,. and F,,. denote the results obtained by the
proposed methodology by using the circle approximations (Shape
case 1) and by using actual areas of the cross-sections of the FE
model of the vertebra (Shape case II) respectively

As we can see from Fig. 6, the finite element solution
force Frgy Qradually increases with increase of the
displacement s(h), while the forces F,,,.., and F,,. reach their
maximum value at displacement about 1,5 mm. From Fig. 6,
we also can see that the force F,,. obtained by using the actual
areas of the cross-sections of the finite element model of the
vertebra, Shape case I, is very close to the exact value Frgy
obtained by the finite lement model. The relative difference

(FrEM—Far)
| e —Tar)
FEM

= 2,45%, as s(h) = 5 mm.

While the estimation of the maximum of the relative
difference is
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max {| Erem—Far) |} = 102,5%, as s(h) = 0,1 mm.
s€[0, 5 mm] FFEM

The performed analysis shows that the proposed
methodology can be used to estimate the permissible or
allowable compression force of a vertebra even by using a
simple and rough approximation of a vertebra as a cylinder.
That is, to treat a vertebra as a cylinder of the constant
cross-section area body.

Conclusions

1. The performed analysis showed that the approximation of
the cross-sections of a vertebra as circles which diameters
have been determined as the average values of two
perpendicular dimensions of the cross-section of the actual
vertebra could cause a significant error in the proposed
methodology in comparison to the finite element
modelling results and in comparison, to the proposed
methodology results obtained by taking the actual
Cross-sections areas.

2. The comparison with the finite element modelling results
showed that even the simplest realisation of the proposed
methodology, when a vertebra was approximated as a
cylinder, gave a good agreement with the finite element
modelling results. Therefore, even the simplest possible
approximation of the geometry of a vertebra as a cylinder
could be used to estimate the failure or admissible load of
a vertebra under compression.

3. The main issue in the estimation of the failure or
admissible loads of a vertebra under compression was not
the sophistication or exactness of the modelling
methodology, but a good knowledge of the geometrical
and mechanical properties of the wvertebra under
investigation.

4. The approximations of the vertebra as a cylinder of a
constant diameter that has been determined as a mean
value of the dimensions of the cross-sections of a vertebra
could cause the underestimation of the failure load of a
vertebra.

References

Fields, A. J., Eswaran, S. K., Jekir, M. G., & Keaveny, T. M.
(2009). Role of trabecular microarchitecture in whole-vertebral body
biomechanical behavior. Journal of Bone and Mineral Research,
24(9), 1523-1530.

Gehweiler, D., Schultz, M., Schulze, M., Riesenbeck, O.,
Wihnert, D., & Raschke, M. J. (2021). Material properties of human
vertebral trabecular bone under compression can be predicted based
on quantitative computed tomography. BMC Musculoskeletal
Disorders, 22, 1-8.

Hight, T. K., & Brandeau, J. F. (1983). Mathematical modeling
of the stress strain-strain rate behavior of bone using the Ramberg-
Osgood equation. Journal of Biomechanics, 16(6), 445-450.

Kim, Y. H., Wu, M., & Kim, K. (2013). Stress analysis of
osteoporotic lumbar vertebra using finite element model with

microscaled beam-shell trabecular-cortical structure. Journal of
Applied Mathematics.

Klintstrom, E., Smedby, O., Klintstrém, B., Brismar, T. B., &
Moreno, R. (2014). Trabecular bone histomorphometric
measurements  and  contrast-to-noise  ratio in  CBCT.
Dentomaxillofacial Radiology, 43(8), 20140196.

Liang, D., Ye, L. Q., Jiang, X. B., Yang, P., Zhou, G. Q., Yao,
Z.S., ... & Yang, Z. D. (2015). Biomechanical effects of cement
distribution in the fractured area on osteoporotic vertebral
compression fractures: a three-dimensional finite element analysis.
Journal of surgical research, 195(1), 246-256.

Panjabi, M. M., Cholewicki, J., Nibu, K., Grauer, J., Babat, L.
B., & Dvorak, J. (1998). Critical load of the human cervical spine: an
in vitro experimental study. Clinical biomechanics, 13(1), 11-17.

Pothuaud, L., Carceller, P., & Hans, D. (2008). Correlations
between grey-level variations in 2D projection images (TBS) and 3D
microarchitecture: applications in the study of human trabecular bone
microarchitecture. Bone, 42(4), 775-787.

Rajan, R., Cherian, K. E., Kapoor, N., & Paul, T. V. (2020).
Trabecular bone score-an emerging tool in the management of
osteoporosis. Indian Journal of Endocrinology and Metabolism,
24(3), 237.

Ritzel, H., Amling, M., P6sl, M., Hahn, M., & Delling, G.
(1997). The thickness of human vertebral cortical bone and its
changes in aging and osteoporosis: A histomorphometric analysis of
the complete spinal column from thirty-seven autopsy specimens.
Journal of Bone and Mineral Research, 12(1), 89-95.

Roux, J. P., Wegrzyn, J., Arlot, M. E., Guyen, O., Delmas, P. D,
Chapurlat, R., & Bouxsein, M. L. (2010). Contribution of trabecular
and cortical components to biomechanical behavior of human
vertebrae: an ex vivo study. Journal of Bone and Mineral Research,
25(2), 356-361.

Roy, M. E., Rho, J. Y., Tsui, T. Y., Evans, N. D., & Pharr, G.
M. (1999). Mechanical and morphological variation of the human
lumbar vertebral cortical and trabecular bone. Journal of biomedical
materials research, 44(2), 191-197.

Yang, C., Zeng, Z,, Yan, H., Wu, J.,, Lv, X,, Zhang, D, ... &
Gao, L. (2023). Application of vertebral body compression osteotomy
in pedicle subtraction osteotomy on ankylosing spondylitis kyphosis:
Finite element analysis and retrospective study. Frontiers in
Endocrinology, 14, 1131880.

Yao, J., Burns, J. E., Munoz, H., & Summers, R. M. (2012).
Detection of vertebral body fractures based on cortical shell
unwrapping. In Medical Image Computing and Computer-Assisted
Intervention-MICCAI 2012: 15th International Conference, Nice,
France, October 1-5, 2012, Proceedings, Part 111 15 (pp. 509-516).
Springer Berlin Heidelberg.

CENTRISKAI GNIUZDOMO SLANKSTELIO JEGOS
POSLINKIO ANALITINE APROKSIMACIJA

Darius Zabulionis, Olga Chabarova
Vilniaus Gedimino technikos universitetas

Santrauka. Straipsnyje pasitlyta salygiSkai nesudétinga
centriSkai gniuzdomo slankstelio jégos poslinkio analitinio modelio
metodika. Pritaikius metodologija neatsizvelgiama | slankstelio
geometrija, nagrin¢jamas tik slankstelio kortikalinio ir trabekulinio
kauly skerspjivio ploty kitimas vertikaliosios aSies atzvilgiu,
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nevertinami ir tarpslanksteliniai diskai, kauly Puasono koeficientai.
Daroma prielaida, kad tiek kortikalinis, tiek trabekulinis kaulai yra
izotropiski ir deformuojasi pagal tiesiskai tampraus idealiai plastisko
kano jtempiy ir deformacijy désnj. Modelyje atsizvelgiama |
skirtingus kortikalino ir trabekulinio kauly tamprumo modulius ir
kauly takumo jtempius. Daroma prielaida, kad galioja ploksciyjy
pjuviy désnis. Pasitilytas modelis apima tik normalinius jtempius.
Pasitilytas supaprastintas skai¢iavimo modelis, kai slankstelis,
aproksimuojamas pastovaus skerspjtvio cilindru, sutapo su baigtiniy
elementy modeliavimo rezultatais. Modeliuojant pagal pasitlyta
metodologija buvo analizuojamos vidutinés kortikalinio ir
trabekulinio kauly skerspjivio ploty reik§més. Baigtiniy elementy
modeliavimo gniuzdancios jégos santykinis skirtumas tarp jégos,

apskaiiuotos pagal pasitlyta metodika, yra tik 2,45 %, kai
vertikalusis poslinkis 5 mm; o didZiausias santykinis skirtumas 102
%, kai intervalas nuo 0 iki 5 mm. Tagiau svarbiausias dalykas —
didziausia centriskai gniuzdomo slankstelio apkrova gali bati
nustatyta pakankamai tiksliai — 2,45 %. VVadinasi, galima tvirtinti, kad
net ir paprasCiausias pasitilytos metodologijos variantas, kai
slankstelis, aproksimuojamas cilindru, gali biiti taikomas centriskai
gniuzdomo slankstelio kritinés apkrovos jver¢iui apskaiciuoti.

Reik$miniai ZodZiai: slankstelio didziausioji apkrova,
centriSkai gniuzdomo slankstelio jégos poslinkio priklausomybé,
jégos poslinkio priklausomybés analitiné aproksimacija
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LENGVUJU AUTOMOBILIU DYZELINIU VARIKLIU EKOLOGINIU PARAMETRU
VERTINIMO ASPEKTAI

Domantas Skultinas', Saulius Nagurnas!, Alfredas Rimkus?

YVilniaus Gedimino technikos universitetas, Saulétekio al. 11, LT-10223 Vilnius
2 Vilniaus technologijy ir dizaino kolegija, Antakalnio g. 54, LT-10303 Vilnius

Anotacija. Pasaulyje didéjant automobiliy iSmetamyjy terSaly kiekiui, bitina atrasti biida, kaip juos efektyviau neutralizuoti. Viena i§ opesniy
oro tarSos problemy Siomis dienomis yra lengvyjy automobiliy dyzeliniy varikliy iSmetami terSalai. Eksploatacijos metu daugelio Sio tipo
automobiliy deginiy neutralizavimo sistemos yra neefektyvios. Kai kuriose Europos $alyse vairuotojai paSalina minétas neutralizavimo sistemas i$
automobiliy, todél labai svarbu, kad valstybiniu mastu bty nuolat tikrinama dyzelinu varomy lengvyjy automobiliy deginiy neutralizavimo sistemy
techniné buklé bei jy funkcionavimo efektyvumas. Viena priemoniy — automobiliy patikra techninés apzifiros metu, kuomet turéty bati jvertinta, ar

automobilio i§metimo sistema atitinka nustatytus ekologinius parametrus.

Sio tyrimo tikslas — automobiliy borto diagnostikos jranga atlikti lengvyjy automobiliy, varomy dyzeliniu varikliu, ekologiniy parametry
patikra, jvertinant, ar efektyviai veikia automobilio neutralizavimo sistemy komponentai. Pagrindinis démesys skiriamas kietyjy daleliy filtrui.
Reiks$miniai ZodZiai: deginiy neutralizavimo sistema, lengvasis automobilis, kietyjy daleliy filtras, automobiliy tar$a, dyzelinis variklis.

Ivadas

Globalinis atSilimas — tai didéjancios oro temperatiiros
reiSkinys, kuris tesiasi jau keleta Simtmeéiy. Gamyklos,
transportas ir daugelis kity veikly, kurios iSskiria j miisy
atmosfera kenksmingas medziagas, prisideda prie Siltnamio
efekto. Vienas i§ daznai minimy oro tarSos Saltiniy yra
transportas, konkre¢iau — automobiliai, varomi dyzeliniais
varikliais. Siandien keliami auksti reikalavimai dyzeliniy
varikliy deginiy neutralizavimo sistemoms. Automobiliy
gamintojai nuolat iesko biidy, kaip sumazinti galimg tarSa,
kuriamos arba tobulinamos tarSg mazinanios sistemos,
ieSkomos alternatyvos vidaus degimo varikliams.

NeiSvengiama uzduotis siekiant kontroliuoti dyzeliniy
varikliy tar$g yra automobiliy deginiy neutralizavimo sistemy
patikra. Lietuvoje automobiliy i§metimo sistemy buklé
tikrinama privalomosios techninés apzitiros (toliau — PTA)
metu. Tai pakankamai efektyvi dyzeliniy varikliy tarSos
prevencijos priemoné, ta¢iau PTA metu daZnai apsiribojama tik
kai kuriy tarSos komponenty, pvz., dimingumo matavimu, todél
ne visada tiksliai jvertinama ir nustatoma, ar iSmetimo sistemos
techniné bukle techniskai tvarkinga.

Daznas vairuotojas Lietuvoje paSalina i§ automobilio Kkai
kuriuos deginiy neutralizavimo sistemos komponentus, pvz.,
kietyjy daleliy filtra (toliau tekste — angl. santrumpa DPF).
Todél, didinant minéty sistemy funkcionavimo patikros
efektyvuma, prasminga buty taikyti borto diagnostikos
priemones konkretiems tarSos parametrams nustatyti.

Darbo tyrimo objektas — lengvyjy automobiliy, varomy
dyzeliniais varikliais, deginiy neutralizavimo sistemos.

Temos aktualumas — Lietuvoje ir daugelyje kity Europos
Sajungos Saliy lengvyjy automobiliy amzius sparciai didéja,
keliais vaziuoja nemazai netvarkingy, vizualiai tarSiy
automobiliy. Siekiant efektyvesnés dyzeliniy varikliy terSaly
neutralizavimo sistemos patikros PTA metu prasminga vertinti

konkrecius borto diagnostikos (toliau tekste — angl. santrumpa
OBD) matavimy parametrus.

Darbo tikslas — automobiliy borto diagnostikos jranga
atlikti lengvyjy automobiliy, varomy dyzeliniu varikliu,
ekologiniy parametry patikra, jvertinant, ar efektyviai veikia
automobilio neutralizavimo sistemy komponentai.

Darbo tikslui pasiekti formuluojami $ie uzdaviniai:

1. Atlikti deginiy neutralizavimo sistemy veikimo ir jy
efektyvumo patikros galimybiy analiz¢ (moksliniy darby
apzvalga).

2. Sudaryti dyzeliniy varikliy tarSos parametry patikros
metodika.

3. Realiomis darbo sglygomis atlikti dyzeliniy varikliy
ekologiniy parametry matavimus.

4. Remiantis atliktais tyrimais iSanalizuoti gautus
rezultatus, pateikti pasitilymus deginiy iSmetimo sistemy
patikros efektyvumui didinti.

1. Deginiy neutralizavimo sistemy darbo efektyvumo
tyrimai

Lengvieji automobiliai | orag iSmeta jvairiy rasiy terSalus,
pvz: anglies monoksidg (CO), anglies dioksida (COy),
angliavandenilj (HC), azoto oksidus (NOy) ir kietasias daleles
(PM). Didéjantis oro terSaly kiekis sukelia rizika Zmoniy
sveikatai, o miestuose, kur daug automobiliy, tai tampa
pagrindiné problema (Sharmilaa & Ilango, 2021).

Siuolaiking dyzelinio variklio deginiy neutralizavimo
sistema paprastai susideda i§ keturiy skirtingy komponenty,
atliekan¢iy skirtingas funkcijas (zr. 1 pav.), t. y.,, DOC (HC ir
CO oksidacija j H20 ir CO. ir NO j NO), DPF (kietyjy daleliy
(PM) filtravimas), SCR (selektyvi kataliziné redukcija. NO ir
NO; pasalinimas), ASC (amoniako pertekliaus NH3 pasalinimas
prie$ iSmetant dujas j atmosfera) (Soleimani et al., 2018).
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1 pav. Standartiné EURO 6 automobiliy papildomo apdorojimo
sistema: DOC — dyzelinio variklio deginiy oksidacijos katalizatorius;
DPF — dyzelinio variklio kietyjy daleliy filtras; SCR — selektyvi
kataliziné redukcija; ASC —amoniako praleidimo katalizatorius

Saltinis: Soleimani et.al., 2018

Viena labiausiai akcentuojamy temy Siomis dienomis —
dyzeliniy varikliy iSmetami terSalai. Automobiliy plétra sukelia
nemazai aplinkos tarSos problemy. Nors automobiliai iSmeta
skirtingy rusiy kenksmingas medziagas, taCiau viena i§
didziausiy problemy — Kietosios dalelés, kurios ore sukelia migla
ir smoga, o pagrindinis jy Saltinis yra dyzeliniais varikliais
varomi automobiliai. Varikliy iSmetamos kietosios dalelés yra
pavojingos miisy sveikatai (Yu Quan-shun, et al., 2017).

Lengvyjy automobiliy, varomy dyzeliniais Vvarikliais,
kiekis sudaro nemazg dalj eksploatuojamy automobiliy Europos
Sajungoje. Dauguma jy yra senesni, S$iuolaikiniy emisijy
standarty neatitinkantys automobiliai. Vis délto techninés
apzitros stotys ne visada randa sprendimus, kaip efektyviai
patikrinti dyzeliniy varikliy deginiy neutralizavimo sistemas.
Lenkijos mokslininky straipsnyje (Jarosinski & Wisniowski,
2021) aprasoma problema, su kuria, kaip jau minéta ankséiau,
susiduria techninés apzitiros stotys. 2 pav. matomi tyrimo
rezultatai.
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Procentiné dalis automobiliy su pazeistu DPF

2 pav. Tyrimo rezultaty suvestiné
Saltinis: Jarosinski & Wisniowski, 2021

Mokslininky tyrimus paskatino neigiamas reiskinys —
dyzelinio variklio kietyjy daleliy filtro pasalinimas. Minétame
straipsnyje buvo apraSytas tyrimas, iSmatavus kietyjy daleliy
filtro efektyvumg su kietyjy daleliy skaitikliu. Buvo siekiama
nustatyti, ar kietyjy daleliy filtras yra efektyvus.

Atlikus bandymus su 50 skirtingy automobiliy ir
apibendrinus rezultatus matyti, kad beveik pusé tiriamy

automobiliy turéjo netinkamg filtra, 10 automobiliy kietyjy
daleliy filtro i§ viso neturéjo. Tyrimas yra naudingas tuo, nes
atliktas realiomis sglygomis techninés apzitros centre. Tyrimo
metu jvertinti skirtingi matavimo jrenginiai ir jy savybés.

Kietyjy daleliy filtro efektyvumas priklauso nuo jo buklés.
Tai patvirtinan¢io tyrimo rezultatai pateikti mokslingje
publikacijoje (Jang et al., 2017). Buvo tiriamas naudoto ir naujo
kietyjy daleliy filtro efektyvumas. Atliekant bandymg parinktas
EURO 5 iSmetamyjy terSaly standartg atitinkantis lengvasis
automobilis. Matavimai atlikti laboratorijoje ir realaus
vaziavimo metu. Gauti rezultatai parodé, kad naujas filtras
sumazina degaly sanaudas iki 5% ir taip pat iSmeta mazesnj kieki
HC, CO ir NOx Naudotas filtras iSmeta daugiau
angliavandeniliy ir suodziy. Fiksuojami didesni NOx skaiciai,
kuriuos sukélé padidéjusi temperatiira dél susidariusio didesnio
priesslégio. Suodziai, besikaupiantys filtre, atsiranda i§ alyvos,
patenkancios j cilindrus, kuri degimo proceso metu visiskai
nesudega. Uzsikimse filtro kanalai trikdo iSmetamyjy dujy
srautg, o tai mazina filtro efektyvuma ir sukelia didesnj emisijy
kiekj. Dyzelino kietyjy daleliy filtras pripazintas kaip efektyvi
priemoné, turinti gera mechaninj ir terminj patvaruma, taciau dél
senéjimo jo efektyvumas stipriai Suprastéja ir kietosios dalelés
neutralizuojamos ne taip efektyviai (Kim et al., 2019).
Tobulomis salygomis rekomenduotina tikrinti filtro efektyvuma
ir jj keisti nauju, kai jis visiskai nebeatlieka savo funkcijy, tac¢iau
tai sukelia papildomy finansiniy i$laidy.

Kita dyzeliniy varikliy iSmetimo sistemy efektyvumo
patikros problema yra $iy sistemy skirtingos darbo salygos, pvz.,
laboratorija, realios eismo salygos. Deginiy neutralizavimo
sistemy bandymai paprastai yra atlickami laboratorijose,
pasitelkiant stacionary traukos stenda jvairiems vaziavimo
rezimams. Mokslinéje publikacijoje (Canagaratna et al., 2004)
nustatyti dideli neatitikimai tarp laboratoriniy tyrimy ir bandymy
realiomis salygomis. Viena i§ priezasiy — temperatiira ir
santykiné oro drégmé. Dél rezultaty tikslumo §j teiginj mini ir
kiti mokslininkai (Mera et al., 2019). Realiu vaziavimo metu
dauguma dyzeliniy lengvyjy automobiliy virsija emisijos ribas.
Siekiant tiksliau jvertinti iSmetama terSaly kiekj bei iSmatuoti,
kaip efektyviai deginiy neutralizavimo sistemos geba
neutralizuoti  deginius, pasitelkiamos mobiliosios tarSos
matavimo laboratorijos .

Moksliniame straipsnyje (Rymaniak et al., 2019)
analizuojami sprendimai, kaip efektyviai iSmatuoti lengvyjy
automobiliy iSskiriamus terSalus. ISmetamyjy dujy tyrimai
realiomis eksploatavimo salygomis — tai daug laiko ir pinigy
reikalaujantys procesai. Stacionartis terSaly matuokliai yra
sitilomi kaip sprendimas jvertinti tarsa jau daugel] mety, taciau
§io tipo prietaisai Sudétingai pritaikomi, o matuokliy
konstrukcijos apriboja galimybes. Tyrimai atliekami su
mobiliosiomis laboratorijomis gali buti naudingi, taciau ne
visada efektyvis ir sunkiai pritaikomi masinéms patikroms.

Apibendrinant moksliniy darby analize matyti, kad siekiant
didinti automobiliy, varomy dyzeliniais varikliais, iSmetimo
sistemy funkcionavimo patikros efektyvuma, gana sudétinga
objektyviai jvertinti eksploatuoty dyzeliniy varikliy i$metimo
sistemy efektyvuma. Todél Sioje publikacijoje pateiktame
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tyrime didesnis démesys skiriamas borto diagnostikos sistemy
konkreciy diagnostiniy parametry, susijusiy su kietyjy daleliy
filtro funkcionavimu, jvertinimo galimybémis. Atlikti tyrimai
gali buti naudingi ir prakti§kai vertinant DPF bukle, pvz., PTA
metu.

2. Eksperimentiniai tyrimai
2.1. Eksperimentiniy tyrimy jranga

Eksperimentiniai  tyrimai  atlikti, siekiant jvertinti
dazniausiai borto diagnostikos jranga fiksuojamy DPF veikimo
parametry reikSmes.

Eksperimentiniams tyrimams naudota $i jranga:

1) BOSCH KTS 560 (zr. 3 pav. a);

2) AUTOCOM CDP+ 2016 (Zr. 3 pav. b);
3) VAG VCDS 12.12 (7r. 4 pav. a);

4) OP-COM (Zr. 4 pav. b).

a)

b)

3 pav. Eksperimentiniams tyrimams naudota jranga
a) BOSCH KTS 560, b) AUTOCOM CDP+ 2016
Saltinis: sudaryta autoriy

a) BOSCH KTS 560 - integruotas 2-jy kanaly
oscilografas/multimetras. Variklio valdymo sistemy diagnostika
pagal EOBD standartg, stabdziy, transmisijos, saugos
diagnostika.

b) AUTOCOM CDP+ 2016 — gali prisijungti prie
senesniy jung¢iy naudojant reikiamus perjungiklius. Veikimas
su visy Europos, Azijos, JAV rinkos markiy automobiliais.

4 pav. Eksperimentiniams tyrimams naudota jranga:
a) VAG VCDS 12.12, b) OP-COM
Saltinis: sudaryta autoriy

a) VAG VCDS 12.12 — galima atlikti visy elektroniniy
bloky diagnostikg per 70 sistemy. Daugiau kaip 1300 gedimy
kody su aprasymais.

b) OP-COM - programa leidzia nuskaityti klaidy kodus,
imituoti jvairiy valdymo bloky i$éjimo signalus, programuoti
valdymo blokus ir raktus.

2.2. Eksperimentiniy tyrimy atlikimo tvarka

Eksperimentiniu tyrimy santrauka ir atlikimo tvarka:

1) Tyrimams pasitelkti lengvieji automobiliai, varomi
dyzeliniais degalais ir komplektuojami su DPF.

2) I8 viso buvo patikrintas 31 automobilis, kuriy vidutiné
rida siekia 283 935 km. Tiriami automobiliai pagaminti nuo
2005 mety.

3) Automobiliy varikliai paSildomi iki darbinés
temperaturos.

4) Automobiliai techniSkai tvarkingi (diagnostinéje
jrangoje néra fiksuojami variklio sistemy gedimy kodai, borto
kompiuteris nefiksuoja butinybés atlikti DPF regeneracijos).

5)  Automobiliy varikliai dirba tus¢ia eiga.

6) Realiu laiku fiksuojami visiems automobiliams
bldingi su DPF filtro darbu susij¢ diagnostiniai parametrai:
temperatiiros jutikliy uz ir prie§ DPF reik§més, diferencinis
slégis, sukaupta suodziy masé, regeneracijos statusas ir kt.

Darbe naudojami skirtingy gamintojy ir modeliy
diagnostiniai prietaisai, atitinkantys OBD 1II standarta, todél
svarbu jvertinti naudojamy diagnostiniy prietaisy tarpusavio
pakeiGiamuma ir matuojamy rodmeny vienoduma. Fiksuojant
anks¢iau minétus DPF darbingumo parametrus stebima, ar
naudojami diagnostiniai prietaisai fiksuoja tas pacias reik§mes.
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3. Eksperimentiniy tyrimy rezultatai ir ju
apibendrinimas

Pirmiausia, naudojant anks¢iau apraSyta jranga,
fiksuojamos temperatiiry prie§ ir uz DPF reik§més. Matavimy
rezultatai pateikti 5, 6 paveiksluose.
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5 pav. Ismetamyjy deginiy temperattra prie§ DPF
Saltinis: sudaryta autoriy

5 pav. pateiktame grafike fiksuotos temperatiiry reik§més
pries kietyjy daleliy filtrg. Nustatyta, kad vidutiné temperatiira
yra apie 121,6 °C.
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6 pav. ISmetamyjy deginiy temperatiira uz DPF
Saltinis: sudaryta autoriy

Temperatiira °C

6 paveiksle pateiktame grafike fiksuotos temperatary
reikSmés uz kietyjy daleliy filtro. Nustatyta, kad vidutiné
temperatiira yra apie 137,3 °C.

Deginiy neutralizavimo sistemoje esantys jutikliai, kurie
matuoja temperatiirg pries filtrg ir uz filtro, suteikia reikiama
informacija, siekiant nustatyti, ar kietyjy daleliy filtras
funkcionuoja tinkamai. Atliekant matavimus kompiuterine
diagnostika, galima gana greitai iSmatuoti esamas vertes, tam
nebitina papildoma vizualiné iSmetimo sistemos apzilira ar

duslintuvo prie§ ir uz DPF filtro temperatiiros matavimai.
Temperatiry skirtumas matuojamas tam, kad automobilio
kompiuteryje biity fiksuojama informacija, kuri leidzia nustatyti
filtro uzsikim$imo ir funkcionavimo lygj. Atlikus bandyma
pastebétas tendencingas temperatiiry skirtumas tarp abiejy
jutikliy (Zr. 5, 6 pav.). Sis skirtumas leidZia suprasti, kad DPF
filtre vyksta deginiy valymo procesas.

Diferencinio slégio jutiklis matuoja slégio kritimg variklio
kietyjy daleliy filtre (zr. 7 pav.).
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7 pav. Diferencinis slégis
Saltinis: sudaryta autoriy

Jis siunc¢ia informacija variklio valdymo blokui apie filtro
bikle ir stebi jo veikimo efektyvumg. Dél suodziy sankaupy
atsiranda slégio kritimas, kurj uzfiksaves jutiklis perduoda
signalg | kompiuterio valdymo blokg ir taip yra inicijuojamas
regeneracijos procesas filtro viduje. I§ atrinkty automobiliy
bandymams 24 automobiliy parametrai parodé slégio matavimo
vertes. ISmatuotos reikSmés svyruoja nuo 0 Pa iki 1800 Pa.
Vidutinis uzfiksuotas slégis filtro viduje yra apie 499 Pa.
Pastebéta, kad kai kurivose automobiliuose diferencinis slégis
uzfiksuotas labai mazas arba nulinis. Slégio nebuvimas filtro
viduje gali signalizuoti mazg efektyvuma arba filtro nebuvimag
sistemoje. Automobilyje Audi A6 uzfiksuotas diferencinis slégis
lygus O Pa (Zr. 7 pav. 5 stulpelis i§ kairés pusés) ir temperatiiry
grafikuose pateiktas maZas temperatiry skirtumas tarp dviejy
temperatiiry jutikliy (Zr. 5, 6 pav. 5 stulpelis i§ kairés pusés).
Galima daryti prielaida, kad neutralizavimo sistemos veikimas
Siame automobilyje yra nevisiskai efektyvus. Automobilyje
Renault Megane (zr. 7 pav.) uzfiksuota didziausia slégio
reiksmé. Kaip zinoma, didesnis slégis susidaro, jei DPF
susikaupia didelis kiekis suodziy. Tokie rodmenys leidzia teigti,
kad DPF netrukus bus atliktas regeneracijos procesas arba DPF
valymo efektyvumas jau yra minimalus ir reikia keisti filtra.

Kietyjy daleliy filtre susikaupe suodZziai — tai anglies daleliy
masé, susidaranti nevisiskai sudegus angliavandeniliams (zZr. 8

pav.).
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Suodziy masé, g
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8 pav. Apskaiciuota suodziy masé
Saltinis: sudaryta autoriy

ApskaiCivota suodziy masé automobilio deginiy
neutralizavimo sistemos valdymo sistemai leidzia jvertinti ir
nustatyti tinkama regeneracijos laiko strategija. Tinkamas
suodziy masés jvertinimas yra svarbus aspektas siekiant
ilgaamzisko filtro veikimo. Suodziy masés grafike (zr. 8 pav.)
pateikti 13-0s automobiliy duomenys. Kity automobiliy suodziy
kiekio duomenys nepateikti, nes naudojant esamus diagnostikos
prietaisus nebuvo prieigos nuskaityti suodziy masés veréiy. Nors
sukauptos suodziy masés priklausomybés nuo ridos nustatyti i$
$iy duomeny néra galimybés, taciau galima teigti, kad daugelyje
automobiliy kietyjy daleliy filtrai turi vidutiniskai apie 12 gramy
sukaupty suodziy filtro viduje. Automobilyje Audi a6 (8 pav.
pateiktas 5-as i$ kairés) nurodyta suodziy masé yra 0,99 gramy,
o diagnostikos jranga fiksuoja, kad regeneracija Siame
automobilyje buvo jvykusi pries 9 minutes. Sis parametras (kaip
ir pateikti ankstesniuose grafikuose) leidzia daryti i§vadg, kad
kietyjy daleliy filtras Siame automobilyje, tikétina, veikia
neefektyviai.

ISvados

Vertinant lengvyjy automobiliy, varomy dyzeliniais
varikiais, DPF filtry funkcionavimo diagnostinius parametrus,
formuluojamos Sios iSvados:

1. Atlikus moksliniy tyrimy analiz¢ galima teigti, kad
iSmetamy terSaly tyrimai, atlickami laboratorijose ir
realiomis salygomis, parodo skirtingus rezultatus.

2. Uzfiksuota vidutiné deginiy temperattirg pries DPF filtra —
apie 121,6 °C, deginiy temperatira uz DPF filtro — apie
137,3 °C.

3. DPF filtre uzfiksuotas vidutinis diferencinis slégis — 499 Pa.

4. Nustatyta, kad vidutiné apskaiciuota suodziy masé¢ DPF
filtre yra apie 12 g.

5. Remiantis ankséiau pateiktomis nustatyty ekologiniy
parametry reikSmémis galime preliminariai spresti apie tirty
automobiliy DPF filtry galimg funkcionavimo efektyvuma.
Tikétina, kad $iuo atveju DPF filtrai yra funkcionuojantys.

6. Tyrimo metodika ir rezultatai gali buti pritaikomi atliekant
PTA, kurios metu tikrinamas neutralizavimo sistemy
efektyvumas.
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ASPECTS OF ASSESSMENT OF ECOLOGICAL
PARAMETERS OF PASSENGER CAR DIESEL
ENGINES
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Summary. As the world's car emissions increase, it is essential
to find a way to neutralise them more effectively. One of the more
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pressing air pollution problems these days is emissions from diesel
engines in cars. In many of these vehicles, the exhaust gas
neutralisation systems lose their efficient functioning during
operation. In some European countries, it is common to encounter
drivers who remove these neutralisation systems from their cars. It is
therefore very important that the technical condition and performance
of DPFs in diesel-powered passenger cars should be regularly checked
at national level. One of the measures is the inspection of cars during
the roadworthiness test, which should assess whether the car's exhaust

system complies with the established ecological parameters.

The aim of this study is to use on-board diagnostic (OBD)
equipment to carry out a check of the ecological parameters of
passenger cars with diesel engines, to assess the performance of the
components of the exhaust gas neutralisation systems in the car. The
main focus is on the particulate filter.

Key words: aftertreatment systems, passenger car, particulate
filter, car pollution, diesel engine.
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STATISKAI NEISSPRENDZIAMO TEMPIAMO STRYPO DEFORMAVIMOSI TYRIMAS

Jurijus Tretjakovas'?, Stevo Borojevi¢®, Liang Zhang*

Vilniaus Gedimino technikos universitetas, Saulétekio al. 11, Vilnius
2Vilniaus technologijy ir dizaino kolegija, Antakalnio g. 54, Vilnius
3Banja Lukos universitetas, Stepe Stepanovica g. 75, Banja Luka
*Henan mokslo ir technologijy universitetas, Kaiyuan Avenue 263, Luoyang, China

Anotacija. Straipsnyje nagrinéjama tempiamy ir gniuzdomy strypy statiskai nei§sprendziama sistema, veikiama iSoriniy apkrovy ir strypuose
atsirandangiy temperatiiros poky¢iy. Atlikus tyrima sukurtas matematinis modelis deformavimosi ypatumams aprasyti. Sis modelis pritaikytas ir
kritinei temperatiirai rasti, atsizvelgiant j strypy stiprumg. Siam tikslui pasiekti sudaroma matematiniy lygéiy sistema, priklausanti nuo statiniy
pusiausvyros lygéiy, gemetrinés darnos lygéiy ir fiziniy medziagos priklausomybés lygciy. Apibendrinus lyg¢iy sistemos sprendimus
sugeneruojamas algoritmas kritinei temperatirai rasti. Ekstreminés temperatiiros leidZia nustatyti strypuose atsirandancias kritines aSines jégas,

kritiniy jtempius ir netgi modeliuoti medziagos rodiklius.

ReikS§miniai ZodZiai: tempiamas ir gniuzdomas strypas, jtempis, deformacija, temperatiiros pokytis, lygéiy sistema.

Ivadas

Tam tikrose konstrukcijose nejmanoma rasti jrazy ir
patikrinti ~ stiprumo  neatlikus  deformacijy  nustatymo
(Atkoc¢itnas ir NageviCius, 2004; Dupen, 2022). Tokios
konstrukcijos ~ vadinamos  statiSkai  neiSsprendziamomis
konstrukcijomis (arba statiskai neiSsprendZziamomis
sistemomis), ir konstrukcijos elementy analizé jose pateikiama
kaip statiSkai neiSsprendZiamas uzdavinys (Bhaduri, 2018;
Hibbeler, 2011)

Ne i8imtis tempiami ir gniuzdomi strypai (arba tempiamos
ir gniuzdomos sistemos). Jei strypy skai¢ius n didesnis uz
sistemos laisvumo laipsnj p, strypy jrazoms apskaiCiuoti
nepakanka statinés pusiausvyros lyg¢iy.

Statinés pusiausvyros lygtys tempiant ir gniuzdant susieja
aSines jégas su iSorinémis apkrovomis. Jos dazniausiais raSomos
taikant universalyji pjiivio metoda ir nesunkiai jrodoma, kad
tiesiSkai nepriklausomy pusiausvyros lygéiy gali buti tik tiek,
koks yra tempiamos gniuzdomos sistemos laisvumo laipsnis p.
Konstrukcijose laisvumo laipsnis p negali bati didesnis uz
sistemos strypy skaiciy n. Jei laisvumo laipsnis p lygus sistemos
strypy skaidiui n, strypy aSinés jégos nustatomos taikant
pusiausvyros lygtis ir sprendZiamas statiSkai iSsprendZiamas
uzdavinys.

Jeigu tempiamos ir gniuZdomos sistemos strypy skai¢ius
yra didesnis, strypy jragzoms rasti statinés pusiausvyros lygciy
nebepakanka (Liu et all.; 2021; Vislavi¢ius et al., 2008).
Skirtumas

n—-p=k (1)

vadinamas statinio nei$sprendziamumo laipsniu ir parodo, Kiek
karty sistema yra statiskai neiSsprendziama. Sis skaicius
atskleidzia trukstamy lygciy kiekj, biiting sistemai iSspresti
(Shmelev et al., 2019).

