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Design of air pipelines

Alexander Dotsenko, Nataliia Stelmakh

National Technical University of Ukraine "tgky 8iig Polytechnic Institute", Faculty mielmistiion Engineering,
37 Prospect Peremogy, Kiev 03056, Ukraine

e-mail;_sanyadots@ukr.net
[ ABSTRAC ]

The work presents the results of the anipossible air pipelines constructions, the soofdd&signing airways and consid:
basic physical and mechanical properties omatadats for the manufacture of branch pipssl 8iable the air flow system  be
efficiently designed with minimum energy and oestsirproviding all the needs of the aitidistri

||= Keyword: pipeline, air distribution system, air aic J

INTRODUCTION For more sophisticated systems with many aibtsnar@ference is
The object of the air distribution systemrnspgortreompressed agfiven to the ring-ducting system. As air didwiluige equipment in
from its point of production (compressatspoitis afse two directions, the feed speed is halved agsttive jpirop decreases.
(applications) in sufficient quantity with tossnail pressure andnother advantage of the ring-ducting systegois ¢ha shut down
change in air quality. a part of the pipeline for maintenance witbtug afffeer consumers.
The design of the pipelines causes the fraitiomasses and leakssuch systems are considered more energyefficient

which lead to a drop in pressure from the coriptiesgmint of direckhen, we will consider the possible optionsrfalsrfat pipelines and
use. Therefore, the optimal calculation of gterdiéuthe pipe, th@nalyze their fundamental differences, depenitiegoperational
choice of the distribution circuit and the etéthentesign of the maigquirements for air lines.

line play a very important role.

Consequently, the diameter of the air supplyopmef the maifCOMPARISON OF TUBE MATERIALS

indicators in the design of the air pipelines fiystost cases it i$he tube for air distribution can be madeeat ditiggrials: polyester,
believed that decreasing the diameter of thdygzipe energy costglylon, polyamide, polyethylene. The hoses mades&amaterials
However, with a decrease in the diameter &f, the pip resistanc@cquire various physical and mechanical proepeiesing on the
increases, which causes a significant dropuile fmetbe air transpofteeds and conditions of use of pipelines in general

system and leads to increased energy consuniptidt.riegativelylhe polystyrene pipe is used in systems witiealypgessure, where
affect the compressor and branch pipes in ¢heT fieiafore, thethe pressure in the tube does not exceed 18bay pressure), and
diameter of the pipe should be designed to nemergizesavingsjts maximum possible - 44 bar (pressure on.tMdeaperating
maintaining the required pressure and takiogoumo the technicdemperature is from -20 ° to + 100 ° C. Thesmisghimeicrometers,

capabilities of the available air flow equipment and the working sequence is the purified air.
Nylon tubes are designed for general use inipreysteahs of
PIPELINES DESIGN CONDITIONS machines and piping systems for air distribetiomaifT technical
All compressed air pipelines must be desigreddanae with thecharacteristics include:
following requirements: » working environment - water, compressed air;
- the selection of the diameter of the pipebslzimied at minimizirgmaximum working pressure - 15 bar (at 20 ° C);
the pressure drop and allow the expansionroéheystem; « the operating temperature range of compressiair. + 60 ° C
- fittings and valves should be selected adootdmgrinciple ofor compressed air and + 5 ° ... + 40 ° C for water
creating the least resistance to air flow stethe sy The dependence of the maximum pressure oentipe@ifure, made
- all pipes should have strong supports ang séfiarel fittings t®f nylon material is presented in Fig. 1. kpasdsdon the inner
minimize displacement and overload. diameter of the test nozzle, with increasingrdigheetdestructive
- depending on the operational requiremenlisiést, @iis necessarpressure decreases.
to select the materials of the pipelines The polyamide tube is used in pneumatic systaritdswilcessary
to use them at high temperatures and a sigrefibanical load. The
PIPELINE DESIGN SCHEMES ambient temperature can range from -30 ° ..C+T8@ operating
There are two main schemes of organization efsedmair pressure varies from temperature and can reaci.\@&lu.. + 19 bar
distribution systems: single-line and ringstipgtingystems. (Figure 2).

The single-line scheme of the distribution e$sedrgir is considered@hen a high working pressure in the middlebef iheequired, the
more convenient for the middle class comptésitynstallations thickness of its walls is increased by severaf teilimeters
where places of the air consumption are lodateftoroteach othetdepending on the inner diameter of the tubenabiies to increase
and from the compressor. the maximum working pressure by almost 2 gune3)(Fi
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The polyethylene tube is highly resistant talstaerilbydrolysis. Thef energy consumption and further possiljiiggibmof this pipeline
tube withstands washing with many regentssistdrnis telubricantsThis problem is solved by analyzing all podaifite afethe design o
The ambient air temperature of the hose is +380°°..C. Workinghe pipeline and the subsequent calculatiair afishébution systen
pressure -0.95 ... + 14 bar. The material of the nozzles is selected acocdhdimgéeds, analyzing

all conditions of use and pressure in the retddie Bijpes made o

15.0 polyurethane and nylon are selected for generst lose total
- pressure, we can use a polystyrene pipe, arsperideconditions
0‘2_'13-0 (high temperature or load, resistance to chempmainds and
2 110 hydrolysis), use polyamide or polyethylene tubes.
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CONCLUSION
In conclusion, the problem of designing aitialispipelines resulted
from minimization of the general drop in pnebswsgstem, reduction
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he rationality of plastic recycling

Pavlo Karasov, Nataliia Stelmakh
National Technical University of Ukraine bigky v Polytechnic Institute”, Facultyrokintsttion engineering
37, Prosp.Peremohy, Solomyanskyi districtyaiga;, QBO56

[ ABSTRAC ]

In the article the basic directions of plasttmntivere considered, and the most ratiorzed olnese namely, secondary proces
Proceeding from this, the technological prpEesi @irocessing was presented, and the @ntdystisges. Identified its weake ink
and suggested a solution to the problem.

| Keyword: plastics, waste recyciutilizatic _

INTRODUCTION especially household. At the same time, trsteady growth in the
Plastics - these are materials based on natym#hetic polymersproduction of all kinds of plastics produdts &lagtrimarily used in
which are capable of forming under the inflneatiegofind pressuridustry for the manufacture of various kindsfofiseed products
in products of complex configuration and thiemaio tha attachedind products. Quite often they are replacednbivexgrel heavier
form. Depending on the technological procesgrofiticion ofmetals. Different film materials for packagiaglefeom plastics, as
plastics, namely the type of filler and theduingingent (resin) usedell as pallets, pipes, glue warehouses, etcp&tésiging causes
distinguish the composite, layered and cast ghastiee nature of thgignificant environmental pollution, since ibmeadirae and often
resin used is thermosetting and thermoplaskitteThe of greatshort-lived use. It is also possible to distivearisksistant multiple

importance for the recycling of plastic waste. plastic products, the period of operation &f mhitih longér
Next, consider the main areas of disposal aad diggastic waste
METHODS such as landfills and landfills; processindiofmalsi® in industrial

Identification of plastics is one of the masiningpoblems arising §Pnditions; incineration of plastic waste widfioingpy sorting
the recycling of plastics, the main thing inttierdef the nature of th@gether with municipal debris; pyrolysis aate sepabustion in
material, that is, its identification. If tmeresgecial equipment f§Pecial furnaces; the use of waste plasticsrfatisetechnological
conducting chemical, physic-chemical and atloéspasal analysiddrocesses. The burial of plastic waste atdaddéttsifills is one of the
then simple, but fairly accurate identificatiodsnuain be usedMost dangerous and harmful methods of dispasashoutd be
namely, the method of exclusion or comparipoecisitly knowrconsidered only as a temporary measure, asdif desintegration
samples or by analyzing information about thitipessf usingOf plastics is extremely lnghis eliminates the possibility of using
certain types of plastics for certain purposes. valuable secondary raw materials for furthesingromestilization.
It should be noted that today in the worldeinsaffention is paid fgrocessing of plastic waste in industrial soisdtfienmost optimal
the recycling of plastics and related produitsTingsris explainedn€thod of their use. Despite all the varietiyools st processing
above all, by the variety of types of plaspiesdarnts manufacture@fastics, you can present the general scherreebhthegical process
from them, as well as the complexity of thel physichemicalin the following way: (fi. 1)

structure, which complicates the sorting arsiny efgdastic waste,

Pre-sort and Grinding Wash and Classification by
clean I »  separation > species
Drvi Concentration and Recycling into

ying granulation finished products

Fig. 1. The classic technological processinfjretptdstics waste

In the process of recycling plastics, it is netwessatrol their physicsiress and heating - the thermomechanicabefietyriters undergo
and mechanical and rheological propertiesgohgedaused by sheavhen melting and forming. For this purposeabsiditidizert are

LIGHTWEIGHTCOMPOSITES MAGAZINE
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introduced into the structure of plastics orsishefbsecondarythe term of their decomposition is very lon@@ai20a yearg)v!
polymeric materials, which allow to maintaipetf@imanceand at the same time detrimental to the envitbeneawironmenta
characteristics without changing the techmputgcaés of polymersesponsibility of ordinary people is not en@agie. With this problen
Appropriate stabilizing agents have been déoeltiffecent types dbcal authorities are in need of assistancepulditielp by setting u

polymers. separate garbage cans in cities and assistingplecsing companie
by investing them, or by promoting their watheinveany. At the sam
RESULTS time, plastic-processing enterprises could evapieestch other anc

The collection and sorting of plastic wastevésakiet link in the&reate concerns for increasing productivityriantirtishe burden ol
process of processing the processing of teethmastid5] and eveanterprises.

more waste of consumption. The ideal sortirtg ehowdd ensure

separation of them not only by types, brangisbepkiso in formREFERENCES

degree of pollution, content of foreign mpbssada) and mechanical - A.S.Klinckov, P.S.Belyaev, V.G.Odnologno "DISROS/

properties, etc., which requires high costs asdvastk disposal PROCESSING OF TYPICAL HOUSEHOLDS" 2015.
inefficient. The easiest way is to sort it idi@thly process of waste"-  Fundamentals of technology for processindlastiesSV,
collection and at the workplace, that is,agehe #teir formation (the Kandyrin L. B., Kulesnev VN) 2004.

so-called home waste collection). Domesticgrotessste allows to - Secondary processing of plastics F. La Mantta 2dikéva
add to the primary raw materials the mosnsétnilature secondary 2017.

materials This reduces the possibility of their cortantireatieed to V- Industrial ecology. Principles, approachesaltsolutions.
sort them by color, the need for storage, ¢checiuatjty of secondary Mykola Akinin 2011.

materials, drying them, etc., disappears. Theffectise is the V- Fundamentals of the technology of plastic messingro
collection and sorting of industrial wastecatriclvben a completely Bortnikov V.G. 1983.

closed cycle of plastic processing. The canstgatiization of suchV-  (2009) «Plastics recycling: Challenges anditppertun
schemes for the processing of plastics invadwesrifaic collectionV!-  Tina, L.Rlastic Pollution and Wasteful284<»

of waste, their shredding addition in a cepaitioprao the raw

material. If an enterprise does not procesbwvasily, deals with its

collection, then it would be advisable toissgtlyt @t the collection

sites, as this would significantly reduce tloé ttesfgocessor to sort.

Consequently, the process of utilization of [gasgcy costly,

especially at the waste disposal stage dudgb toeniplexity and a

large number of operations, which includestilegieth process of

cleaning ! Consider an example of cleaning thin-filmspdigiser

category of waste includes a variety of plastipaoigging and

packaging, which are full of landfills irsall@¢itiash them away from

dirt is easier than PET bottles, because tlteomntagte very little glue

and have a milder structure. Accordingly, tbkdgcbhthe sink

includes fewer operations:

- sorting;

- preparation with preliminary washing;

- washing in a flotation bath;

- adryer in a centrifuge;

- collection in a hopper - a drive and a fillmgragf races.

To arrange a complete cycle of processingchbfttbewashing line,
an agglomerate is often installed, producimyagadsw material for
granulation and casting of products in themaybtastita. In order to
make the plastic cleaning process cheaper, thptibestat the
moment are the installation of advanced equibmcbnprovides
several operations of the process of cleanalgp angh equipment
will improve productivity and reduce the nemipdoyaefes involved.