Trukstamos lygtys yra geometrinés deformacijy darnos
lygtys ir fizikiniy désniy priklausomybiy lygtys.

Tyrimo tikslas — taikant matematinj strypy deformavimo
modelj ir stiprumo kriterijy sudaryti tempiamo ir gniuzdomo
strypo lyg¢iy sistema kritinei sistemos temperatiirai rasti.

Uzdaviniai:

1. Sudaryti tempiamo ir gniuzdomo strypo prading
schemg ir generuoti keletg skai¢iuojamyjy schemy.

2. Sudaryti statinés pusiausvyros ir geometrinés
deformacijy darnos lygtis ir jas i$spresti randant sistemos aSines
jégas.

3. Pritaikius matematinj deformavimosi elgsenos modelj
sukurti algoritmg  Kritinei temperatarai skaic¢iuoti.

4. Lyg¢iy sistemos sprendinio pagrindu optimizuoti nors
vieng geometrinj sistemos parametra.

Straipsnio struktira. Pateikta tempiamy ir gniuzdomy
strypy statiSkai neiSsprendziamos sistemos pradinés schemos
kiirimas ir skaiCiuojamosios schemos sudarymas, apraSsomas
sistemos lygCiy sudarymas, lyg€iy sprendimas. Sistemos
matematinio modelio lygéiy nezinomyjy analizé suteikia
galimybe optimizuoti viena ar keletg Strypo geometriniy
parametry.

1. StatiSkai neiSsprendZiamy tempiamy ir
gniuZdomy strypy sistemy apZvalga

Mokslinéje literatiiroje  apraSytas jvairias statiSkai
neiSsprendziamas tempiamas ir gniuzdomas sistemas galima
suskirstyti j tris pagrindinius tipus.

1. Vienas strypas turi maziausiai du jtvirtinimus.

2. Isilgai sujungty strypy sistema.

3. Plok§tuminé Sarnyriné strypiné sistema. Erdviné
Sarnyriné strypiné sistema yra sudétingesné.

Geometrinés deformacijy ir poslinkiy darnos lygtys
sudaromos dviem biidais:

1. Matematiskai iSreiskiant geometriniy priklausomybiy
rySius tarp deformacijy ir poslinkiy.

2. Pertvarkant statinés pusiausvyros lyg¢iy matricing
darnos sistemos israiska.

24



Technologijos ir menas, 2023/14 ISSN 2783-8064

Geometrinés nesudétingy sistemy deformacijy darnos
lygtys paraSomos vadovaujantis matematinés geometrijos
priklausomybémis.

Fizikinés lygtys sieja deformacija ir jtempj taikant
proporcingumo désnj, ir jy raSoma tiek, kiek sistemoje strypuy.

Atkreiptinas démesys, kad statiSkai neiSsprendziamose
sistemose jrazy gali atsirasti ir be apkrovy. To pagrindinés
priezastys yra temperatiiros pokyciai ir montavimo netikslumai
(Virdi et al., 2019; Zienkiewicz et al., 2000).

2. Sistemos pradiné ir skai¢iuojamoji schemos

Pradiné schema. Pasirenkamas trijy ruozy abiejuose
galuose jtvirtintas centriSkai tempiamas ir gniuzdomas
plieninis strypas. Jtvirtinimai ir pradiné schema parodyta 3 pav.
Strypo  ruozy ilgiai [, I, ir I3, skritulinio skerspjavio
skersmenys d; (@), d,(®;) ir d;(@3). Strypo apkrova
iSreiSkiama koncentruotos jégos parametrais F; ir F,, ruozus
veikia temperatiiros poky¢iai At,, At, ir At;.

Strypas pagamintas i§ plieno, jo mechaniniy savybiy
rodikliai: reglamentuojamas projektinis stipris f, tamprumo
modulis E ir $iluminio plétimosi koeficientas a.

My It My e
- AT o
A 4—>®‘ . 8 N
!
k I2 I3

1 pav. Pradiné schema
Saltinis: sudaryta autoriy

Skaiciuojamoji schema. Skai¢iuojamojo modelio ruozy
ilgiai 1;=120 mm, [,=150 mm ir ;=110 mm, ruozy skritulinio
skerspjuvio skersmenys d,;=12 mm, d,=8 mm ir d;= 10 mm.
Strypo apkrova iSreikSta parametrais F; = 8 KN, F,=-5kN,
aplinkos temperatiiros pokytis veikia tik vidurinj strypa, t. V.
At,=0, 4t,=50 °K ir At;=0 °K.

At=200° K

7 8 kN 5 kN N
18 B E<d i
@ 120 @é) 150 mm é)@ 110 @

-

2 pav. Skai¢iuojamoji schema
Saltinis: sudaryta autoriy

Plieno reglamentuojamas stipris f =100 MPa, tamprumo
(Jungo) modulis E =220 GPa, plieno Siluminio plétimosi
koeficientas @ = 12 - 1076K 1.

3. Tempiamo ir gniuzdomo strypo lyg¢iy sistema

Norint suzinoti papildomy lyg¢iy skai¢iy reikia
apskaiciuoti statinio nei$sprendziamumo laipsn;j k:

k=n—-p=3-2=1 D

¢ian = 3 — sistemos strypy skaicius;

k = 2 —sistemos laisvy mazgy laisvés laipsniy suma.

Kadangi sistema yra vieng kartg statiskai nei$sprendZiama,
vadinasi, prie statinés pusiausvyros lygéiy reikés parasyti vieng
papildoma geometrinés darnos lygt;.

Statinés pusiausvyros lygtys gaunamos iSpjaunant
laisvuosius mazgus. Tokie mazgai sistemoje yra 23 ir 45
mazgas.

a)
8 kKN
Ny Nay
-— > —>
b)
5 kN
Ny3 Nsg
-— i

&8

3 pav. I8pjauti mazgai: a) 23 mazgas; b) 45 mazgas
Saltinis: sudaryta autoriy

23 mazgo pusiausvyros lygtis:

—Ny, + 8+ N3y = 0; 2
45 mazgo pusiausvyros lygtis:

—N3, — 5+ Ngg = 0; 3)

Siose lygtyse yra trys nezinomieji, taigi, reikia aprasyti
geometring ir fiziking deformacijy darng ir matematiSkai
uzrasyti treciaja lygtj. Fizikiné deformavimo lygtis susies visus
nezinomus dydzius, kurie sudaro pusiausvyros lygtis. Ji
grindZiama tuo, kad deformuojantis visiems trims ruozams (12,
34 ir 56) suminis poslinkis turi bati lygus nuliui.

Allz + Al34 + Al56 =0 (4)

C¢ia Al — strypo ruozo ilgio pokytis.
Strypo ruozo ilgio pokytis skai¢iuojamas pagal formulg:

Az:(‘i dz+a-At>-l ©)
E-A

0
Pritaike¢ Sig lygti kiekvienam ruozui gauname trecig
sistemos lygti:
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Niz'liz ( N3q4 . ) . Nse'lse __
—E'Alz + —E'A34 +a At34 134 + —E'A56 = 0 (6)

IraS¢ visus Zinomus parametrus gauname trijy lygciy
sistemg su trimis nezinomaisiais:

_le +8+N34 = 0;
_N34_5 +N56 = 0;

le * 0,12
09 70,0122 +

220-1

N3y
220 - 10° - Z00

+ +12-107¢-50 |- 0,15 +

Ny - 0,11
220 - 10° - Z00%

Gauname trijy lygéiy sistemg su trimis nezinomaisiais.
4. Lygciy sistemos sprendinys

Si lyggiy sistema sprendziama pritaikius matematinj rinkinj
MatchCAD (4 pav.).
ASiniy jégy reikSmés:
Ny, = 4,09 kN;
N3, = —3,91 kN;
Nsg = —8,91 kN.

Norédami suzinoti tik temperatiiros jtakg aSiniy jégy
dydziui, turime spresti uzdavinj 4t,=0, t. y. darome prielaida,
kad antrasis ruozas temperatiiriniy deformacijy nepatiria.

Given +

-NI2+Fl+Ni#=0

N3 -F2+N¥6=0

‘N1 Vo V(NS \
(B2 eaT-dettaTt 11+ | 2P0 4 aifaTdeteaT2 -2 4 | 00 4 afaT deltaT3 | 3= 0
LE-Al )7 T lEAa 7 T Eas )

. .

| 4091 107 |

Find(N12 N3¢ N36) = | _3000 x 10°
\-8909x 10° )

4 pav. Lygciy sistema MatchCAD terpéje
Saltinis: sudaryta autoriy

Radus aSines jégas stiprumas tikrinimas skaic¢iuojant
maksimalius jtempius strypo ruozZuose.

N12 _ 4,09 - 103
A_12 = T m0,0122
4

= 36,2-10°Pa = 36,2 MPa;

012 =

Ns, —391-10°

R e s . 106 _ _ .
O34 = A, = 00082 =-77,8-10°Pa = —-77,8 MPa;
4
__ Nsg __ —-891:10% _ . _
Os5¢ —A—SZ—W——ll?) 106Pa——113 MPa .

4

Strypo plieno reglamentuojamas stipris yra 100 MPa, tad
56 ruozas néra pakankamai stiprus.

Naudojantis turima trijy lygéiy sistema ir algoritmu
MatchCAD terpéje nesunku apskaiCiuoti jrazas ir jtempius be
temperatiiros jtakos (5 pav. )

-NI2 +F1+N34=10

f N2 £ N34 W56
N2 (N34 (NS
LE-AL) LE-A2) \E-A3)
(727 10°
Find(N12 N34 N36) = | —272.772

\-5273x107)
5 pav. Asiniy jégy reikSmés be temperatiiros pokyc¢io
Saltinis: sudaryta autoriy

Taigi, aSinés jégos gaunamos:
N;, = 7.23kN;
Ns, = —273 N;
Nsg = —5,27 kN.

Temperatiros pokytis visai sistemai padaré gniuzdomaji
poveikj. Pirmojo ruozo asing jéga sumazino, o antrojo ir tre¢iojo
padidino.

5. Maksimalios temperatiiros skai¢iavimas

Kaip jau jsitikinom, statiSkai neiSsprendziamose sistemose
temperatiiros pokytis sukelia jrazy perskirstyma, dazniausiai jy
padidéjima bei didina jtempius ir deformacijas. Tai gali buti
gana pavojinga, nes nuo $iy parametry priklauso konstrukcijos
stiprumas ir standumas.

Labai svarbu rasti ribinj temperatiiros pokytj remiantis
stiprumo ar standumo kriterijumi, nes pagal reglamenta plieno
stipris, t. y. maksimalds jtempiai kiekviename ruoze negali
virSyti 100 MPa. Vadinasi, | trijy lygéiy sistema reikia jtraukti
dar tris papildomas salygas:

_ Np2 . _ N34 . _ Nse
0'12——A Sf,034——A Sf,056——A <f
12 34 56
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Modifikuotas algoritmas ir $esiy lygéiy sistema su Keturiais
neZinomaisiais ir trimis apribojimais sprendziama taikant
matematinj rinkinj MachCAD (6 pav.)

“NIZ+F1+N34=10

-N34 -F2+ Nié=0

I I17 \ I T \ I T5 \
(N2 taT-dettaT 1 + [ 25 &+ T dettaT [0 + | —00 4 atfaT-deltaT3 |32 0
LE-Al \E-A2 )7 T EAs ),

N12

— = f

Al

-\:S-L < f

A2

N36

e < f
A3
(e
1.131 % 10° +

Find(deltaT N12 N34 Ni6) = .
—6.869 % 107

11875 10%)

6 pav. Kritiné temperatiira ir aSiniy jégy reikSmés
Saltinis: sudaryta autoriy

Vadinasi, vir§ijus 90,7 laipsniy, nagrinéjamoje trijy ruozy
strypingje sistemoje atsiras jtempiy pervirsis.

ISvados

1. Atlikus tyrimg galima teigti, kad temperatiiriniy
deformacijy jtaka statiSkai neiSsprendziamy sistemy
irgzomas ir jtempiams yra reikSminga ir ja privalu vertinti.

2. Sukurtas skaiCiuojamasis modelis suteikia galimybe
vertinti ne tik vidurinés dalies temperatiiros pokytj, bet ir
visy strypo daliy temperatirines deformacijas.

3. Vidurinés dalies temperatiirai pakilus 50 laipsniy, strypo
jrazos persiskirsto ir pirmos dalies asiné jéga sumazéja
47%, antros dalies absoliu¢iu didumu padidéja 118 karty,
o treios dalies gniuzdymo jtaka iSauga 1,7 karto.

4. Remiantis stiprumo kriterijumi nustatyta, kad strypo
vidurinés dalies maksimalus temperatiiros pokytis negali
virsyti 90 laipsniy.
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INVESTIGATION OF THE DEFORMATION
BEHAVIOR OF A STATICLY UNSOLVABLE
TENSILE ROD

Jurijus Tretjakovas®?, Stevo Borojevié®, Liang
Zhang*

Yilnius Gediminas Technical University
2Vilnius College of Technologies and Design
SUniversity of Banja Luka
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Summary. The article deals with the statically indeterminate
system of tensile compressible rods under the influence of external
loads and temperature changes occurring in the rods. This
investigation attempts to develop a mathematical model of
deformation and apply it to find critical temperatures. To achieve
these goals, a system of mathematical equations based on static
equilibrium equations, geometric constrains equations and physical
state equations is created. After summarizing the solutions of the
system of equations, an algorithm for finding critical temperatures is
generated. Known extreme temperatures make it possible to
determine the critical axial forces, critical stresses, etc.

Key words: tensile compressive rod, stress, deformation,
change in temperature, system of equations.
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Al AS CREATIVE PARTNER AND MUSE

Chris Hales

Independent Artist and Guest Lecturer at VTDK Design Faculty

Abstract. Al-generated imagery has undergone significant recent development in terms of accessibility, ease of use, and quality of output.
The technique of typing text prompts to produce images, a process known as text-to-image, underwent significant performance improvements in
late 2022 leading to an uptake in interest and popularity. This paper discusses both text-to-image and a related technique known as a generative
adversarial network (GAN), in terms of technical aspects and the types of image outcome produced. The importance of the prompt text, which can
be crafted in a process known as ‘prompt engineering’, is illustrated by means of experimentation in which a custom-made GAN and the Stable
Diffusion text-to-image model are used to generate imagery of the Hill of Crosses. Ethical and artistic considerations, and the concept of the Al
model as a creative muse, are also discussed in order to create knowledge of use to the creative community.

Key words: Artificial Intelligence, Machine Learning, Neural Network, GAN, Text-to-Image, Stable Diffusion, Prompt Engineering.

Introduction

The use of artificial intelligence (Al) across a range of
societal applications including those for creative purposes has
developed dramatically in recent years due to developments in
coding techniques and the training of neural networks upon ever
more comprehensive datasets in a process known as machine
learning (ML). Sabine Himmelsbach (2022) uses the term
‘entangled realities’ to describe the emerging dialogue between
humans and machines which has been created and shaped with
ever-developing intelligent systems and objects. A popular
meme at the time of writing this article goes along the lines that
‘Al won’t take your job - but somebody using Al will’, the
implication being that outstanding Al tools are already
established in creative practice but need human ingenuity to be
used to their full potential. This paper aims, by means of an
experimental qualitative approach, to examine outputs from
image-based ML models in two forms: as generative adversarial
networks (GANSs) which can be self-trained using personally
collected visual imagery, and recently developed text-to-image
models such as Stable Diffusion (hereinafter called SD) which
have been trained on massive amounts of data taken from online
sources. By attempting to generate Lithuania-specific outputs a
comparison can be made between a custom-made model and one
that has been trained on a vast worldwide cultural database, and
the effects of varying a text prompt to guide the latter model can
be explored.

At the time of writing the amount of published literature
relevant to this paper is scarce, the bulk of publication being
online journalistic articles or scientific papers dealing with
computational techniques. The publication time lag struggles to
keep up with the almost daily developments in the techniques
and quality of Al-generated imagery, and publications relevant
to this article are either yet to appear, or are already outdated. To
overcome this, Manovich and Arielli have been publishing a
book incrementally online since 2021 to document what
Manovich terms an ‘ongoing revolution’ (Manovich, 2023). By
contrast Arthur Miller’s The Artist in the Machine, a key text
back in 2019, already seems like a history book: most of the case
studies and techniques presented have already been superceded

or have lost favour as researchers introduce newer types of
implementation with higher image resolution and quality. Face
swapping, for example, was a mobile phone app craze around
2016 and shortly afterwards neural style transfer became popular
—this being a process in which the higher stylistic layers of a pre-
trained model (trained for example on paintings by Monet or
Van Gogh) are applied to a user-supplied content image. The
popularisation of psychedelic ‘DeepDream’ imagery also dates
to around this time. Although techniques such as these could be
considered little more than gimmicks, by 2019 Generative
Adversarial Networks (GANSs) added breadth, variety and
quality by means of their ability to generate original instances of
text and image based on specific trained model content.
Supplying text guidance (a descriptive sentence) to generate
original imagery is the latest development to have become
popular and it has, to a certain extent, upstaged the use of GANs
due to its broader functionality.

Using a methodology of action research via
experimentation, the author of this paper firstly gained the
expertise to create several uniqgue GANs including one trained
on imagery of Siauliai’s Hill of Crosses. Experiments then
compared the outputs from this model with those created from
Stable Diffusion in order to make a subjective analysis of how
both models generate the same target output (Hill of Crosses). In
order to reveal variation produced by the text prompt, the study
then experiments with the additional capability of SD to
extemporise on the basic visual theme. Finally the text prompts
are further elaborated to reveal the potential for both faking
reality and encouraging creative imagination when using text-to-
image generators. This approach is limited by very small
amounts of data (in the form of the generated images) and the
fact that results are subjectively commented upon only by the
author. The aim nonetheless is to better understand and elucidate
the processes behind GANSs and text-to-image generators.

1. Generative Adversarial Networks and
‘CrossesGAN’

Looking specifically at image-based functionality, a GAN
is an image-generating neural network which is created via a
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training process over a substantial number of iterations
(sometimes called epochs) from a large dataset of thousands of
images which may be original photographs or artworks, or
‘scraped’ from the Internet. It is time consuming but not difficult
for an artist or designer to create or collect their own dataset, and
to use ready-made code to train their own original and unique
GAN model. The author of this paper has trained several GANS,
for example one to create Baltic mitten designs (trained from 900
images with 200 hours of training), another producing image
representations of the River Daugava in Latvia (1000 images,
340 hours training), and a third that generates images of
Siauliai’s Hill of Crosses (850 images and 100 hours of training).
The rationale behind training each of these models was for the
purpose of creating novel experimental short films and in each
case these were probably the first image-based neural networks
ever created on that particular subject. The Hill of Crosses model
will be discussed in more detail later and has been named
‘CrossesGAN’.

As the GAN training process progresses information is
gradually built into a neural network that begins to understand
lines and shapes and eventually learns how to create new and
original images that resemble, but are different from, images that
were in the original dataset. If the neural network is not provided
with any description of each item in the dataset then the process
is described as unsupervised. In supervised learning categories
(classes) are assigned to each image (e.g. this image is a cat, this
image is a dog) meaning that a model could not only generate
new exemplars of each particular class on which it was trained,
but could function as a ‘classifier’” which could try to identify
previously unseen images.

CrossesGAN was unsupervised, meaning that the resultant
model had neither preconception nor nomenclature of what the
dataset imagery represented, yet during the training process it
learned to make its own imagery that had the look and feel of the
original dataset images without ever generating replicas. The
model was trained using the StyleGAN2 architecture which
utilises a 512-dimensional descriptive matrix known as latent
space. Without requiring a user to supply any parameters, an
almost infinite number of image variations can be produced from
a GAN and video sequences can be generated by ‘spacewalking’
through the so-called latent space to produce interpolation
(inbetweening or morphing) videos.

Inherent in the GAN-type architecture is the narrow
specialism as to what the model can create. If trained on a few
thousand photographs of cars it would only produce attempts at
new car images, and so on. There are a great number of these
specialised GAN models either held privately (as my own) or
made publicly available for others to use. Reproduced in Fig. 1
are a variety of 512px square images generated from the author’s
CrossesGAN which have been generated randomly. The original
dataset consisted of 850 images of the Hill of Crosses at different
times of day and at different locations but was curated in such a
way that only images without people in them were chosen for
the dataset. Additional training steps and a larger dataset would
have been desirable to improve the results, nevertheless
particular features of the real Hill of Crosses are quite

recognisable, albeit in a somewhat freeform representation.
There was no aim to make the output an exact reconstruction but
rather to create artistic imagery that could be formed into an
experimental film by interpolation through the latent space of the
model in the process of ‘spacewalking’ referred to above.
Generally the latent space is truncated to give more realism but
can be opened up to produce a tendency towards deliberate
abstraction, an approach which is neither difficult nor unpopular.
Indeed, as Hales (2021, p.80) suggests, “the abstract form,
certainly, can be considered as one of the direct links between
new Al practices and previous movements in experimental
film”. Stan Brakhage’s description of experimental film as “an
adventure of perception” (Brakhage, 1963, “Metaphors on
Vision” para. 1) is particularly appropriate to the exploration of
the latent space of a GAN which contains almost unlimited
visual variations on the overall theme (i.e. the Hill of Crosses)
without any preconception of what the theme represents to a
human.

The CrossesGAN model does just the one job but with
enough inherent fidelity for anyone familiar with the real Hill of
Crosses to sense an impression of familiarity in many of the
images the model produces. This narrow functionality reveals a
situation which is far away from the goal of Artificial General
Intelligence (AGI) in which the neural network becomes
versatile and multi-functional enough to begin to rival human
intelligence itself. Stable Diffusion, a text-to-image architecture
which will be examined next, does make a slight but significant
move in that direction because the enormous dataset on which it
was trained broadens the range of imagery that can be produced.

2. Text-to-Image and How it Works

At the time of writing it is clear that although GANSs still
retain their creative potential, there is an explosion of interest in
the use of text guidance to generate image (or text) output, with
the term ‘text-t0-image’ becoming a predominant theme in the
Al-generated art community. A proliferation of websites and
apps emerged in the latter quarter of 2022 and early 2023 to
implement fast-moving text-to-image developments: Craiyon,
Dream by Wombo, Midjourney, NightCafé and Stability Al’s
DreamStudio are currently some of the most popular. The terms
‘Al-generated art’ and ‘generative art” have become widely used
to categorise the type of imagery, very often fantasy-inspired and
photorealistic, which is generated by use of a text-to-image
model — it must be noted, however, that generative art is a long-
established field that covers a great many techniques and styles
including abstraction.

What currently sets text guidance apart and has led to its
popularity is that the datasets used for training text-to-image
models are so massive in size that a single model can create a
seemingly endless variety of high quality images from just a
short descriptive phrase. In text-to-image training the dataset is
structured as pairs of images plus their text captions: each image
is paired with a text description of that image. Since it would be
tedious (though not impossible) for anyone to try to create a
useable dataset this way, the images are invariably scraped from
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Fig 1. A variety of images (converted to greyscale) generated by the
CrossesGAN image-based neural network
Source: Author

websites across the Internet along with their accompanying
captions. In this way any image posted online with a caption, for
example on a personal blog, stock image website, or a news or
sports website, has the potential to end up in such a dataset and
be used in the training process, thereby influencing the outputs
produced. A massive dataset of billions of text-caption pairs was
trained by the company OpenAl to create the CLIP text guidance
model (released early 2021) which brought about the current
rapid developments in text-to-image. What CLIP (and its
variations) does in simple terms is to repeatedly compare an
image and a text caption and report the accuracy of the match,
therefore guiding an iterative search through the latent space of
an accompanying generative model to find accurate mappings
between generated images and user-supplied text descriptions.
CLIP deals with the text guidance and does not itself create
imagery: it is tightly coupled with an image generator model
(which could be a GAN) to make up the entire package and these
combinations often have catchy titles such as Aphantasia,
Hypertron, Disco Diffusion and OpenAI’s DALL-E. Diffusion
refers to a particular method using a model trained to gradually
refine a pattern of random noise into realistic images. At the time
of writing Stable Diffusion developed by Stability Al is an
overwhelmingly popular community-driven solution that is
considered to give realistically rendered outputs that excel in
matching image to prompt — the text-to-image experiments later
in this article will be based on the use of SD. Although its first
version (August 2022) used the original CLIP model for the text
guidance, the second version (November 2022) has its own text
guidance model (OpenCLIP) trained using a 120-million image
subset of the LAION-5B dataset of 5.85 billion image-caption
pairs (filtered for inappropriate content and aesthetic value). The
process of creating final output images from a text prompt occurs
by repeated generation of images in an iterative series of steps
starting from an initial noise pattern. Each image step gets a
score from the text guidance model with the aim of continually
improving the match with the text prompt until a certain number
of steps (for example, fifty) have been completed. Because this
process will result in a different image each time, a batch of
output images can be generated from which the user can cherry-
pick those images that are considered most successful. SD is able
to combine quite disparate concepts in original ways such that
the results generated from a prompt like, for example, “a car in
the shape of a dog” go way beyond mere collage and are often
intriguing and ingenious in their unexpected inventiveness. It is
for this reason that SD and comparable models are considered by
some to show an almost magical advancement in image-based
generative Al — bearing in mind of course that the ‘magic’
originates in the massive corpus of human ingenuity contained
in the datasets upon which the models have been trained.
Although this article examines text guidance, visual
guidance can also be used as a complementary tool to craft a
desired output image and is becoming increasingly common,
particularly where each so-called ‘starting image’ is derived
frame by frame from an existing video file. Alternative solutions
exist for this, the most direct approach being one which affords
the user the possibility simply to upload an image (usually jpeg
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or png format) from which the text-to-image iteration is
commenced using the user-supplied text prompt. Artbreeder’s
Collager system has a different methodology that allows the user
to position some basic shapes that suggest where particular
prompt elements should be drawn, and Meta AI’s Make-A-Scene
offers a basic sketching interface with a user’s drawings
providing visual guidance to supplement the work of the text
prompts.

Let us now study the Stable Diffusion model as it stands in
early 2023 which is, essentially, a single neural network with
knowledge of a great many categories of imagery rather than just
the one. Surely the SD text-to-image model could not generate
images that represent the same knowledge as CrossesGAN?
Inputting the text prompts “Hill of Crosses Siauliai” or “distant
view of Hill of Crosses Siauliai” into a basic web
implementation of SD (stablediffusionweb.com) gives 512px
square images such as those illustrated in Figure 2 (these have
been selected from amongst multiple possibilities generated by
SD and converted from colour to greyscale). The bottommost
image in Figure 2 was generated using the prompt “path leading
through the Hill of Crosses Siauliai”. Sample output images
from the same prompt can be generated endlessly by SD with
results that are undoubtedly hit or miss, meaning that with sheer
persistence it may be possible to produce an image that is
recognisable as specifically being the Hill of Crosses in Siauliai:
additionally, there are many parameters that influence the final
outputs (such as the number of iterations per generated image)
that are simply not available on the basic web implementation
that was used here. Although the outputs are to a certain extent
comparable between the use of SD and CrossesGAN, a
subjective comparison suggests that CrossesGAN is more
faithful to the actual Hill of Crosses topology — which should
come as no great surprise given that significant time and effort
was expended in creating CrossesGAN specifically for this task
and only this task. On the other hand it took just a few words of
typed text to generate from the SD model and it catches the
overall impression of the subject excellently but, perhaps, with a
more imaginative approach — for example the crosses
themselves are more intricate and ornate and the path through
the Hill of Crosses (bottom image) is itself made up of crosses.

These results beg the question of whether the SD model has
any actual knowledge of the Hill of Crosses at all, or whether it
is inventing generic scenes. Fortunately this question can be
easily solved because the LAION-5B image+caption dataset on
which SD was trained is open-sourced and can be inspected, a
website offering this being haveibeentrained.com. Entering
“Hill of Crosses Siauliai” into the search box of this website
reveals that about 250 photographs are present and they do all
seem to be actual representations of the place, hence we can
reasonably conclude that the SD model does indeed have some
visual knowledge of the Hill of Crosses. However, the images
being generated by SD as typified by those in Figure 2 are clearly
not directly representational collages cut-and-pasted from the
samples in the dataset: they are original compositions freely
extemporised from the entire knowledge embedded in the SD
neural network. This leads us to the true strength and core

popularity of SD which is in the realm of fantasy and
imagination.

A brief study of online galleries of SD outputs reveals that
it is being used overwhelmingly to create fantastical scenes and
imaginative combinations in a hyperrealistic manner rather than
to reconstruct reality itself, meaning that SD is undoubtedly best
used when allowed to freely undertake its own ‘adventure of
perception’. Where the SD method comes into its own therefore
is when the text guidance is used to go beyond a basic
representation of the core prompt. Some gradual steps in this
direction are shown in Figure 3. The prompt for the image on the
top of Figure 3 was “Watercolour painting of Hill of Crosses
Siauliai in autumn” and the image below it was generated from
prompt “Pixelart view of Hill of Crosses Siauliai”. These images
reveal that SD can enhance a core representation with knowledge
of additional subjects such as weather conditions and in addition
to this, stylistic rendering can be carried out with ease — this
could in fact be considered a new variety of neural style transfer
in which the user need only supply the text guidance rather than
uploading a content image. The bottom two images in Figure 3
are somewhat worrying in the manner in which a fake narrative
has been represented: the prompts were “the Pope climbing the
Hill of Crosses Siauliai” and “Hill of Crosses Siauliai burning
with a huge fire”. The imagery is untainted by Photoshop
retouching and has the potential (and even more so in future
upgrades of SD) to be easily passed off as (fake) news. Adding
additional description to the prompt such as “black-and-white
photo reportage of” or “blurry handheld Super 8 footage of”
might add further ‘authenticity’ to the quality of the generated
images.

The ease with which believable imagery can be generated
combined with the realism of SD has raised debate about the
moral and ethical questions around the use of text-to-image. An
additional aspect causing concern is that the LAION-5B dataset
contains many images scraped from the online art galleries of
active bona fide artists many of whom are, no doubt, struggling
to make a living from their art: SD can freely generate believable
imagery in the style of these artists that would be politely called
pastiche but more colloquially would be criticised as a rip-off.
Technologist Andy Baio addresses this by stating that text-to-
image “opens profound questions about the ethics of laundering
human creativity” (Baio, 2022).

3. Prompt Engineering

The above experimentation with the prompt wording
demon- strates how the exact phrasing of a prompt is crucial to
obtaining the desired imagery. As well as the raw (or core)
prompt a style description such as “charcoal sketch” or “grainy
photograph of” is often given; a format can be suggested such as
“a portrait painting of”’; and specific artists may be invoked by
prompts such as “Renoir oil painting of”. Prompt weighting,
both positive and negative, can be specified on particular text
terms, for example “clouds:-1.0” would result in compositions
being created with much less chance of clouds appearing in
them.
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Fig 2. Images generated by Stable Diffusion with variations on prompt
“Hill of Crosses Siauliai”
Source: Author

In this way text prompts might easily stretch to fifty or sixty
words and might include negative and positive weighting. The
process of crafting these complex prompts has become known
as ‘prompt engineering’, a totally new field and a profession
which has emerged almost overnight. The fact that significant
experimentation is required to discover and refine a particular
prompt should not come as a surprise given that the text
guidance is the predominant interface by which the generated
imagery can be customised and the original dataset is based on a
vast variety of image+caption pairs. Painstaking trial and error
has led many prompt engineers to discover how to generate
impressive images: in this way it was discovered that adding
“rendered with Unreal Engine” to a prompt was invaluable to
generate hyperrealistic outputs. Although many such prompts
are shared with the community, others are kept as a closely
guarded secret. The prompt engineer also now has an
opportunity to monetise their skill via websites such as
promptbase.com which offers a ‘prompt marketplace’ for
buying and selling prompts for a variety of popular text-to-image
generators including SD.

Skill with prompt engineering begins with an
understanding that the dataset comprises scraped image+caption
pairs of very diverse origin and hence prompting with a word
such as “beautiful” is highly ambiguous: in the dataset it might
have referred to a variety of images such as a landscape, a human
face, a painting, or a sunset. Hence the model is going to have
difficulty in interpreting the exact usage that the prompter had in
mind — an alternative approach might be to add a negative
weighting to “ugly” instead. Likewise, there are difficulties with
subtleties of language and idioms: “a fork in the road” might
easily end up generating images of a culinary item lying on
asphalt; “Spiderman on a skateboard” might result in an image
of a skateboard with a Spiderman cartoon imprinted on it. A
variety of tools and techniques have been created to aid the
construction of the most accurate text prompt to generate a
particular desired outcome: prompt matrices have been created
showing grids of generated images with the same core prompt
combined with different descriptive prompts, and the CLIP
model itself can be interrogated in reverse by submitting an
image to a website in order to discover how CLIP describes it as
a text phrase.

4. Discussion

In the field of text-to-image art, we are already at the stage
where the term ‘artist’ has been superceded by the ‘prompt
engineer’. In mid-2022 Jason Allen used the Midjourney text-to
-image software to win the digital art section of the Colorado
State Fair art competition with an image entitled Thédtre
D’opéra Spatial. This resulted in significant antipathy from
others in the artistic community claiming that Allen was not an
artist and little more than a cheat. Allen was quoted in an article
by Roose for the New York Times (Roose, 2022) as saying that
“Art is dead, dude. It’s over. A.l. won. Humans lost”. The artist
and little more than a cheat. Allen was quoted in an article by
Roose for the New York Times (Roose, 2022) as saying that
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Fig 3. Images generated by Stable Diffusion using a core prompt
of “Hill of Crosses Siauliai” with additional wording
Source: Author

The argument here is that text-to-image is simply a new creative
tool that starts with a human idea, and hours of skill and trial-
and-error are required for a prompt engineer to generate images
that represent that idea in eye-catching ways. Although this
argument implies that time and effort expended on perfecting a
prompt equates to the quality of artistic endeavour, it can
reasonably be claimed that human imagination and ingenuity is
still required to generate striking imagery from a prompt just as
it would be from a pencil or a paintbrush.

In the above experiments with Stable Diffusion using a core
prompt of “Hill of Crosses Siauliai”, the full prompts remain
quite descriptive of real situations and the outputs retain quite
believable realism. Stretching the human imagination further, a
more creative prompt engineer might compose “a birthday cake
shaped like the Hill of Crosses Siauliai on a plate on a table”.
Two outputs using this prompt are shown in Figure 4 and they
clearly reveal that SD has the ability to combine disparate and
unconnected concepts into a successful result — demonstrating
that from this point it seems that only the imagination of the
prompt engineer sets boundaries for whatever SD is able to
deliver.

Both GANs and text-to-image can cover the entire
spectrum from abstraction to realism although the latter clearly
has the capability to contribute more ‘imagination’ to its output.
As discovered by personal experience, GANSs and text-to-image
continually surprise the artist employing them with the
unexpected images that they generate. Not having any human
preconceptions, these systems can interpret and create in
unexpected ways and there is no doubt that off-the-wall ideas
can be generated by neural networks that might not have been
thought of by the human artist using them. As well as the time
investment, there is a personal connection to a GAN that has
been self-trained over hundreds of hours and which has learnt to
create unique imagery — the Al at times behaves like a muse who
offers stimulating inspirations. In ancient Greece there were nine
muses each devoted to a different theme and the author’s
CrossesGAN is his personal ‘Muse of the Hill of Crosses’. Each
trained GAN s to a certain extent the Muse of the domain on
which it is trained, whereas text-to-image (as exemplified by
Stable Diffusion) is a ‘Super Muse” with the ability to conjure up
inspirational images on a vast range of subjects.

Conclusions

1. Text-to-image has reached a stage where it produces
astounding imagery for anybody and everybody with
just a few typed words. A parallel could be drawn with
changes in photography arising initially from the
change to digital cameras and subsequently the ubiquity
of smartphones that enable anyone to take technically
superb photographs without knowledge of darkrooms,
chemicals, roll film, and camera settings. Fortunately
not all artists create digital imagery and the use of
traditional materials such as oil paints or charcoal
continues — yet even here robotic contraptions
connected to paintbrushes or pencils and controlled by
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Al are now being exhibited in galleries by artists such
as Sougwen Chung.

Fig 4. Two images (converted to greyscale) generated by Stable

Diffusion with prompt “A birthday cake shaped like the Hill of Crosses

Siauliai on a plate on a table”
Source: Author

The experiments themed with the Hill of Crosses
detailed in this paper did little to explore the true
capabilities of text-to-image since they were primarily
based on reproducing reality, yet it was immediately
evident that Stable Diffusion is not just a cut-and-paste
collage machine. Current text-to-image models
encourage their prompters to wild flights of imaginative
fancy and can transform dreams into visual realities. It
becomes clear upon inspecting online galleries of
imagery from text-to-image communities (such as that
for Midjourney) that those with an interest in fantasy
and sci-fi are highly productive — the use of text
guidance presumably giving many non-artists the
opportunity to visualise their thoughts and ideas for the
first time. The ease with which a few words of text can
transform within a few seconds into a totally

unexpected visual representation is wonderfully
empowering but can also bring accusations of
trivialising the creative process. The issue of whether
the Al models function as a tool, a collaborator or a
muse is a matter of personal opinion.