CONCLUSION

Waste management in Ukraine and around the \woekkieg issue
of environmental pollution, which everyone hed today. Plastic
wastes occupy about 10-15% of the volume ofchnusgkb. Since

LIGHTWEIGHTCOMPOSITES MAGAZIN
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Symulowanie wtrysku poliamidu 66 z zastosowaniem
programow CAD/CAE

Kamil Ko ata o, Mateusz Kozio
Politechnikd ska, Wydzia ymierii Materia owej i Metalurgii, ulskiexgd 8, 40-019 Katowice

[ sTRESZCZE! ]

Niniejszy artyku przedstawia symulowanie protesarfia wtryskowego kdatego z tworzywa termoplastycznego. /
dokona zastosowano program SOLIDWORKS do utworzemiZAibdeypraski oraz programu AUTODESK MOLDF DW do
przeprowadzenia symulacji komputerowych prgsiesiamier wypraski oraz analiz przebiegu pemesezultatow. W progre ie
Campus dokonano wyboru materia u doRradarowadzono symulatjysku uwzghiajc po oenie miejsca wtrysku orazer
parametry procesu. Wyniki analiz numeryczngsh vwytwearzania ko batego umbwi y uzyskanie odpowiednieicjakgprask
oraz zoptymalizowane parametry przetworstwa.

||= S owa kluczov: formowanie wtryskowe, Moldflow, symulacjedwm e hate J

WSTP odpowiedniego gatunku tworzywa zdecydowano programu
Przetworstwo tworzyw sztucznych jest zjedajpopularniejszyc@AMPUS . Jako warunki ogrammezeybrano do wykresu punktowego
i najwaniejszych technologii wytwarzania wyrogtéawych czymodu sprystoci z minimalnwartoci 10000 MPa i ofg ciowy
konstrukcyjnych. Pomimo powszechnej opinii patetgirstwa, wskanik p yncia (MVR) z minimalvartoci 20. Otrzymany wykres
tworzywa sztuczne przysparzeigle probleméw technicznywinktowy zaprezentowano na rysunku 1.

konstruktorom, czy technologom, niejednokiatmjeniviworzywa W zwizku z tym wybrano materia o nazwie handloméj Ultra
metaliczne czy ceramiczne. Z tego powodu hiorstisa A3X2G10 od producenta BASF. Jest to poliamieatdmy 50%
wykorzystugaréwno zasoby literatury jak i komputerowegausipomadknem  szklanym. Charakteryzujedatirymi  w @iwociami
proceséw technologicznych z szczegolnymdnievigh technikspr ystymi, wysok stabilno  wymiarow oraz doskona ymi
CAD, CAM, CAE. Pod tym deml umigjno odpowiedniegow aciwociami tarcializgowego. Posiada éakdu twardo,
przeprowadzenia symulacji komputerowej pozwalamalkizan] Sztywno, stabilno termiczn i dobr przetwarzalno oraz jest
wystpienia probleméw technologicznych, a co za tyaruidikiie odporny na dzia aniedkow chemicznyth

znacznych kosztow w przypadku uruchomienia pradlikeji.

Znajomo odpowiednich parametréw przetworstwa wtrysikicteddiE TODYKA BADA

jak temperatura,reenie czy czas wtrysku skutkuje kepsizolnad Celem bad&omputerowych by o przeprowadzenie procesunitormowa
procesem wtrysku, co przek adsaporednio na jakoi przebieg wtryskowego dla ko batego z uwzghieniem trzechmgch miejsc
procesu. Znalezienie odpowiedniego modelu ekvadiegel jestwtrysku oraz w trzecmy@h temperaturach wiryskuneRokalizacje
kluczowe w korzystnym zaprojektowaniu przepignagstpolimerumiejsca wtrysku zostay wybrane jako najbaaciegrghtyczne,

- znajdujce si w trzech najbardziej specyficznych obszaraski.wypra
W poniszym artykule przeprowadzono proces planowsui kwad RO ne temperatury wtryskiwanego stopu tworzywawybstang

z batego z tworzywa sztucznego mettgisku. W potkowej W ramach doginego w ywanym programie zakresu temperatur, ktory
optymalizacji wybrano materia oraz ustalono@ptsimaki proceswynosi od 290° C do 300° C.

(umieszczenie otworéw, rozmieszczenie gniazd Nastpylie Badania symulacyjne zostay zrobione w progodioh&orks oraz
przeprowadzono analigp ywu temperatury stopionego polimeAuteglesk Moldflow Adviser. Zawierapupestczynnai:

przebieg i efekty procesu takie jak nigniei czy jakowyrobu, co - zrobienie modelu CAD wypraski,

by o g 6wnym celem technicznym pracy. - import modelu do programu Autodesk Moldfsoyw Advis

- na oenie siatki elementéw skonych MES,
METODYKA | REALIZACJA BABAMULACYJNYCH - przeprowadzenie analizy oporiciayni

- ustalenie lokalizacji punktow wtrysku i pdzgm@vaymulacji
CHARAKTERYSTYKA MATERIAYJTEGO DO BADA wype nienia,

Wysokiej jaka ko a Zate muszw wysokim stopniu spe siareg - Projekt uk adu wlewowego i przeprowadzenigi syypeaienia
wymaga Najwaniejsze z nich to: wytrzymamechaniczna,i docisku dla trzechnyich temperatur wirysku,

odporno na cieranie, niski wspé czynnik tarcia oraz wydBRiiza wynikow symulacji i wybozesiaioptymalnego.

objto ciowy wskaik szybkai pynicia tworzywa. Do wyboru

LIGHTWEIGHTCOMPOSITES MAGAZINE
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Rys. 1. Mapa doboru materia u w programie Qakrgrldermodu spystoci- objto ciowy wskaik p yntia

ANALIZA WYNIKOW

W oparciu o przeprowadzone analizy dokonantrzeghordnych

Wybor punktu wtrysku tworzywa zosta dokonangczgegoego punktow wtrysku (rys. 3) i przeprowadzeniai syypelaognia, w celt
z modu 6w programu Moldflow Adviser o naziieaj®ate gdzie n&lok adniejszej optymalizacii.

podstawie

zaimplementowanych w programie maudski Dzbki zastosowanym symulacjom, jgster stanie przewidzie

reologicznych przeprowadzona zosta a analizapgpiciaworaz W jakim czasie gniazdo formy wtryskowej zosdiamie wype nione
w konsekwencji zosta wyznaczony zakres optymagisgmwieniatworzywem i czy istniejelimo wystpienia niedolewow. Na rysun

przew ki  cz cej

z gniazdem formy. Wyniki tych analiz pokazsmiokog2ry

.Worst

Highest

lLuwest

Rys. 2. Wyniki oblicagmulacyjnych: a) analiza wieaoporéw
p ynicia (flow resistance indicator), b) zakres egiymaln
umiejscowienia przeli (gating suitability) — inszeywarto tym

lepsze miejsce na umieszczenie otwa@iawegjo

kana doprowadegj roztopione tworzyw® zaprezentowano czas rozp ywu tworzywa w tonvseystkich

trzech przypadkach lokalizacji punktow wietpraldycznie sam
warto , natomiast ukierunkowanie przepywu tworzywa
w poszczegolnych przypadkadhiicrdane.

Wyniki analiz przewidywanejgagowierzchni modelu (pokazane
rysunku 5) ukazaye s potencjalne obszary, jakie progr
zakwalifikowa jakoegnie”. Stwierdzone,wystpuj one g ownie
w centralnej czi ko a datego, natomiast nie vpygt na zbach,
ktore s kluczowym elementem ko a.

Mo liwe b dy jakociowe takie, jak np.: lokalne zap#dsii tworzywa
spowodowane skurczem, wynikajpewniej ze zn@cowania
warunkow ch odzenia wypraski. Awalizedni temperatur
w rénych obszarach wypraski, co pokazano na rysuigtd )50,
e aden wariant umieszczenia otworow wlotowychramgujgw
rownomiernego jej rozk adu. Jexnakystarczajo wysoka
temperatura w ca ej wb§i wypraski gwarantuje lepka poziomie
odpowiednio niskim, pozvesiag wype néa e gniazdo formy.

Na podstawie przefgl literatury dokonano wyboru koncepciji roz
kana 6w szeregowy [5]. Zdecydowarnybsi model rownoleg y, ktor
charakteryzuje si dosy skomplikowan geometrj ale
w rekompensacie réwnoczesnym wype nieniem gniad f
Nastpnie przeprowadzono symulagjype nienia i docisku
w nastpuj cych warunkach: temperatura formy: 80° C, maks
ci nienie wtrysku maszyny: 180 MPa oraz czas podrzaimaycie
formy, wyrzucenie wyprasek i zamkormy: 5 sekund. Wyni
z symulacji zaprezentowano w tabeli 1.
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Rys. 3. Rée lokalizacje punktu wtrysku wybrane na ppdztawiesadzonyanaliz numerycznych oraz przy uwzglednieniu statopnia
skomplikowania formy
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Rys. 4. Czas wype nienia gniazda formgiydia plunktow wtrysku
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Rys. 5. Przewidywana japowierzchni wyprasek diayah punktéw wtrysku
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Tabela 1. Zestawienie wynikow symulacji wyfmmignidocisku przy trzegtyoh temperaturach stopionego tworzywa

B Temperatura Temperatura Temperatura
‘ wtrysku 290° C wtrysku 295° C wtrysku 300° C
Skurcz
obj to ciowy [%] 10,18 10,33 10,48
Maksymalna
temperatura 304,4 309,1 313,2
wypraski [°C]
Maksymalne
ci nienie wtrysku 74,89 72,81 69,51
[MPa]
Czas W[i';’e nienia 0,6993 0,5824 0,5815

Analizug wyniki obliczenona stwierdzi e skurcz olip ciowy Jako dzia anie prewencyjne zalecane jestielb@mperatury wtrysk
ro nie wraz ze wzrostem temperatury stopugcgoprowadzdo lub formy wtryskowej.
zmiany wymiaréw wypraski eergl ksztatu zaprojektowanego

w formie. Jest to rezultatem tegaydziej rozgrzane tworzywo zajif ...

)
wi ksz objto , wic podczas ch odzenia bardzidustzy. Me ;I\M%

wpyn to na powstawanie zapadmi wewntrznych kni

w zakrzep ym materiale. Czas wype nienia fomayigest gdy
temperatura wtrysku jest regaa. Decyduje o tym lepkeek ego
tworzywa, ktéra jest wtedy najmniejsza i w zrsigpniumu atwia|

wype nianie gniazda formy wtryskowej.
Maj c na wzgtizie przewidywajako powierzchni (zaprezentowa I
Low(32 9%)

N
I BE

na rysunku 7) podczas gdy temperatura wtryskunaksysalne
300° C program zakwalifikowsv Zdecydowanej kgzoci, jako
-Nisk” i ,redni”. Oznacza te nie maa uznajakoci wypraski, jako
wystarczag , poniewatemperatura na froncie przep ywu tworzywa jest
zbyt wysoka co rmaloprowadzilo defektow powierzchni i degrag H'I;mﬂ "

| i?tﬁ éoﬁ ? S;‘OIF : éff :

Medium(71.3%)
Medium(22.9%) . 4 I Omr% & U |
) | Low(D.05%) " il
Rys. 9. Przewidywana jakowierzchni wypraski — temperatur:
polimeru 290° C
Low(77.1%)

Rys. 7. Przewidywana jagowierzchni wypraski — temperatur@odczas analizy wariantu, gdy temperatura wngsiu2@0°C
wtrysku 300° C stwierdzonoe nastpuje nieznaczny wzrost ikeysokiej (z 22,4%

) ) o ) na 27,7%), natomiast zdecydowana poprauviazgmalifikowane,
Wéwczas rekomendowane jest zmniejszenie temeat%KO rednia i brak wysbwania jakd niskiej. W tym przypadi

zwikszenie czasu wtrysku, aby spowwlep yw tworzywa, Gynnikiem zak 6cgim pomyny przebieg ca ego procese i

spowoduje zmniejszenie naprcinajcych. Z ekonomicznego pungwt d ugi czas potrzebny na ch odzenie wypsatekrédukowa
widzenia bardziej sensownym raniém jest obenie temperatury. ia o oby ponownie zmniejsmmperatur wtrysku Iub zmieni

Podczas zmniejszenia temperatury do 295° Cwarmawjako geometrielementu - zaprojektogiesze przekroje.

w znacznym stopniu uleg a poprawieniu (rysunek 8).