All output from text-to-image represents an Internet-
centric view of the world since all image+caption pairs
in the dataset have been sourced online. This opens up
the generated imagery to any inherent online bias, for
example, if a prompt includes the word “schoolteacher”
it is most often a female teacher who is portrayed.
Ethical concerns are being raised about specific aspects
of datasets, for example the inclusion of artwork by
currently active artists whose style can be pastiched and
potentially sold. Copyrighted images such as Disney
characters or celebrity faces are being removed from
some training datasets due to fears that future litigation
will at some stage be instigated to decide the legality of
using particular visual imagery in the training of text-
to-image neural networks. Ecological concerns are also
being raised due to the fact that machine learning
requires significant computing power often provided by
sprawling data centres that generate heat and blot the
landscape.

Text-to-image is undergoing continual rapid
development and techniques are being expanded to
other domains. For example, generating video
sequences is already possible on a frame by frame basis;
true text-to-video using models trained on massive
scraped datasets of online videos is under development;
and text guidance of audio is following a similar
development path with projects such as Google’s
MusicLM. In other fields, there is some research into
text-to-3D-shape generation (Sanghi et. al.,, 2022)
although datasets are smaller since 3D model files are
less frequent online. Runway ML are currently
promoting a text guided video editor software which
might be termed text-to-video-editing, and GitHub
Copilot is already up and running using natural
language guidance to assist programming in the Python
language. Al-based text generation has not been
discussed here but made a name for itself in late 2022
with the release of OpenAl’s conversational text model
entitled ChatGPT.

Finally, it is important to point out that the creative and
editorial industries are already established users of text-
to-text and text-to-image and these new tools are
already proving an invaluable aid to rapidly visualise
novel ideas to present to clients. In a matter of seconds
a striking original illustration can be generated for an
article rather than using clip art or the services of an
illustrator, and money can be saved by no longer
employing human photographers, models and makeup
artists. Stock photography agencies may be entirely
superceded in the very near future. The fear that certain
illustrators, artists and photographers will lose their
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jobs is warranted, but the meme quoted at the beginning
of this article suggests that it would still be a human
being, albeit using Al, that replaces them. Historically
there has always been resistance to new technologies
like photography that subsequently earn the right to be
considered art forms in their own right. Despite the
current accusations of cheating, triviality of effort, and
appropriation, it is entirely possible that future design
teams will include a prompt engineer and the Al muse
of creativity will be routinely invoked to conjure up
new and unexpected visual ideas.
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DIRBTINIS INTELEKTAS KAIP KURYBINIS
PARTNERIS IR MUZA

Chrisas Halesas

VTDK Dizaino fakulteto nepriklausomas menininkas ir
kviestinis déstytojas

Anotacija. Dirbtinio intelekto sukurti vaizdai pastaruoju metu
buvo gerokai patobulinti naudojimo paprastumo ir i§vesties kokybés
pozitiriu. 2022 m. pabaigoje pagauséjo bandymy kurti vaizdus i$
teksto jvesties, t. y. procesas, zinomas kaip teksto vaizdo ktirimas.
Siame straipsnyje aptariama teksto vaizdo kirimo technika (zinoma
kaip generatyvinis prieSininky tinklas (GAN), atsizvelgiant i
techninius aspektus ir gaunamo vaizdo tipus. Skubiojo teksto, kurj
galima sukurti pasitelkus procesa, vadinama ,,prompt engineering*,
svarba iliustruojama eksperimentuojant, kai pagal uzsakyma
pagamintas GAN ir stabilios sklaidos teksto vaizdo modelis
pasitelktas Kryziy kalno vaizdams generuoti. Taip pat aptariami
etiniai ir meniniai reikalavimai, pateikta DI modelio kaip kiirybinés
miizos samprata, siekiant suteikti kiiréjy bendruomenei ziniy.

ReikSminiai  Zodziai:  dirbtinis  intelektas, jrenginiy
,,mokymasis“, neuroninis tinklas, GAN, teksto vaizdas, stabili
difuzija, greita inZinerija.
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IMPACT OF ONLINE SALES CARGO FLOWS ON THE LOGISTIC COMPLEX OF
GEORGIA'S TRANSPORT-TRANSIT CORRIDOR

Otar Gelashvili, Boris Gitolendia, Luka Kemoklidze

Georgian Technical University - 0171, Georgia, Thilisi, Kostava str. 77

Abstract. In the article the discussions about the function of the transit corridor of Georgia, taking into account modern trends and
dimensions of e_commerce (online sales business) take place. Georgia is a key country in the Europe-Asia transport corridor and the globality
and growing dynamics of e-commerce provide huge opportunities in this direction. Accordingly, we discuss: what scale of online business
cargo is shifted and what kind of transport and logistics factors affect the operation of the transport corridor. We present a vision of future
development, identify issues that require study and make appropriate recommendations.

Keywords: E-commerce, Logistics, Transport, Transit Corridor of Georgia, Logistic Complex.

Introduction

In the modern world, along with the refinement of the
principles of the market economy, development of
information technology has accelerated the process of
globalization and contributed to the development of
innovative models of economic activities that have changed
people's lives, including business relationships and buying
and selling behavior. The creation of the electronic market
has reorganized the global economy, creating new trends and,
at the same time, challenges.E-commerce (online sales
business) is a relatively new and interesting type of purchase
for the customer, by way of which products and services are
bought and sold through electronic platforms. This helps to
make business easier, minimizing costs and placing focus on
the customer and his satisfaction. E-commerce has already
changed consumer behavior and business paradigms to some
extent. COVID 19 has increased the relevance of online sales
and today it is considered as one of the driving forces of the
business industry. The pandemic has not only increased the
number of online orders, but also added a number of new
industries and sectors. The Covid pandemic has adversely
affected almost all business sectors but e-commerce
continues to show an increase of revenues.

Georgia currently plays a modest part in this great
economic process. The Georgian electronic market and this
branch of trade are significantly behind the world scale in
terms of their level of development and opportunities, but
have the potential for great development. Despite this lag,
considering that the role of transport and logistics in the
production cycle of e-commerce businesses - both globally
and locally — is huge, we believe that Georgia has full
potential to be not just an ordinary participant in these
processes, but rather to be in its vanguard.

Obiject of investigation — Transport-Transit corridor of
Georgia.

Main aim of the article — increasing the effectiveness
of the transport-transit corridor of Georgia.

Tasks of the work:

e Assessment of the importance and scope of cargo
flows from online sales in the transport-transit
corridor

o Discovery of transport and logistics factors preventing
the growth of this type of cargo flow and preparation
of relevant recommendations

Practical value — the research analyzes the necessary
measures to increase the cargo flows from online sales in
terms of the transport and logistics complex.

Research methodology — depending on the content of
the research topic, different systematic approaches were used
as research methodology, in particular: methods of
description; comparative analysis and synthesis; information
was collected through a variety of proven methods. After
accumulating a sufficient material, it was analyzed based on
economic theory and management methodology. Research
issues were analyzed and a conclusion has been formulated.
Above mentioned methodological approach allowed us to
accumulate knowledge about the research topic.

Discussion of the literature analysis — compared to the
international trends of e-commerce, against the background
of less development of the online market of Georgia, it was
important for us to investigate the impact of onlain sales
cargo flows on the logistics complex of Georgias transport-
transit corridor. Relatively less research and statistical data
around this issue is available in local professional sources
than in general on a global scale. In this regard, we got
acquainted with a number of literature, blogs, reports, articles
and studies, as a result of which it was possible to write a
conclusion.

1. Situational analysis

In the electronic business, a product's value largely is
determined by the costs related to its storage, transportation,
preparation and packaging processes. Georgia is a key
country within the Europe-Asia transport corridor, as its geo-
political situation has led to its formation as a transit country.
Moreover, the globalization and growing dynamics of e-
commerce provide huge opportunities for the country. In the
future, the potential of the transit corridor gives optimism for
the strengthening of Georgia's economy, which will
ultimately lead to the economic well-being of Georgian
society. Whilst the country is a potential transit hub that could
transport/transit many types of cargo, e-commerce is not yet
well developed and the market is currently small. The
existing transit and logistics complex of the country prevents
the achievement of full potential. Our research has identified
some of the key challenges.

Globalization of business has a great impact on Georgia
and, in general, on the world economy. The country should
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be able to gain great economic benefit from the effective use
of its geographical location, through improved organization
and good arrangement of transport and logistics. Transport
and logistics combines various activities, such as product
storage, transportation, packaging, distribution, and timely
coordination of the information network. With the
development of market economic relations, the importance of
the role of transport increases, because it is against this
background that regional commodity markets are formed. In
the case of a well-functioning transport-logistics system we
get such conditions as the acceleration of product flow
turnover and on-time delivery of products, because both
factors protect, on the one hand, the producer's interests and,
on the other hand, the economic interests.

The main economic characteristics determining the
effectiveness of the transport-logistics process are: 1.
Flexibility, 2. Cost minimization and 3. High quality
guarantees. Behind the economic characteristics of the
effectiveness of all three of these are the elements of the
transport-logistics system, which provide the customer with
two main criteria - receiving the product within the desired
time and at the desired price.

In the process of working on the issue, we found out that
the largest volume of e-business cargo flows in the Georgian
transport corridor (the main cargo) are used (secondhand)
cars/vehicles bought in Europe and America, which are
entering the country through the Batumi and Poti ports, and
also flows from Georgia to neighboring countries and Central
Asial. In that regards, we decided to examine the post-Covid
the statistics. We searched for statistics from 2023, According
to the data of the National Statistics Service of Georgia for
the month of January 2023 — "Foreign trade in goods”,
Cars/Vehicles (purchases are mostly made online), which
passed through the transit corridor of Georgia as cargo, were
among the five largest export cargoes. Cars/Vehicles is in
first place at 22.7 % with a value of 104.2 million US dollar.?
According to the data from other months, this type of cargo
steadily occupies a dominant place in the top three. It should
be noted that, apart from vehicles, statistics for other types of
online trade are not available, because the volume of cargo is
quite small and it is not possible to classify them separately.
This fact demonstrates that Georgia’s share in the total transit
volume of online business cargo is quite small.

1 Source: https://www.geostat.ge/en

2 source: "Foreign trade in goods" data of January 2023 of the National
Statistics Service

= The rest of the goods
Vehicles/Cars
Copper ores and

concentrates

Ferroalloy

= Nitrogen fertilizers

Fig 1. The share of the largest transit goods in total in January
2023

Along with the development of online business, the
development of the transport and logistics system in Georgia
is a guarantee of the development of the country's economy.
Establishing a modern logistics process and attracting current
innovations is a key challenge for the country but it is an
opportunity at the same time. If it can achieve this goal,
Georgia will become an important part of international
business and will be able to attract leading companies of the
global economy. The development of logistics infrastructure
is a prerequisite for e-commerce cargo flows to be managed
at an efficient level. We believe that Georgia, based on its
strategic geographical position, has an opportunity to
represent the logistics hub of the Caucasus and Central Asia
in this field.

The development of e-commerce as a field, along with
various management challenges, increases the scope for
using transport-logistics business processes as a main driver.
More integration of modern e-commerce into the global
environment will be a prerequisite to increase the scale and
frequency of cargo. Accordingly, since the local transport and
logistics system of business processes, in terms of managing
international cargo flows, is connected to the general
transport and logistics system of the country, for Georgia — as
a transit country — the development of e-business is important
as well. It provides a potential opportunity to increase both
local and international cargo in the transit corridor of
Georgia, which is very important for the further economic
development of the country.3

Our research shows that, in terms of e-commerce related
cargo, the largest volume transported in the Georgia corridor
— as the main cargo — is of used cars bought in Europe and
America, which enter the country through the ports of Batumi
and Poti and flow through transit to neighbor countries and
Central Asia. Based on the research, it appears that there is a
huge potential for attracting additional cargo or improving
quality — for example, reducing the price of vehicle
transportation or optimizing delivery time. However, here we
see one main — mostly infrastructural — problem, namely, the

3 Improving Freight Transit and Logistics Performance of the Trans-
Caucasus  Transit  Corridor: ~ Strategy and  Action  Plan
https://openknowledge.worldbank.org/handle/10986/33554
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fact that large water vessels cannot enter any Georgian port.
In order to receive cargo intended for Georgian transit at the
local port, the cargo first goes to Istanbul, then it is unloaded
onto relatively small ships and only after that it enters the port
of Poti or Batumi. Since Georgian ports cannot receive large
ships in the process of transporting cargo, the transport-
logistics process is delayed and burdened with additional
production operations, which increases shipping time and,
therefore, cost. In our opinion, solving this problem is related
to a large infrastructural initiative, in particular, the
construction of a large port (for example, Anaklia), which
would significantly change the paradigm in this respect.

Conclusion

Taking into account the results of our above research on
the international trends of online sales business development,
we conclude that the potential for increasing cargo flows, via
this type of business, through the transit corridor of Georgia,
depending on scale of investment, is large and provides huge
potential for growth. In order to achieve this result, the
efficiency of managing the operation of the transit corridor of
Georgia needs to be increased, which in this case means
increasing the efficiency of the transport and logistics system.
This, along with political and economic reforms, requires the
use of modern knowledge of management; wide
implementation of transport-logistics system management
methods and innovative forms of management; development
of information systems for managing the entire logistics
complex; infrastructural improvement. Accordingly, under
the conditions of effective management, both transit and
internal national economic and social development indicators
will increase. The transport and logistics system of Georgia
is a rather large and powerful lever of economic growth,
which should be optimally used to increase the national
welfare of the country.
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INTERNETU PARDUODAMU KROVINIU SRAUTO
ITAKA SAKARTVELO TRANSPORTO TRANZITO
KORIDORIAUS LOGISTIKOS KOMPLEKSUI

Otar Gelashvili, Boris Gitolendia, Luka
Kemoklidze

Sakartvelo technikos universitetas

Santrauka. Straipsnyje aptariama Sakartvelo tranzito
koridoriaus svarba, atsizvelgiant j Siuolaikines elektroninés
prekybos tendencijas. Sakartvelas yra pagrindiné Europos ir
Azijos transporto koridoriaus $alis, o globalumas ir klestinti
elektroniné prekyba suteikia daug galimybiy. Straipsnyje siekiama
iSsiaiSkinti, kokiy kroviniy gabenama daugiausia ir kokie
transporto bei logistikos veiksniai turi jtakos transporto
koridoriaus veiklai.

Atlikus tyrimg iSsiaiskinta, kad didziausig kroviniy srautg
Sakartvelo transporto koridoriuje sudaro Europoje ir Amerikoje
pirktos naudotos transporto priemonés, kurios per Batumio ir
Pocio uostus patenka i§ Sakartvelo j kaimynines $alis ir Centring
Azija.

Apibendring miisy anksciau atlikto prekybos internetu
tarptautinés plétros tyrimo rezultatus, darome iSvada, kad
potencialas didinti kroviniy srautus per Sakartvelo tranzito
koridoriy, atsizvelgiant | investicijy masta, yra didelis. Norint
pasiekti uZsibréztg tiksla, reikia didinti Sakartvelo tranzito
koridoriaus veiklos valdymo, taip pat transporto ir logistikos
sistemos efektyvumg. Efektyvaus valdymo sglygomis didés tiek
tranzito, tiek vidaus Salies ekonominés ir socialinés raidos
rodikliai. Sakartvelo transporto ir logistikos sistema yra svarbus
ekonomikos augimo svertas, kurj reikéty pasitelkti salies gerovei
didinti.

Numatome ateities plétros vizija, jvardijame problemas ir
pateikiame rekomendacijas.

Reik§miniai Zodziai: elektroniné prekyba, logistika,
transportas, Sakartvelo tranzito koridorius, logistikos kompleksas.
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DVIFAZIU IR AUSTENITINIU PLIENU SUVIRINTU JUNGCIU SUVIRINAMUMO IR
SAVYBIU TYRIMAI

Paulius Beinoras?, Nikolaj Visniakov?, Vitalijus Rudzinskas!?

YWilniaus Gedimino technikos universitetas, Saulétekio al. 11, LT-10223 Vilnius
*Vilniaus technologijy ir dizaino kolegija, Antakalnio g. 54, LT-10303 Vilnius

Anotacija. Straipsnyje nagrinéjama terminio poveikio jtaka dvifazio (austenitinio-feritinio) plieno 1.4462 ir austenitinio nertidijancio
plieno 1.4404 suvirinty jung€iy bei pagrindinio metalo stiprumui, kietumui, atsparumui korozijai. Taip pat analizuojami ISO/TR 15608 10 ir
8 grupés plieny suvirinty junggiy srities strukturiniai poky¢iai ir nepageidaujamy faziy susidarymas, jy jtaka jungties mechaninéms savybéms
bei koroziniam atsparumui. Suvirinti bandiniai buvo termiskai apdorojami pritaikant skirtingus rezimus. Bandiniy struktiira ir savybés tiriamos
nustatant fazing sudeétj, ferito kiekj, atlickant struktiros mikroskoping analiz¢, mikrokietumo, tempimo ir korozinio atsparumo bandymus.
Atlikus bandymus ir i$analizavus jy rezultatus nustatyta, kad skirtingy raiSiy plieno virintiniy jung¢iy atsparumas korozijai po terminio

apdorojimo sumazéja.

ReikS§miniai ZodZiai: dvifazis plienas, suvirinimas, terminis apdorojimas, atsparumas korozijai, mikrostruktira.

Ivadas

Awustenitiniai ir dupleksiniai plienai yra pla¢iai naudojami
chemijos, naftos, celiuliozés pramonéje jrenginiy ar
konstrukcijy gamybai. Po terminio apdorojimo arba ilgalaikio
darbo auksStose temperatiirose §iy plieny ir jy virintinés
jung¢iy savybés gerokai pablogéja dél struktiiriniy pokyc¢iy
(Shamanth, 2019). Sigma fazés ir karbidy iSsiskyrimas
(Ramirez, 2004) labai pablogina jung¢iy mechanines bei
korozinio atsparumo savybes, tai lemia metaliniy konstrukcijy
ar jrenginiy patvaruma bei ilgaamziskuma.

Tyrimo tikslas — nustatyti skirtingo temperatiiros
poveikio jtakg dvifazio (austenitinio-feritinio) plieno 1.4462
ir austenitinio nertidijancio plieno 1.4404 plieno suvirintoms
jungtims.

Darbo tyrimo obiektas — dvifazio neriidijancio plieno
(1.4462) X2CrNiMoN22-5-2 ir austenitinio nertidijanéio
plieno (1.4404) X2CrNiMo17-12-2 suvirintos jungtys.

Tyrimo uzdaviniai:

1. Paruosti tyrimams naudojamus bandinius.

2. Atlikti suvirinty bandiniy terminj apdirbimg
skirtingais rezimais.

3. Nustatyti suvirinty jung¢iy fazing sudét;.

4.  Atlikti suvirinty jungéiy bandymus: skersinio
tempimo, kietumo, korozinio atsparumo, cheminés sudéties,
ferito kiekio matavimus, mikrostruktiiros tyrimus.

5. Atlikti bandymy rezultaty analizg.

Atliekamy tyrimy rezultatai gali buti pritaikyti
sprendziant svarbiy metaliniy konstrukeijy jvairiy rasiy plieny
i§ dvifazio ir austenitinio plieny suvirinimo technologines
problemas ir iSsiaiSkinti skirtingos temperatiiros poveikio
jtakag dvifazio ir austenitinio plieno jungéiy struktiirai,
mechaninéms savybéms ir koroziniam atsparumui.

Dvifaziai nertidijantieji plienai yra priskiriami de§imtai
metaliniy medZiagy grupei, pagal standartg 1ISO 15608 (1SO
15608:2005) ir yra atsparts Korozijai, stiprios ir patikimos
konstrukcijos bei nesudétingai pritaikomi  gamyboje
(Topolska, 2014). Siy plieny mikrostruktiira susideda i3
dviejy faziy (austenito ir ferito), kurios medziagos yra
pasiskirsciusios tolygiai. Dél tokio faziy pasiskirstymo
santykio (apytiksliai 50 % ferito ir austenito) §iy plieny itin

geros mechaninés bei antikorozinés savybés. Tokiy plieny
stipris yra didesnis nei jprasty feritiniy nertidijan¢iyjy plieny ir
apytiksliai du kartus didesnis nei austenitiniy nertdijan¢iyjy
plieny. Atsparuma plei$éjimo ir taskinei korozijai dvifaziuose
plienuose uztikrina tokie legiravimo elementai: chromas,
nikelis, molibdenas ir azotas (Villanueva, 2006). Dvifaziai
nerudijantieji plienai ne tik yra atsparlis korozijai, bet
pasiZymi geromis tagsumo ir plastinémis savybémis (Valiulis,
2007).

Dvifaziai austenitiniai-feritiniai  plienai  pritaikomi
jvairiose pramonés srityse, kuriose eksplotuojamiems
jrenginiams ir konstrukcijoms batinos geros antikorozinés bei
mechaninés savybés. Dvifaziai plienai yra placiai pritaikomi
chemijos, naftos, dujy, popieriaus gamybos pramonéje,
Siluminiy katily gamyboje. Neretai Siuose objektuose
dvifazius (dupleksinius) plienus tenka suvirinti su kitos grupés
gausiai legiruotais neriidijanciaisiais plienais, dazniausia
austenitiniu plienu.

Siuo tyrimu siekiama i$siaiskinti suvirinimo technologijy
ir skirtingy terminio apdirbimo rezimy jtaka dupleksinio ir
austenitinio plieno jungéiy savybéms. Eksperimentiniy tyrimy
metu gautus rezultatus galima pritaikyti tokiy plieny optimaliy
suvirinimo technologijos parametry atrankai.

Suvirinty jung¢iy (1 pav.) kokybé priklauso nuo
pasirinkto suvirinimo metodo, technologiniy parametry,
medziagy kokybés, suvirintojo kvalifikacijos. Norint
patikrinti, ar suvirinta kokybiSkai, atlickami suvirinty
bandiniy cheminés sudéties nustatymo, radiografinés
jungties kontrolés, kietumo matavimy, ferito kiekio
nustatymo, mikrostruktiiros tyrimy, skersinio tempimo,
atsparumo korozijai bandymai.

1. Sigma faziy susidarymas

Feritinis-austenitinis (dvifazis) nertdijantis plienas
linkgs sigmatizuotis. Sigma fazés susidaro dvifazing
struktiirg turinCiame lydinyje metala kaitinant 350-980
°C temperatiroje (2 pav.). Sitlés metale, ties ferito
griiddelio ribomis, pradeda formuotis antrinés fazés
(Rocha, 2018) (Fe-Cr, Fe-Cr-Mo ir kity tipy), vadinamos
o - faze.
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—n
1 pav. Plienai 1.4462 ir 1.4404, suvirinti su milteline viela
Saltinis: sudaryta autoriy

1 000°C « M7 C3earbide, Cr N nitride HAZ
1 800°F < i
« Cr2 Nnitride
o i phase
s T2 phase

- M:S C g carhide
R phase

4 pav. Ruoginiai, supjaustyti j §esias dalis. Sie bandiniai
skirtingai termiskai apdoroti
Saltinis: sudaryta autoriy

1 lentelé. Bandiniy terminio apdorojimo rezimai

Terminio & 1aib Ausimo
apdirbimo | Temperatiira, °C laikas. min Audinimo terpé greitis,
rézimai - oCls
1-as etapas 1050 60 Vanduo 550
1
2-as etapas 300 1080 Oras 5
300 1080 Oras 5
3 Termiskai neapdoroti -

Saltinis: sudaryta autoriy

2 lentelé. Bandiniy ir jiems pritaikyty rezimy identifikacija

h
ﬂ phase (q Bandinio Pagrindinio metalo Pridétinio metalo Terminio apdirbimo rezimas
+ £ phase(Cul Nr. pavadinimas pavadinimas (r. 1 lentelg)
Cr, Mo, Cu, W ' o

S00°F - “‘ phu“ 1 1.4462 1.4404 DW-329AP 3

100°C (. phase...
] Cr, Mo, Cu, W 2 1.4462 1.4404 OK Autrod 316LSi 3
TIME 3 1.4462 1.4404 DW-329AP 1
. . . - 4 1.4462 1.4404 i 1

2 pav. TTT diagrama, nurodanti kokiose temperattrose OK Autrod 316LS1

dvifaziame pliene i$siskiria nepageidaujamos fazés 5 | 14462 | 14404 DW-329AP 2
Saltinis: sudaryta autoriy 6 | 14462 14404 | OK Autrod 316LSi 2

Padidinus temperatiirg, o - fazés kristalai virsta Kietaisiais
tirpalais, greitai ausdami jie nespéja susiformuoti, ¢ - fazé
idsiskiria griideliy ribose. Sios fazés susidarymas neigiamai
veikia plieno korozinj atsparuma, didina kietuma, mazina
tempimo stipruma.

2. Tyrimo objektas

Eksperimentiniai tyrimai buvo atliekami su dvifaziu
neridijan¢iu plienu (1.4462) X2CrNiMoN22-5-2 ir su
austenitiniu nertdijanéiu plienu (1.4404) X2CrNiMol7-
12-2. Bandiniai (3-4 pav.) buvo suvirinti automatiniu
bidu, taikant suvirinimg po fliusu. Bandiniy storis — 15
mm, ilgis — 180 mm. Suvirintos jungtys buvo supjaustytos
i penkias dalis.

o

3 pav. Suvirintas 1.4462 ir 1.4404 plieny ruo$inys
Saltinis: sudaryta autoriy

Saltinis: sudaryta autoriy

Pagaminti ruos$iniai termiskai apdoroti krosnyje W-50 pagal
1 lenteléje pateiktus rezimus. Bandiniai ir jiems pritaikyti rezimai
pateikti 2 lenteléje.

3. Virintiniy jungc¢iy cheminés ir fazinés sudéties
nustatymas

Virintiniy jung€iy faziné sudétis buvo nustatoma
atsizvelgiant | medziagy gamintojy deklaruota sudétj ir
cheminés analizés rezultatus, pateiktus 3 lenteléje (5 pav.).
Pagal gamintojo pateiktus duomenis apskaiciavus pagrindiniy
metalo (suvirinamy plieny) ir pridétinio metalo chromo ir
nikelio ekvivalentus ir panaudojus Seflerio diagrama
(Licentiate, 2005) buvo prognozuota suvirinty jung¢iy faziné
sudétis (6—7 pav.).

BandinysNr.1  BandinysNr.2 = BandinysNr.3  BandinysNr.4  BandinysNr5  Bandinys Nr.6

DW-328AP  OKAutrod 316Lsi DW-329AP Ok Autrod 316 Lsi  DW-329AP  OK Autrod 316 Lsi
Mo 3,319 3,383 3,57 2,493 6,074 2,67
uir 24,34 231 24,55 19,82 35 19,16
S 0,3794 0,6251 0,833 0,5995 0,2075 0,5555
MNI 9,588 4,308 9,586 4,4924 6,658 4,4926
EMn 0,8906 0,8398 0,9649 1,784 09278 1,764
18 0,0408 0,2876 0,0581 0,003 0,0288 0,00585

5 pav. Austenizuojanciy ir feretizuojanciy elementy
koncentracija sitilés metale, %
Saltinis: sudaryta autoriy
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Austenit

Martensit

Nickel-Bauivalent = %hli + 30 x%C + 0.5x%Mn

18 20 22 24 26 28 30 32 34 36 38 40
Chrom-Aquivalent = $6Cr + 26hlo + 1.5 x 2480 + 0.5 x 26Nb + 2x36Ti

6 pav. Dvifazio austenitinio-feritinio (1.4462) ir Cr-Ni-Mo
austenitinio (1.4404) plieny, suvirinty su milteline viela DW-
329AP, jungties faziné sudétis pagal Seflerio diagrama
Saltinis: sudaryta autoriy

Austenit

Martensit

Mickel-#auivalent = 22hi + 30 x2%C + 0.5 x36Mn

24 ZB E8 30 3Z 34 36 38 40
Shrom-Aquivale 50T + 2600 + 1.5 %2681 + 0.5 x3%eNb + Zx3ETi

7 pav. Dvifazio austenitinio-feritinio (1.4462) ir Cr-Ni-Mo
austenitinio (1.4404) plieny, suvirinty su pilnavidure viela OK
Autrod 316 LSi, jungties faziné sudétis pagal Seflerio diagrama
Saltinis: sudaryta autoriy

3 lentelé. Cheminiy elementy koncentracija jungtyse, %

Nems demertas

Vi ’ ' 1] W N B o ( N v w ”
g demerts
V. Pagndis et | | | 1 |
(137} 7o) 28 | 207 |
L | | i | !
Tt - I | | |
:”:u’"‘"""‘"‘ 0|0 02905 145) |01%0 PR 3407 | 2440 | 425 (0013 1055) 022540 st k|
W, 4 Skes metalas | |
b o 1 200 2034 | 33 B D0L23 | 0O0SH | 00847 0.0993 | 005 4248 | 00250 | 04000
DWW inikeind) won 0"""“: 906 | 0.1500 DOOXT 24 29 | 9588 (0.0023 |0 ‘Sl: 547 0 il:Ml L | 0050 | G
|
2 ik metalen 01|02 {06051 00901500 Dot 2231 | 5363 { 4308 100500 008 m«»m.«l:w.\sn:(-xv»:u:m;tcvl
OCActd 31615 - | !
W3 rese

DW 12540 jmtatnd

N S et
O Avtod 10615

5 Sels ool um o ’Z.‘Zn"ht‘fl 35.00 | G004 | G658 0.00500 0.0652 | 00092 OL‘L"IB.“ 00430 | 0.0050 | 00500

DW. 1257 (siond) | { |

W S metalen =1 | ‘ | ] 1] ==l
0% s 05555 | 1768 (01900 [0017%s | 15.36 | 2690 | Lanas Penoot0.06se | airhes 00343 | 20137 | 00462 650 06200

COE 1 B L e L

Saltinis: sudaryta autoriy

Apdorojus chemingés analizés rezultatus buvo nustatyti
chromo ir nikelio ekvivalentai (8 pav.) ir sudarytos Seflerio
diagramos (9 pav.).

Manganese Mn [%] 853 as7

Chromium Cr [%] 24,07
Molybdenum Mo (%] 248 2,07 3318

Nickel Mi [%] 785 0.32 5,588

Niobium Mo [%]

Titanium Ti [%] 0,00317 0,1458 0,0383
Chromium equivalant [%] 2690 2040 26,33
Nickel equivalent [%] 6,03 12,50 1018

Dilution 25 [%] Cr equivalent (SN %] Ni equivalentSESe %]

8 pav. Pirmojo bandinio virintinés jungties Cr-Ni ekvivalenty
nustatymas
Saltinis: sudaryta autoriy

Austenit

Martensit

MNickel-#Eguivalent = Zahli + 30 x %G + 0.5 x %Mn

Chrom-Zguivalent = %4Cr + 2eMo + 1.5x%80 + 0.5 x%eNb + 2x34Ti
9 pav. Pirmojo bandinio virintinés jungties mikrostruktiiros faziy
nustatymas pagal Seflerio diagrama
Saltinis: sudaryta autoriy

Atlikus chemineg analiz¢ apskaiCiuoti chromo bei
nikelio ekvivalentai ir jy santykiai:

Pirmojo bandinio (1.4404 ir 1.4462 suvirinty su DW-
329AP milteline viela) Crekv/Niekv = 2,953.

Antrojo bandinio (1.4404 ir 1.4462 suvirinty su OK
Autrod 316 Lsi viela) Crekv/Niekv = 2,396.

Treciojo bandinio ( 1.4404 ir 1.4462 suvirinty su
DW-329AP milteline viela) Crekv/Niekv = 2,664.

Ketvirtojo bandinio (1.4404 ir 1.4462 suvirinty su
OK Autrod 316 Lsi viela) Crekv/Niekv = 3,438.

Penkto bandinio ( 1.4404 ir 1.4462 suvirinty su DW-
329AP milteline viela) Crekv/Niekv = 3,997.

Sesto bandinio (1.4404 ir 1.4462 suvirinty su OK
Autrod 316 Lsi viela) Crekv/Niekv = 3,519.

Kuomet chromo ir nikelio ekvivalenty santykis
nertdijaniame arba dvifaziame pliene yra mazesnis negu
1.48 (Cre/Niew < 1.48), yra didelé tikimybé susidaryti
kristalizaciniams jtrikiams dél nepalankios fazinés sudéties ir
intensyviai didéjan¢ios tempimo deformacijos metale (Loto,
2018).

Cre/Nieky > 1.95 lydinio feritiné-austenitiné
mikrostruktiira atspariausia kristalizacijos triikkiams, nes
nepageidaujamos priemaisos ( fosforas ir siera) gerai tirpsta
ferite. Kadangi visy tirty bandiniy Crew/Niewv > 2, galime
teigti, kad suvirintos jungtys yra atsparios Kkristalizacijos
trakiams.

4. Bandiniy mikrostruktiiros tyrimas

Mikrostruktiiros tyrimai atlikti pagal standarto LST
EN 1SO 17639 (LST EN ISO 17639:2013) reikalavimus.
Tirta mikroskopu MBI-11, istirti 6 bandiniai. Nemetaliniy
intarpy (karbidy) ir mikrostruktiiros faziy kiekis nustatytas
grafinés analizés metodu pagal standarto ISO 4967 (ISO
4967:2013) reikalavimus. Grafiniu metodu, pasitelkiant
kompiutering programa ,,Imagel“ (ziaréti 10-15 pav.),
buvo istirta pagrindiniy metaly sulydymo ir sitilés srities
struktiira. Atlikus bandiniy Nr. 1-6 pavirsiy grafing analiz¢
(11-14 pav.) nustatyta, kad nemetaliniy intarpy koncentracija
skirtinguose bandiniuose yra nuo 0,36 % iki 1,8 %.
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10 pav. Bandinio Nr. 4 pagrindinio metalo 1.4462 struktiriniy
faziy analizé
Saltinis: sudaryta autoriy

11 pav. Bandinio Nr. 2, suvirinto su pilnavidure viela OK Autrod
316 (kaitimas iki 1000 °C, auSinimas vandenyje, i$laikyta 300 °C
temperatiiroje 18 valandy), mikroskopinis nemetaliniy intarpy
tyrimas. Nemetaliniy intarpy kiekis — apie 0,36 %
Saltinis: sudaryta autoriy

12 pav. Bandinio Nr. 3, suvirinto su milteline viela DW-329AP
(kaitimas iki 1000 °C, ausinimas vandenyje, islaikyta 300 °C
temperatiiroje 18 valandy), mikroskopinis nemetaliniy intarpy
tyrimas. Nemetaliniy intarpy kiekis — apie 1,8 %
Saltinis: sudaryta autoriy

13 pav. Bandinio Nr. 5, suvirinto su milteline viela DW-329AP
(kaitimas iki 1000 °C, ausinimas ore, i$laikyta 300 °C
temperatiiroje 18 valandy), mikroskopinis nemetaliniy intarpy
tyrimas. Nemetaliniy intarpy kiekis — apie 1,6 %
Saltinis: sudaryta autoriy

14 pav. Bandinio Nr. 6, suvirinto su pilnavidure viela OK Autrod
316 (kaitimas iki 1000 °C, ausinimas ore, i§laikyta 300 °C
temperatiiroje 18 valandy), mikroskopinis nemetaliniy intarpy
tyrimas. Nemetaliniy intarpy kiekis — apie 0,45 %
Saltinis: sudaryta autoriy

Bandinys Nr. 1. Termitkai ncapdoroty 1.4462 ir 1.4404 plicny jungtis suvirinta su milteline vicla
DW-3294P (Optinis didinimas x100 (okuliaras x10. objcktyvas x10)

Sulydymo zony ir sitilés
mikrostruktiira

Feritas, %

Pagrindinio metalo mikrostruktiira

Austenitas,

Feritas%
Austenitas,%

55,6 4630

44,19 | 55.81

14304 | DW-329AP/1 4404 sulydymo zona

15 pav. Bandinio Nr. I mikrostrukttiros tyrimas ir analizé
Saltinis: sudaryta autoriy

5. Ferito kiekio nustatymas neardomuoju biidu

Ferito kiekis matuotas feritoskopu ,,Ferritector M-1¢
(16 pav.), kurio paklaida FN = +2 ferito baly (FN —
feritenumber).

Vertinta pagal standartg ISO 8249:2018 ,,Suvirinimas.
Austenitiniy ir dupleksiniy feritiniy-austenitiniy  Cr-Ni
nerudijanciyjy plieny sitlés metalo ferito skaiciaus (FN)
nustatymas*.