Po zmniejszeniu temperatury do 295° C prze\iathypwamgprasek PODSUMOWANIE

ulega poprawieniu. W tym wariancie oko o 22%€hpOWESt j ycie programu Autodesk Moldflow Adviséwiumouzyskanie
z jakoci wysok, oko 0 45% zeedni oraz 33% z nisiNie wyspuje e yitatow dotycgch: d ugoi czasu wirysku, rozk adu temper
tutaj zjawisko greh ronic jakeci poszczegoinych wyprasek. Progi@R aqu giie  oraz przewidywanej jakgpowierzchni produkt
ponownie sygnalizug temperatura na froncie przep yveuliio \ryskiwanego. Ponadto pozwoli o na optymalesieoke @nia
zbyt wysoka, co raaloprowadzilo produkcji wadliwych EIGme”méjsca wirysku oraz poznanie rekomendowanycstropar:
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Rys. 8. Przewidywana japowierzchni wypraski — temperature
wtrysku 295° C
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przetwoérstwa. Rezultaty przeprowadzonych symdéujiaj
sformu owanie tezye miejsce punktu wtrysku na wyprasce
w analizowanych przypadkach nie wp ywaa@maczzas wtrysku

i jako powierzchni. Widoczneio& by y minimalne, w ma ym stopniu
wpyway na caocyklu. Wybér miejsca wtrysktego w dalszej

cz cibadaby determinowany zmniejszeniem stopnia skaglikow
uk adu kana 6w wlewowych oraz nie umieszczanigrgoupej

cz ci wtryskiwanego elementu. Stwierdeonajwysza przyta
temperatura stopu podczas wtrysku przyczgoigiyspieszenia
procesu wype niania formy poprzez zmniejszerde gepkeru.
Jednoczaie jednak powoduje wedie czasu potrzebnego na
ch odzenie wypraski, co prowadzi do powstawahiav wy
o niedostatecznej jako Stosowanie temperatury e )l

z dostpnego zakresu doprowadza do wzrostu koniecaisegm, Ci

w zwizku z oporami zeanymi z du lepkoci tworzywa, lecz
rekompensuje to poprzez zmniejszenie skurdaciogl®go

i gwarantuje wyréb o zadowaljgpkcci.

Uzyskane wyniki symulacji uivighe przy modelowaniu procesu
formowania wtryskowego kbaego mogy cenn wskazéwlkdla
konstruktoréw i technologéw podczas projektmeasia powinny
take umoliwi dobranie optymalnych parametréw procesu, uzyska
wymagan jako detalu oraz pozwolha zmniejszenie dio
wykonywanych préb testowych lub ca kowitematowgglie.
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Using 3D printing for getting composite prototypes
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[ ABSTRAC ]

The main types of prototypinconsidered in this article, the advantages &L printing are presented at the stage of tecHi
preparation of production. The main moderrs mdiehahre used at 3D print are consideretfereémeas between ABS plas s,
which are used for 3D printing and injectian, mr@dinalyzed. Methods of obtaining prototgpgsosite materials are descr  d
The defects of 3D printing were found duriyygeppodaluiction.

L Keyword: prototyping, 3D printing, properties, millin J

INTRODUCTION PLA plastic filament containing impuritiesivehittregrinted object
Prototyping or developing samples of new sanhectd,the five maisimilar properties and structure.

stages of technological preparation for thégprotiptastic productd.he spectrum of known material delivery sbhatighsen extrude!
At this stage, the simplest system is creattdtyaeoof a technicavas analyzed, among which were: «Diamond Hiterid»a(@
device, mechanism or machine. Prototyping isr usgodnbomic «MH3000 R2» (Fig. 2). The first solution atleWs¢veral material
evaluation, visualization of appearance, prsignctwaek checkingh the inner chamber, depending on the amotartabfsoaplied, we
concept, functional assessment, namely: cheekibtyashecking ofan have a proportional amount of the fusedealbskanoutlet. The
individual functional parts, aerodynamic chticactaic. Thesecond solution allows you to print with suceegagyement of
advantages of prototyping include: reducingetlt tanhnicalseveral extruders, which are placed on the same lev
preparation of production; reducing the cadtiafoproespecially in

small and single production; increasing tliy téxiboduction; use dfble 1 - Technical characteristics of AB®piagition molding an
computer technologies, integration of prodincBéveysterns ~ ABS for 3D printing.

Propertie ABS - 3D| ABS - injection
METHODS printing molding
For making prototypes uses different methodsclubiemilling on Bonding temperatur 10¢ 10¢
CNC machines, molding on master-models, m8Beltirigting.| Bending strength, M| 4] 74
Recently, for prototyping plastic productspgaiizdty of 3D printingBoundanof tensile 2z 4¢
This promising method of prototyping makeblé fmogsiickly and strength, MPA
cheaply make a sample of parts or machineypeBrptotiuced by Relative elongation, 6
3D printing may have geometric forms of varglagitgoamd arel Shrinkage when cooled | 0,¢ 0,50,
limited only by the overall dimensions of tinée8B working fiéld | Density, g/ci 1,0¢ 1,0¢

In spite of all of the advantages listed abpratotiype manufactured

with 3D printing has many drawbacks. It shaiti ibat the 3DThe disadvantages of the first one is thattitormahing, only one
printing process does not always provide th&ripaaecneacy of théyeater is used, and one nozzle that does rimalkaneous printing
prototype, which transmits the identity of te¢rigforms of theof materials with different melting temperatures.

finished product, but does not transmit phgtsibahaical properties\s a basis, we selected the multi-extruderdgctmattich the remot
Because of the difference in the chemical aal ptyserties ofocation of several heating chambers is plaviteziles of which ar
materials, in the process of manufacturing/pepribtetproperties ajn the same leWelEach of the heating chambers is calibrated t
the latter can differ raditially its type of monofilament. Simultaneous use ials materdifferent
Consider for example mechatronic plastic pedsnidlea car interioproperties makes it possible to print 3D chijdetsetcharacteristic
The main materials used to fabricate them esiiog injoldingof objects made of composite materials.

technology are Acrylonitrile butadiene styrepe P@§aShyleneSo, let's summarize that for the 3D printiélig iripossible to obta
terephthalate (PET), Polyamid®.(RE3D print used mainly ABS, R repetition of the details, and accordingbgutiaey, due to the
[5]. It should be noted that the mechanicakeprop@BS used foinfluence of external factors on the printiisg, sock as ambien
injection molding and ABS for printing 3 diffewrain Tabl&Y! temperature, air flow and 86 on

Modern technology allows you to create protbtgpegpasite

materials. At the moment, known printers thiat gdesspic is further

reinforced with carbon fiber. Another inteo&simyis the creation of

materials simulating metal, stone or woodes. Sttiaceepresent a
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suitable for the continuous production of artdygeof final products.
Prototypes are usually made with much tiglbealimspections and
the assumption that some adjustment or redydmgart of the
manufacturing process. The parameter of roddhaessface of the
prototype does not always meet the requirethefiitsadfproduct and
the application of the coating in the form of pamish does not
always improve the surface condition

CONCLUSION

Engineers and prototype specialists are catigtamglyo improve the
technology of 3D printing, which will not yiedr tqualitative
characteristics with classical methods for golotatiaiis such as:
injection molding, hot stamping, etc. In therfinereesearch on this
topic will consider the possibility of applyimgtheds 3D printing,
which will allow to obtain prototypes withegropleith as closely as

Fig. 1. Diamond Hotend technology. possible imitate the final product.
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Due to insufficient accuracy of 3D printingea afuguiality control
tests cannot be conducted for the prototybe tteavéne drawings or
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Reduce vehicle weight by using composite components
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[ ABSTRAC ]

In this article we discuss the problems of tld casss Analyzed the uses of plastic as sudfstitetccomponents. The way
facilitating plastic components by changingélas wfeheir production are considered. Tregadwarihnovative technologies th
production of new composite materials aredlustssghown how the development of desgythaffeass of components.

L Keyword: vehicle, plastic, composite, reinforced péaséd, itastic, simule-driven desi J

INTRODUCTION Similar technologies have been used in Formmuéa§ fears, but the
The automotive industry has undergone majorichacges yearsproduction of one component takes up to two wiocithgs not
First of all, it concerns electrified vehictiss pedome viable ansuitable for mass applications. To solve tais prpbbcess (T-RTN
competitive. This is facilitated by more strimigsion standards, thehermoplastic Resin Transfer Molding) was wigaked/lows to
cost of batteries, the development of infrastiuatging stationsshorten the process to 5 minutes and carrperzatien in one step
restrictions on entry into settlements for fcansewial combustiomhe essence of technology lies in the estabbi$laniextile base ir
engines and others. A significant obstacleropabatipn of electrithe form, where it is poured into a resin. §éodhisrprinciple, a trur
vehicles is running stock which is 400-500tenModel S, 300-400d for Porsche Carre¥asimanufactured.

in Chevrolet Bolt EV, but on average it doesed26€0 km, whicffhe problem of facilitating plastic parts raquesgsion of their
significantly limits the use of electric cars production technology. Similar elements are yadifiorcing fiber:
The distance that the car rides in is progoriismaass, so you nedtom glass, carbon, polyamide or organic, estive sehplification o
to create lighter vehicles to increase youngsstauk to achieve thigjgh load zones or the entire component, whichdetetrease in its
you need to reduce the weight of componentsh dhevbar is mass with constant strength characteristicprbuticion of such
composed. In an electric vehicle it is: powehassis, body, interigarts, reinforcing fibers are used as insejgstfonimolding, figure
and other details, as well as durability, coesisiance, flexibility antd

high performance at low cost. In the early fstagesotive plastics

were used as decorative elements, because teey guftel

mechanical properties in combination with @olgrdeswever, their

constant development has considerably increfeddthesing, they

are now present in virtually all nodes and agghegate car, more

than 10 plastic stamps can be used, among witshadbmmon ones

are polypropylene, polyurethane and polyvithgl tisi@stimated that  Figure 1. Replacement of several metal partslbstione

the weight reduction of the car by 10% leaaisrig afs/% of energy

consumption on its movement, so the use dilighs saa necessity

in electric transport.

METHODS

Traditional approaches are used to reduce wdighsteal or

aluminum parts are replaced by plastic, it'seq bochp parts or

interior. The freedom to create shapes offéasticyapts is also key

to their wider use, plastic allows you to cawdiakparts into one,

saving the mass and cost, figlire 1

Elements of the body parts of the car can icsenptasils to save

mass, such material is polymer compositesdaeiitiorcarbon fiber,

body panels of this material are lighter thdor8ddnaand 50% of

steel counterparts, figure 2

Elements which are made of composites arelighterriyan metal,

but also show better results in crash testhesarargy that destroy&igure 2. The car's wing which is made ofqotynpmsite (CFPP
the panel is also wiped off on the layeringwigtbsite fibers. It should Carbon Fibre Polipropylene).
be noted that developers claim to be able wacteady components.
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Figure 3. The parts are made using technojectjoof imolding with inserts of reinforcing fiber.

A promising way of facilitating the already pbhistio parts usingninimum component mass. In order to implerapptaad, it is
plastic with pores, similar to porous chocothtesatne time, poresecessary that the process of design and siofutatigmonents be
can be formed by adding gas during the Mu@glikéaielss and byarried out as parallel as possible, and thes@ib hefped the
adding impurities to the molten plastic, whtehpincess of itdesigner to use optimal solutions in termgo&litpend mass, figure
hardening, will form pores. Technology allowsduetthe weight &X. The elements shown in Figure 6 have the stomalfund the
parts by more than 20%, figtre 4 difference in mass is different in times.

Figure 5. Plastic wheel disks.

Figure 4. The detail is made using technolobivbldidel

The components manufactured in this way havechihicah

properties and a qualitative surface, whickvisdabljithe correct

cooling of the mold. The size of the pore mariBstdr50m and

reaches a density of 100 pores peAsngas, nitrogen or carbon

dioxide is used, which is injected directiplasticanelt. It should be

noted that the cycle time of manufacturing tsuishr@duced by 15-

35% compared to the casting under pressures smbhvelr tension

in the material, the accuracy of the obtainéttszasey. Modern Befor Afte

technologies allow to make wheel disks madie ofigitas injection Figure 6. Effective component design.