R

16 pav. Ferito kiekio matavimo prietaisas ir bandiniai
Saltinis: sudaryta autoriy

ISmatavus charakteringy zony ferito kiekius, pateiktus
4 lentel¢je, buvo padaryta iSvada, kad ferito kiekis,
nustatytas  mikrostruktiros analize, koreliuoja su
neardomuoju biidu atliktais matavimais.
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4 lentelé. Ferito kiekio matavimy rezultatai charakteringose
bandiniy vietose

Matavimo taskas Nr. 1 — pagrindinis metalas
~ Matavimo taskas Nr. 2 — terminio poveikio zona
Matavimo Matavimo taskas Nr. 3 — suvirinimo sitilé
schema Matavimo taskas Nr. 4 — terminio poveikio zona
Matavimo takkas Nr. 5 — pagrindinis metalas
Medzinga pagal pateikta schang Ferito kickis, %
Eil. - -
Ny, | Tyriame obiektas pacrindinis sinez [Pagrindinis Matavimo numeris
metalas - 1 TS Imetalas - 3 1 2 3 n s
1| bandinys Nr. 1 144652 |DW-3294P| 14404 a9 52 | 36 1w |9
2 | bandinys Nr. 2 L i I Y] a9 s2 13 1w |9
3 bandinys Nr. 3 1.4462 DW-329AP 1.4404 49 52 36 10 9
4 | bandinys Nr. 4 Laggz |AUIOEILG | gy 49 49 7 W0 |e
5 bandinys MNr. § 14462 |DW-329A7 14404 49 52 40 10 a
6 | bandinys Nr. 6 1.4462 "“";:’:f‘s 14404 49 52 13 1w |9

Saltinis: sudaryta autoriy
6. Tempimo bandymai

Jung€iy skersinio tempimo bandymai atlikti pagal
standarto LST EN 1SO 6892-1 (LST EN 1SO 6892-1:2009)
reikalavimus. Bandymams naudota universali masina MIRI
500K su hidrauline pavara (didziausia apkrova — 500 kN).
Tempimo bandymas atlickamas naudojant stac¢iakampio
formos bandinius, kurie buvo i$pjauti i§ suvirinty pavyzdziy.
Tempiant bandinj automati$kai buvo braizoma tempimo
diagrama, vaizduojanti priklausomybe tarp  bandinj
veikiancios jégos F ir iSilginés deformacijos AL. Tirti
bandiniai (17 pav.) triko per pagrindinj metalg 1.4404.
Bandymo rezultatai pateikti 5 lenteléje.

Atlikus tempimo bandymus nustatyta, kad termiskai
apdoroty bandiniy tempimo stipris yra sumazéjes. Terminio
apdorojimo metu i$siskyrusios sigma fazés gerokai pablogino
bandiniy mechanines savybes.

17 pav. éui;usiq mpim bandiniy vaizdas
Saltinis: sudaryta autoriy

5 lentelé. Tempimo bandymy rezultatai

Ulbsakove Tempimo | Maksimali
Bandinio ident. Nr. | WentNr. | seipris e Trakio vieta Pastabos
(Speciment ident No ) (Client sdent No) | (Tensle | (Maximum (Fracture posshon) (Comments)
srength) force)
mm R..MPa | F_.kN
e P ” pagrindinis metalas
5601(22-825T) [ossxiasd  Nr1 617,1 | 888 e
5602(22-826T) [os7xiasd  Nr.2 6218 | 896 Matales
(base metal)
22.82 p metalas
5603(22-827T) fosoxtasy  Nr.3 6044 | 875 s oo
22.82 7 P dinis metalas
5604(22-828T) [ossxiaed  Nr.4 6063 | 879 Aaats T
5605(22-829T) [osaxiasd  Nr.s 6198 | 884 dinis metalas e
$606(22- r & p dinis metalas
5606(22-830T) [ossxia7d  Nr.6 61,7 | 889 s

Saltinis: sudaryta autoriy
7. Kietumo matavimas

Kietumo matavimai atlikti pritaikius Knupo metoda
pagal standarto LST EN 1SO 9015-1 (LST EN 1SO 9015-

1:2011) reikalavimus. Matuota kietamaciu ,,Mytutoyo HV
100, apkrova — 294,2 N. Atlikti 3-5 vieno bandinio
matavimai vienoje srityje. Atstumas tarp jspaudy buvo ne
mazesnis kaip 2,5 jau esanCio jspaudo ilgio. Kietumas
matuotas reik§mingose bandiniy srityse (18 pav.).

Saiile Sialé
L4
—BM --H.l- -PM -—PH
EN L4462 J\ /mw B8 \ ;, BN L4 BN L4862 r'a\:u
LY z‘ ) .r'

\ /
Bandymy zonanr, 3

Basdymy zona . | Bandyay scs or, 2
18 pav. Kietumo matavimy bandymo zonos
Saltinis: sudaryta autoriy

Atlikus kietumo matavimo bandymus sudarytos
diagramos (19-20 pav.), kad bty galima palyginti tirty zony

kietuma.

600

4

Kietumas, HV
] 8 ]
8 & 3

2
8

[

Bandinys nr. 1 Bandinys nr. 3 Bandinys nr. 5
ikai neapdirbta: 1. 1050 °C 1h, 300 *°C 18h, aulint.
ubgrddintas vandenyie
2. 300 “C 18h, aufinta ore

Bandinial suvirinti su milteline viels DW-320AP

14462 TPZ ®WSiolé m1.4404 TPZ

19 pav. Bandiniy, suvirinty su milteline viela DW-329AP,
charakteringy zony kietumo reik§més, HV
Saltinis: sudaryta autoriy

o

Bandinys nr, 2 Bandinys nr. 4 Bandinys nr. &
Termitkal neapdirbtas 1. 1050 *C 1h, 300°C 18h, autinta ore
whgradintas vandenyje
2.300 °C 18h, audinta ore
Bandinial suvirinti su pilnavidure viela OK Autrod 316 LS

Kieturnas, HV
g & 8 %

w
-

W14462TPZ WSiGle W 13404 TPZ

20 pav. Bandiniy, suvirinty su pilnavidure viela Autrod 316 LSi,
charakteringy zony kietumas, HV
Saltinis: sudaryta autoriy

8. Virintiniy jungéiy atsparumo korozijai
bandymai

Dvifazés struktiiros plieny ir jy virintiniy jung¢iy taskiné
korozija daZniausia ferite arba ferito ir austenito grideliy
paribiuose. Korozija prasideda $alia sigma fazés arba karbidy
(Cr23C6 tipo), tose vietose, kuriose sumazéjes chromo kiekis
(21 pav.). Sialiy korozinis atsparumas yra didziausias, kai
ferito kiekis metale yra nuo 35 % iki 55 %. Tiriamieji
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bandiniai sudéti j kamerg Q-FOG CCT 600-CE ir iSlaikyti
neutraliame druskos riike 120 valandy. Bandiniai pries
bandymus nuplauti dejonizuotu vandeniu ir dziovinti
kambario temperatiiroje. Bandiniy palinkimo kameroje
kampas — 20°, bandymo temperatiira — (35+2) °C, bandymo
tirpalo pH — 6.7, NaCl koncentracija tirpale — 52.23 g/l.
Tikrinta kas 24 val.

Atsparumo korozijai bandymai atlikti pagal standarto
LST EN ISO 9227 (LST EN 1SO 9227:2017) reikalavimus,
gauti rezultatai jvertinti vadovaujantis standartu LST EN
ISO 10289 (LST EN I1SO 10289:2004). Atsparumo
korozijai bandymy rezultatai pateikti 6 lenteléje.

e
P gt

anpren AT 7008 st

D S

L T o |

i
ISTA ITORSTE - P
[seemt v o8 |

A B C
21 pav. Atsparumo korozijos bandiniy vaizdas: A, B— po 24 val.
ilaikymo druskos ritke; C — pitingo korozijos Zidiniy vaizdas
skerspjivyje po 120 val. islaikymo druskos riike
Saltinis: sudaryta autoriy

6 lentelé. Atsparumo korozijai bandymy rezultatai

Pajuodavo | Fe atsirado }:i:;:::: Fe atsirado Agsal;g;);[iv:ﬁr]ns
Bandinio | suvirinimo | mazesnéje < didesnéje v P "
: N . plokstumos N bandymo trukmés
Eil. Nr. | vieta,po | plokStumoje, briaunoje plokstumoje, didesnéje
val poval po val po val plokstumoje, balais
1 24 - - 52 (Fe 9 balai) 8
2 24 - - 28 (Fe 9 balai) 8
3 24 - 28 24 (Fe 0 baly) 0
4 24 - - 24 (Fe 0 baly) 0
5 24 - - 24 (Fe 9 balai) 8
6 24 - - 52 (Fe 9 balai) 9

Saltinis: sudaryta autoriy
ISvados

1. Atlikus suvirinty jungéiy charakteringy zony
cheminés analizés bandymus nustatyta, kad jungciy,
suvirinty su milteline viela DW-329AP ir OK Autrod
316LSi, cheminé sudétis artima nurodytai suvirinimo
medziagy gamintojy rekomendacijose. Palyginus gautus
duomenis nustatyta, kad teoriSkai apskaiCiuota siiiliy
cheminé ir struktiiriné sudétis panasi j gautag atlikus
eksperimentinius suvirinimo bandymus.  Apibendrinus
duomenis apskaiciuota, kad visais atvejais Crekv/Nieky > 2,
vadinasi, galima teigti, kad visos suvirintos jungtys yra
atsparios kristalizaciniams jtrtikiams.

2. Atlikus bandiniy mikroskopine analize nustatyta,
kad termiskai apdorotuose bandiniuose, suvirintuose su
milteline viela DW-329AP, nemetaliniy intarpy kiekis
siiil¢je didesnis apie tris kartus (koncentracija padidéjo iki
1,8 %), palyginti su termiSkai neapdorotu bandiniu.
Bandiniy, suvirinty su pilnavidure viela OK Autrod 316
LSi, nemetaliniy intarpy kiekis sitiléje i§ esmés nekito ir
svyruoja nuo 0,36 % iki 0,57 %.

3. Atlikus pagrindiniy metaly 1.4462 ir 1.4404
mikroskoping  analiz¢  nustatyta, kad termiskai
neapdorotame 1.4462 pliene nemetaliniy intarpy kiekis
sieké 0,94 %, o 1.4404 termiSkai neapdorotame bandinyje

— 0,21 % tirto pavirSiau ploto. Po terminio apdorojimo
kaitinant 1050 °C temperatiiroje ir auSinant vandenyje
1.4462 pliene nemetaliniy intarpy kiekis metale sumazéjo
iki 0,31 %, o 1.4404 nemetaliniy intarpy kiekis liko
nepakites. Galima teigti, kad dvifazis plienas 1.4462 dar
prie§ terminj apdirbimg turéjo daugiau karbidy, kuriy
didzioji dalis po terminio apdirbimo i$nyko.

4. Atlikus bandiniy mikrostruktiiros mikroskoping
analize nustatyta, kad jungties, suvirintos su milteline DW-
329AP viela, struktiira yra dvifazé ir artima 1.4462 plieno
strukttirai. Atlikus bandiniy charakteringy jungties zony
ferito kiekio matavimus feritometru nustatyta, kad gauti
rezultatai koreliuoja su mikroskopiniy tyrimy rezultatais.

5. Atlikus bandiniy skersinio tempimo bandymus
nustatyta, kad bandiniai visai atvejais triko per pagrindinj
metala 1.4404. Vadinasi, galima daryti prielaida, kad tokio
tipo konstrukcija, suvirinta su pridétinémis medziagomis,
yra patvari. Apibendrinus mechaniniy bandymy duomenis
galima teigti, kad pritaikius terminj apdorojima visais
atvejais virintiné jungtis yra ne tokia stipri kaip dvifazis
plienas. Tam jtaka daro terminis apdorojimas, kurio metu
dvifazio plieno mikrostruktiiroje pradéjo formuotis ¢ -
fazés bei M23C6 karbidai.

6. Apibendrinus  Knupo kietumo bandymy
rezultatus, galima teigti, kad visais atvejais, kuomet jungtis
buvo termiSkai apdorojama (kaitinama 1050 °C
temperattiroje ir greitai au§inta), sitlés metalo vidutinis
kietumas liko nepakites. Pritaikius terminj apdorojima (kai
bandiniai buvo laikomi 300 °C temperatiroje) sitlés
metalo kietumas sumaz¢jo iki 12 %. Virintiniy jungéiy,
suvirinty su milteline viela DW-329AP, vidutinis kietumas
yra 20 % didesnis nei jung¢iy, suvirinty su pilnavidure viela
OK Autrod 316 LSi.

7. Atsizvelgiant | korozinio atsparumo bandymo
rezultatus nustatyta, kad termiskai apdoroty bandiniy Nr. 3
ir 4 korozinis atsparumas gerokai prastesnis nei pagrindinio
metalo ir neapdoroty bandiniy. Taciau termiskai apdoroty
bandiniy Nr. 5 ir 6 atsparumas korozijai yra artimas
pagrindiniam metalui ir neapdoroty bandiniy atsparumui.

8. Apibendrinus atlikty tyrimy rezultatus galima
daryti prielaida, kad suvirinant austenitinj ir dvifazj pliena
neracionalu taikyti specialyjj terminj apdorojima, 0 darbe
apraSytomis procedliromis suvirintas jungtis galima saugiai
eksploatuoti temperattiroje iki 300 °C.
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RESEARCH OF WELDABILITY AND
PROPERTIES OF DISSIMILAR WELDS OF
DUPLEX AND AUSTENITIC STEELS

Paulius Beinoras?, Nikolaj Visniakov?, Vitalijus
Rudzinskas!?

Vilnius Gediminas Technical University
%Vilnius College of Technologies and Design

Summary. Influence of thermal effect on the strength,
hardness and corrosion resistance of welded joints of duplex
(austenitic - ferritic) steel 1.4404 and austenitic stainless steel
and base metal is analyzed in the final work. Structural changes
in the field of welded joints in ISO/TR 15608 Group 10 and 8
steels and the formation of undesirable phases and their
influence on the mechanical properties and corrosion resistance
of the joint are also examined. The welded specimens were heat
treated using different modes. The structure and properties of the
samples were investigated using microscopic analysis of the
structure, determination of the phase composition, ferrite
content, hardness and tensile tests, corrosion resistance tests.
After testing and analysis of the results, it was found that the
corrosion resistance of different types of steel welded joints after
heat treatment decrease in comparison with basic metal.

Key words: Dual-phase steel, welding, heat threatment,
corrosion resistance, microstructu
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SUNKIASVORIU TRANSPORTO PRIEMONIU DYZELINIO VARIKLIO EKOLOGINIU PARAMETRU
TYRIMAS

Augustas Ivasko, Saulius Nagurnas, Jurijus Zaranka

Vilniaus Gedimino technikos universitetas, Saulétekio al. 11, LT — 10223, Vilnius

Anotacija. Sunkusis transportas yra viena i§ transporto priemoniy risiy, skirta pervezti krovinius, taip pat Zmones i tasko A j taska B. Jprasta,
kad sunkiajame transporte sumontuoti didelj darbinj tiirj turintys varikliai. Dauguma jy vis dar yra varomi dyzelinu. ,,Euro 6 standartg atitinkantys
varikliai jprastai biina komplektuojami su deginiy neutralizatoriumi, kietyjy daleliy filtru, ,,AdBlue* (karbamido tirpalo) purkstuvu, selektyviniu
kataliziniu redukavimu ir amoniako neutralizatoriumi. Karbamido tirpalas ir selektyvinis katalizinis redukavimas kenksmingy azoto oksidy (NOx)
iSmetama koncentracija gali sumazinti daugiau nei 90 %. Ta¢iau deginiy neutralizacija prasideda tik tuomet, kai i$metimo sistemoje yra pasiekiama
didesné negu 180 °C temperatiira. Saltuoju sezonu, kai lauko temperatiira daznu atveju biina Zemiau 0 °C, $ios sistemos uzvedus variklj nemaza
laiko tarpa blina neaktyvios dél mazos i§metamyjy dujy temperatiros. Todél Sio eksperimento tikslas — ismatuoti, kokia NOx koncentracija patenka
j atmosferg 18 didelj darbinj tarj turinéio dyzelinio variklio ir kaip tinkamai veikia deginiy neutralizavimo sistemos $altuoju mety sezonu.

Reik§miniai ZodZiai: ,,Euro 6 standartas, deginiy neutralizavimas, vaziavimo ciklai, i$metimo sistemos temperatiira, NOx koncentracija.

Ivadas

Iprasta, kad sunkiajame transporte sumontuoti didelj
darbinj thr] turintys varikliai yra varomi dyzelinu.
Kenksmingiems iSmetamiesiems terSalams mazinti jvesti
ribojimai, privert¢ gamintojus montuoti ekologines sistemas,
kurios  neutralizuoty  kenksmingus  deginius  variklio
iSmetamosiose dujose. Tyrimo aktualumas grindziamas
plétojant Zinias apie didelio darbinio tiirio dyzelinius variklius ir
ju darbo ciklg $altuoju mety laiku.

Darbo objektas — azoto oksidy (toliau tekste NO)
koncentracijos ir ekologiniy sistemy tinkamo funkcionalumo
stebésena.

Darbo tikslas — iSmatuoti, kokia NOx koncentracija (ppm)
patenka | atmosferg i$ didelj darbinj turj turinCio dyzelinio
variklio ir kaip tinkamai veikia deginiy neutralizavimo Sistemos
Saltuoju mety sezonu. Atsizvelgiant j gautus eksperimentinio
tyrimo rezultatus, iSanalizuoti ekologiniy sistemy darbg $altuoju
mety laikotarpiu. Darbo tikslui pasiekti formuluojami Sie
uzdaviniai:

1. I8analizuoti mokslinés literatiros S$altinius, Kuriuose
nagrin¢jami dyzeliniy varikliy deginiy neutralizavimo sistemy
funkcionavimo ypatumai, galimi deginiy neutralizavimo
efektyvumo sutrikimai.

2. Sudaryti metodikg, kuria remiantis bty atlieckamos
dyzeliniy varikliy deginiy neutralizavimo sistemy tinkamo
funkcionavimo patikros.

3. Esant zemai aplinkos oro temperatirai, realiomis darbo
salygomis, atlikti eksperimentinius dyzeliniy varikliy deginiy
neutralizavimo sistemy funkcionavimo tyrimus.

4. Remiantis atlikty tyrimy rezultatais iSanalizuoti gautus
duomenis, aptarti galimus minéty sistemy trakumus bei pateikti
praktiniy pasitilymy, kaip didinti jy poveikio efektyvuma.

1. Moksliniy tyrimy, susijusiy su NOy tarSos
problematika, analizé

Automobiliai, kuriy masé vir§ija 3,5 tonos, vadinami
sunkiuoju transportu. Europos keliuose §is transportas sudaro 4
% viso automobiliy parko (Grigoratos et al., 2019), taciau
suvartoja 27 % parko energijos. Si tendencija bidinga ir kitose
Salyse. Pavyzdziui, Jungtinéje Karalystéje sunkusis transportas
nuvaziuoja 5 % visy transporto priemoniy nuvaziuojamo kelio,
taciau suvartoja 21 % energijos. Honkonge krovininiai
automobiliai sudaro 16 % viso automobiliy parko, taciau iSmeta
51 % transporto NOx (Papadopoulos et al., 2020). Sie dyzelinu
varomi automobiliai vis dar yra populiarus pasirinkimas
transporto srityje, bet tuo paciu lemia padidintg NOy tarsa.

Daugelis dyzeliniy varikliy testy, susijusiy su terSaly
matavimu, yra atliekami — 7 °C ir + 23 °C temperatiiroje. Dél
prasto deginiy neutralizatoriy efektyvumo Zemoje temperatiiroje
Saltuoju mety laiku kenksmingos emisijos jprastai biina
padidéjusios. Biodyzelino (B100) tyrimai vasarg parodo
geresnius emisijy rezultatus, nei biodyzelino (B20) tyrimai
ziemg (terSaly kiekis yra didesnis). Tar$a biina didesné, nes
ilgéja variklio susilimo laikas (Hernandez et al., 2020). ,,Euro 6
standartas nurodé grieztesnius reikalavimus dél iSmetamyjy
vidaus degimo varikliy terSaly. Sugrieztéjo reikalavimai dél
angliavandeniliy (HC), kietyjy daleliy masés (KM), kietyjy
daleliy kiekio (KD), azoto oksidy (NOy), amoniako (NHs)
(Grigoratos et al., 2019). Nuo 2003 iki 2012 mety Europos
Sajungoje NOx emisija (ppm) sumazéjo 33 %, o kietyjy daleliy
kiekis — 16 %. Taciau Sie terSalai vis dar yra vienas pagrindiniy
tarSos komponenty.

Svarbu paminéti, kad sunkiajam transportui, nors ir
sudaran¢iam mazg eismo dalj, tenka nemazas procentas visy
iSmetamuyjy terSaly kiekio. Taciau tiksliy matavimy vaziuojant
realiomis salygomis pasigendama. Didelio tirio dyzeliniy
varikliy terSalai yra matuojami laboratorinémis salygomis ant

46



Technologijos ir menas, 2023/14 ISSN 2783-8064

stendo. Sie matavimai ne visada gali atspindéti realy vaZiavima
miesto ar uzmiescio salygomis (Giechaskiel et al., 2018).

Nors lengvyjy automobiliy rinkoje elektriniai automobiliai
pradeda keisti vidaus degimo varikliais varomus automobilius,
sunkiajg technika vis dar varo dyzeliniai varikliai. Kad Sie
varikliai atitikty dabartiniy standarty reikalavimus, j jy valdyma
jitraukiamos sudétingesnés valdymo bloky kalibracijos. Dél
jitraukiamy vis sudétingesniy sistemy ir detaliy Siuos visus
jrenginius susisteminti ir stebéti darosi vis sudétingiau (van
Dooren et al., 2022).

Dyzeliniai varikliai pla¢iai naudojami dideliy gabarity
technikoje dél efektyvumo, taip pat generuoja didele NOy bei
kietyjy daleliy (toliau tekste — KD) koncentracija (ppm).
Siekiant sumazinti kietyjy daleliy kiekj pradétas montuoti KD
filtras (toliau tekste — DPF). Sis filtras sukaupia susidariusius
suodzius ir neleidzia patekti jiems ] atmosfera (L&hde et al.,
2022). Populiariausias $iandien deginiy nukenksminimo buidas
— karbamido tirpalas, kitaip dar vadinamas ,,AdBlue* skys¢iu.
Kartu su selektyviniu deginiy reduktoriumi karbamido skystis
NOy pavercia azotu (N2) ir deguonimi (O.) (Wang et al., 2017).
Tacdiau §i sistema efektyvi tada, kai palaikomas pastovus greitis,
transporto priemoné vaziuoja greitkelyje. Miesto vaziavimo
rezimu deginiai faktiskai néra neutralizuojami iki ,,Euro 6
standarto reikalavimy. Daznos akceleracijos sudegina daugiau
degaly ir vidutinis greitis i$licka nedidelis. Dél didesnio degaly
suvartojimo ir nepastovios variklio apkrovos didéja NOx
koncentracija (ppm) (Lujén et al., 2018).

Dar vienas deginiy mazinimo btidas yra bandymas maisyti
dyzelinius degalus su ,,AdBlue® skys¢iu ir papildomais
miSiniais. Ta¢iau atlikti tyrimai (Demir et al., 2021) parodé kiek
kitokius rezultatus, negu buvo tikétasi. Verta paminéti, kad
tyrimas buvo atliktas pasirinkus nedidelj vieno cilindro
keturtaktj variklj, turintj 7 kW galios ir 21 Nm sukimo momenta.
Atlikus tyrimus kei¢iant variklio apkrovas buvo pastebéta, kad j
degalus jmaiSius ,,AdBlue® skyscio ir citrinos riigsties degimas
sulétéjo ir prasciau i8dege degalai. Esant 3,5 kW apkrovai CO;
emisija padidéjo dvigubai, nors CO sumazéjo 233 %. Nors
tikétasi, kad NOx koncentracija (ppm) sumazés, ta¢iau ji
padidéjo.

Tad susitelkiant ties deginiy neutralizavimu jau po degimo
proceso, galima teigti, kad viena i§ priezasciy, kodél emisijos yra
didesnés, negu reikalaujama, tai vaziavimo ciklai, kurie
neparodo realiy vairavimo sglygy mieste, kada terSalai pasiekia
didesne verte dél daznos akceleracijos. Taciau yra ir daugiau
svarbiy veiksniy, kurie didina Sias emisijas tiek mieste, tiek
uzmiestyje. Tai yra Saltas oras arba Saltasis mety laikas, kai
naudojamas riebesnis degaly ir oro misinys (Weber et al., 2019).
Grafikas, atspindintis temperatiros ir terSaly kiekio
priklausomybe, pateiktas 1 pav. Jame automobilio modeliai
nenurodyti, tik pagaminimo metai
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Dyzeliniai automobiliai

1 pav. NOx ter$aly kiekis (g/km) jvertinti ,,Euro 6 standartg
atitinkancius automobilius
Saltinis: Weber et al., 2019

Saltuoju mety laiku, kai temperatiira nukrenta zemiau 0 °C,
pasiekiama didziausia terSaly verté, ypa¢ miestuose, lyginant
visy mety laikotarpj. Europoje NOy padidéja iki 40 %, CO iki 26
% (Suarez-Bertoa & Astorga, 2018). Siame tyrime pasirinkta
testuoti lengvuosius automobilius su dyzeliniais varikliais. Nors
tyrimas atliktas laboratorijoje WLTP ciklu 7 °C temperatiiroje,
NOx koncentracija (ppm) buvo 3,5 karto didesné, palyginti su
+23  °C  temperatira. Zemoje temperatiroje = SCR
funkcionalumas krenta arba jo efektyvumas ties Zema
temparatiira yra mazas.

Aptariant variklio darbo ypatumus, pastebimos tam tikros
tendencijos. Kol variklis biina Saltas ir vyksta greitesnis jo
susilimas, degimo kameroje yra paankstinamas degimas ir
ipurskiamas didesnis degaly kiekis. Tokiu biidu variklis greiciau
susyla, taciau dél didelio slégio degimo kameroje ir aukstos
amplitudinés temperatiros didéja NOyx koncentracija (ppm).
Varikliui Sylant iki + 65 °C ausinimo skysc¢io temperatiiros, NOx
emisija btna didesné 31-60 % palyginti su karsto variklio darbu.
Kai variklis susyla, NOx koncentracija krenta, nes degimas
tampa vélyvesnis (Zare et al., 2021).

Apibendrinus tyrimo (Grigoratos et al., 2019) duomenis,
galima pastebéti korealiacija tarp sunkiasvoriy ir lengvyjy
automobiliy. Testuoti pasirinkti 5 sunkiasvoriai automobiliai,
kuriy variklio galingumas > 250 kW, darbinis taris — nuo 7,5 |
iki 13 1. Sie automobiliai atitiko ,,Euro 6* standarta, tadiau jy
paskirtis skyrési. Tai buvo tolimyjy reisy vilkikai, vietinés
reikSmés vilkikai ir autobusas, tad kiekvieno i jy vaziavimo
ciklai yra skirtingi. Atsizvelgiant j nagrinétas tendencijas,
galima teigti, kad Zemesnéjé negu +7 °C temperatiiroje NOy
terSaly iSmetama koncentracija (ppm) yra didesné, kadangi tiek
variklis, tiek duslintuvas nejSyla pakankamai iki efektyvaus
funkcionavimo lygio. Autobuso emisijos buvo didesnés nei
vilkiky, nes autobuso iSmetamoji sistema sunkiai pasiekdavo
darbing temperatiira dél Zemo vidutinio greiCio ir nedidelés
apkrovos miesto vaziavimo rezimul.

Apibendrinus atlikty tyrimy rezultatus, galima teigti, kad
tikslinga toliau gilintis j sunkiojo transporto priemoniy tarSos
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(ypa¢ NOy komponenty) matavimo galimybes. Todél Siame
darbe pateikiamas NOx tarSos poky¢iy tyrimas, testuojant
marsrutinj miesto autobusa.

2. Eksperimentinio tyrimo atlikimo metodika

Tyrimas atliktas ,,Cummins* diagnostine jranga ,,Insite*. Si
jranga yra originali ,,Cummins® varikliy diagnostika, kuria
galima fiksuoti beveik visus variklio ir iSmetamyjy dujy
parametrus.

Tyrimo objektu pasirinktas Vilniaus vieSojo transporto
autobusas ,,Solaris Urbino 12 (2 pav.). Sio autobuso techninés
charakteristikos atitiko numatytus tyrimo kriterijus, kurie
pateikti 1 lenteléje.

2 paveikslas. K{;tobusas ,Solaris Urbino 12
Saltinis: sudaryta autoriy

1 lentelé. Autobuso ,,Solaris Urbino 12 (gamybos data — 2018-06-
13) variklio duomenys
Variklio modelis
Variklio galingumas

Cummins ISB 6.7
207 kW (280 HP)

Variklio sukimo momentas 1100 Nm
Variklio darbinis tiiris 6700 cm?

Variklio maksimaliis stukiai 2100 min

Atitikimas tarSos standartg ,EUro 6

Naudojant diagnosting jrangg ,,Insite” galima realiu laiku
matuoti numatytu marSrutu vaziuojancio autobuso variklio NOy
komponento tar$a. Sis taros rodiklis kinta, kei¢iantis autobuso
marsruto reljefui, variklio apkrovai. Autobuso nuvaziuoto kelio
ir marsruto reljefas fiksuotas iSmaniojo telefono programéle
,»OsmAnd“. Programélé jrasé autobuso buvimo vieta, greicio
pokytj ir reljefo kaitg. Sie duomenys biitini siekiant sugeneruoti
ir nubrézti vaziavimo kreive Zemélapyje.

Eksperimentui pasirinktas Vilniaus vieSojo transporto
marsrutas ,,Fabijoniskés—Markuciai—Fabijoniskés®. Marsruto
trukmé yra 34 minutés. Tyrimas atliktas ryte (5 val. 30 min.),
aplinkos oro temperatiira buvo —14 °C.

Eksperimentinio tyrimo atlikimo tvarka:

1. Diagnostiné jranga ,.Insite” prijungiama prie variklio
valdymo kompiuterio diagnostinés jungties.

2. Pradéjus vaziuoti marsrutu, paleidziami jrasai ,,Insite* ir
,OsmAnd“ programose. ,.Insite* diagnostine jranga fiksuojami
beveik visi su variklio darbu susij¢ diagnostiniai parametrai.

3. Vaziuojant autobusu, periodiskai patikrinami fiksuojami
duomenys, stebima, ar néra nuokrypy, ar duomenys atitinka
realig apkrova.

4. Nuvaziavus numatyta marsrutg jrasai stabdomai ir
uzfiksuoti duomenys i§saugomi CSV formatu tolesnei duomeny
analizei.

5. Gauti rezultatai susisteminami, rezultaty analizé pateikta
kitame skyriuje.

4. Eksperimentinio tyrimo rezultatai

Pirmiausia iSmatuotos NOy koncentracijos (ppm) reikSmés
uz selektyvinio katalizinio redukavimo elemento (toliau tekste —
SCR), 8ios reik§més (zr. 3 pav.) palygintos su uz SCR esancio
temperatiros jutiklio duomenimis (3 pav.).

NOx, ppm
330
300
2 1 ——MNOx uZ SCR
270 fittro, ppm
240
210
180 2 SCR &jimo
150 temperatira,
120 3 ¢
90
50 3 Variklio
1 ausinimo
30 -
temperatura,
[t} °C

05:3205:35 05:3705:40 05:43 05:46 05:49 05:5205:55 05:58 06:01 06:03
Laikas, hh:mm
3 pav. NOx koncentracija, temperatiira uz SCR ir variklio, ausinimo
skyscio temperatiira
Saltinis: sudaryta autoriy

Siekiant susieti 3 pav. pateiktas priklausomybes su tiriamu
autobuso marsrutu, sudarytas minéto marsruto reljefo pokycio
grafikas (Zr. 4 pav.). Jame matome, kurioje vietoje yra jkalnés,
nuokalnés ir pagal tai galime spresti apie kintancias variklio
apkrovas. Skirtingomis spalvomis vaizduojama jkalniy ir
nuokalniy statumas.

180m
160m
140m
120m
100m

05:32 05:35 05:37 05:40 05:43 05:46 05:49 05:52 05:55 05:58 06:01 06:03
4 pav. Marsruto ,,Markuéiai—Fabijoniskés* reljefo pokytis
Saltinis: sudaryta autoriaus

Vertinant 3 ir 4 paveikslus matyti, kad 4 paveiksle ties laiku
5:43 NOy koncentracija pradéjo didéti ir pasieké 10 karty
didesne verte negu jprastai visos kelionés metu. Taip pat
matoma korealiacija tarp temperatiiros mazéjimo uz SCR ir NOy
koncentracijos didéjimo. Priezastis ta, kad Saltu oru vaziuojancio
autobuso variklio skyrius islieka vésus, ypa¢ kai variklio
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apkrova néra didelé. Be to, 4 paveiksle matyti, kad autobusas iki
tasko, kai padidéjo NOy koncentracija, vaziavo nuokalne arba
lygiu keliu. Pradéjusio Kilti j jkalnes autobuso varikliui teko
daugiau apkrovos ir duslintuvas pradéjo vél kaisti, o NOx
koncentracija tapo normali. Sj pokytj galima paaiskinti tuo, kad
jkalnés, | kurias reikéjo vaziuoti, buvo pakankamai stacios.
4 paveiksle matome, kad atkarpoje 05:32-05:40 autobusas buvo
Senamiescio prieigose, todél transporto priemongés greitis buvo
nedidelis, be dideliy létéjimy ir pagrei¢iy. I8 Senamiescio
iSvaziavusio autobuso greitis padidéjo, todél pailgéjo ir
jsibégéjimo laikas, padidéjo NOx koncentracija. Autobuso
judéjimo greidio zemélapis pateiktas 5 paveiksle.
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VILKPEDE
5 pav. Tiriamo autobuso greitis
Saltinis: sudaryta autoriaus

5 paveiksle gerai matyti, kur autobusas stodavo stotelése
bei prie Sviesofory. Kiekvienas $ios transporto priemonés
stabteléjimas rodé kintancia variklio apkrova. Kiekviena karta
pajudéjusio i$ stotelés ar sankryzoje autobuso variklio apkrova
pasieké beveik 100 %. Tai nulémé momentiskai padidéjusia
NOy koncentracija.

Autobuso  judéjimo  viena grafiné  priklausomybé
pavaizduota 6 paveiksle.

Variklio
Autobuso greitis, km/h
apkrova, % g /
100 100
90 1 30
80 80 1 -
70 2 Variklio
apkrova,
60 &0 %
2
50 50 2
—Autobuso
40 40 greitis,
30 30 km/h
1
20 20
10 10
0 0
05:32 05:39 05:46 05:53 06:01

Laikas, hh:mm
6 pav. Tiriamo autobuso variklio apkrovos ir judéjimo greicio
priklausomybé
Saltinis: sudaryta autoriy

Is Sio grafiko matyti, kad variklio apkrova gerokai
padidéjo, kai autobusuas jsibégéjo. Galima daryti i$vada, kad tuo
momentu taip pat akivaizdziai padidéjo ir NOx koncentracija,
pavaizduota 7 paveiksle. Jei autobusas vaziuoty tolygiau, tokiy
apkrovy Suoliy nebiity, taciau Sios transporto priemonés
vaziavimas yra labai dinamiskas ir pagal tolygia priklausomybe
Kisti negali.
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2400

2100

1800

1500

1200

500

600

300

05:32 05:39 05:46 05:53 06:01

Laikas, hh:mm

_7 pav. NOx pries SCR
Saltinis: sudaryta autoriy

Palyginus 6 ir 7 paveikslus galima pastebéti, kad esant
apkrovai NOy nenukenksminta koncentracija pries SCR pasiekia
dideles reikimes. Siy dideliy reik§miy pasekmé yra daznas
isibégéjimas ir stabdymas. Kai aplinkos temperatiira yra Zema,
o variklis dirba laisvais stikiais, NOx koncentracija siekia 300
ppm. Taciau palyginus 7 ir 3 paveikslus, stebint deginiy
neutralizacijos sistemos darba, Konstatuojama, kad ji
funkcionuoja pakankamai efektyviai iki to momento, kol yra
palaikoma auksta temperatira variklio iSmetimo sistemoje
(duslintuve). Sio bandymo metu, apskai¢iavus marsruto viduting
NOx koncentracijg prie§ SCR ir uz jo, su ,,AdBlue* sistema j
aplinka pateko 67 kartus maziau NOy terSaly, negu be ,, AdBlue*
sistemos.
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ISvados

Remiantis atliktu eksperimentu S$altuoju mety sezonu
formuluojamos §ios iSvados:

1. Nustatyta, kad sunkiasvoriy transporto priemoniy (Siuo
atveju autobuso) NOx neutralizavimo sistemos efektyviai
funkcionuoja nuo ~240 °C.

2. Tinkamai veikiant NOy neutralizavimo sistemai, NOx
reikSmeés islieka iki ~100 ppm.

3. Marsruto galutingje stoteléje sustojusio autobuso variklio
(taip pat deginiy iSmetimo sistemos) temperatiira ima kristi,
dél to isauga NOy komponento tarsa.

4. ,,AdBlue“ sistemos naudojimas efektyviai mazina NOy
komponento tarsg (iki 70 karty), kai deginiy iSmetimo
sistema pasiekusi darbine temperatiirg (240 °C).

5. I§ grafiky matyti, kad mazesn¢ tar$a galima pasiekti
»AdBlue® jpurSkimo ir dujy neutralizavimo metodu ir taip
gerokai sumazinti NOx koncentracija. Ta¢iau norint, kad
siekiami ,,Euro 6 reikalavimai atitikty realybe, reikia
koreguoti ir vaziavimo bei bendymy ciklus, kurie biity kuo
pana$esni j realig transporto priemonés eksploatacija, kai
daznas stabdymas ir akceleracija.

6. Siekiant palaikyti auksta variklio iSmetimo sistemos
temperatiirg (tuo paciu ir efektyvy NOyx komponento
neutralizavimg) rekomenduojama atlikti Saltuoju metu
vaziuojan¢iy transporto priemoniy Vvariklio kompiuterio
kalibravima, pritaikant variklio darba Zemai temperatiirai
(padidinant degaly tickimg véstant iSmetimo sistemai).
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RESEARCH OF ECOLOGICAL PARAMETERS OF
HEAVY DUTY VEHICLES DIESEL ENGINES

Augustas Ivasko, Saulius Nagurnas, Jurijus Zaranka

Vilnius Gediminas Technical University

Summary. Heavy transport is one of such type of vehicle which
is designed to transport goods as well as people from point A to point
B. It is common for heavy transport to be equipped with large
displacement engines. A large number of them are still powered by
diesel fuel. Euro 6 compliant engines are normally equipped with a
fuel neutralizer, particulate filter, AdBlue (urea solution) injector,
selective catalytic reduction and ammonia neutralizer. Urea solution
and selective catalytic reduction can reduce harmful nitrogen oxide
(NOx) emissions by more than 90%. However, this combustion
neutralization only starts to work when a temperature higher than 180
°C is reached in the exhaust system. During the cold season, when the
outside temperature is often below 0 °C, these systems are inactive for
a considerable period after the engine is started due to the low exhaust
gas temperature. Therefore, the purpose of this study is to measure the
amount of nitrogen oxides entering the atmosphere from a high-
capacity diesel engine and how well the fuel neutralization systems
work during the cold season of the year.

Key words: "Euro 6" standard, fuel neutralization, driving
cycles, exhaust manifold temperature, NOx concentration.
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TILTO S1JOS SKERSPJUVIO GEOMETRINIU RODIKLIU KITIMAS DEL ILGALAIKES
KOROZIJOS

Jolanta Pileckiené, Jurijus Tretjakovas

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

Anotacija. Ilgalaiké plieniniy konstrukcijy korozija gali sukelti konstrukcijy grititj. Labiausiai agresyvi korozija veikia plieniniy konstrukcijy
tiltus. Tilto pagrindiniy sijy skerspjuvis dazniausiai yra racionalaus ilgio ir formos. Lenkiamy sijy skerspjuvio forma panasi j dvitéjinés sijos, todél
Siame straipsnyje nagrinéjamas dvitéjinis skai¢iuojamasis modelis, priklausantis nuo vieno kintamojo. Korozijos jtaka modeliuojama kaip

medZiagos kaita dél ilgalaikés korozijos (iki 50 mety).

ReikS$miniai ZodZiai: tiltas, pagrindiné sija, korozija, koroduojantis pavirsius, dvitéjis, inercijos momentas.

Ivadas

Pastaraisiais metais visame pasaulyje dél auganciy
transporto srauty keliy ir tilty apkrova nuolat didéja (Lietuvos
transporto infrastruktiiros plétros iki 2030 m. planas, 2022).
Atliekant kelio kokybés ivertinimus neiSvengiamai kyla
klausimy dél tilty kokybés. Plieniniy konstrukcijy tiltas kaip
ilgalaikis statinys nei$vengiamai yra veikiamas korozijos ir jo
stiprumas nuolat mazéja.

Lietuvos valstybiniuose keliuose yra daugiau kaip pusantro
tukstancio tilty ir viaduky, vidutinikai kas 14 km. Tiltas —
ilgalaikis statinys. Jis visada turi bati patikimas, tvirtas,
nesvarbu, kada statytas — jis projektuojamas 50—70 mety. Taciau
ne visi tilto elementai patvarts. Tiltai, kaip ir keliai, turi danga,
hidroizoliacija, kuri turéty biti atnaujinama ne reciau kaip kas
dvidesimt penkerius metus. Tai pat reikia paminéti, kad betono
gniuzdomasis stipris néra pagrindiné savybé, charakterizuojanti
betoniniy ir gelzbetoniniy konstrukcijy bikle. Tokios betono
savybés, kaip deformacijy modulis, valk§numas, traukumas,
atsparumas aplinkai, yra jautresni technologijos ir naudojimo
salygy poky¢iams (Marciukaitis, 2013). Dél atmosferos
poveikio, apkrovy, transporto eismo, vibracijos konstrukcijy
apsauginiame sluoksnyje atsiranda plySiy, pradeda rudyti
armatiira, tiltas praranda keliamajg galig, susilpnéja.

Korozija — tai fizikocheminé metalo ir aplinkos saveika,
kuri daro jtaka metalo savybiy pokyc¢iams ir gali nulemti
reik§minga metalo funkcijy, aplinkos ar techninés sistemos,
kurios dalimi yra laikomas paveiktas metalas, suprastéjima.
Daznai inzinerijoje naudojamy metaly (pvz., anglinio plieno,
neridijané¢iojo pieno, cinko, vario ir aliuminio) jprasta korozija
reiSkia laikui bégant matoma metalo kokybés suprastéjimg iki
pastovesnés buisenos (biidingos neapdorotam metalui).

Siekiant jvertinti korozijos rizikg itin svarbu atsizvelgti |
aplinkos salygy, medziagy savybiy, kombinacijy ir
konstrukcijos ypatybiy sgveikg. Straipsnyje aptarsime
dazniausius veiksnius, | kuriuos turi buti atsizvelgta
(atkreipiame démesj, kad yra daugybé ir retesniy veiksniy,
kurie sietini su konkre¢iomis taikymo sritimis ir aplinka):

e Elektrolitas: jis bitinas visoms atmosferoje (pvz.,

drégmeje, skystyje ir kt.) vykstancioms korozijos
reakcijoms.

e Temperatira: kuo aukStesné temperatira, tuo
greiciau vyksta korozija.

e Cheminés medZiagos: pvz., druska (ore Salia jiros,
ziema naudojama keliams barstyti, baseiny vandenyje
iStirpes chloras) gali pagreitinti korozija.

e Pramoniné tarsa: sieros dioksidas ir kiti terSalai gali
pagreitinti korozija.

e Skirtingi metalai: korozijos rizika padidina
tiesioginis skirtingy metaly salytis.

Dazniausios  elektrocheminio  pobtdzio korozinés
reakcijos. Tokiy reakcijy metu metale vyksta elektrony
nulemtas elektros energijos maiSymasis su laidziajame
elektrolite, pvz., vandenyje, esanciais jonais.

Tokios rtsies korozijos pavyzdziai :

o Tolygioji korozija.

e Plysiné korozija.

e Taskiné korozija.

Mechaniniy veiksniy jtaka

Siai rii§iai budingas mechaninés ir elektromechaninés
korozijos procesas, kuris lemia tam tikry medziagy pleiséjima.
Korozijai gali pakakti medziagos vidaus veiksniy. Sio proceso
metu tam tikry veiksniy veikiamas itin tvirtas arba sutvirtintas
anglinis plienas tampa trapus ir staiga suskyla. Atsizvelgiant j
taikymo sritj, tokios rusies korozija gali apriboti tam tikry
medziagy naudojima.

Tokios rasies korozijos pavyzdziai:

o Pleis¢jimas dél jtempties korozijos.

e Vandenilio nulemtas pleis¢jimas (arba antrinis
vandenilio nulemtas skilinéjimas).

I8analizavus literatiros duomenis, nustatyta, kad daugelis
problemy, susijusiy su korozija, gali biiti i§Sprestos
projektavimo metu. Konstrukcijos ilgaamziskumas priklauso
nuo konstrukciniy sprendimy. Jei konstrukcija neteisinga, gali
susidaryti koroziniy galvaniniy elementy. Klaidos turi didele
jtaka metaly korozijai. Bitina zinoti, kad jtrikimy atsiradimas
pavojingas tose vietose, kur koncentruojasi mechaniniai
jtempiai (staigiis formos pokyciai, skylés ir kt.). Kartais gali
biiti naudojamas korozijos atsargos koeficientas (medziagos
storis padidinamas tiek, kad kompensuoty korozija). Tai
dazniausiai daroma tose vietose, kur tikétina padidinta korozija
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(pvz., skys&io ir oro sglyéio vietoje). Korozijos grei¢iui ir
ilgaamziskumui didelg jtaka turi konstrukcijos forma.

1 pav. Dvitejo skerspjavio jvairiy pavirsiy korozijos greitis
Saltinis: sudaryta autoriy pagal (Sulcius, 2006)

Korozijos greitis priklauso nuo daugelio veiksniy,
svarbiausi i§ jy: pjuviy suleidimas, konstrukcijos elementy
aptakumas, drégmés sankaupa, konstrukcijos elemento
sujungimo metodai, korozijos produkty nuo konstrukcijos
nuvalymo galimybés ir pakartotinis nudazymas. Pjuviy
suleidimas — tai pjuvio perimetro santykis su plotu. Reikéty
rinktis pjivius su minimaliu suleidimu. Nuo konstrukcijos
elementy aptakumo priklauso drégmés nuo pavirSiaus
garavimas (korozijos proceso laikas). Aptakiausia yra
vamzdiné konstrukcija. Nemaza reikSme¢ turi ir korozijos
plitimo pobudis pjavyje (1 pav.). Skaifiai epitiroje rodo
korozijos greitj mm/metus.

Darbo tikslas — taikant matematine priklausomybe
apraSyti dvitéjinés sijos skerspjiivio geometriniy rodikliy
sumazeéjima del ilgalaikés korozijos.

Tikslui pasiekti iskelti uzdaviniai:

1. Atlikti mokslinés literatiiros, nagriné¢jancios ilgalaike
plieniniy konstrukcijy agresyvioje terpéje korozija, analize.

2. Aprasyti korozijos jtaka nuo vieneriy iki 50 mety .

3. Matematinio modeliavimo budu aprasyti dvitéjinio
skerspjiivio inercijos momento israiSka kaip vieno kintamojo
funkcija.

4. Modeliuoti radijan¢iy pavirSiy jtakg skerspjavio
inercijos momentui.

1. Sijuy racionalaus skerspjiivio apZvalga

Jei nagrinéjant lenkiamus elementus démesys skiriamas tik
stiprumui, racionalaus skerspjiivio sija turi turéti kuo didesnj
atsparumo momenta ir kuo mazesnj skerspjuvi. Atsparumo

momentas savo ruoztu yra tiesiogiai priklausomas nuo
skerspjavio inercijos momento centrinés skerspjuvio aSies
atzvilgiu. Realiai sukurtas racionaliausias yra dvitéjis profilis,
nes jo forma panasi j lenkiamo elemento idealig forma (Dupen,
2022, Hibbeler, 2011).

Inzinerinéje praktikoje dideliy matmeny skerspjiviy
profiliai labai daZnai surenkami i§ atskiry elementy: i$
kampuociy ir jvairaus plocio ir storio laksty pagamintos sijos,
parodytos 2 paveiksle.

Horizontalts lakstai

-

Suvirinimo :
Vertikali sidile
sienelé
X EEEE— X -
Kampuotis
Kniedés I!l ;

é

2 pav. Kniedytas ir suvirintas dvitéjo skerspjuvis
Saltinis: sudaryta autoriy

Jos gaminamos elementus sujungiant jvairiais budais:
suvirinant, klijuojant, netgi kniedijant. Ta¢iau kadaise buves
labai populiarus kniedijimas dél blogai parinkto kniedziy
zingnio gali paspartinti korozijg tarp laksty arba tarp kampuocio
ir laksto (Sulgius, 2006).

Naudojant kniedes tarp jungiamyjy metaly gali kauptis
drégmé, dél kurios korozijos greitis labai padidéja. Korozijos
produkty padidéjimas kniedytuose sujungimuose sudaro
itempius. Dél Siy jtempiy kniedés tritksta. Jei konstrukcijy
virinti negalima, rekomenduojama prie§ kniedijant jas
gruntuoti, glaistyti.

Geriau naudoti suvirintas konstrukcijas nei sujungtas
kniedémis. Suvirinant laksStus atsiranda papildomy jtempiy
koncentratoriy, kuriuos taip pat privalu vertinti. Valcavimo badu
pagaminty sijy skerspjiivis neturi visy iSvardyty trukumy, taciau
jis tai pat yra veikiamas korozijos.

2. Korozijos jtakos tyrimo metodika

Teorinis korozijos grei¢io modelis buvo sukurtas
atsizvelgiant j Siuolaikiniy plieniniy dangy atsparuma. Miltelinis
dazymas uZztikrina beveik idealy atsparuma ekploatacijos
pradzioje, tafiau véliau dél jvairiy veiksniy (uztrenkimo,
jbrézimo ir pan.) atsirad¢s korozijos zidinys gali plisti. Modelyje
daroma prielaida, kad pirmus de$imt mety korozijos néra (t. y.
greitis lygus nuliui), iki 20 mety greitis padidéja 1/3 nuo
maksimalaus greicio, nuo 20 iki 30 mety — 2 nuo maksimalaus
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greicio, po 30 mety modeliuojamas korozijos greitis pasieks 100
% nuo literattiroje apraSomo (Vislavi¢ius, 2008) maksimalaus
greicio. Tai iliustruoja greicio kitimo grafikas:

v, mm/metus

0,45

0,225

0,15 —J
r_

metai

10 20 30 40 50

3 pav. Korozijos greicio kitimas per 50 mety
Saltinis: sudaryta autoriy

Be to, reikia vertinti ir mety cikla. Ziema dél drusky tirpalo
poveikio greitis didéja. Pavasario saulés spinduliai taip pat
didina korozijos greitj.

Taciau Siame tyrime mety ciklas vertinamas nebus,
rinksimés vidutinj mety korozijos greitj.

3. Dvitéjinio skerspjuvio inercijos momento modelis
Modeliuojamas idealizuotas dvitgjis profilis,

neatsizvelgiant j suapvalinimus tarp sienelés ir lentyny. Modelio
kintamasis yra sienelés storis tw.

4 pav. Dvitéjinio profilio pradiné schema
Saltinis: sudaryta autoriy

Pagal standartiniy profiliy DIN 1025-5:1994-03 ir
Euronorm 19-57 geometriniy parametry santykines reikSmes
pasirenkame Kkitas priklausomybes:

- aukstish =50-¢,;

- plotisw =18-¢,;

- lentynos storis tf = 1,6 - t,,.

Matematiniame modelyje aprasomas inercijos momentas
prie x asies pasirinkus bet kokj kintamajj tw ir i§ karto gaunami
visi skerspjivio geometriniai parametrai, inercijos momentas x
asyje, kurj zymésime I,.

1 lentelé. Skerspjuviy geometriniai parametrai

ty,mm [ A, mm | w,mm | t;,mm | [, mm*
8 400 144 12,8 17320
9 450 162 14.4 27700

Saltinis: sudaryta autoriy

Inercijos momentas skai¢iuojamas kaip sienelés ir dviejy
lentyny inercijos momeny suma x asies atzvilgiu.

Iy = i Lyi @

¢ia: I, — fighiros inercijos momentas.
Kadangi skerspjiivio svorio centras yra zinomas, detalaus
algoritmo Cia nepateikiame.

4. Koroduojanciy skerspjuviy modeliavimas

Pradiniame modeliavimo etape darome prielaida, kad
daugiausiai korozijos paveikta skerspjivio apatiné dalis ir
virSutiné lentynos dalis. Kadangi skerspjivis simetriskas
vertikalios aSies atzvilgiu, modeliuoti pakanka tik vieng ketvirtj
(5 pav.).

Radys

5 pav. Korozijos aplinka ir radziy vietos
Saltinis: sudaryta autoriy
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tk2
X
Riudyjantys
Q plotai
=
Q Ik
=] r
! k3

6 pav. Skerspjiivio korozijos ploty modelis
Saltinis: sudaryta autoriy

Modeliuojamo eksperimento metu pasirenkame, kad
korozijos riidziy storis ties lentyna yra tg4, ilgis L, ir radziy
storis ties sienele ¢, ilgis l,. Be to, did¢ja korozijos plotas
skerspjivio apacioje, Storis ts, ilgis ly5.

Siuos dydzius modelyje laikysime kintamaisiais ir juos
apraSysime kaip didéjancia funkcija. Nuo jy priklauso korozijos
paveikto ploto dydis.

Taikant matematinj modelj apraSoma, kaip mazéja
korozijos plotas bégant laikui ir jtaka viso skerspjivio
pagrindiniams  geometriniams parametrams - inercijos
momentui ir skerspjavio atsparumo momentui. Inercijos
momentas jau bus skai¢iuojamas pasikeitusios storio centro
asies atzvilgiu

3
I = Ly — Z Ly (£) @)

3
i=1 k=1

¢ia: I (t) — rudziy ploto inercijos momentas kaip laiko
funkcija

Algoritme yra vertinami dar trys papildomi plotai,
kintantys bégant laikui.

Analizuojamy dvitéjiniy sijy, kuriy sienelés storis 8,0 mm
ir 9,0 mm, gauti rezultatai pateikti 2 ir 3 lentelése: parodoma
skerspjavio ploto, inercijos momento ir atsparumo momento
kaita.

2 lentelé. 8,0 mm sienelés storio skerspjiivio parametrai

30 62,2 15300 695
40 57,6 12270 496
50 50,8 2150 68

Metai A, cm? Ix, cm* Wx, cm®
0 66,8 17320 866
10 66,8 17320 866
20 63,7 16070 755

Saltinis: sudaryta autoriy

3 lentelé. 9,0 mm sienelés storio skerspjuivio parametrai

Metai A, cm Ix, cm? Wx, cm3
0 84,6 27700 1230
10 84,6 27700 1230
20 81,9 25600 1093
30 79.4 24500 1020
40 74,2 20700 764
50 65,5 5880 174

Saltinis: sudaryta autoriy

Be abejo, pagrindinis skerspjivio geometrinis rodiklis yra
inercijos momentas, tad pagrindinj démesj sutelksime j inercijos
momento kitimg bégant laikui.

Skerspjiivio atsparumo momentas yra iSvestinis dydis,
priklausantis nuo inercijos momento, tad jo kitimo funkcija bus
panasi i inercijos momento kitima.

5. Tyrimo rezultatai

Skai¢iuojamasis eksperimentinis tyrimas buvo atliktas
pagal apraSytg matematinio modeliavimo metodikg ir rezultatai
pateikti Siame skyriuje.

8,0 mm ir 9,00 mm sienelés storio skerspjavio ploto kitima
iliustruoja grafikas 7 pav.

Ploto A kitimas bégant laikui
100

(o]
o

o]
o

ey
o

8 mm

9mm

Plotas, m”2
N
o

o

0 5 10 15 20 25 30 35 40 45 50 55
Metai

7 pav. Skerspjuvio ploto kitimo grafikas
Saltinis: sudaryta autoriy

8,0 mm ir 9,00 mm sienelés storio skerspjiivio inercijos
momento kitimg iliustruoja grafikas 8 pav.

54



Technologijos ir menas, 2023/14 ISSN 2783-8064

Inercijos momento kitimas bégant laikui
30000

25000
20000

15000
1

40000 —®—8mm
%)
® 5000 9mm

Inercijos momentas apie x

0 5 10 15 20 25 30 35 40 45 50 55
Metai

8 pav. Skerspjivio inercijos momento kitimas bégant laikui
Saltinis: sudaryta autoriy

I§ grafiko matyti, kad po 30 mety pradeda greitai mazéti
skerspjiivio inercijos momentas.

ISvados

1. Tlgalaiké (50-70 mety) tilto korozija yra pagrindinis
veiksnys tilto ar jo elementy stiprumo kriterijui apraSyti.
Nuo korozijos grei¢io priklauso tilto laikandiyjy sijy
geometriniai rodikliai ilgalaikéje perspektyvoje.

2. Korozijos greitis priklauso nuo aplinkos salygy,
temperatiros, aplinkos cheminés sudéties ir gali kisti tiek
per vienerius metus, tiek visos eksploatacijos laikotarpiu.

3. Nagringjamos dvitéjos sijos labiausiai koroduojantys
pavirSiai yra apatingje dalyje dél keliy priezitiros tarnyby
barstomo smeélio ir druskos misinio poveikio.

4. Koroduojantys pavirSiai apraSomi kaip nuolat didéjantys
rudziy plotai, per 50 mety bendras plotas sumazéja 24 %.

5. Pagrindinis geometrinis rodiklis inercijos momentas per 20
mety sumazéja 7 %, po 30 mety — 12 %, po 40 mety — 25
%, po 50 mety — net 88 %.

6. Atlikus tyrimg nustatyta, kad siekiant sustabdyti korozijos
zidinius ypatingas démesys j tilty elementus turi biti
atkreiptas po 20 mety.
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VARIATION OF THE BRIDGE GIRDER CROSS-
SECTION GEOMETRY DUE TO LONG-TERM
CORROSION

Jolanta Pileckiené¢, Jurijus Tretjakovas

Vilnius College of Technologies and Design

Summary. Prolonged corrosion of steel structures can lead to
structural collapse. Bridges made of steel structures are among the
most aggressively corroded. The girders of a bridge usually have a
rational skew in length and cross-sectional shape. The cross-sectional
shape of the bending beams is close I-beam; therefore, this paper deals
with a two-jet computational model depending on one variable. The
effect of corrosion is modeled as a loss of material in a long-term
process, in terms of the corrosion intensity over one year and the
intensity up to 50 years.

Key words: bridge, main beam, corrosion, corroding surface, I-
beam, moment of inertia
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TRANSLATION OF TECHNICAL TERMINOLOGY IN THE ESP COURSE
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Abstract. The need for professional translation today manifests itself in all fields of life. Translation of technical sites allows specialists
from all over the world to communicate with each other, exchanging their experience and professional knowledge. The paper deals with the
translation features of scientific and technical texts as well as with difficulties encountered by the students of Vilnius College of Technologies
and Design in ESP (English for Specific Purposes) lectures while translating texts from English to Lithuanian and from Lithuanian to English.
A survey was designed to investigate the opinions of the students towards translation of English technical texts. The paper presents the study
results. The analyses can be useful for students of technical field as well as teachers of professional foreign language.

Key Words: terminology, translation, features of terms, technical text.

Introduction

Nowadays the rate of exchange of scientific and
technical information with other countries is increasing
rapidly due to a great number of innovations and state-of-
the-art machinery and equipment which have been applied in
various industries. Beginning with the last two decades,
translation was not popular with the language teaching
community. The preference of grammar-translation method
led to the situation that students were unable to speak
fluently after having studied the language for a long time.
For this reason, translation has been defined as
incommunicative, boring, pointless, difficult, and irrelevant.
(Duff, 1994). Translation skills of technical documentation,
manuals for industrial and household equipment are
necessary for senior students of engineering specialties,
doing practical training in various enterprises and institutions
(Yu et al., 2016; Tarasova, 2015).

Currently, the problem of translating technical texts has
become relevant due to the increasing volume of translations
and the difficulties that arise during translation. Recently
there has been a revival of interest to translation due to the
increased migration, globalization, developments in
international, economic and political relations, and the
expansion of the mass media and technology. (Stepanovieng,
2014). The study of the specifics of the source text is
extremely necessary, since without taking it into account, an
adequate translation of a number of sources is simply
impossible. The professional translation shall be performed
by highly qualified personnel, commanding a foreign
language, professional knowledge, specific terminology,
being able to adequately and competently express their
thoughts in the target language (Altarabin, 2019). The
quality and result of translation are determined by the
features of the source text (authentic text), therefore the
relationship between text and translation is one of the main
problems of translation theory, which is addressed by many
researchers while dealing with special aspects.

The relevance of the study is due to the fact that in the
ESP course which is taught to the first-year students of
engineering field a lot of time is devoted to a professionally
oriented material, including technical texts translation and
the study of technical terminology.

The technical text is defined as the object of study.

The subject of the study is terminological vocabulary.

The aim of the study is to identify the features of the
translation of technical terminology from English into
Lithuanian.

The objectives are the following:

- to define the concept of "term™ and identify its
features;

- to study the ways of translating technical terms;

- to classify technical terminology.

- to conduct students’ survey in order to find out their
opinion to trans linguistic method applied during the ESP
course.

In this paper, a study of the features of the translation of
English technical terminology into Lithuanian was made: the
process of the appearance of terms in England was
considered; the classification of technical terminology was
carried out; ways of translating technical terms are
investigated.

Research methods. In the course of the study, in
accordance with its aim and objectives, both empirical and
theoretical methods were used: analysis of special literature;
conversation;  observation;  survey  (questionnaire);
evaluation.

Theoretical significance of the study. The essence of
English terminology is revealed, its functions are defined,
linguistic features and sources of formation of English
technical terminology are formulated.

1. What is translation?

The English word translation has been derived from the
Latin word translation, which itself comes from trans- and
latum—together meaning "a carrying across" or "a bringing
across” (Simpson and Weiner, 1989). In other words, it is the
business of carrying across a message/written content from
one text to another, from one person to another and from one
language (source language) to a different language (target
language). Roman Jakobson, a leading linguist and noted
expert in the subject of translation, defined translation as "the
interpretation of verbal signs by means of some other
language".

Simpson and Weiner (1989) define translation as: 1. the
process of turning from one language into another; 2. the
rendering of something in another medium or form. Hornby
(2010) defines the verb translate as: 1. to express the
meaning of speech or writing in a different language. 2. to be
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changed from one language into another. As Numan and Al-
Musawi (2014) state translation is a cognitive activity that
assists students in learning new phrases and expressions in
the target language, and using them to communicate meaning
to others, on the one hand, and a problem-solving exercise,
in which the students develop their capabilities in data
analysis and processing, on the other hand. According to
Chung (2004) terms in any branch of science, technology
and production form their own systems that have conceptual
connections with professional knowledge and express these
connections by means of the language. For this reason,
equivalent translation of terminology is of great significance
in the translation of scientific and technical texts (Hanks,
1984). Enhancing English skills, particularly reading,
writing, listening, and speaking: Bagheri and Fazel (2011)
found that translation assists students in acquiring writing,
facilitates their comprehension, helps them develop and
express ideas in another language, and increases their
motivation to learn English. Students also tend to make more
gains in learning vocabulary, phrases, idioms, and grammar.

Generally speaking, translation can be defined as the
process of transferring, reproducing, replacing, or
interpreting source text (ST) message, material, text, or
meaning into another language focusing on meaning and
style respectively (Altarabin, 2019)

The practical significance of the study lies in deepening
the understanding of the reasons for the spread of English
technical terminology, which contributes to the further
adequate perception of borrowed English technical
terminology and the development of skills in translating it
from English into Lithuanian.

2. Features of scientific and technical text

From the point of view of linguistics, the characteristic
features of scientific and technical literature extend to its
style, grammar and vocabulary. The main task of scientific
and technical translation is the extremely clear and accurate
communication of the information to the reader. This is
achieved by a logically substantiated presentation of the
factual material, without explicitly expressed emotionality.
The style of scientific and technical literature can be defined
as formal-logical. Scientific and technical texts reveal a
number of grammatical features.

The most typical lexical feature of scientific and
technical literature is the saturation of the text with terms and
terminological phrases, as well as the presence of lexical
constructions and abbreviations. In such literature, a special
place is occupied by texts that are focused not so much on
native speakers of a certain language, but on representatives
of a certain professional group with certain extralinguistic
knowledge.

The main stylistic feature of a scientific and technical
text is an accurate and clear presentation of the material with
an almost complete absence of those expressive elements
that give speech emotional richness. The main emphasis is
focused on the logical, but not the emotional-sensual side of
the language.

The author of this article seeks to exclude the possibility
of arbitrary interpretation of the essence of the subject being

interpreted, as a result of which in the scientific literature
there are almost no such expressive means as metaphors,
metonymy and other stylistic figures that are widely used in
fiction to give more life depth to the speech, figurative
character.

Although, the colloquial language is rich in various
expressive means, the scientific and technical text still
includes a certain number of phraseological combinations of
a technical nature that are more or less neutral in colour, for
example:

In full blast = full thrust

The wire is alive = live wire

The wire is dead = wire disconnected

From the point of view of the vocabulary, the main
feature of the text lies in the extreme saturation of the special
terminology characteristic of this branch of knowledge.

We call a term an emotionally neutral word (phrase)
that conveys the name of a precisely defined concept related
to a particular field of science or technology.

Terminological vocabulary makes it possible to most
accurately, clearly and economically present the content of a
given subject and provides a correct understanding of the
essence of the issue being treated.

In the specialized literature, the terms carry the main
semantic load, occupying the main place among other
general literary and functional words.

3. Scientific and technical terminology

Technical translation is a translation used to exchange
specific scientific and technical information between people
who speak different languages. A term is a word or phrase
that may have a different meaning from everyday life,
depending on the field of science and technology in which it
is used. The bulk of scientific and technical terminology
continues to remain outside the general literary language and
is understandable only to a specialist in this branch of
knowledge.

In colloquial speech, words, as a rule, are polysemantic,
i.e., they convey a whole range of meanings, which can
sometimes diverge quite widely. Let's take for example the
sum of the meanings of the word table, which are
concentrated around the core concept of “plane™: table,
tablet, board, plate, report card, plank, plateau. Along with
this, the word table also has a number of figurative meanings
that retain a well-known, albeit more distant, connection
with the core concept:
company at the table
food (what is served on the table)
inscription on the plate

Such ambiguity of words in the general literary
language is a factor indicating the richness of language visual
means. Lexical ambiguity gives speech flexibility and
liveliness and allows you to express the various shades of
thought.

The situation is different in scientific and technical
language; where the main requirement is the utmost accuracy
of the expression of thought, which does not allow even
slight possibility of various interpretations. Therefore, the
main requirement for the term is unambiguity, i.e., the
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presence of only one once forever established value. In fact,
not all terms meet this requirement even within the same
professional area, for example:

Engine - machine, engine, locomotive

Oil - oil, lubricant, petroleum

This circumstance, of course, presents a certain
difficulty for the exact understanding of the text and
complicates the work of the translator.

What are the origins of English scientific and technical
terminology? The largest group is made up of terms
borrowed from foreign languages, or artificially created by
scientists on the basis of, mainly, Latin and Greek languages,
as science and technology develop and new concepts appear.
So, for example, in 1830, the name of a new inert substance
paraffin appeared from the Latin “parum affinis”, that is,
little in contact (with other substances). In 1850, Liebig
created a new compound by oxidizing alcohol. He called it
aldehyde, combining the first parts of the Latin words:
alcohol dehydrogenatum. Sometimes there were also hybrid
formations like haemoglobin from the Greek “haima” blood
and the Latin “globus” ball.

Especially many terms appeared in England in the 18th
and 19th centuries during the period of rapid development of
sciences, while some of the terms from the language of
scientists began to penetrate into the general literary
language and became public property. These words include:
dynamo, barograph, ozone, centigrade, cereal, gyroscope,
sodium, potassium, etc.

In the 20th century, such neoplasms arose as: penicillin,
hormone, isotope, photon, positron, radar, biochemistry, etc.
These terms quickly became generally understood due to the
close connection of the latest scientific discoveries with
everyday life.

The second largest group of terms is general literary
English words used in a special sense. These words include,
for example:

Jacket: jacket and at the same time - casing

Jar: pitcher and condenser

to load: load and charge

At the same time, there is the use of one word in
different special meanings, depending on the branch of
knowledge; the word pocket, for example, has the following
special meanings:
air pocket (in aviation)
environment (in military affairs)
dead zone (in radio)
deposit nest (in geology)
cable channel (in electrical engineering)

Structurally, all terms can be classified as follows:

Simple terms like: oxygen, resistance, velocity.

Complex terms formed by compounding. The constituent
parts of such a term are often combined with a connecting
vowel:

gas + meter = gasometer

In this case, sometimes components are shortened:

turbine + generator = turbogenerator

ampere + meter = ammeter

Speed + meter = speedometer

Sun + Visor = sun visor

Gas + Line = gasoline

Phrases which components are in an attributive
relationship, i.e., one of the components determines the
other:
direct current — (e.t.z. nuolatiné srové)
short circuit — (e.t.z. trumpasis jungimas)
blown fuse — (e.t.z. tirpusis saugiklis)
flat tire — nuleista padanga
barium peroxide — bario peroksidas

Often the attributive element is itself expressed by a
phrase, which is a semantic unity. This unity is
orthographically often expressed by writing with a hyphen:
State-of-art equipment — naujausia jranga
doubling-over test — lanksto testavimas
Abbreviation, i.e., letter abbreviations of phrases:

e.m.f. = electromotive force

c.p.s. = cycles per second

h.f. = high frequency;

r.f. — ratio frequency

i.c = internal combustion

r.p.m. = revolutions per minute

Part of the phrase may be abbreviated:

D.C. amplifier = direct current amplifier —(e.t.z. nuolatinés
srovés stiprintuvas)

A.C circuit element — alternating current circuit element —
(e.t.z. kintamosios srovés grandinés elementas)

Syllabic abbreviations that have become independent words:
loran (long range navigation) — (e.t.z. didelio nuotolio
navigacija, tolimoji navigacija)

radar (radio detection and ranging) - radiolokacija

Letter terms in which the attributive role is assigned to a
certain letter due to its graphic form:

T — antenna — T-formos antena

V — belt — V-formos dirzelis

Sometimes this letter is only a conditional, unmotivated
symbol:

X-rays x-rays (rentgenas).

When translating terms, we may encounter the following
points:

a) Some terms of an international character are transmitted
by transliteration and do not need to be translated:

antenna — antenna

feeder — fideris

blooming — blumingas

b) Some terms have direct correspondences in Lithuanian
and are transmitted by the corresponding equivalents:
hydrogen — vandenilis

voltage — jtampa

c) A well-known part of the terms is calque during
translation, i.e., it is transmitted using Lithuanian words and
expressions that literally reproduce the words and
expressions of the English language:

le-needle instrument — vienos rodyklés instrumentas
superpower system — didelés galios sistema

d) It often happens that the dictionary does not give a direct
correspondence to the English term. In this case, the
translator must resort to a descriptive translation that
accurately conveys the meaning of the foreign word in this
context:

Video-gain — (e.t.z.vaizdo signalo stiprinimas);

Combustion furnace — (e.t.z. degimo krosnis);
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wall beam — (e.t.z. sienas sija).

4. Features of the translation of scientific and
technical text

While the main difficulty in translating fiction lies in the
need to interpret the author's intentions, i.e., in the transfer of
not only external facts, but also in the preservation of the
psychological and emotional elements inherent in the text,
the task facing the translator of a scientific and technical text
devoid of emotional colouring turns out to be simpler — to
accurately convey the author's thought, only if possible,
preserving the features of his style.

In order to correctly understand a scientific and
technical text, it is necessary, as mentioned earlier, to have a
good knowledge of this subject and the English terminology
associated with it. In addition, in order to correctly convey
the content of the text in Lithuanian, you need to know the
relevant Lithuanian terminology and have a good command
of the Lithuanian literary language.

Translation using a dictionary of unfamiliar single-
valued terms such as oxygen, ionosphere, is not difficult. The
situation is different when several Lithuanian terms
correspond to one English term, for example: switch —
jungiklis, perjungiklis, komutatorius. In this case, the
conscious choice of an analogue can only be dictated by a
good knowledge of the subject. The main features of the
Lithuanian scientific and technical style are strict clarity of
presentation, clarity of definitions, conciseness of forms.

When translating an English text, the translator must

fully and accurately convey the author's thought, dressing it
in a form inherent in the Lithuanian scientific and technical
style and by no means transferring the specific features of the
English original into the Lithuanian text. To illustrate, let us
dwell on some stylistic and grammatical features of the
English text, which are alien to the style of Lithuanian
scientific and technical literature:
a) The English text is dominated by personal forms of the
verb, while the Lithuanian scientific style is more
characterized by impersonal or indefinite personal turns, for
example:

You might ask why engineers have generally chosen to
supply us with a.c. rather than d.c. for our household needs.
Galite tiktai svartyti kodél inzinieriai paprastai parenka tiekti
miisy buities reikméms netiesioginés srovés Saltini, o ne
tiesioginés

We know the primary coil in the transformer to have
more turns than the secondary one. Mes zinome, kad
transformatoriaus pirminé rit¢ turi daugiau apvijy nei
antriné.

b) In English texts of a descriptive nature, the future tense is
often used to express an ordinary action.