molding technology, figuté 5

The chemical giant BASF has developed a typenafeoobntainingconclusion

long glass fibers, with the resulting produligh®d%han their metdlhere are many technologies that allow yolettheedeight of a car
counterpar#d! Even more mass reduction can be achieveddyy byakising plastic materials but introducing chemassitproduction
wheel discs made of carbon fiber. Reducing tloé tmassheelsrequires significant investment and time. & 8p#ethe future of
directly affects handling, acceleration anchrsiignificreases thautomotive industry is precisely for the plagtinerds that replace
energy efficiency of the velidkeducing the mass of plastic parteésmetal by themselves. Effective componepinéevek a very
possible even at the stage of their developrogiimiging theinnovative direction, which will not only resluseight of the
geometric shape, which allows you to get maxatiemality with acomponent, but also accelerate its developriegth@dighter body
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of electric vehicles, using new materials arathegprto their
production and development, allows you to udleraasmant of
batteries, smaller brakes, a smaller enginégagkith an additional
reduction of mass, which will significantly itt@easge.
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[ ABSTRAC
According to the World Health Orga about 4,4 billion people do not have access sarbtaion facilities. More than twc
people do not have access to safe drinkihghivaterogressive pollution of waters and dnenemgimotivate scientists and eng  ers
to search the solutions, which are both econanticatiologically the best. They determinete pnpnovement while suppc ng
sustainable industrial development. Membrasegeaseesble to solve many environmental prodiledingy these related to nu:  ar
technology. First of all, they are considereenéial ppnethods useful for clean technologmesithate the use of raw mate s,
rationalize energy consumption, and also rethipeodiastion. An example of such a process@edistilation (MD), which in
be used for desalination of water or demineadispdoduction. MD is a process with mudyloweenents for pre-treatment o ed
water than other membrane techniques.
In this work presents the characteristics ofragmiieanbrane processes and the results of oesgesalination of concentrate alt
solutions of membrane distillation combinedgstatlivation. The process was carried out p#iagy caembranes made f
polypropylene. Regardless of the type of thigatedcswiution, the process obtained a salratenaed clean water. The rest  of
the experiment confirmed that the supply teenpasadusignificant effect on the level of that@diuw in the membrane distil ion
process. In addition, the study confirmed hkat@scéntration of salt in the feed water dpdreasesulting permeate strean /as
reduced.

||= Keyword: clean technologies, membrane process, de J

MEMBRANES — HISTORY, STRUCTURE AND MATERIblecular scope.The structure of the resultimfgnesernan be
Two hundred seventy years have passed sincetib@lmsnomenorhomogenous or porous. There is another divisiareafbranes due
was first observed by the French Cleric, An N@H& During théo the structure in the cross-section - they spmrbetrical or
following century, osmosis was of especiatinpeeasitioners in thasymmetrical. The symmetrical diaphragms have thers size in
biological and medical sciences. Experimentaasvadnductedthe whole cross-section, therefore they camebe wes®id for the
primarily with membranes of animal and platitvesigimtil 1867 thaeparation of solutions. However, in the cysedtas membranes,
the first inorganic semi-permeable membran@aves pye Traubethe difference is on the decreasing pore dawmaeti the thin, non-
The nature of the phenomenon of osmosis hasirteresedmongporous skin layer covering it. Separation teeplaa&efrom the
scientists. Currently, membrane techniqueseasingigrreplacingpidermal side, the properties of which detid®mpanents of the
traditional methods for the separation of ruktexemple filtratiorixture will be separated by the merhbraaeseparation process is
extraction. Membranes used in membrane tectayidieemniiquid,carried out by means of membranes with thes (sagplerting
solid or gaseous state. The variety of formshemi$ mieoperatiorstructure). This construction protects the meritbraneechanical
makes it difficult to give a strict definitiermambrane, however @i@mage, but also allows for a huge separatierirsaréanall volume.
1984 on the initiative of the European Membiatye tSecterm

membrane was defined as the phase separatiney tplases andCHARACTERISTICS OF MEMBRANE TECHNIQUES

acting as a passive barrier or active in thertrainsgatter betweelYlembrane processes are increasingly used inreattentt
these phases. Membrane installations can work independentty partfof multi-
Membranes can be made from organic or inongaeiic, sy naturatage process systems. In addition to desatieatiorane techniques
materials. These include: cellulose triacetaneides), polysulphonegfe also used in many industries. The most timpemanane
polyvinyl chloride, polyvinyl chloride, etooitaetmaterial and therocesses are summarized in Table 1, and thpeni@sttimembrane
way the membrane is made depends on its intsraedvels as onprocesses are briefly described below.

the conditions in which the membrane is to @penaie pH, Reverse osmosis (RO) - separation substancesddigasdow
temperature, presence of some substances dt#gratiembranemolecular weight water. The basis of this prieegsiénomenon of
surface, etc.). Each membrane is a kind od fieinanormal filtratioesmosis consisting in the transport of solvghttttesemi-permeable
where at least one of the components of thévaindiseparated camembrane layer (permeable to the solvent anebinipéorsolutes).
pass through the membrane unhindered, whilretie¢amed to af the membrane separates solutions with dsffieo¢intpressure, the
smaller or larger extent. However, differenitestraittitional filter aresmotic flow of solvent into the solutiongtiéin edricentration occurs
based on the fact that membranes can separatedmpdo theuntil the pressure difference on both sides@itirane is equal to
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the osmotic pressure (which is characteristigiien &olution).acetate. These membranes are capable of reghitésgwsth a
Increasing the internal pressure above thepssssutie will increasdiameter of less than 10-10 m. Reverse oshebsis Df one of the
the chemical potential of the solvent in tha soldtits flow in thdesalination methods of seawater. It is alsw tisegddrification an
opposite direction to the osmosis (i.e., theveitliflenv through theoncentration of industrial wastewater, edpetiaiye food, pape
membrane from a more concentrated to dilute).sdlbt® and galvanic industries. This method allowe\tbiy efcwater and
phenomenon is called reverse osmosis. For skeosesis, thevaluable substances contained in wastewater.

most commonly used membranes are aromatic palgdroaelose

Tab.1. The division of membrane techniquekealtywéodf driving force of the process.