Guided by the context, such sentences should be
translated not in the future, but in the present tense,
sometimes with a modal connotation:

The zinc in the dry cell accumulates a great many excess
electrons which will move to the carbon electrode. Cinkas
sausoje baterijoje sukaupia daug elektrony pertekliaus, kuris
patenka j anglies elektroda.

Fig. 10 gives a drawing of a valve; the filament will be
seen in the centre. DeSimtame paveiksliuke pateiktas
voztuvo brézinys; kaitinimo sitilas yra matomas centre.
¢) In English scientific and technical texts, passive phrases
are especially common, while in Lithuanian the passive
voice is used much less frequently.

When translating, therefore, we often have to resort to
replacing passive constructions with other means of
expression that are more characteristic of the Lithuanian
language.

The next sentence can be translated in few ways:

This question was discussed at the conference:

1.  Sis klausimas buvo aptartas konferencijos metu.

2. Sj klausimg aptaré konferencijos metu.

d) The authors of English scientific and technical literature
widely use various abbreviations that are completely
uncommon in Lithuanian, for example:

d.c. (direct current) — (e.t.z. nuolatiné srove);

a.c. (alternating current) — (e.t.z. Kintamoji srové);

s.a. (sectional area) — (e.t.z. skerspjivio plotas);

b.p. (boiling point) — (e.t.z. virimo taskas)

Such abbreviations in the translation must be encoded and
given a full designation.

5. Survey Results

Every year there are more and more borrowed technical
terms from the English language in our lives. This fact is
confirmed by the results of a survey conducted among
students of our college. 98 full-time first year students were
interviewed.

The first questionnaire included the following questions:

1. Do you additionally study the peculiarities of translating
technical terminology from English into Lithuanian?

2. How many hours a week do you use the Internet for
translating?

3. Do you like it when English technical terminology is used
in the titles of industrial goods and products? (Answers:
more yes than no; | don't care; no more than yes.)

From the answers to the first question, it became clear
that the number of hours spent on studying the peculiarities
of translating technical terminology from English into
Lithuanian is growing from the beginning of a course to the
end. This is due to the fact that in the ESP course a lot of time
is devoted to professional material and its analyses, including
technical texts translation and the study of technical
terminology.

From the answers to the second question, it was
concluded that the Internet has already firmly entered our
daily lives. And it, like no other phenomenon, influenced the
spread of English technical terminology. The number of
hours spent on the Internet by our students is as follows: start
of the course — approximately 2 hours; end of the course —
about 4,5 hours.

From the answers to the third question, it was concluded
that students expressed a positive or indifferent attitude to
the fact that English technical terminology was used in the
titles of industrial goods and products. The negative attitude
towards English-language goods is minimal.

The second questionnaire included the following questions:
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1. Do you use English technical terminology in everyday
speech? Our survey gave the following results: 75% — often;
15% — rarely; 10% — never.

Technical term use in everyday
speech

H Often 75%
Rarely 15%

Never 10%

Fig 1. Use of English technical terminology in everyday speech

2. Does the abundance of English technical terminology in
modern Lithuanian annoy you? The respondents answered as
follows: it’s very annoying — 8%, annoys a little — 10%, not
at all — 82%.

Annoyance of technical terminology
abundance in Lithuanian language

B Not annoying

10 8%

Annoys a little
82%

It's very annoying

Fig 2. Annoyance of technical terminology use in Lithuanian
language

3. Do borrowings from English technical terminology enrich
our language, make it richer and better, or do they
impoverish the Lithuanian language, distorting it?

The answers to the third question of the questionnaire
were distributed in the following way. 87% of students
positively assessed the role of English technical terminology
in the Lithuanian language, 13% of them expressed a
negative opinion.

It can be seen from the questionnaire that students use
English technical terminology in everyday speech quite
often. The abundance of English borrowings from English
technical terminology in modern Lithuanian does not annoy
students. Most students positively assessed the role of
English technical terminology in enriching the Lithuanian
language.

Conclusions

1. Technical texts reveal a number of features. The most
typical lexical feature of technical literature is the
saturation of the text with terms and terminological
phrases, as well as the presence of lexical constructions
and abbreviations.

2. In scientific and technical literature, a special place is
occupied by texts that are focused not so much on native

speakers of a certain language, but on representatives of
a certain professional group with certain extralinguistic
knowledge.

3. Technical and scientific texts are characterized by the
fact that the knowledge of the subject is more important
in them than the knowledge of the language, which, in
turn, should first of all extend to the knowledge of
technical terms.

4. Students’ survey revealed positive point of view to the
use of technical terms and trans linguistic approach
applied during ESP course. Areas of technical industry
are quite closely related to Technical English Language,
and in particular to technical translation. This fact has
led to the notion that students of technical universities
and colleges must have fairly good level of proficiency
both in native and foreign language, which in turn
contributes to success in their future professional
activities.
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TECHNIKOS TERMINU VERTIMAS ESP
DESTOMO KURSO METU

Svetlana Toropoviené

Vilniaus technologijy ir dizaino kolegija

Santrauka. Profesionalaus vertimo poreikis Siandien apima
visas gyvenimo sritis. Svetainiy automatinis vertimas leidzia
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specialistams i§ viso pasaulio laisvai bendrauti tarpusavyje, dalytis
patirtimi ir ziniomis. Straipsnyje nagrin¢jami technikos terminy
vertimo ypatumai bei sunkumai, su kuriais susiduria Vilniaus
technologijy ir dizaino kolegijos studentai, ESP (angly kalbos kurso
specialiesiems poreikiams) kurso metu veréiantys technikos
terminus is angly j lietuviy ir i$ lietuviy j angly kalbas. Siekiant

i$siaiskinti studenty nuomong apie technikos terminy vertima, buvo
atlikta apklausa. Straipsnyje pateikti tyrimo rezultatai, naudingi tiek
techninés krypties studijy studentams, tiek profesinés uzsienio
kalbos déstytojams.

Reik§miniai Zodziai: terminologija, vertimas, terminy
ypatumai, techninis tekstas.
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SRIEGINES JUNGTIES VIJU KERPAMOSIOS JEGOS KITIMO ANALIZE KEICIANT VIJOS
PROFILIO KAMPA

Jelena Selivonec®?, Jurijus Tretjakovas'?

! Vilniaus Gedimino technikos universitetas, Saulétekio al. 11, LT-10223 Vilnius
2Vilniaus technologijy ir dizaino kolegija, Antakalnio g. 54, LT-10303 Vilnius

Anotacija. Daug mokslininky nagrinéja srieginiy jung¢iy deformacijas ir jtempius, nes nuo jy patikimumo ir stiprumo priklauso konstrukeijy,
kur naudojamos srieginés jungtys, saugumas ir ilgaamziskumas. Be kity veiksniy, srieginés detalés gali suirti dél varzto ar verZlés vijy kirpimo.
Darbe sukurtas varzto ir verzlés vijy kirpimo, atsizvelgiant j sriegio vijos profilio kampa, skai¢iuojamasis modelis, darant prielaida, kad varzto ir
verzlés vijos yra idealiai pagamintos. Atlikus skaiiavimus nustatyta skirtingy matmeny varzty ir verzliy, turin¢iy metrinj sriegj, vijy kirpimo jéga.
Parodyta, kaip kinta maksimalis jtempiai sriegyje, kei¢iant vijos profilio kampa nuo 60 iki 90 laipsniy.

Reik§miniai ZodZiai: sriegis, vijos profilio kampas, vijos kirpimo jéga.

Ivadas

VarZtinés jungtys su verzlémis — daznas dviejy ar daugiau
objekty ar detaliy tvirtinimo budas. Tokios jungtys pladiai
naudojamos  jvairiose  srityse, pavyzdziui, statyboje,
automobiliy, masiny gamybos ir kosm0so pramongéje.

Vienas i§ pagrindiniy varzty ir verzliy jungciy privalumy
yra tvirtumas ir ilgaamziSkumas. Tokios jungtys gali atlaikyti
dideles apkrovas ir vibracijas. Be to, jas paprasta sumontuoti ir
nuimti, todél lengva atlikti technine priezitira ir remonta.

Varzty ir verzliy jungtys biina jvairiy dydziy, formy ir yra
pagamintos i§ skirtingy medziagy. Varztinés jungties su verzle
pasirinkimas priklauso nuo konkreciy reikalavimy, pavyzdziui,
apkrovos, atsparumo Korozijai, temperatiiros ir t. t.

VarZtinés jungtys su verzlémis daugelyje pramonés Saky
yra esminis komponentas, uZtikrinantis patikimg ir tvirtg dviejy
ar daugiau detaliy sujungimo buda.

Sriegio profilio kampas — tai kampas tarp sriegio vijos,
varzto ar verzles.

Labiausiai paplites yra 60 laipsniy sriegio profilio kampas,
dar vadinamas metriniu profiliu. Sis profilis daZniausiai
naudojamas Europoje, Azijoje ir JAV.

Yra kity sriegio profilio kampy, pavyzdziui, , Acme*
profilis (jo kampas — 29 laipsniai, $is profilis naudojamas sraigty
gamybai), ,,Whitworth* profilis (jo kampas yra 55 laipsniai, Sis
profilis naudojamas brity masiny gamyboje).

Sriegio profilio kampas yra svarbus, jis turi jtakos srieginio
tvirtinimo detalés tvirtumui ir ilgaamziskumui. Didesnis sriegio
profilio kampas uztikrina geresnj sriegio jsriegimg ir tvirtesng
jungtj, ta¢iau reikia didesnio sukimo momento tvirtinimo detalei
priverzti. Mazesniam sriegio profilio kampui pakanka mazesnio
sukimo momento, taciau jis ne toks tvirtas.

Galima teigti, kad sriegio profilio kampas labai svarbus
srieginiy tvirtinimo detaliy elementas, turintis jtakos jy
zingsniui, stiprumui ir sukimo momentui. Skirtingose pramoneés
Sakose jvairiuose regionuose naudojami kitokio sriegio profilio
kampai, atsizvelgiant j konkrecius poreikius ir standartus.

Varzto ir verZlés jungtyje vijas veikia Slyties jéga,
lygiagreti sriegio pavir§iui. Sriegis — svarbiausia detalé,
atlaikanti $ig Slyties jéga.

Sriegio zingsnis taip pat turi jtakos jungties atsparumui
Sly¢iai. Didesnis zingsnis suteikia didesnj atsparumg Slyties
jégai, bet reikia didesnio sukimo momento jungéiai priverzti.
PrieSingai, maZesniam zingsniui reikia mazesnio sukimo
momento, bet jis ne toks atsparus §lyties jégai.

Norint uztikrinti, kad varzto ir verzlés jungtis atlaikyty
Slyties jéga, svarbu parinkti tinkamo dydzio, zingsnio ir
medziagos sriegj. Jungtj taip pat reikia priverzti reikiamu
sukimo momentu, kad biity pasiekta norima prispaudimo jéga.

VarZto ir verzlés jungties sriegis yra labai svarbus, kad
jungtis biity atspari Slyties jégai. Jungties Slyties jéga lemia
sriegio skerspjiivio plotas ir zingsnis (nuo jy priklauso vijos
kerpamasis plotas), taip pat varzto medziagos savybés.

Tyrimo objektas — idealios geometrijos srieginés jungties
varzto ir verZIés vijy Slytis.

Darbo tikslas — nustatyti varzto ir verzlés Slytimi
deformuojamy vijy kirpimo jéga ir normalinius jtempius,
keiciant vijos profilio kampa.

Siam tikslui pasiekti buvo ikelti tokie uzdaviniai:

Sukurti varzto ir verzlés vijy skai¢iuojamuosius
modelius.

Palyginti varzto ir verzlés vijy kirpimo jégas.

Palyginti varzto ir verzlés jtempius srieginéje dalyje.

Tyrimo metodika. Varzto ir verzlés sriegio vijy kirpimo
jégos ir normaliniy jtempiy skai¢iavimo metodika apraSoma
analitiniu budu (Heiwood, 2013; Buprep ir Mocunesuu, 1990).

1. Srieginiy jungciy tyrimy apZvalga

Srieginés jungtys placiai naudojamos pramonéje ir
statyboje. Jy patikimumas ir stiprumas svarbus uztikrinant
konstrukeijy sauguma ir ilgaamziskumga. Siekiant gerinti tokiy
jungéiy kokybe, kurti naujas sujungimo technologijas, taip pat
tirti jung€iy suirimo mechanizmus eksploatacijos salygomis
atlickama daug moksliniy tyrimy. Sie tyrimai turi praktine
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reikSme gerinant techniniy sistemy, kuriose naudojamos
srieginés jungtys, sauga ir efektyvuma.

Srieginés detalés gali bati veikiamos skirtingai. Darbe
(Fransplass ir kiti, 2015) aptariamas eksperimentinis ir skaitinis
srieginiy plieniniy tvirtinimo detaliy, veikiamy jtempimo ir
Slyties apkrovos, kai apkrovos greitis didelis, tyrimas, kuris
suteikia jZvalgy apie poveikij srieginéms plieninéms tvirtinimo
detaléms skirtingomis apkrovos sglygomis. Bandymai buvo
atliekami esant skirtingiems apkrovos kampams. Darbe (Amir ir
kiti, 2023) nagrinéjama vijy geometrijos jtaka jtempiy bangoms,
sklindan¢ioms per vijas, esant ekstremalioms dinaminéms
apkrovoms. Tyrimas atliktas taikant eksperimentinius ir
skaitinio modeliavimo metodus, kai i§ plieno lydiniy gaminami
nevienodo ilgio, skirtingo Zingsnio ir dantuky sriegiai. Pateikta
vertingy jzvalgy, kaip projektuoti konstrukcijy, kurias veikia
ekstremalios dinaminés apkrovos, sriegines jungtis. Straipsnyje
(Qing ir kiti, 2022) sitiloma nauja surenkamyjy betoniniy kolony
sistema, kurioje naudojama srieginé jungtis ir tvirtinimas
varztais, kad buity uztikrintas iilginis armatiiros vientisumas.

Daug srieginiy detaliy tyrimy atlieckama baigtiniy elementy
metodu. Straipsnyje (Aziz ir Lip, 2019), atlikus laboratorinius
bandymus ir baigtiniy elementy analiz¢, nagrinéjama varzty
sriegiy jtaka pradiniam ir galutiniam dvigubos skersinés
slinkties varztiniy jung€iy standumui. Sitlomos naujos koto ir
srieginiy varZtiniy jungéiy standumo formulés, lyginamos su
Eurokodo nuostata, pagrista ASTM apibréztimi. Autoriy
modeliavimo metodas gerokai pagerina nepriklausomy tyréjy
iSbandyty varztiniy jung¢iy modeliavimo rezultatus.

2. Sriegio vijos apkrovos modelis

Analitinis metodas pradiniame etape yra tinkamas bet
kokiai fizikinei problemai apraSyti, modeliuoti ir analizuoti.
Turint analitinj sprendinj, galima testuoti skaitinio modelio
kokybe ir koreliuoti jj su natiiriniu eksperimentu.

Nagrinésime suverztg jungtj, veikiamg iSilginés iSorinés
jegos F. Sis atvejis yra dazniausiai taikomas siekiant nustatyti
minimaly varZto skersmenj arba rasti didziausig leisting jéga (1
pav. a).

Aprasytas modelis nejvertina sriegio vijos profilio kampo.
Kuriant vijos su skirtingu profilio kampu deformavimo modelj
daroma prielaida, kad:

- Varzto ir verzlés sriegio vijos lieCiasi visu
kontaktiniu pavir§iumi (1 pav. b). Kitaip sakant,
varzto ir verzlés geometrija yra ideali, ir nuokrypiy
vertinti nereikia.

- Apkrova nuo varzto verzlei perduodama
kontaktiniame pavirSiuje kaip tolydziai kintancio
intensyvumo funkcija q(z).

- Zingsnis P yra pastovus dydis d skersmens varztui ir,
kintant profilio kampui «, nekinta.

Suminé apkrova skai¢iuojama kaip integralas (Hibbeler,

2011):

l
F=|q(z)dz )
|

¢ia: q(z) — apkrovos varzto ir verzlés kontaktiniame
pavirsiuje intensyvumas.

a)

d

|

7

A
l F
b) c)
A
Skai¢iuojamoji

1 pav. Sreiginio sujungimo apkrovos schema (a) ir vijos apkrovos
modeliai: b) funkcinis; ¢) skai¢iuojamasis
Saltinis: sudaryta autoriy

Taiau skai¢iuojamojo modelio pradiniame etape
naudosime paprastg skaiCiuojamgja apkrovg — tolygiai
iSskirstyta kraivi g (1 pav. c), tuomet integralas paprastesnis ir
kraivis nesunkiai transformuojamas j vija veikianéia jéga Fuijos (2
pav. a):

l
F= J- qdz = Fvijos (2)
0
¢ia: Fuijos — vija veikianti jéga, N.
Sios trys prielaidos yra iliustruotos 2 a, b pav. parodytame

sriegininio sujungimo vienos vijos fragmente. Be to, daroma
prielaida, kad apkrova pasiskirsto visame ilgyje | (2 pav. b).

63



Technologijos ir menas, 2023/14 ISSN 2783-8064

a)
Kerpamo ploto linija
(=¥
8
a0
£
2.
b)

Kirpimo linija

pingsnis p

2 pav. Vijos skai¢iuojamosios apkrovos suminé jéga esant
skirtingiems kampams
Saltinis: sudaryta autoriy

3. Kirpimo jégos ir maksimaliy sriegio jtempiy
skaic¢iavimas keiciant vijos profilio kampa

Sriegio vijos kirpimo jéga skai¢iuojama pagal 3 ir 4
formules (Buprep ir Mocuiesud, 1990). Varzto sriegio:

Fboltzﬂ'd'kO'H'km'Tadm,s (3)
VerZlés sriegio:
Fnutzﬂ'dv'kO'H'km'Tadm,s (4)

Cia: Fpoit — varzto vijos kirpimo jéga, N; Fny— verzlés vijos
kirpimo jéga, N; H — verzlés aukstis, mm; zagms — verZlés ir
var7to medziagos leistinas kirpimo jtempis, MPa; km —
koeficientas, kuriuo jvertinamas sriegio vijy deformacijy kitimas
susidarius plastinéms deformacijoms vijose (kw=0,57); ko —
varzto ir verzlés sriegio pilnumo koeficientas (metrinio sriegio
ko=0,87); d — varzto skersmuo ties vijy vir$tinémis, mm; dy —
verzlés skersmuo ties vijy jdubomis, mm.

Maksimaltis jtempiai sriegyje gali biti apskaiciuojami
pagal Heywoodo pasitilyta formulg¢ (Heywood, 2013):

O-TTL
=0at 14+c¢- 2o ®)
om

¢ia: ¢ — koeficientas vijos profilio kampui jvertinti; oa —
maksimalus jtempis sriegio vijos jdubos viduriniame pjavyje tik
nuo asinés jégos, MPa; om — maksimalus jtempis tik nuo vietinés
vijos apkrovos, MPa.

Koeficientas vijos profilio kampui jvertinti nustatomas
taikant tokig empiring iSraiska:

a2
60 ——
(2 .

Cia: af2 — pusé sriegio vijos profilio kampo laipsniais, ©.

Standartinio metrinio sriegio vijos profilio kampas lygus 60
laipsniy (3 pav.). Bet gaminami ir sriegiai, kuriy vijos profilio
kampas lygus 45, 75 ir 90 laipsniy.

3 pav. Sriegio vijos profilis
Saltinis: sudaryta autoriy

Maksimalus vietinés vijos apkrovos jtempis priklauso nuo
varzto ar verzlés vija kerpancios jégos, kuri nustatoma pagal (3)
arba (4) israiskas, sriegio Zingsnis bei vija apskai¢iuojama taip:

Fbolt or nut
il 7
- W)

Cia: ki — koeficientas varzto ir verzlés vijos geometrijai
jvertinti (k=1,35); P — sriegio zingsnis, mm.

Umzkt

4. Skaiciavimo rezultatai ir jy aptarimas

Srieginiy jung¢iy M6, M8, M10, M12 ir M14 gauti
skai¢iuojamojo modelio rezultatai iliustruojami Sriegio vijos
kirpimo jégos ir maksimaliy jtempiy vijose poky¢iais.

100 i
86J42

90 =—4=—varitas )
80

—fl—verilé /
70 62108

1,20
60
50 43,25,

40 //‘/

27,27
20 /Vss 25
2 14,92

22,04

vijos kirpimo jéga, kN

10

11]84
0 1

4 6 8 10 12 14 16
nominalus skersmuo, mm
4 pav. Vijos kirpimo jégos priklausomybé nuo nominalaus srieginés
jungties skersmens
Saltinis: sudaryta autoriy

Varzto ir verzlés vijos kirpimo jégos priklausomybé nuo
nominalaus srieginés jungties skersmens pateikta 4 pav.
Akivaizdu, kad maziausio nominalaus skersmens varzto ir
verzlés vijas kerpancios jégos skiriasi maziausiai. Didéjant
nominaliam skersmeniui, skirtumas tarp varztg ir verzZle
kerpancios jégos pamazu didé¢ja. Didziausias skirtumas tarp
vijas kerpanéiy jégy susidaro, kai nominalus skersmuo
didziausias (4 pav.).

64



Technologijos ir menas, 2023/14 ISSN 2783-8064

Sriegio vijy maksimaldis jtempiai pateikti 5 paveiksle.
Galima matyti, kad didinant nominaly skersmenj pamazu didéja
skirtumas tarp maksimaliy jtempiy varZto vijose ir verzlés
vijose.

55 ‘ |
50 ~_ ‘ |
45 \\ —t— M6 bolt
20 P —— M8 bolt
£ 35 — M10 bolt
3
= 10 ! | ——M12 bolt
s
E s | | —+—M14bol
g —
2 20 T —wenut
= ——
2 s ——— [ ¢ ——M8nut
3 —
-}‘E, 0 —— M10 nut
—M12 nut
5
50 60 70 80 g0 ——Ml4nut

vijos profilio kampas, ©
5 pav. Maksimaliy jtempiy varzto ir verzlés vijose kitimas dél vijos
profilio kampo
Saltinis: sudaryta autoriy

Pagal darbe sudarytg skai¢iuojamaji modelj buvo atlikti
skai¢iavimai pasirinkus ne tik standartinj vijy profilio kampa o
= 60°, bet ir 75° bei 90° kampus. Didéjant vijos profilio kampui
maksimaliy jtempiy vijose reikSmés mazéja. I§ kreiviy gradiento
matyti, kad mazesnio skersmens (M6, M8) jtempiy pokytis yra
mazesnis nei didesnio skersmens (M12 ir M14).

ISvados

1. Didinant srieginés jungties skersmenj nuo M6 iki M8, nuo
M8 iki M10, nuo M10 iki M12 ir nuo M12 iki M14, vijos
kirpimo jéga vidutiniskai auga 45,7 %, 37,1 %, 31,5 % ir
27,2 %.

2. Maksimalus jtempis varzto sriegyje mazéja nuo 17,69 %
jungtyje M6, iki 18.11 % jungtyje M14, didinant vijos
profilio kampa nuo 60 laipsniy iki 90 laipsniy.

3. Maksimalus jtempis verzlés sriegyje mazéja nuo 17,82 %
jungtyje M6, iki 18.15 % jungtyje M14, didinant vijos
profilio kampa nuo 60 laipsniy iki 90 laipsniy.

4. Apibendrinus tyrimy rezultatus galima teigti, kad, norint
iSsamiai apraSyti srieginio sujungimo stipruma, reikia
vertinti kontaktinius glemzimo jtempius ir skaiciuoti
varzto jtempius.
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ANALYSIS OF VARIATION OF THREAD SHEAR
FORCE BY CHANGING THREAD PROFILE ANGLE

Jelena Selivonec!?, Jurijus Tretjakovas!?

Vilnius Gediminas Technical University
%Vilnius College of Technologies and Design

Summary. A lot of research is conducted on the deformations
and stresses of threaded connections, because their reliability and
strength depend on the safety and durability of structures where
threaded connections are used. Among other factors, the
disintegration of threaded parts can occur due to shearing of the bolt
or nut threads. The calculation model for the shearing force of the bolt
and nut threads, depending on the angle of the thread profile, was
developed in the paper. The calculation model is based on the
assumption of perfect geometry, i.e. the bolt and nut threads are
perfectly manufactured. After the calculations, the shearing force of
the threads was determined for bolts and nuts of different dimensions
with a metric thread. It is shown how the maximum stress in the thread
changes by changing the angle of the thread profile from 60 till 90
degrees.

Key words: thread, angle of the thread profile, shear force.
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JONIZACIJOS JTAKOS KIETUJU DALELIU AGLOMERACIJAI TYRIMAI

Audrius Cereska'?, Ina Tetsman?, Regimantas Bareikis®

Yilniaus Gedimino technikos universitetas, Plytinés g. 25, LT-10105 Vilnius
AVilniaus technologijy ir dizaino kolegija, Antakalnio g. 54, LT-10303Vilnius

Anotacija. Atmosferos tarSa kietosiomis dalelémis — aktuali pasauliné problema. Daugiausia atmosfera terSia gamybos pramonés,
eksploatuojamy vidaus degimo varikliy kietosios dalelés. Sios dalelés atmosferoje gali toli sklisti. Pasaulio sveikatos organizacijos duomenimis,
padidinta oro tarsa kietosiomis dalelémis didina sergamuma kvépavimo bei Sirdies ir kraujagysliy ligomis. Siekiant efektyviau mazinti kietyjy
daleliy patekima j atmosfera kuriami Siuolaikiniai oro valymo biidai. Vienas i$ tokiy bidy — daleliy aglomeracija. Aglomeracija — daleliy sukibimas,
kurj skatina jvairGis veiksniai. Daleléms aglomeruoti gali biiti taikomi jvairdis veiksniai: akustika, chemija, turbulencija ir t. t. Siame darbe atlikti
kietyjy daleliy aglomeracijos tyrimai, taikant jony generatorius. Pateiktas eksperimentiniams tyrimams suprojektuotas ir pagamintas specialus
stendas su jony generatoriais. Sudaryta tyrimo metodika, kuria vadovaujantis atlikti eksperimentiniai tyrimai. Nustatyta kietyjy daleliy
aglomeracijos priklausomybé nuo oro srauto greicio, daleliy dydzio ir naudojamy jony generatoriy kiekio.

Reik§miniai ZodZiai: dalelés, tar$a, jonizacija, jony generatoriai, aglomeracija.

Ivadas

Didéjant industrializacijai ir transporto srautams vis
labiau terSiama ir atmosfera. Didziausias démesys skiriamas
atmosferos tar$ai kietosiomis dalelémis. Oro tar$a yra ne tik
Lietuvos, Europos, bet viso pasaulio problema. Oro terSalai,
susidare vienoje valstybéje, gali sklisti ir pabloginti oro
kokybe kitoje valstybéje. Mazos dalelés atmosferoje gali
sklisti dideliu atstumu (Pui et al., 2014). Oro uZterStumas
kietosiomis dalelémis yra pagrindiné miesty aplinkos oro
kokybés problema.

Oro tarSos Saltiniai: iSkastinio kuro deginimas,
transportas, pramoné ir namy tikiai, tirpikliy naudojimas, pvz.,
chemijos ir mineraly pramonéje, zemés Tikis, atlieky
perdirbimas, vulkany iSsiverzimai, smélio audros, jiiros
druskos aerozoliai ir lakiyjy organiniy junginiy garavimas i$
augaly.

Kietosios dalelés — tai ore esanéiy daleliy ir skyséio
laseliy (aerozoliy) miSinys, kurio sudétyje gali buti jvairiy
komponenty — riig§¢iy, sulfaty, nitraty, organiniy junginiy,
metaly, dirvoZzemio daleliy, dulkiy, suodziy ir kt. ] ora
iSmetamos kietosios dalelés labai skiriasi fizine ir chemine
sudétimi, dydziu, kitokie ir jy iS$metimo $altiniai.

Skaudziausius padarinius sukelia kietosios dalelés nuo
10-2,5 pm. Smulkios kietosios dalelés 2,5 um — tai tokios
dalelés, kuriy aerodinaminis skersmuo yra iki 2,5 pm. 2,5 pm
dalelés patenka j zmogaus organizma per kvépavimo takus ir
sukelia daug rimty sveikatos sutrikimy (World health
organization, 2005).

Pagrindiniai oro tarSos Saltiniai Lietuvoje ir pasaulyje yra
energetikos objektai — Siluminés elektrinés ir Kkatilinés,
pramonés jmonés bei transportas.

Kietyjy daleliy sklaida — neatsiejamas dyzeliniy varikliy
naudojimo padarinys. Tokiy daleliy, iSsiskirian¢iy dyzeliniy
varikliy veikimo metu, dispersiSkumas yra nuo 50 nm iki 1
pm (Kihong et al., 2004; Burtscher 2005). Kalbant apie
pramonés $akas pabréziama, jog daugiausia smulkiyjy kietyjy
daleliy patenka j atmosfera cemento gamybos metu (Sanchez-

Soberon et al., 2015). Pusé visy kietyjy daleliy, i$siskirian¢iy
cemento gamybos metu, yra mazesnés negu 2,5 um (Gupta et
al., 2012). Kietasias daleles, kuriy skersmuo yra mazesnis
negu 10 um, surinkti jprastais valymo jrenginiais (ciklonais,
skruberiais ir t. t) yra sudétinga (Gallego et al., 1999;
Heidenreich et al., 2000). Oras nuo smulkiyjy daleliy valomas
keliy pakopy oro valymo jrenginiais, kuriems reikia dideliy
energijos sanaudy, galingy ventiliatoriy, dideliy patalpy jiems
jrengti.

Ciklono valymo efektyvumas — tik 50 %, kai dalelés1 pum
dydzio (Yuen et al., 2017), elektrostatiniy filtry efektyvumas
pramonés Sakose (pvz., kuro deginimas elektros gamybai),
kur pagrindiniai susidarantys terSalai yra 0,1-1 um skersmens
dalelés, — nuo 99,5 % iki 92-95 % (Bin et al., 2018).
Smulkiosios terSaly dalelés pavojingos, nes prasiskverbia
giliai j plaucius ir kitus gyvybiskai svarbius organus, be to,
turi savybe absorbuoti kitus cheminius terSalus (Shen et al.,
2018).

Mokslininkai nuolat atlieka eksperimentinius ir
skaitinius tyrimus, kuriy rezultaty pagrindu buty kuriamos
technologijos, kaip efektyviai nusodinti smulkigsias kietgsias
daleles. Tokie junginiai lengvai gali bti paSalinami i$
uztersto oro ciklonais ar kitokiais valymo jrenginiais (Gallego
etal., 1999; Sarabia et al., 2003; Dong et al., 2006). Vienas i$
tokiy budy — daleliy, paveikty akustiniu lauku, aglomeracija
(Cereska et al., 2016). Apibendrinus eksperimentiniy ir
skaitiniy tyrimy rezultatus galima teigti, kad akustiné
aglomeracija pakei¢ia daleliy pasiskirstymg pagal dydj, po
akustinio lauko poveikio padidéja stambesniy daleliy
koncentracija (Dong et al., 2006; Hoffmann, 1999; Riera et
al., 2015).

Europos Sgjungos direktyvose reikalaujama kuo
efektyviau mazinti smulkiyjy daleliy sklidima j atmosfera.
Tam tikslui kuriami jvairGs Siuolaikiniai oro valymo
jrenginiai, biidai ir metodai.

Aglomeracija yra perspektyvus daleliy sukibimo
metodas. Smulkiosios dalelés sukimba (aglomeruoja) i
didesnes daleles ir dél padidéjusios masés greiciau ir
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efektyviau nusodinamos. Aglomeracija — tai mazy daleliy
sukibimas (lotyniskai agglomero — sukibimas).

Smulkiosios dalelés dél jvairiy vykstanéiy procesy gali
aglomeruoti. Tarp mazo skersmens daleliy veikia stiprios Van
Der Valso, elektrostatinés ir kapiliarinés jégos, kurios kartu
sudaro traukos jéga. Paveiktos $ios jégos dalelés gali sudaryti
stambesnius junginius (Guo et al., 2012).

Turi biiti vertinami skirtingi veiksniai, turintys jtakos
daleliy aglomeracijos efektyvumui. Daleléms aglomeruoti
daZnai taikomas akustinis daleliy poveikis, taip pat cheminé
turbulentiné aglomeracija bei kiti buidai.

Akustiniu lauku veikiamy daleliy sgveika intensyvéja ir
vyksta aglomeracija.

Elektrostatiniy nusodintuvy mazas smulkiyjy daleliy
Salinimo efektyvumas, todél darbe (He et al., 2020) sukurtos
trijy skirtingy dydziy (0,5 pm, 2 pm ir 4 pm) monodispersinés
dalelés, siekiant istirti aglomeracijos poveikj. Rezultatai
parodé, kad nuo 800 iki 2400 Hz akustinis aglomeracijos
poveikis 4 pm daleléms buvo geresnis nei 0,5 um ir 2 pm
dydzio daleléms.

Darbe (Wu et al., 2021) pateiktas tiesioginio
modeliavimo Monte Karlo (DSMC) metodas, skirtas imituoti
akusting kietyjy daleliy aglomeracija. Metodo efektyvumas
pagristas eksperimentiniais rezultatais. Rezultatai rodo, kad
deél akustinés aglomeracijos labai sumazéja mazy daleliy
skaiéius ir Siek tiek padidéja dideliy daleliy koncentracija.

Darbe (Qiu et al., 2021) siekiant istirti garso bangy
smigio désnj pateikti debesy laseliy, veikiamy garso bangy,
kuriy daznis ir garso slégis 35-100 Hz ir 112-122 dB,
akustiniai aglomeracijos eksperimentai. Kai garso daznis
pastovus, debesy laseliy aglomeracijos efektas didesnis, nes
veikia garso bangos su didesniu garso slégiu.

Siekiant pagerinti daleliy aglomeracijos efekta
turbulentinés aglomeracijos budu, darbe (Sun et al., 2020)
buvo pasiilytas skirtingo dydzio sukuriy sukibimas
turbulentinio srauto lauke ir sukonstruotas bei pritaikytas
turbulentinis aglomeratorius, kuriame yra jvairiy sokuriy.
Rezultatai  parodé, kad skirtingo dydzio stkuriai
turbulentiniame srauto lauke gali dar labiau paskatinti
smulkiyjy daleliy aglomeracija.

Sun ir kiti (Sun et al., 2020) sukonstravo trijy rasiy
turbulentinius aglomeratorius, istyré jy charakteristikas
skirtinguose turbulentinio srauto laukuose. Rezultatai parodé,
kad turbulentinis aglomeratorius su nedideliais stkuriais
srauto lauke geriausiai paveiké aglomeracija.

Darbe (Zhu & Tang 2020) tirtas platus garso slégio lygiy
ir garso dazniy diapazonas, atsizvelgiant | poveikj slégiui,
sluoksniui, daleliy greic¢iui ir koncentracijai, taip pat burbuly
ir aglomeraty dydziams.

Siekiant sukurti efektyvia daleliy Salinimo technologija,
atlikus teorine analize buvo sukurtas ir straipsnyje (Li et al.,
2020) aprasytas daleliy Salinimo jrenginys, atlikti
laboratoriniai eksperimentai. Palyginti su vienu i$oriniu garso
ar kondensacijos lauku, dviejy iSoriniy lauky derinys padidino
daleliy Salinimo efektyvuma. Maksimalus Salinimo
efektyvumas — apie 70 %, kai garso daznis 1500 Hz, garso

slégio lygis (SPL) — 141 dB, o ausinimo vandens srautas — 560
Iival.

Straipsnyje (Khmelev et al., 2020) pateikti 2,5 pm
diapazono daleliy $alinimo ultragarsu rezultatai. Pasitlyta ir
pagaminta dviejy pakopy dujy valymo sistema, kurig sudaro
aglomeratorius ir ciklonas. Atlikus tyrimus nustatyta, kad
ultragarsinis poveikis padidina 2,5 um daleliy valymo
efektyvuma nuo 46 iki 85 % optimaliomis dujy dispersinio
srauto salygomis.

Keliy lauky sinergetiné aglomeracija yra perspektyvi
pirminio apdorojimo technologija, skirta pagerinti smulkiy
daleliy kontrolg ir pasalinimg. Darbe (Liu et al., 2021) buvo
pasiiilyta nauja aglomeratoriaus jungtis su ultragarsiniu
plazmos purskimu ir turbulentiniy stikuriy generatoriumi,
kuris turi tris aglomeracijos rezimus, t. V. turbulentiné
aglomeracija, atomizuota turbulentiné aglomeracija ir jkrauta
turbulentiné aglomeracija. Aglomeratorius buvo sujungtas su
medziaginiu filtru. Rezultatai parodé, kad 1 pm daleliy
aglomeracijos efektyvumas trimis aglomeracijos rezimais
buvo 21,8 %, 53,2 % ir 68,9 %, 0 1 um daleliy pasalinimo
efektyvumas i§ vienintelio medziaginio filtro kartu su trimis
aglomeracijos rezimais buvo 66,5 %, 83,9 %, 86,8 % ir 89,7
%.

Straipsnyje (Khmelev et al., 2021) aprasyti tyrimai,
atlikti siekiant nustatyti ultragarso poveikio smulkiyjy daleliy
aglomeracijai ribas. Atlikus tyrimus nustatyta, kad esant 160
dB garso slégio lygiui galima uztikrinti 2,5 pm dydZio daleliy
koaguliacija, kurios efektyvumas 83 %. Koaguliacija padidéja
iki 13 %, kai susidaro stkuriniai srautai. Sitlomas
koaguliacijos efektyvumo didinimo metodas dél stkuriniy
srauty tarp spindulivojanciy ir atspindinciy pavirsiy uztikrina
koaguliacijos efektyvuma 96 %.

Tiek cheminé, tiek turbulentiné aglomeracija yra
perspektyvios pirminio apdorojimo technologijos,
skatinanc¢ios smulkiyjy daleliy pasalinimg. Taciau tiek
cheminé, tiek turbulentiné aglomeracija turi tam tikry
trikumy gerinant smulkiy daleliy aglomeracija. Pasirinkus
cheminés ir turbulentinés aglomeracijos derinj, buvo pasiiilyti
ir iStirti skirtingi cheminés ir turbulentinés aglomeracijos
sukibimo budai (Sun et al., 2019). Rezultatai parodé, kad
cheminé turbulentiné aglomeracija turi daugiau pranasumuy,
palyginti su turbulentine chemine aglomeracija.

Straipsnyje (Zheng et al., 2019) pasirinkus sukabinimo
populiacijos balanso modelj tirta smulkiyjy akmens angliy
peleny daleliy akustiné aglomeracija akustinio lauko
aglomeracijos jrenginyje. Daleliy saveika akustiniame lauke
vis dar néra gerai iSnagrinéta, o tai labai trukdo tobulinti
technologija, skirta smulkiyjy daleliy emisijos kontrolei
naudojant akusting aglomeracija (Qu et al., 2020).

Turbulentiné aglomeracija yra perspektyvi pirminio
apdorojimo technologija, skirta pagerinti smulkiyjy daleliy
pasalinimg i§ pramoniniy i$metamyjy dujy, Tokia
technologija galima saugiai pagerinti dulkiy $alinimo jrangos
daleliy salinimo efekta. Taciau dél turbulencijos mechanizmy
sudétingumo rySys tarp turbulentiniy srauty lauky ir
smulkiyjy daleliy aglomeracijos néra tiksliai Zinomas.
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Daleliy aglomeracija, veikiama akustinio lauko,
priklauso nuo jvairiy veiksniy, vykstanciy tarp daleliy, bei
tarp daleliy ir dujinés terpés (pvz., oro). Daleliy aglomeracijos
eksperimentiniy ir skaitiniy tyrimy rezultatai (Dong et al.,
2006; Hoffmann, 1999; Riera et al., 2015) patvirtina, kad po
daleliy poveikio akustiniu lauku padidéja stambesniy daleliy
kiekis.

Pasaulio sveikatos organizacijos (PSQO) statistikos
duomenimis, atmosferos tarSa kasmet sukelia 3,7 milijono
prieslaikiniy miréiy (WHO: Frequently Asked Questions:
Ambient and Household Air Pollution and Health, 2014). I8
visy atmosferg terSian¢iy medziagy zmoniy sveikatai
zalingiausiomis laikomos kietosios dalelés (Cohen et al.,
2005). Kasmet 2,4 mln zmoniy mirSta dél kietyjy daleliy
sukelty susirgimy (Sierra-Vargas et al., 2012). Keletas
valstybiy 2010 m. vir$ijo oro terSaly emisijos normas. Taigi,
mazinti oro tar$g yra svarbu.

1 3 4

Iki Siol ieSkoma buidy, kaip biity galima pagerinti daleliy
aglomeracijos efektyvumg, siekiant padidinti oro valymo
efektyvuma. Atliekami jvairGs eksperimentiniai, teoriniai ir
skaitiniai tyrimai.

Darbo tikslas — atlikti kietyjy daleliy aglomeracijos
efektyvumo tyrimus taikant jony generatorius.

1. Tyrimy jranga

Daleliy aglomeracijos eksperimentiniams tyrimams
atlikti suprojektuotas ir pagamintas specialus tyrimy stendas,
kurj sudaro ventiliatorius, dozatorius, ciklonas, daleliy
skaitikliai, dézé su jony generatoriais, oro srauto grei¢io
matuoklis, nusodinimo kamera. Principiné tyrimo stendo
schema pateikta 1 pav.

-

2 6

9 6

1 pav. Principiné tyrimo stendo shema
1 — ventiliatorius, 2 — variklio sukimosi daznio keitiklis, 3 — ciklonas, 4 — ortakis, 5 — pirminio daleliy kiekio matavimo zona, 6 — daleliy
skaitiklis, 7 — oro srauto grei¢io matuoklis, 8 — déZé su jony generatoriais, 9 — jony generatoriy valdiklis, 10 — antrinio daleliy kiekio matavimo
zona, 11 — daleliy surinktuvas
Saltinis: sudaryta autoriy

Stendo veikimas: ventiliatoriumi (1) tiekiamas oro
srautas i§ aplinkos j ciklong (3), kuriame i§ oro srauto
pasalinamos didesnés negu 10 um skersmens dalelés. Toliau
smulkiosios dalelés ortakiu (4) juda j pirming matavimo zong
(5), kurioje nustatomas jy kiekis daleliy skaitikliu, esan¢iu
matavimo zonoje (5), po to j déz¢ su jony generatoriais (6),
kurioje sumontuoti jonizacijos S$altiniai, ir tada | antrinio
daleliy matavimo zong (7). Kiekvienas matavimas kartotas po
3 kartus ir apskaiciuotas rezultaty vidurkis.

Daleliy aglomeracijos tyrimams atlikti naudoti keturi
jony generatoriai TFB-YD1266 (2 pav.).

2 pav. Jony generatoriai
Saltinis: sudaryta autoriy

Jony generatoriy techninés charakteristikos:
- Darbinis daznis — 35 kHz.
- Jtampa - 6 kVO9.
- Maitinimo jtampa — 12 V.
Oro srauto greitis matuotas matavimo jranga ALMEMO
2590A, kurig sudaro oro srauto grei¢io matuoklis (1) ir grei¢io
matavimo daviklis (mentelinis anemometras) (2) (3 pav.).

(%)

3 pav. Oro srauto matavimo jranga ALMEMO 2590A
1 - matuoklis, 2 — grei¢io matavimo daviklis (mentelinis
anemometras)

Saltinis: sudaryta autoriy
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Oro srauto grei¢io matavimo daviklis, skirtas naudoti
aukstesnéje temperattroje iki 250 °C, su plienine galvute ir
turbina, kuri yra prisukama prie zondo rankenos ir
nekei¢iama. Mentés sukimasis yra beveik tiesinis srauto
grei¢iui ir jam jtakos neturi slégis, temperatiira, tankis ir
drégmé.

Daleliy kiekis matuotas kompaktisku ir paprastu naudoti
daleliy kiekio skaitikliu APC ERGOTOUCH PRO 2 (4 pav.).

Saltinis: sudaryta autoriy

Naudojant §] daleliy skaitikl] greitai gauti tikslds
rezultatai, iSsaugoti vidinéje skaitiklio atmintyje, o véliau
perkelti ] kompiuter]j rezultaty analizei.

2. Tyrimy metodika

Oro srauto uzterStumo kietosiomis dalelémis matavimai
atlikti pastate, esan¢iame centrinéje miesto dalyje. Pastatas
nuo statyby aikstelés nutolgs apie 50 m. Matavimy metu
statyby aiksteléje buvo statomas daugiaaukstis pastatas.

Pirmiausia buvo matuotas aplinkoje esanciy kietyjy
daleliy kiekis ir jy pasiskirstymas pagal dydj nuo 0,3 um iki
10 um, Kai oro srauto judéjimo greitis skirtingas (nuo 2 m/s
iki 5 m/s). Po to buvo atlikti analogiski matavimai, kai oro
srautas juda jonizuotoje aplinkoje, 0 jony generatoriy kiekis
skirtingas.

Tyrimo stende naudotas 200 mm skersmens ortakis. Oro
srauto greitis —2-5 m/s, toks oro greitis yra védinimo
sistemose.

Principiné jony generatoriy iSdéstymo schema pateikta 5
pav.

Oro srautas

—

2 4
5 pav. Principiné jony generatoriy i§déstymo dézéje schema
1, 2, 3, 4 — jony generatoriai
Saltinis: sudaryta autoriy

I8 viso jonizacijos $altiniy dézéje yra 4 jony generatoriai
(44 W), eksperimento metu buvo jungta po du jony
generatorius, vienas jony generatorius 1 W: 1-2 jony
generatoriai (2 jony generatoriai — 2 W) ir 3-4 jony
generatoriai (4 jony generatoriai — 4 W).

Eksperimentiniams tyrimams atlikti sudaryta metodika,
pagal kurig buvo atlikti eksperimentiniai tyrimai:

. Ijungtas ventiliatorius.
2. Oro srauto greitis nuo 2 m/s didintas po 0,5 m/s iki 5
m/s.

3. Oro srautas tiektas i$ aplinkos (daleliy dydis: PM 10

—PM 2.5 um).

Ciklone nusodintos stambios dalelés.

Daleliy kiekis matuotas pirmoje matavimo zonoje.
Jjungti 1-2 jony generatoriai (2 W).

Ijungti 1-2 ir 3-4 jony generatoriai (4 W).

Daleliy kiekis matuotas antroje matavimo zonoje.
Gauti matavimo rezultatai i§ pirmoje ir antroje
matavimo zonose esanciy daleliy skaitikliy perkelti
kompiuterj.

10. Atlikta matavimo rezultaty analizé.

©o~No O~

3. Tyrimy rezultatai ir aptarimas

Eksperimentiniai matavimai atlikti pagal pateikta tyrimy
metodika.

Atlikty eksperimentiniy matavimy rezultatai, esant
skirtingo dydzio daleléms (0,3; 0,5; 1; 3; 5 um) ir oro srauto
judéjimo greiciui (2-5 m/s), pateikti grafiskai (6-10 pav.).

Il 1 pora jony generatoriy
B 2 poros jony generatoriy

% I B¢ jony generatoriy

70

60+

o
=]
1

Daleliy kiekis (%)
w IS
2.%

20+

2 3 4 5
Oro judéjimo greitis (m/s)

6 pav. Kietyjy daleliy aglomeracijos priklausomybé nuo oro srauto
greicio, kai daleliy dydis 0,3 pum
Saltinis: sudaryta autoriy
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Il 1 pora jony generatoriy
I 2 poros jony generatoriy
Il Be jony generatoriy

254

- N
o (=]
1 |

Daleliy kiekis (%)
)
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2,0 25 3,0 35 4,0 45 5,0
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7 pav. Kietyjy daleliy aglomeracijos priklausomybé nuo oro srauto
greicio, kai daleliy dydis 0,5 pm
Saltinis: sudaryta autoriy

Il 1 pora jony generatoriy
B 2 poros jony generatoriy
el Il B¢ jony generatoriy

Daleliy kiekis (%)

2,0 25 3,0 35 4,0 45 50
Oro judéjimo greitis (m/s)

8 pav. Kietyjy daleliy aglomeracijos priklausomybé nuo oro srauto
greicio, kai daleliy dydis 1 um
Saltinis: sudaryta autoriy

Il 1 pora jony generatoriy
I 2 poros jony generatoriy
104 Il Be jony generatoriy

i o e
ES >» C]
I 1 1

Daleliy kiekis (%)
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N
L

0,0
2,0 25 3.0 35 4,0 4,5 5,0

Oro judéjimo greitis (m/s)

9 pav. Kietyjy daleliy aglomeracijos priklausomybé nuo oro srauto
greicio, kai daleliy dydis 3 um
Saltinis: sudaryta autoriy

Il 1 pora jony generatoriy
645 B 2 poros jony generatoriy
’ Il Be jony generartoriy

0,30

0,25+
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Daleliy kiekis (%)
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0,00 ~
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10 pav. Kietyjy daleliy aglomeracijos priklausomybé nuo oro srauto
greicio, kai daleliy dydis 5 pm
Saltinis: sudaryta autoriy

Atlikus tyrimus galima daryti i§vada, kad jonizacija jony
generatoriais turi jtakos daleliy aglomeracijai. 1§ grafiky
matoma, kad geriau aglomeruoja smulkios iki 1 pm dalelés.
Didesniy daleliy aglomeracijos efektyvumas mazéja, 1 pum
dydzio daleliy eglomeracijos efektyvumas tik 10-14 %.

Naudojant jony generatorius daleliy aglomeraijos
rezultatai pageréjo iki 5 %. Daleliy aglomeracijos
efektyvumui turi jtakos ir jony generatoriy kiekis.
Aglomeracijos efektyvumas naudojant du ir keturis jony
generetorius padidéja iki 8 %.

Oro srauto greigio pokytis daleliy aglomeracija veikia
netolygiai. 0,3 pum dydzio daleliy aglomeracija mazéja
didéjant oro srauto greiéiui. Ta¢iau 1 um daleliy aglomeracija
didéja, greitéjant oro srautui. 3 ir 5 um dydzio daleliy
aglomeracija didéjant oro srauto grei¢iui pasiskirsto
netolygiai ir rezultatai tai geréja, tai blogéja.

ISvados

1. Atlikus tyrimus nustatyta, kad didziausias aglomeracijos
efektyvumas tarp daleliy iki 1 pm. Daleliy aglomeracijos
efektyvumas mazéja didéjant daleliy dydziui.

2. Jvertinus tyrimy rezultatus galima teigti, kad jonizacija
taikant jony generatorius turi jtakos daleliy aglomeracijai.
Naudojant jony generatorius daleliy aglomeracijos
rezultatai pageréjo net iki 5 %.

3. Daleliy aglomeracijos efektyvumui turi jtakos ir jony
generatoriy kiekis. Taikant du ir keturis jony generetorius
aglomeracijos efektyvumas padidéja iki 8 %.

4. Apibendrinus tyrimy rezultatus galima teigti, kad
prasminga  daleliy  aglomeracijai  taikyti  jony
generatorius.
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RESEARCH OF THE INFLUENCE OF IONIZATION
ON AGGLOMERATION OF SOLID PARTICLES
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Summary. Atmospheric pollution with solid particles is an
actual global problem. The largest atmospheric pollution with solid

particles comes from the manufacturing industry, as well as from the
burning of solid fuels and from operating internal combustion
engines. Due to their extremely small size, these particles can travel
long distances in the atmosphere. According to the World Health
Organization, increased air pollution with solid particles affects the
increase in the incidence of respiratory and cardiovascular diseases.
In order to more effectively reduce the entry of solid particles into
the atmosphere, various modern air cleaning devices and methods are
being developed. One such method is particle agglomeration.
Agglomeration is the adhesion of particles that is promoted by
various factors. Various factors can be applied to agglomerate
particles: acoustics, chemistry, turbulence, etc. In this work, solid
particle agglomeration studies were carried out using ion generators.
A special stand with ion generators designed and manufactured for
experimental research is presented. A research methodology was
drawn up, according to which the experimental studies were carried
out. The dependence of the agglomeration of solid particles on the
speed of the air flow, the size of the particles and the amount of ion
generators used was determined.

Keywords: particles, pollution, ionization, ion generators,
agglomeration.
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OVERVIEW OF REVERSE LOGISTICS IN CITIES
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Abstract. The first part of the paper deals with theoretical approaches to reverse logistics, which has been neglected for a long time. The next
part focuses on reverse logistics in linking the transport service provider, the retailer and the customer, so that the complaint process is handled as
quickly as possible and possibly synchronized - return of goods/receipt of new goods in one moment. The last section presents the reverse logistics
processes along the value chain. Paper highlights reverse logistics as an important part of the complete logistics chain not only from points of view
of sustainibility and economic efficiency in urbanized areas. The main goal (of which this article is a part) of the authors is to implement city
logistics into methodology for the process of sustainable urban mobility planning.

Key words: Reverse logistics, transport, optimization, logistics services.

Introduction

Reverse logistics has long been neglected as a concept for
the purposes of theoretical understanding. We define it as the
flow of used products, packaging and other materials that
originate from the producer, distributor and consumer. It mainly
deals with the removal of waste in the form of consumed
products and returned (returned) goods.

Reverse logistics is gaining importance not only in terms of
efficient management of business entities, but also in terms of a
sustainable relationship with the environment and human health.
For this reason, reverse logistics is being addressed by an
increasing number of researchers and professionals.

Nowadays, many countries, not only in the European
Union, have decided to solve waste management problems at
least partially by recycling products and packaging. Under
current legislation, companies are responsible for the entire life
cycle of a product, i.e. from the acquisition of raw materials to
the disposal of the product as waste.

As an example, some companies are legally obliged to take
back their products, such as batteries, and ensure their
environmentally sound disposal. According to this measure, the
flow of unwanted products from the end-use point back to the
point of origin must be addressed. These regulations guide the
material (unwanted products, products at the end of their life
cycle) in the reverse direction.

1. System of reverse logistics

These facts have led logistics experts to create reverse
logistics, the main focus of which is to support the alternative
use of products and packaging that have already been used once
or cannot be sold (e.g. seasonal goods, goods with an expired
shelf life, partially broken products, damaged products in retail
chains, etc.).

Originally, reverse logistics was only associated with
recycling of products and packaging. The definitions we find it
under today depend on the specific industry sector with which
reverse logistics is associated.

Retail organisations often associate reverse logistics with
ensuring that unsold goods and reclaimed products are moved
back to the entities from which they were purchased or to other
entities willing to buy and reprocess or sell the goods. The
manufacturing organisation understands reverse logistics as the
recovery of multiple quantities of used packaging or damaged
products as secondary sources of raw materials.

A general definition of reverse logistics can be established
as follows:

The main objective of reverse logistics is the collection,
sorting, dismantling and processing of used products,
components, by-products, surplus inventory and packaging
material, where the fundamental goal is to ensure their reuse or
material recovery in an environmentally friendly and cost-
effective manner (Koether, 2006).

Reverse logistics closes the circle of the complete logistics
chain from recycling to commercialisation and other logistics
services.

In the past, reverse logistics as a concept was very often
ignored by logistics theory. Reverse logistics can also be defined
as the flow of already used products, packaging or other
materials that originates from the consumer and the end user.
Hence, reverse logistics deals with the removal of the consumed
product (waste) and the returned goods (i.e., returned goods).

Reverse logistics is now becoming a very widespread
concept and is also being widely discussed by experts from the
European Union, and it is necessary to address it because of the
modern issue of how to deal with the problems of waste
management and its eventual recycling.

The main focus of reverse logistics is, among other things,
to promote the alternative use of products that have already been
used (or cannot be sold). Figure 1 shows the integration of the
logistics processes of the different logistics segments into an
integrated reverse logistics chain.

73



Technologijos ir menas, 2023/14 ISSN 2783-8064

Logistics processes

Supply Productio Distribution
logistics mmdl n logistics b3 logistics |[Raummd

=)

Reverse logistics

Fig 1. Reverse logistics as a part of logistics processes
Source: authors

2. Reverse logistics of transport service providers

It is important for these businesses to have solutions for
after-sales support and reverse logistics. These processes relate
to the area of returns from online and mail order purchases,
whose customers can be very critical of the goods delivered. For
this reason, a company's returns strategy is very important as it
relates to their purchases.

A legible returns solution helps retailers win new business
because customers will have a good shopping experience. Thus,
return logistics presents an effective solution for planning and
maintaining minimum stock levels.

Authors see at least two core points of view for design and
evaluation of logistics processes in presented activities:

a) Efficient transaction processing

It must be easy for customers to return received shipments
for various reasons such as damaged goods, poor workmanship,
dissatisfaction with the product, etc. An external shipping
service provider will assist to process the shipments quickly
from customers, completing the entire transaction including
sending refunds, exchanging goods or crediting.

Returning shipments can be tracked using modern
information technology tools to enhance the process and
scheduling of incoming items. These tools improve both the
service provided to customers and their information by giving
them direct access to shipment tracking data. There are costs
associated with returning items, especially in high-tech
industries, so the longer these items remain pending, the sooner
they lose their value. Returning goods quickly preserves their
value as they are quickly returned to stock, for repair, etc.

For high-value goods from retail and wholesale chains,
shipping electronics, medical devices, etc., a return service can
be put in place that ensures that the retailer receives new goods
for exchange at the same time as the goods being sent back. Such
a solution is only available on a contractual basis.

The flexibility of these solutions is wide ranging from the
sending of very bulky goods to goods that are sent only
occasionally and for which a suitable way of handling return
shipments needs to be provided. Using modern information
systems, operations can be tracked and optimised by identifying
and categorising returned products.

b) Meeting the specific needs of the company

The return service can be used to pick up valuable
shipments of temperature-sensitive goods and to send signed
contracts and documents that are intended for quick processing.

Another case is that a parcel return service worker can pick up
items for a customer to be delivered for repair. The easier and
simpler the processes are set up for the business to deal with the
customer, the more likely the customer will be to obtain such
service.

3. Reverse logistics processes

Further recovery of waste materials is possible by:

e Recycling: as part of the take-back solution, the

material will be recovered as a secondary raw material.

e Re-Use: in this case, the aim of take-back is to reuse

these products. i.e. the following uses

o take-back and exchange

o take-back and processing (repair,
refurbishment or remanufacturing) with
subsequent use as either a complete part or a
spare part.

"The aim of reverse logistics processes is, among other
things, the sustainability of raw materials, which are converted
into secondary raw materials through the recycling of waste
materials." (Krampe & Lucke, 1993).

Figure 2 shows the flows of reverse logistics along the
value chain. It considers the processes of the producer, the store
and the customer where the needs associated with the return of
goods arise. The manufacturer is responsible for the products at
the end of their life cycle and must ensure their disposal. By
recycling material taken from the shop and from customers,
virgin raw materials and spare parts can be obtained. Unsaleable
inventory is typical of business processes and must be disposed
of, as already mentioned, either for virgin raw materials or spare
parts. In addition, there may be complaints and returns due to
failure to meet customer requirements. The customer enters into
reverse logistics processes in the form of purchases and returns
of goods due to claims of non-functioning or damaged products
or due to failure to meet their requirements.

Fig 2. Processes of reverse logistics in value chain
Source: Authors

Descriptions of individual processes

a) Returns from retail chains

Reverse logistics solutions minimise the costs of returning
unsold stock in retail chains (online shops, mail order, Try &

Buy).
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Reverse logistics solutions for the return of goods not
requested by the customer or goods that did not meet their
requirements (e-Commerce, mail order, ...).

b) Warranty repairs/Repairs

Reverse logistics for the receipt of damaged or defective
goods that will be redistributed to the customer or to retail
chains, the so-called "Closed Loop".

C) Spare parts

Reverse logistics for spare parts.

End-of-Life

Reverse logistics solutions for the receipt of products or
replacement parts from manufacturers, households and
wholesalers at the end of the life cycle for recycling. For details
see Table 1. In presents data for futher processing and decission
making according to size of cities and international EWC-STAT
classification.

d) Recalls

Reverse logistics for fast and efficient manufacturing
customer recalls.

1 Table. End of life ammount per category and city size

Production of mixed municipal waste Per 1 town in the category in thousands of tons
Nr. of towns 1 2 7 14 15 570
Total mausands) over 500 250-500 75-250 42-75 25-42 up to 25
Total waste production 5352705.3 644.386 166.541 52,985 27.274 16.507 2.902
Chemical mixed waste 953.7 0.115 0.030 0.009 0.005 0.003 0.001
Waste chemicals 7809.1 0.940 0.243 0.077 0.040 0.024 0.004

Other chemical wastes —

Metal waste 427971.0 51.521 13.316 4.236 2.181 1.320 0.232
Non-metallic waste 824572.6 99.266 25655 8162 4.202 2543 0.447
0

Glass waste 162053.9 19.509 5.042 1.604 0.826 0.500 0.088
Paper and cardboard waste 384494.8 46.287 11.963 3.806 1.959 1186 0.208
Plastic waste 185564.6 22.339 5.774 1.837 0.946 0572 0.101
[ Woodwaste | 66767.6 8.038 2077 0.661 0.340 0.206 0,036
25691.7 3.093 0.799 0.254 0131 0.079 0.014
8034.0 0.967 0.250 0.080 0.041 0.025 0,004
8292884 99.834 25.802 8209 4.226 2557 0.450
BTSN 32405103 390.109 100.824  32.077 16.512 9.993 1.757
[ Mineralwaste | 13566.1 1.633 0422 0134 0.069 0.042 0.007

Source: authors (based on CSO, 2019 and CSO, 2020)

4. Optimisation of waste collection services

When optimising the collection (e.g. of waste or returned
goods), it is first necessary to locate the service centres, and then
create circular routes within which the collection points will be
serviced.

Location of service centres

Location tasks can be used to determine the most
appropriate location for virtually all objects in the supply chain.
The goal is to determine the best possible location of facilities in
order to optimize the distance and number of facilities,
transportation costs, storage costs, delivery time, and resulting
quality of service. Let us assume that in logistics, cost is taken
into account the most and therefore equation (1) applies to
calculate the cost of transportation between two points (Gros et
al, 2016).

Ni = d; 'dij -Gy 1)
here: Nj — transport costs; gj — quantity of goods
transported; d; — distance travelled; ci; — cost per kilometre of
journey.

Specific distance calculations can be performed using the
direct coordinate distance calculation method, the orthogonal
distance calculation and the quadratic distance calculation.

Direct coordinate distance calculation method

To determine the direct distance between two objects where
it is not necessary to take into account geographical constraints
or transport infrastructure, the direct distance calculation is the
most appropriate. This procedure is based on the calculation of
the hypotenuse of a right triangle, since we know the difference
of distances on the x and y axes. This is based on formula (2).

dij:\/(xi_xj)2+(yi_yj)2 @

here: d;; — distance, direct coordinate; x;, yi — coordinates of
the service centre; X;, yj — coordinates of the points served

In case we want to calculate an estimate of the real ground
distance, we need to multiply this distance by a coefficient k, the
value of which depends on the straightness of the traffic routes
and the infrastructure network of the studied location.

Method for calculating the distance along rectangular
coordinates

As the name suggests, the method does not calculate a
straight line distance but a distance subtracted from the x and y
coordinates. This method is suitable for calculating distances in
cities with a right-angled block layout.

d; =(Xi_xj)+(yi_yj) @A)
here: dj; — distance, in coordinates; xi, yi — coordinates of the
service centre; ¥, y; — coordinates of the points served

Method of calculating the quadratic distance

The quadratic distance is useful for calculating specific
cases, for example when calculating the square of the signal
range.

dy =0 =5, +lyi -y, f @
here: d; — distance, quadratic; x;, y; — coordinates of the
service centre; x;, yj — coordinates of the points served

Assignment of service points

One of the basic versions of the sightseeing/hauling
problem is the Traveling Salesman Problem, in which all pre-
selected locations are to be visited during the route, but the
distance traveled is to be minimized (Pelikan, 2001).

The specific calculations of delivery routes can be
performed by the nearest neighbour method, the insertion
method and the convenience number method.

Nearest neighbour method

The principle of this method is based on route construction
by searching for the nearest locations that have not yet been
visited. All sections included in the route must satisfy the
condition that no sub-circuit is created when a section is added.
The section with the lowest score that met the conditions is then
added to the route (Talska, 2019).
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The procedure of this method is based on the following
steps:

Step 1: Selection of the starting point of the route.

Step 2: Finding the closest point (not yet visited), to the last
selected one, from the distance matrix. We choose this point as
the next point of the route.

Step 3: Repeat step 2 until all points of the distance matrix
are visited.

Insertion method

The insertion method uses the principle of linking a start
point and an end point, between which other route points are
inserted in turn until the capacity of the car is filled. In this way,
a closed loop between the entry and exit points can be achieved
(Kochankova, 2008).

The procedure of this method is based on the following
steps:

Step 1: Choosing the starting point and marking it with the
number 1.

Step 2: Finding the furthest point s from point 1 and
creating a closed cycle C: 1-s-1.

Step 3: Finding the node k not on C that is closest to the
nodes in the cycle C.

Step 4: Finding the edge (i,j) that lies on cycle C for which
the minimum recomputation is di + dij — d;j and inserting node
k between nodes i and j.

Step 5: Repeat steps 3 and 4 until cycle C contains all
nodes.

The method of advantage numbers

This method is based on the calculation of "convenience"
numbers for each pair of nodes in the matrix. The convenience
numbers express the convenience of the connection between two
vertices. The numbers are sorted in descending order to obtain
the resulting route (Fabry, 2014).

The procedure of this method is based on the following
steps:

Step 1: Calculation of the matrix of advantage numbers
Sij = dix + daj — dlj.

Step 2: Sorting the sij numbers in descending order.

Step 3: Joining nodes i and j and others according to the
ordering of sj numbers to form the resulting cycle.

Conclusions

1. Reverse logistics has recently become a widespread and
highly considered concept. It no longer stands only in the
shadow of “classical" "forward" logistics, but is
becoming a solid and inseparable part of it, it is "one of the
pillars of a successfully functioning logistics chain"
(Heiserich et al., 2011).

2. The paper introduces approaches to addressing reverse
logistics along the value chain, which is crucial both in
terms of sustainability of secondary resources and
economic efficiency. The paper provides original and
useful graphical representations of the views on reverse
logistics.
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ATVIRKSTINES LOGISTIKOS MIESTUOSE
APZVALGA

Oldrich Kodym?, Michal Turek?, Matéj Hrouda?,
Vaclav Cempirek!

YPrerovos logistikos kolegija, Cekijos Respublika
2Ostravos technikos universitetas, Cekijos Respublika

Santrauka. Pirmoje straipsnio dalyje pateikta atvirkstinés
logistikos, kuri ilga laikg buvo mazai literatiiroje nagrinéta, samprata.
Kitoje dalyje daugiausia démesio skiriama grjztamajai logistikai
susiejant transporto paslaugy teikéja, mazmenininkg ir pirkéja, kad
reklamacija vykty kuo grei¢iau ir galbat sinchroniskai, t. y. prekés
biity grazinamos ir gaunamos vienu metu. Paskutiniame skyriuje
aptartas atvirkstinés logistikos procesas.

ReikSminiai ZodZiai: atvirkstiné logistika, transportas,
optimizacija, logistikos paslaugos.

76



Technologijos ir menas, 2023/14 ISSN 2783-8064

LIETUVOJE PAGAMINTU ELEKTRINIU IR HIBRIDINIU AUTOMOBILIU ANALIZE

Donatas Kriaucditinas

Generolo Jono Zemaicio Lietuvos karo akademija, Silo g. 5, LT-10322 Vilnius

Anotacija. Elektromobiliy (EA) ir hibridiniy automobiliy (HA) skai¢ius rinkoje didéja. Dauguma pirma kartg Lietuvoje registruoty HA ir EA
yra nauji, kitose Salyse pagaminti automobiliai, taiau galima rasti ir standartiniy automobiliy, perdaryty j EA arba Lietuvoje suprojektuoty ir
pagaminty prototipy. Sio darbo tikslas ir yra i$analizuoti Lietuvoje pagamintus EA ir HA, nustatyti, kuris i3 jy galéty biiti geriausiai pritaikomas, ir
palyginti $io automobilio dinamines savybes su rinkoje esanéiais standartiniais, vidaus degimo variklj turin¢iais analogais. Pasirinktas OSTARA
inZinieriy suprojektuotas ir pagamintas hibridinis visureigis KRAMPUS ir analogai MERCEDES-BENZ GD 290 ir HMMWYV. Atlikus analizg ir
palyginus automobilius nustatyta, kad KRAMPUS visureigio elektros variklis uztikrina traukos, dinami$kumo ir jsibégéjimo pagreicio rodiklius,

kuriems neprilygsta analogai su vidaus degimo varikliu.

ReikS§miniai ZodZiai: hibridinis automobilis, elektrinis automobilis, dinaminés savybés, vidaus degimo variklis, traukos jéga.

Ivadas

Elektromobiliy ir hibridiniy automobiliy naudojimas
padeda sumazinti transporto sektoriuje susidaranéiy Siltnamio
efekta sukelianciy dujy (SESD) kiekj. Eksploatuojant elektrinj
automobilj atsisakoma iSkastinés kilmés degaly, nebelieka
degimo proceso ir, jei elektros energija baterijai jkrauti
generuojama alternatyviais budais, transporto priemone galima
priskirti prie nulinés emisijos automobiliy. Hibridiniy
automobiliy poveikis maZesnis, taiau derinant vidaus degimo
variklj ir elektros variklj bei baterija sumazinamos degaly
sanaudos ir kenksmingy i8metamyjy dujy kiekis, padidinamas
nuvaziuojamas atstumas ir sumazinama priklausomybé nuo
ikrovimo stoteliy.

Elektromobiliy ir hibridiniy automobiliy skai¢ius Lietuvoje
didéja létai, valstybés jmonés REGITRA duomenimis, Lietuvoje
2023 metais jregistruota 93120 lengvyjy automobiliy, i§ kuriy
tik 3508 elektromobiliai ir 18316 hibridiniy automobiliy
(Oficialiosios statistikos portalas, 2023). Elektromobiliai sudaro
tik 3,77 %. To nepakanka norint sumazinti §iltnamio efekta
sukelian¢iy dujy kiekj. Be to, elektromobilio gamybos metu
i$skiriama apie 43 % daugiau anglies dioksido ekvivalento
(CO2) nei gaminant automobilj su vidaus degimo varikliu
(Argonne National Laboratory, 2023). Hibridiniai automobiliai
sudaro net 20 % naujy ir pirma kartg Lietuvoje registruoty
lengvyjy automobiliy ir tai galéty buti vienas i§ potencialiy
sprendimy norint sumazinti SESD kiekj.

Vertinant  elektring pavarg turinius automobilius,
elektrinius ar hibridinius, galima i$skirti dar vieng privalumg —
didelj sukimo momenta, kuris sukuriamas jau nuo pirmos
elektros variklio apsukos, be to, transmisijoje nebaitina jrengti
sankabag ar pavaras taip supaprastinant automobilio konstrukcijg.
Tokia komponuoté uztikrina tinkamas lengvojo automobilio
arba visureigio traukos ir dinamines savybes.

Elektriniy ir hibridiniy automobiliy Lietuvoje kasmet
dauggja, Sie automobiliai prisideda prie SESD kiekio maZinimo
ir issiskiria i§ kity dideliu sukimo momentu. Matydami §j
potenciala Lietuvos inzinieriai taip pat kuria EA ir HA
prototipus. Nors $ie automobiliai prisideda prie SESD kiekio
mazinimo, triksta informacijos apie tokiy transporto priemoniy

dinaminius parametrus ir jy palyginima su rinkoje parduodamais
analogais, turinéiais vidaus degimo variklius.

Darbo tikslas — surinkti duomenis apie Lietuvoje
pagamintus EA arba HA ir atlikti dinaminiy savybiy lyginamaja
analize su rinkoje parduodamais, vidaus degimo wvariklj
turin¢iais analogais.

Uzdaviniai:

1. Atlikti Lietuvoje pagaminty EA ir HA apzvalga.

2. Isrinkti geriausiai pritaikyta transporto priemon¢ ir
apzvelgti analogus su vidaus degimo varikliais.

3. Palyginti EA ar HA ir automobilio su vidaus degimo
varikliu dinamines savybes.

1. Lietuvoje pagaminty elektriniy ir hibridiniy
automobiliy apZvalga

Mazinant naujo automobilio gamybos isteklius pristatomi
EA arba HA, sukurti naudojant standartinj automobilj, i§ kurio
pasalinami vidaus degimo varikliai, o esama transmisija
suderinama su elektros varikliu. Tokiai komponuotei puikiai
tinkamas mikroautobusas. Dél neiSnaudotos erdvés po
automobiliu (¢ia daZniausiai bina degaly bakas) galima
sumontuoti didelés talpos baterijg. Pavyzdziui, parduodamas
TOYOTA PROACE elektromobilis (1 pav.).

1 pav. TOYOTA PROACE elektromobilio komponenty iSdéstymas
Saltinis: (Toyota IE, 2023)

50 kWh arba 75 kWh talpos baterijos imontuojamos po
automobilio dugnu. PanaSy sprendima 2012 metais pasitilé
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Lietuvos bendrovés TRANSMITTO ir ELINTA. Jos pristaté EA
IVECO DAILY. Tai buvo perdarytas standartinis
mikroautobusas, turintis elektros variklj ir pagrindinius EA
komponentus. ] automobilj jmontuota 29 kWh arba 58 kWh
baterija ir 78 kW galios elektrinis variklis. Nuvaziuojamas
atstumas, kai baterija 58 kWh — apie 200 km, o maksimalus
greitis — 70 km/h (Gazas.It, 2012).