Pressure difference Difference in Temperature different The difference on the poteaiti
concentrations (Active) electrical

Reverse Osmosis RO Gas Permeation GS Termo osShRi3is Electrodialysis ED

Nanofiltration NF

Membrane distillation MD | Techniques using bi and tripolar

Microfiltration MF Dialysis D membranes BPED

Ulrafiltration UF

Ultrafiltration (UF) - separation involves pleysigphnd the efficiensych as salts, water vapour will be transpouigi e membrane
of the process depends on the porosity of treeweamat the particleehereby demineralised water is obtained orilthierdstie and a
size of the solute. The method consists o$ pattickediameter diurther concentrated salt flow on the suppesitheane distillatior
0.0001-0.02 micrometres or a molecular wei@itt @wf 100000.can be used for the production of distilledna/dter @ncentrating
Polysulfone is one of the most suitable polgchémsthes productiomqueous solutions. The production of cleanwdniexchkish water ar
of ultrafiltration membranes. The size andepdistrdimition in theéhe most common MD applications because moiormgtérticles
surface pore layer determine the selectivitpedtthmembranes. Agre almost completely retained. The potenti@gadvah MD, in
in reverse osmosis, the ultrafiltration planbmtaist elements thatomparison with conventional separation praceseesd primarily
allow cleaning and washing of the membranes. in the lower working temperature and presghres gaedower energ)
Currently, interest in electrodialysis is gitwanbipolar membraneosts and less stringent mechanical properties.
It is caused simplification of technologicaletiycieation waste anlh contrast to distillation and RO, supplysscéutiba separated at
production of products high-quality. Elecsd¢&Blyie driving foraemperature well below the boiling point aaduosigneric pressure
in this process is the electric potential @iffavdmoth sides of th& Typical supply temperatures around 30-60°€-pserif residual
membrane, through which the ions are transpottezl $olution witheat flows, and the use of alternative enemy suth@s sun, winc
a concentration lower to the solution with adnigbatration. Thand geothermics.In addition, in comparison wMD R©,less
membranes used are made of cation exchangenaerchaitge susceptible to flux limitations caused by ctmceptiarisation,
resins. Cation exchange membranes (negatively) cllang the whereby a higher concentration of matter id ohtéieesupply-side
passage of cations, and anion exchange memis#ives/(pharged)heoretically, MD offers 90-100% retentionvigatiendissolved
allow anions to pass through. Such membranebtaindmbfrom thesubstances, whereby there is no limit on theoswggpitratidh
space of cross-linked polymers with incorporaxetiange groups
capable of dissociation. Electrodialysis mengmmnesde of THE MEMBRANE PROCESS DISTILLATION IN PRACTICE
hydrophobic polymers such as: polyethylenesmpalysilysulphonen the presented work, tests of resistance év gegynadation anc
and commercial products have the shape of Bisetstshiique carwettability of PP membranes used to separatusajestsNacCl
be classified as BAT (best available techniquasyently currensolutions that would be used during desalinaiter wfere carriec
trends of innovation is located it is becomiamanm@e practicabut. During the process, a high flow temperatome-atage MDC
Uses of bipolar membranes for manufg. orthadphsalptydic, lactiavere used, which facilitates concentratingithe/-&blu
and citric acids from their salts as well asiftificition of tropical fruit
juice, demineralization of milk, desalinatenvatese desulfurizatioMETHODS AND MATERIAL
of waste gases, separation of aminoacids asgsyratwholaté’s The polypropylene capillary membranes AccureRRdGAccurel
X, PP V8 / 2 HF from the German company Membramer&urdgd for
Membrane distillation (MD) is a separationvgnecessmicro-porougsting. Diameter of the S6 / 2 membranes.@/dz&@m, while the
hydrophobic membrane separates two aqueous abldifterent\g / 2 HF membranes are respectively 8.6 / B pone sizes in
temperatures. The hydrophobicity of the mendrants pnass both cases are similar and amount to aboubds2 Tierdiaphragm:
transfer of the liquid, whereby a gas-liquadeirieréreated. Thevere mounted in immersion type own built mittioles eternal
temperature gradient on the membrane resukpanrgkessurehousing), which were mounted inside the flaghaged.Jon the
difference, whereby volatile components in fhensugvaporatethermostat (feed temperature 313 K).
through the pores and diffusion and/or conf¢botompartmenthe MK1 module was made of four S6 / 2 merebigthe3.2l m),
with high vapour pressure, are transportedtopttnecent with lowhile the MK2 module was one V8 / 2 HF memigtan®.@8 m).
vapour pressure where they are condensatedlth ltheid/vapourThe distillate was pumped with a peristaltiogdenthé capillary
phase. For supply solutions that only contailatilersubstancesmembrane, and then returned to the distilliéanivateoled with tay
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water. The distillate cycle at the beginnindest thias filled witlthe membranes to wetting and the impact af/stallization of salts
distilled water (4 L), then a certain amouninofcbdoride was addesh the surface of membranes.

to the solution to achieve the supersaturatsmutidgrewas intenseljhe distillate volume increase was measuredayn@tar 24 hours
mixed (600 rpm). of module operation). Electrical conductivityemetsuwere also
To remove deposited NaCl crystals, the membeairesegeyclicallymade, a 6P Ultrameter multifunction meter Qdynpany, USA) was
in distilled water. The research was condubtedomy-term, theused.

installation worked continuously, which allesethtoresistance of

Photo 1. Testing installation for membranmuistili@ank feed with immersed modules, @ paatimith mixing, 3. peristaltic pump,
4. distillate tank, 5. distillate tank with@awolesource.

Fig.1 Changes in the permeate flux during nesdtite¢pN = 33 ° C, 1g NaCl)

Fig.2 Changes in the conductivity of the ptitptr dising module operation
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Fig.3 Changes in the permeate flux during neodtite ¢fpN=40°C, cN=100,200,300 gNaCl/L)

Fig.4 Changes in the conductivity of the ptidatr dising module operation

RESULTS AND SUMMARY

The conducted research confirmed that theyesfitienMD process W
depends on the temperature of the feed sokdjoraiifit on the
concentration (fig.1). In the MD process, trevagdeated through
gas-filled membrane pores, and the driving Saitee difference in
vapor pressure. Its value increased exponeitallis why the feed
temperature had a significant impact on the ipretfesency. The
polypropylene membranes used showed good rdeistaitag .
(fig.2). The obtained results confirmed thessefulme MD process
for concentration of non-crystallising salhssoliever, studies v
have shown that in the case of salt crystatizatiensurface of
membranes, the resulting sediments acceleratirtheofvpores Ix.
(fig.3,4). Increasing the membrane thicknedsrdfiglhver membrane
durability, but for thicker membranes whenatorgaotutions it is
necessary to limit the scaling by using addititioak to eliminate the *
supersaturation in the modules menifirdlmavever, further studies
showed that at the moment of contact of the esemlirathe
crystallizing solution caused the membranesaial Wkick their
working surface, degrading the material.

VL.
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