Kitas Lietuvoje surinktas elektrinis mikroautobusas,
pristatytas 2022 metais, yra pagamintas ALTAS AUTO
jmonéje. Siy elektriniy mikroautobusy pagrinda sudaro
MERCEDES-BENZ SPRINTER automobiliai. Parduodamos
trys skirtingos mikroautobuso variacijos, ta¢iau komponentai tie
patys. Naudojami ELINTA MOTORS asinchroniniai elektros
varikliai, kuriy maksimali galia — 150 kW, sukimo momentas —
net 1250 Nm, 100 km atstumui nuvaZiuoti sunaudojama apie 39
kWh energijos i§ 115 kWh talpos baterijos. Vienu jkrovimu
nuvaziuojamas atstumas — 240 km (Bidva, 2023).

M3 klasés elektrinj autobusg 2021 metais Lietuvoje
pagamino ir uzregistravo UAB ELEKTRINIO TRANSPORTO
SISTEMOS. Tai 34 sédimy ir 56 stovimy viety miesto
autobusas, gaminamas su trimis skirtingomis baterijomis. Pati
maziausia yra 76 kKWh talpos, taciau jkrovimo laikas tik 8
minutés (jkraunant 500 kW galingumu), vidutiné — 400 kWh
talpos ir didZiausia baterija — 533 kWh talpos. Autobusas 100
kilometry nuvaziuoti sunaudoja 91,1 kWh energijos, o su
didziausia baterija vienu jkrovimu — apie 530 km. Maksimalus
greitis 85 — km/h, ta¢iau apribotas iki 80 km/h (Vé&jo projektai,
2022).

Lengvuosius automobilius, kaip ir mikroautobusus ar
furgonus, galima perdaryti, ta¢iau susiduriama su problema —
visos reikiamos jrangos bei baterijy iSdéstymu pasirinkto
automobilio kébule. Dar 2010 metais Mindaugas Milasauskas
perdaré turimg HONDA HR-V | elektromobilj. Automobilyje
sumontuota baterija, 2,3 kWh galingumu jkraunama per 8
valandas, o vienu jkrovimu elektromobilis gali nuvaziuoti 70
km, maksimalus greitis — 160 km/h (Milasauskas, 2010). Tais
paciais metais, panaudojus automobilj FORD CONNECT, buvo
sukurtas elektromobilis JONELIS (2 pav.).

P ist ANV L LSy

Va -

2 pav. Elektromobilis JONELIS
Saltinis: (Automanas.lt, 2010)

Elektromobilyje prie standartineés FORD pavary dézés
pritvirtintas 50 kW galios elektros variklis. Tokia komponuoté
leidzia rinktis mazesnés galios elektros variklj ir uZztikrina
didesnj maksimaly greitj. Elektromobilis, j kurj imontuota 14,4
kWh talpos baterija, vienu jkrovimu gali nuvaziuoti apie 80 km
(Automanas.lt, 2010).

Nors dauguma automobiliy perdaroma j elektrinius ar
hibridinius, VILNIUS TECH mokslininkai ir studentai 2012
metais suprojektavo ir pagamino elektrinj automobilj (3 pav.).

3 pav. VILNIUS TECH elektromobilis
Saltinis: (Valius Venckiinas, 2012)

Automobilio réma sudaro vamzdeliné konstrukcija,
baterijos sumontuotos automobilio gale, o elektros variklis
priekyje, taip tolygiai paskirstant automobilio svorj. Elektros
variklio galia — 32,3 kW, nuo nulio iki 100 km/h grei¢io EA
jsibégéja per 6 sekundes, maksimalus greitis — 130 km/h, o vienu
jkrovimu elektromobilis gali nuvaziuoti apie 50 km (Valius
Venckiinas, 2012).

Kauno technikos Kolegijos déstytojai ir studentai 2019
metais pristat¢ perdaryta MAZDA RX-8 automobilj.
Elektromobilyje sumontuota NISSAN LEAF baterija, padalyta j
dvi dalis. Viena baterijos dalis jkomponuota variklio skyriuje,
kita — automobilio galinéje dalyje. Elektros variklio galia — 130
kW, o sukimo momentas — 900 Nm (Gazas.It, 2019).

Elektrinis automobilis iSlieka priklausomas nuo jkrovimo
stoteliy, tai riboja automobilio pritaikomuma. Karinis
transportas negali biiti apribotas nuvaziuojamu atstumu, todél
imonés OSTARA inzinieriai suprojektavo ir 2022 metais
pagamino karinj hibridinj visureigi KRAMPUS (4 pav.).

4 pav. Karinis hibridnis visureigis KRAMPUS
Saltinis: (Lrytas.lt, 2022)

Elektros variklis komponuojamas su dyzeliniu varikliu,
todél automobilis gali vaziuoti ir kai baterija iSsikrovusi —
elektros energija generuojama dyzelinio variklio, sujungto su
generatoriumi. Visureigyje sumontuota 39 kWh talpos baterija,
vienu jkrovimu HA gali nuvaziuoti 200 km. Hibridiniu rézimu
visureigis gali nuvaziuoti dar apie 800 km. Elektros varikliy
galia — 130 kW, o maksimalus sukimo momentas — 400 Nm,
maksimalus greitis — 120 km/h (Ostara, 2023).
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2. Hibridinio ir standartinio automobilio dinaminiy
savybiy analizé

Apzvelgus Lietuvoje suprojektuotus ir pagamintus arba
perdarytus elektromobilius ir hibridinius automobilius galima
teigti, kad geriausiai pritaikytas ir ilgiausia atstuma nuvaziuoja
KRAMPUS visureigis. Kiti elektromobiliai pagaminti 2010—
2012 metais naudojant pasenusias technologijas. I 2019 metais
perdarytg elektromobilj MAZDA RX-8 jmontuotos pirmos
kartos NISSAN LEAF baterijos. Nors ALTAS AUTO
mikroautobusai ir UAB ELEKTRINIO TRANSPORTO
SISTEMOS autobusas jau parduodami rinkoje, taciau néra
poreikio tirti $iy transporto priemoniy dinamikos. Komercinio
transporto maksimalus greitis ribojamas, o paskirtis — vezti
keleivius.
Analizuojant karinio transporto parkg Lietuvoje ir ieSkant
analogo visureigiui KRAMPUS galima i$skirti kelis variantus:
. Sarvuotas visureigis JLTV (angl. Joint Light Tactical
Vehicle).

. Bendros paskirties visureigis HMMWYV (angl. High
Mobility Multipurpose Wheeled Vehicle).
Visureigis MERCEDES-BENZ GD 290.

Palyglntl su KRAMPUS Sie automobiliai yra sunkesni, o
JLTV masé be krovinio — net 10 tony (Oshkosh Defense, 2023),
HMMWV - apie 2,5 tonos (svoris priklauso nuo
komplektacijos), o KRAMPUS didZiausia leistina masé¢ — 2,5
tonos. Todél analizei pasirinkta HMMWYV ir MERCEDES-
BENZ GD 290.

HMMWYV naudojami V8 dyzeliniai 6,2 litro darbinio ttirio
varikliai, kuriy maksimali galia — 109 kW, o sukimo momentas
— 346 Nm (Automobile catalog, 2023a). MERCEDES-BENZ
GD 290 naudojami 2,9 litro darbinio tiirio, 5 cilindry varikliai,
kuriy maksimali galia — 70 kW, o sukimo momentas — 192 Nm
(Automobile catalog, 2023b). Siy varikliy iSorinés greitinés
charakteristikos ir KRAMPUS visureigio elektros varikliy

charakteristika pateikta 5 paveiksle.
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Remiantis  Automobile-catalog.com duomeny bazés
duomenimis sudarytos MERCEDES-BENZ ir HMMWV
iSorinés greitinés charakteristikos. Tokiy duomeny apie
KRAMPUS visureigj neatskleidziama, ta¢iau gamintojai nurodo

pavary perdavimo skaiCiy, raty dydj, maksimaly greitj,
galinguma ir sukimo momenta. Pagal tai nustatyti maksimaliis
elektros variklio stkiai ir apskai¢iuota galingumo ir sukimo
momento priklausomybé nuo variklio sukiy.

5 paveiksle matoma, kad didziausias galingumas ir sukimo
momentas sukuriamas elektrinio KRAMPUS variklio, o siikiy
diapazonas daugiau nei 2 kartus didesnis uz MERCEDES-
BENZ ir daugiau nei 3 kartus uz HMMWYV. Kai toks didelis
stikiy diapazonas, KRAMPUS visureigis galéty pasiekti didesnj
maksimaly greitj, taciau §iuo atveju jj riboja pavary skaicius, nes
KRAMPUS visureigyje yra tik viena pavara.

6 paveiksle pavaizduota visureigiy traukos jégos,
perduodamos | varanCiuosius ratus, priklausomybé nuo
vaiia};{ix%lo greicio.
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6 pav. Visureigiy traukos jégos priklausomybé nuo vaziavimo
greicio
Saltinis: sudaryta autoriaus

I8analizavus traukos jégos priklausomybe nuo vaZiavimo
grei¢io, galima teigti, kad skirtingu greiGiu vaziuojancio
KRAMPUS visureigio generuojama didesné traukos jéga nei
kity dviejy visureigiy. 20 km/h grei¢iu vaziuojancio KRAMPUS
visureigio perduodama traukos jéga j ratus yra apie 29 % didesné
nei MERCEDES-BENZ ir apie 35 % didesné nei HMMWYV.
Padidinus greitj iki 60 km/h visureigio KRAMPUS traukos jéga
sumazéja iki 7000 N, taciau vis tiek yra apie 33 % didesné nei
antra pavara vaziuojan¢io HMMWYV ir apie 68 % didesné nei
treCia pavara vaziuojan¢io MERCEDES-BENZ. Padidinus
greitj iki 90 km/h visureigio KRAMPUS traukos jéga sumazéja
iki 4556 N, taciau vis tiek yra apie 32 % didesné nei tre¢ia pavara
vaziuojan¢io HMMWYV ir apie 60 % didesné nei treCia arba
ketvirta pavara vaziuojanéio MERCEDES-BENZ. Nors
HMMWYV turi tik tris pavaras, 6,2 1 darbinio tirio dyzelinis
variklis issiskiria dideliu sukimo momentu, beveik 2 kartus
didesniu nei MERCEDES-BENZ, ir sukuriama traukos jéga
lenkia penkias pavaras turint] ir geriau i$naudoti variklio sukimo
momenta galintf MERCEDES-BENZ.

Vertinant automobilius pagal dinamiskumg — laisvos
traukos jégos, tenkancios svorio jégos vienetui dydj, sudaryta
dinamiskumo priklausomybé nuo vaziavimo greicio, Kai
visureigiai sukomplektuoti iki didziausios leistinos masés (7
pav.).
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ISanalizavus dinamiSkumo priklausomybés nuo vaziavimo
greicio grafika galima teigti, kad skirtingu grei¢iu vaziuojantis
KRAMPUS hibridinis visureigis yra dinamiskesnis uz
MERCEDES-BENZ ir HMMWYV. Nubrézus horizontalias
linijas, zymincias riedéjimo pasiprie§inima asfalto ir smélio
dangoms, galima nustatyti visureigiy maksimaly greitj, apribotg
riedéjimo pasiprieSinimu. Kadangi vaziavimo greitis nevirsija
120 km/h, oro pasiprieS§inimas nevertinamas. Asfalto danga
vaziuojan¢io KRAMPUS visureigio maksimalus greitis yra 120
km/h, HMMWYV ir MERCEDES-BENZ — 110 km/h. Per smélj
vaziuojan¢io KRAMPUS visureigio maksimalus greitis
sumazéja iki 95 km/h, tai uztikrina didelis elektros varikliy
sukimo momentas —400 Nm ir nedidelis automobilio svoris. Per
smélj vaziuojan¢io HAMMWY greitis sumazéja iki 48 km/h, tai
lemia didelis automobilio svoris — didZiausia leistina masé net
4,6 tonos. Smélio danga vaziuojancio MERCEDES-BENZ
maksimalus greitis sumazéja iki 53 km/h. Nors MERCEDES-
BENZ variklio sukimo momentas maziausias i§ visy trijy
analizuojamy visureigiy, taciau didziausia leistina masé tik 2,6
tonos.

Paskutinis parametras palyginimui — visureigiy,
sukomplektuoty iki maksimalios leistinos masés, isibégéjimo
pagreitis (8 pav.). Apie 15 km/h vaziuojantis KRAMPUS
visureigis gali pasiekti 2,89 m/s? jsibégéjimo pagreitji. Nors
MERCEDES-BENZ maksimali traukos jéga yra tik apie 10 %
didesné net HMMWYV, dél mazesnio svorio ir didesnio pavary
skaiCiaus maksimalus jsibégejimo pagreitis yra net 37 %
didesnis.
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Saltinis: sudaryta autoriaus

8 paveiksle matoma, kad tik tris pavaras turintis HMMWV
praranda pagreitj perjungiant pavara. Pirma pavara maksimaliu
grei¢iu vaziuojanéio automobilio pagreitis yra apie 25 %
mazesnis nei antra pavara maksimaliu grei¢iu vaziuojanéio
automobilio. Taciau MERCEDES-BENZ pagrei¢io kreivés
susikerta ir tai rodo, kad pagreitis, perjungiant pavara,
nesumazés. Si prielaida nejvertina laiko, sugaisto pavarai
perjungti, taciau nurodo, kad MERCEDES-BENZ vaziuos
komfortiskiau ir greiciau jsibégeés.

ISvados

1. Lietuvoje nuo 2010 mety standartiniai automobiliai
komplektuojami su elektros pavara ir baterijomis, taciau
tokiy suprojektuoty ir pagaminty automobiliy yra tik
keletas: VILNIUS TECH elektromobilis, OSTARA
KRAMPUS  visureigis ir UAB ELEKTRINIO
TRANSPORTO SISTEMOS autobusas.

2. I8visyapzvelgty HA ir EA geriausiai pritaikytas hibridinis
visureigis KRAMPUS. Jis pagamintas naudojant
Siuolaikinius komponentus, o hibridiné komponuoté
uztikrina didziausig nuvaziuojamg atstumg — 800 km.
Analogai — MERCEDES-BENZ GD 290 ir HMMWV.

3. Palyginus tris automobilius paai$kéjo, kad KRAMPUS
visureigis pranoksta pasirinktus analogus. Vaziuodamas
skirtingu greiéiu tiek asfaltu, tiek smélio danga, jis sukuria
didesng traukos jéga, uztikrina geresnes dinamines
savybes, pasiekia didesn;j jsibégéjimo pagreitj.
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ANALYSIS OF ELECTRIC AND HYBRID CARS
PRODUCED IN LITHUANIA

Donatas Kriaucitinas

General Jonas Zemaitis Military Academy of Lithuania

Summary. The number of electric cars (EV) and hybrid cars
(HV) on the market is increasing. Some of the HV and EV cars
registered for the first time in Lithuania are new cars manufactured in
other countries, while others are standard cars that have been
converted to EVs or prototypes designed and built in Lithuania. The
aim of this paper is to analyze the EVs and HVs produced in
Lithuania, determine which of them could have the highest
adaptability, and compare the dynamic characteristics of these cars
with their standard internal combustion engine counterparts on the
market. The hybrid SUV KRAMPUS, designed and built by
OSTARA engineers, has been chosen for comparison. The analogues
for comparison are MERCEDES-BENZ GD 290 and HMMWYV. The
comparison and analysis showed that the electric motor characteristics
of the KRAMPUS SUV provided traction, dynamic performance, and
acceleration values that were unmatched by its internal combustion
engine counterparts.

Key words: hybrid car, electric car, dynamic performance,
internal combustion engine, traction force.
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BAIGTINIO ELEMENTO DYDZIO JTAKA AUTOMOBILIO VAZIUOKLES SVIRTIES
ITEMPIAMS

Aleksandr Vika?, Jelena Selivonec®?

YWilniaus technologijy ir dizaino kolegija, Antakalnio g. 54, LT-10303 Vilnius
2Vilniaus Gedimino technikos universitetas, Saulétekio al. 11, LT-10223 Vilnius

Anotacija. Baigtiniy elementy metodas naudojamas sudétingoms inzinerinéms problemoms spresti. Baigtiniy elementy dydis turi jtakos
tikslumui, skai¢iavimo laikui ir kompiuteriniams istekliams. Automobilio vaziuoklés svirties analizéje svarbus jtempiy pasiskirstymas ir galimybé
uzfiksuoti jtempiy koncentracijos sritis. Siekiant tikslumo ir skai¢iavimo efektyvumo baigtiniy elementy dydj reikia rinktis, atsizvelgiant j minétus
veiksnius. Siame darbe modelis suskaidytas tetraedro formos tiriniais elementais. Buvo naudojami skirtingo dydZio baigtiniai elementai,
sugeneruoti SolidWorks programa. Sukurtas automobilio vaziuoklés svirties skai¢iuojamasis modelis, palyginti automobilio vaziuoklés svirties
jtempiai, kai skiriasi baigtiniy elementy skai¢ius ir dydis. Baigtiniy elementy skaiCius vaziuoklés svirties modelyje tiesiogiai veikia didéjancius
maksimalius jtempius ir maZina saugos koeficients. Didinant baigtiniy elementy skai¢iy nuo tam tikros reik§més maksimaliy jtempiy ir saugos
koeficiento reik§més kinta asimptoti§kai. Skaiiuojant muisy pasirinktos svirties stipruma, svarbu pasirinkti ne maziau kaip 10000 baigtiniy

elementy. Be to, baigtiniy elementy briauna neturi bati ilgesné kaip 8 mm.

ReikSminiai ZodZiai: vaziuoklés svirtis, jtempiy pasiskirstymas, atsargos koeficientas, BEM.

Ivadas

Baigtiniy elementy metodas (BEM) yra skaitmeniné
technika, naudojama sudétingoms inZinerinéms problemoms
spresti. Sis metodas tapo esminiu Siuolaikinés inZinerijos
jrankiu, ypa¢ projektuojant ir analizuojant mechanines
konstrukcijas, sudarytas i§ pavieniy elementy. Tafiau BEM
sprendimo tikslumas priklauso nuo analizéje naudojamo
baigtinio elemento dydzio.

Baigtiniy elementy dydis lemia BEM sprendimo tiksluma.
Kuo maZesnis elementas, tuo tikslesni rezultatai. Taciau
mazesniam elementui reikia tankesnio tinklelio, o tai pailgina
skai¢iavimo laika, reikia daugiau kompiuteriniy istekliy.
Vadinasi, labai svarbu rasti tinkamg tikslumo ir skai¢iavimo
efektyvumo pusiausvyra.

Analizuojant automobilio vaziuoklés svirtj BEM, jtempiy
pasiskirstymas yra svarbiausias veiksnys, lemiantis svirties
konstrukcinj vientisumg ir jos veikima, kai apkrovos skirtingos.
Vadinasi, labai svarbu uZtikrinti, kad jtempiy pasiskirstymas
biity kuo tiksliau jvertintas.

Baigtiniy elementy dydis veikia automobilio vaziuoklés
svirties jtempiy pasiskirstymg. Dél didesnio elemento gali
sumazéti jtempiy pasiskirstymo jvertinimo tikslumas, dél Sios
priezasties gali buti netiksliai jvertintas jtempiy pasiskirstymas,
taip pat svirties stiprumas. Kita vertus, mazesnis elementas gali
uztikrinti  tikslesnj jtempiy pasiskirstyma ir iSsamesn¢
informacija.

Baigtiniy elementy dydis turi jtakos gebéjimui uzfiksuoti
itempiy koncentracijos sritis, t. y. yra vietas, kuriose jtempis yra
gerokai didesnis nei vidutinis konstrukcijos elemente. Siy sri¢iy
atsiradimo priezastis — geometriniai netolygumai, medziagy
defektai ar pakitusios apkrovos salygos. Jei jtempiy
koncentracijos sritis néra tiksliai nustatyta, gali biti neteisingai
prognozuojamas gedimas ir pazeistas svirties struktiirinis
vientisumas.

Baigtiniy elementy dydis turi jtakos gebéjimui uzfiksuoti
vietinius jtempiy gradientus, t. y. sritis, kuriose jtempiy lygis
greitai kinta, pavyzdZziui, skyliy, kampy ar detalés galai. Jei
konstrukcijos elemento geometrinés formos pokyciai néra
tiksliai jvertinti, gali buti neteisingai nustatytas svirties stiprumas
ir naudojimo laikas.

Apibendrinant galima pasakyti, kad baigtiniy elementy
dydis turi didele jtakg automobilio vaziuoklés svirties
itempiams. Mazesnis elementas gali uztikrinti tikslesnj jtempiy
pasiskirstyma, tik reikia atlikti daugiau skaiéiavimy. Kita vertus,
dél didesnio elemento gali biiti netiksliai jvertinta jtempiy
koncentracija ir pasiskirstymas. Todél, analizuojant automobilio
vaziuoklés svirtf BEM, biitina rasti tinkamg pusiausvyrg tarp
tikslumo ir skai¢iavimo efektyvumo. Be to, optimalus baigtiniy
elementy dydis turéty biiti nustatytas remiantis konkrecios
analizés reikalavimais ir turimais skaiciavimo istekliais.

Tyrimo objektas — automobilio vaziuoklés svirtis.

Darbo tikslas — nustatyti baigtinio elemento dydZio jtaka
automobilio vaziuoklés svirties jtempiams.

Siam tikslui pasiekti buvo iskelti tokie uzdaviniai:

Sukurti automobilio vaziuoklés svirties
skai¢iuojamajj model;.

Palyginti automobilio vaZiuoklés svirties jtempiy
pasiskirstyma, kai baigtiniai elementai skirtingo dydzio.

Palyginti automobilio vaziuoklés svirties jtempiy
pasiskirstyma, kai baigtiniy elementy skirtingas Kiekis.

Tyrimo metodika. Darbe taikomas baigtiniy elementy
metodas.

1. Literatiiros apZvalga

Itempiy pasiskirstymo tyrimas labai svarbus vertinant
konstrukcijy elementy stipruma, nes padeda nustatyti kritines
sritis su dideliais jtempiais. [tempiy pasiskirstymo analizé taip
pat suteikia galimybe projektuotojams optimizuoti detaliy
matmenis ir medziagas, kad baty garantuotas stiprumas ir
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ilgaamziskumas. Be to, gali padéti numatyti detalés
eksploatacijos laikg ir nustatyti techninés priezitiros grafikus.
Norint uztikrinti saugy ir patikimg mechaniniy sistemy veikima,
bitina iSsami jtempiy pasiskirstymo analizé.

Baigtiniy elementy metodas daznai naudojamas jtempiams
konstrukcijy elementuose tirti. Taciau taikant BEM gauty
rezultaty tikslumas labai priklauso nuo analizé¢je naudojamy
baigtiniy elementy dydzio. Netinkamas baigtiniy elementy dydis
gali lemti klaidingas jtempiy prognozes, dél kuriy gali biti
padarytos neteisingos iSvados apie konstrukcinio elemento
stiprumg ir sauguma. Todél norint uztikrinti tikslius ir patikimus
rezultatus, butina i8tirti, kaip baigtiniy elementy dydis veikia
itempiy pasiskirstyma konstrukciniuose elementuose.

Straipsnyje (Voigt et al, 2019) aptariamas iSteklius
tausojancios elektrinés miesto transporto priemonés kiirimas
Europos moksliniy tyrimy projekte ,,Urban EV*. Suprojektuota
lengva transporto priemonés kébulo konstrukcija i§ aliuminio
profiliy ir magnio lydinio mazginiy elementy, sujungty
naudojant EMPT uZspaudima. Straipsnyje pagrindinis démesys
skiriamas transporto priemonés patvarumuli.

Darbe (Petracconi et al., 2010) aptariamas laboratoriniy
bandymy ir skai¢iavimo metodiky naudojimas automobiliy
komponenty nuovargio laikui nustatyti. Autoriai palygino
eksperimentinius duomenis, gautus imituojant realias salygas,
su rezultatais, gautais atlikus skaiting analiz¢ nuovargio
programine jranga. Straipsnyje pabréziama, kaip svarbu tiksliai
numatyti gaminamo automobilio detaliy eksploatacines savybes,
ypac jy nuovargio trukmg. Fiziniy testy ir skaitmeniniy modeliy
derinys, pasirinkus reikiama programing jranga, gali sumaZinti
eksperimentiniy bandymy kiekj.

Straipsnyje (Luque et al., 2012) pateikiama lenktyninio
automobilio ,,Copa de Espafa de vehiculos CM*“ plieno
vamzdinés vaziuoklés projekto optimizavimo metodika. Atlikta
transporto priemonés dinaminés charakteristikos analize,
naudojant baigtiniy elementy metodus, vaziuoklés modifikacija
pasirinkus pagrinding stating apkrova ir tarpinj prototipa
bandymams realiomis lauko salygomis. Tyrimas rodo, kad
optimizuojant vaziuoklés elementy konfigliracija galima
pasiekti 300 % didesnj standuma, padidinus svorj tik 5 %.

Darbe (Gu, 2017) pristatomas baigtiniy elementy metodas,
naudojamas mechaninio projektavimo ir kitose srityse. Atlikus
tyrimus apibendrinamas BEM pritaikymas automobiliy
komponentuose, tokiuose kaip ratai, lingés, kébulo rémai ir
veleno dalys. Automobiliy daliy projekto parengimas ir gamyba
yra labai svarbus procesas, uZtikrinant automobiliy saugs,
mazinant konstrukcijos svorj, energijos sgnaudas ir gerinant
konstrukcijy sauguma avarijy metu. BEM galima projektuoti
transmisijos korpusa, pakabos sistema, stabdziy sistema, ratus ir
kitas automobiliy dalis bei analizuoti jy stipruma ir standuma,
sumazinti skaiCiavimo klaidas ir pagerinti projektavimo
efektyvuma. BEM jdiegtas virtualus modeliavimas sumazina
bandymo islaidas ir sutrumpina gamybos laika.

Straipsnyje (Ary et al., 2020) aptariama vaziuoklés, kaip
svarbios transporto priemonés dalies, svarba ir numatoma
bitinybé testi tyrimus, kad, jvertinus gautus duomenis, buty
galima detal¢ patobulinti. Tyrime vertinama energija taupanéiy

transporto priemoniy vaziuoklé, nagrinéjamas vaziuoklés storio
svyravimy, skirtingy medziagy ir jégos jtaka. Rezultatai rodo,
kad plonesné detalé silpnesné, 0 kai kuriais atvejais pastebimi
irazy pasiskirstymo pokyciai. Darbe taip pat pabréziama
transporto svarba ir is$tikiai kuriant tobuly mechaniniy savybiy
ir maZo svorio automobiliy transporto priemones. Straipsnyje
sickiama iSanalizuoti vaziuoklés ypatybes, atsizvelgiant j
medziagos storio ir tipo pokycius, kad gauty tyrimy pagrindu
bty galima tobulinti vaziuokle.

2. Skaiciuojamasis modelis
Erdvinis svirties modelis buvo suskaidytas tetraedro

formos tiiriniais elementais (1 pav.). Kiekvienas mazgas turi tris
poslinkiy komponentes (Barauskas ir kiti, 2004).

BE briaunosilgis

1 pav. Baigtinis elementas: tetraedras
Saltinis: sudaryta autoriy

Darbe buvo naudojami jvairiy dydziy baigtiniai elementai
(BE),sugeneruoti pagal SolidWorks algotitma (Solidworks,
2023). Pirmoje lenteléje pateikti tetraedro briaunos ilgio
intervalai.

1 lentelé. Baigtinio elemento briaunos ilgis (mm)

max min
1 17 0,85
2 14 0,7
3 11 0,55
4 8 0,4
5 5 0,25
6 4 0,2

Saltinis: sudaryta autoriy

Svirt], suskirstytg baigtiniais elementais, kuriy briauna
ilgiausia, galima matyti 2a paveiksle. Akivaizdu, kad BE kiekis
¢ia yra mazesnis nei svirties, kurios briauna trumpiausia (2b
pav.).
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a b

2 pav. Automobilio vaziuoklés svirties modelis, suskirstytas
baigtiniais elementais: a) su ilgiausia briauna; b) su trumpiausia
briauna (Zr. 1 lentele)

Saltinis: sudaryta autoriy

Automobilio vaziuoklés svirties jtempiams apskaiciuoti
reikéjo parinkti krastine ir apkrovas. Tai buvo padaryta pagal
pateiktas formules. Létéjimo pagreitis buvo skai¢iuojamas
pagal (1) ir (2) formules:

v? — v

=_ 9 1
s TP 1)

v? —v2

=_ 9 2
a=—— (2)

¢ia: s —automobilio stabdymo kelias, m; vo — automobilio
pradinis greitis, m/s; v — automobilio greitis po stabdymo, m/s;
a — automobilio lét&jimo pagreitis, m/s?.

Kai pagretis buvo nustatytas, pagal antrajj Niutono désnj
(Goodno and Gere, 2018) apskai¢iavome svirtis veikiancia jéga:

F=m-a 3

¢ia: F — svirtis veikianti jéga, KN; m — automobilio masé,
kg.

Skai¢iavome nuo 60 km/val iki 0 km/val stabdomo
automobilio vaziuoklés svirties jtempius, kai stabdymo kelias
20 milgio, automobilio masé 1521 kg.

Skaiciuojamasis modelis buvo apkrautas pastovia jéga ir
jtvirtintas dviejose vietose (3 pav.).

standus jtvirtinimas

apkrova

3 pav. Automobilio vaziuoklés svirties skai¢iuojamasis modelis
Saltinis: sudaryta autoriy

Parinkome 6082 AISi1lMgMn aliuminio lydinj. Modelio
medziagos mechaniniy savybiy rodikliai: tamprumo modulis
71 GPa; Puasono koeficientas 0,3; takumo riba 240 MPa.

Itempiams skaiciuoti pasirinkta plastinéms medziagoms
tinkanti ir plac¢iai naudojama energiné plastiSkumo hipotezé
(Goodno ir Gere, 2018), dar vadinama Mizeso hipoteze. Sia
formule taikome dél sudétingo triasio jtempio:

oy = \/%-((al—az)z+(az—ag)2+(ag—al)2) Q)

Cia: or — skaiCiuojamieji jtempiai, MPa; o1, o, o3 —
svarbiausieji jtempiai, MPa.

4. Skaifiavimo rezultatai ir ju aptarimas

Gauti rezultatai iliustruojami automobilio vaziuoklés
svirties Mizeso jtempiy pasiskirstymu.

von Mises (N/mm*2 (MPa)
465001
7418601
6772601
5.925¢401
. 5079401
‘ 4233401
L 3366001
L 25400401
16796401
8465400
495003

 Vield strength: 24006 02

4 pav. Mizeso jtempiy pasiskirstymas svirtyje, kai BE briauna
ilgiausia (zr. 1 lentele)
Saltinis: sudaryta autoriy

4 ir 5 paveiksluose pateiktas jtempiy persiskirstymas.
Skai¢iavimai parod¢, kad takumo riba nebuvo virSyta.

von Mises (N/mm*2 (MPa)
10026002
| [
2335401
. 720
. 6252401
5210401
| 416800

2126e+01

200801
10826401
597908

» Vield strength: 2400¢ 102

5 pav. Mizeso jtempiy pasiskirstymas svirtyje, kai BE briauna
trumpiausia (Zr. 1 lentelg)
Saltinis: sudaryta autoriy

Darbe buvo apskaiCiuoti Sesi skirtingi svirties skaidymo BE
variantai nuo didziausiy BE iki maziausiy (Zr. 1 lentelg).

Nuo BE dydzio priklauso jy kiekis skai¢iuojamajame
modelyje.
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Kaip kinta maksimaliis jtempiai, atsizvelgiant j BE kiekj
svirties modelyje, parodyta 6 paveiksle. Kai svirtis suskaidyta
BE, o tetraedro briaunos ilgis didziausias (maZzas elementy
kiekis), 6 paveiksle matomas maksimaliy jtempiy kitimas
(staigus augimas). Kai BE kiekis yra 2538 vienetai, maksimaliis
jtempiai sudaro 84,7 MPa, kai 3379 vienetai, jtempiai yra 89,4
MPa, kai 5640 vienety. — 95,6 MPa ir kai 12071 vienetas — 106,3
MPa. Toliau did¢jant elementy kiekiui maksimaliy jtempiy
reik§mé kinta nedaug: kai 40699 vienetai, jtempis yra 101,2
MPa, kai 77099 vienety — 104,2 MPa.

140

[y
W
o

Gy=240 MPa

=
)
o

106,3 104

=
=
(=]

maksimalis jtempiai, MPa
=
(=]
o
[o74]
g

90

80

70

60

0 20000 40000 60000 80000

baigtiniy elementy kiekis, vnt

6 pav. Maksimaliy jtempiy priklausomybé nuo baigtiniy elementy
kiekio
Saltinis: sudaryta autoriy

Atsargos koeficiento kitimo priklausomybé nuo BE kiekio
svirties modelyje parodyta 7 paveiksle. Atsargos koeficientas
staiga mazéja, kai elementy kiekis kinta nuo 2538 vienety. iki
12071 vieneto. Toliau didéjant elementy kiekiui atsargos
koeficiento reik§més mazai skiriasi.
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7 pav. Atsargos koeficiento priklausomybé nuo baigtiniy elementy
kiekio
Saltinis: sudaryta autoriy

Maksimaliy jtempiy priklausomybé nuo BE briaunos
ilgio svirties modelyje parodyta 8 paveiksle. Galime daryti
i$vada, kad didinant BE tetraedro briaunos ilgj nuo 4 iki 5 mm,
nuo 5 iki 8 mm, nuo 8 iki 11 mm, nuo 11 iki 14 mm ir nuo 14

iki 17 mm, maksimaliy jtempiy reik§mé keiciasi nuo 104,2
MPa iki 84,7 MPa.
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8 pav. Maksimaliy jtempiy priklausomybé nuo baigtiniy elementy
briaunos ilgio
Saltinis: sudaryta autoriy

Atsargos koeficiento priklausomybé nuo BE briaunos ilgio
svirties modelyje parodyta 9 paveiksle. Kai BE briauna
ilgiiausia, t. y. 17 mm, atsargos koeficiento reik§mé yra 2,84, kai
ilgis 14 mm, atsargos koeficientas lygus 2,68, kai 11 mm—2,51,
kai 8 mm — 2,26. MazZéjant tetraedro briaunos ilgiui atsargos
koeficientai kinta taip: kai ilgis 5 mm, atsargos koeficientas 2,37,
kai 4 mm —2,30.
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9 pav. Atsargos koeficiento priklausomybé nuo baigtiniy elementy
briaunos ilgio
Saltinis: sudaryta autoriy
ISvados

1. Kai baigtiniy elementy skaiCius vaziuoklés svirties
modelyje yra nuo 5000 iki 10000, maksimalis jtempiai
sparciai didéja, o saugos koeficientas sumazéja 20 %.

2. Kai baigtiniy elementy skai¢ius svirties modelyje padidéja
nuo 10 000 iki 80 000, maksimaliy jtempiy reiksme, kaip
ir saugos koeficientas, kinta nedaug, t. y. apie 1%.

3. Skaiciuojant svirties stipruma, baigtiniy elementy skaicius
baigtiniy elementy modelyje turi biiti ne mazesnis kaip
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10000.
4. Skaiciuojant svirties stipruma, baigtiniy elementy briauna
turi bati ne ilgesné kaip 8 mm.
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INFLUENCE OF FINITE ELEMENT SIZE ON STRESS
OF THE CAR CHASSIS LEVER

Aleksandr Vika?, Jelena Selivonec®?

Vilnius College of Technologies and Design
2Vilnius Gediminas Technical University

Summary. The finite element method is used to solve complex
engineering problems. The size of the finite elements affects the
accuracy, as well as the computation time and computing resource
requirements. Stress distribution and the ability to capture areas of
stress concentration are important in the analysis of a car chassis arm.
The size of the finite elements should be chosen with these factors in
mind for proper accuracy and computational efficiency. The lever
model is divided into tetrahedron-shaped volume elements. Finite
elements of different sizes were used. In the work, a computational
model of the car chassis lever was developed. Here we compare the
stress distributions of the car chassis arm at different sizes of finite
elements and compare the stress distributions of the car chassis arm at
different amounts of finite elements. The number of finite elements in
the chassis arm model directly affects the increasing maximum
stresses and a significant reduction in the safety factor. When
increasing the number of finite elements, starting from a certain value,
the values of the maximum stresses and the safety factor change
asymptotically. When calculating the strength of our chosen lever, it
is important to have at least 10000 finite elements. In addition, in order
to calculate the strength of the lever, it is necessary to observe the limit
that the edge length of the finite elements does not exceed 8 mm.

Key words: chassis lever, stress distribution, safety factor,
FEM.
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