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Abstract - This study uses the existing technology of casting

plastic parts in silicone and develops a new methothat allows
replicating shapes of the living objects and produgs their models
from plastics and elastomers. The method offers waltp replicate
and investigate energy efficient movement mechanismfrom
animal world and transfer them to technology.

Description of the method: a container is filled wth 5 cm thick
layer of liquid silicone which has been kept for 30minutes in
vacuum under pressure 10hPa, a living object is ptad in it and
covered with another layer of liquid silicone. Afte silicone has
hardened (24 hours) acquired casting mold is cut ihalf, remains
of the living object are removed, and the mold is ashed under
strong running water and dried. Holes are drilled n the mold —
one on top with diameter 10mm for inflow of elastorar and few
more with diameter 3mm in the middle and bottom pats for air

to escape. Actuator leads are placed in the mold dncarefully
aligned parts of the mold are tied back together. Té model is
produced using 2-component elastomer, e.g., Altropobase
Neukadur ProtoFlex 150-05N and hardener PTG8. The mdlis
placed in plastic casting vacuum chamber and filledvith liquid

elastomer. If a model with empty void in the middleis required,
the mold has to be filled with elastomer only up tchalf, then
taken out of the chamber and turned in different drections (for
about 15 minutes) in order to spread liquid elastorar around the
mold where it will stick to the walls and harden laving middle of
the mold empty where later actuator, electronic comonents and
power supply can be placed.

Mechanical tests (bending and tension) of the acoeid model of
fish were performed.
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1.INTRODUCTION

The use of the positive features of living orgarésin
technology increases constantly. Application of nixo
solutions in practice has improved parts strengtight ratio,
reduced resistance forces of moving mechanismssicous
environment, improved car tyres adherence to raathce,

improves other parameters of technical equipmerar F

example, development of an object that moves inewat
most efficient way would assume imitation of a shamnd
movement of a fish that through evolution has degvet a

form and moving mechanisms which enable it to move

water with minimal energy. [1] There is an incregsdemand
for finding quick methods to replicate living objectada
produce models from materials that best reflectufes of
these objects. Elastomers can be considered ag baim of
such materials.

The objective of this study is to develop method fo
replicating shapes of living objects and produdhmgjr models
from elastomers.

Il. REPLICATION OF A LIVING OBJECT AND MAKING A MOULD

There is vast amount of literature available désog
technologies of making parts from plastic and elagrs, e.g.
[2] - [5]. However these sources do not offer dethi
information on ways to replicate forms of the ligimbjects
and make their models from plastic and elastomers.

Literature and technological equipment availablawthors
lead to conclude that at least two methods can dmsl uo
replicate shape of nature object with precisionrr:

1) 3-dimensional scanning and making an injectiayulieh
using CNC machining or 3-dimensional printer;

2) Casting an imprint directly in a silicone mould.

The advantage of the first method is that a scara of
3dimensional object can be adjusted, the disadgastare
that the ray of the scanner is unable to reachemdareas
(cavities, gaps) of the object, the technology used
3dimensional printers gives a grainy structure tguaface
(average grain size 0.2mm) and processes of machiai
casting mould and 3-dimensional printing are relatively
expensive.

The study examines the second method that curréstly

cheaperLet us have a look what it encompasses. A casting

mould is made using two-part liquid silicone whialtially is
mixed using slowly rotating mixer until a homogenso
consistency is achieved. Next it is placed in auuac
chamber (pressure approximately 10 hPa) and kept3@o
minutes. As a result silicone is freed from hunyidind air it
contains. In a container with a size at least 5higger than
the size of the natural specimen (a fish with larg2 cm and

mass 300 g was used in the experiment; see Fighre 1

approximately 5 cm thick layer of silicone is padirehe
natural specimen is placed in it, straightenedrance silicone
is then poured on top of it until the specimenui$yfcovered.
The specimen is left motionless for 24 hours fdicene to
harden. If density of the specimen differs from sign of
liquid silicone, surfacing or sinking of the speeim is
possible. If the specimen has surfaced, after osikc has
hardened, another at least 3 cm thick layer ofdigilicone is
added. In the case of sinking, the specimen ertldee
hardened silicone is to be taken out of the coataiturned
over with bottom side up, returned to the containevered
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Fig. 1. The fish in silicone

with 3 cm thick layer of liquid silicone and leforf another 24
hours to harden.

The next stage is to remove the natural specimem fr
hardened silicone. It is done by cutting the siieanould in
the middle with a scalpel leaving surface of theasiserrated
as possible. If necessary additional cuts intewile are made
in order to take out remains of the specimen. @umalodor
this stage has to be done outside wearing protecatiask.
After removing organic matter, the silicone formsha be
rinsedunder strong running water and dried.

I1l. MAKING THE MODEL

Holes are drilled into the silicone casting moutide one
hole with diameter 10mm in the top part of the ndow.g. in
the area of the fish’'s mouth as shown in Figuréo2allow
liquid elastomer to flow into it; the other hole#lwdiameter 3
mm in the middle and bottom parts, e.g. in the arfefish’s
back, belly, at the end of a tail and fins as shawRigure 2,
to allow air to escape during casting process.

In order for the model to generate movement iteisassary to
place actuator leads (e.g. wires, rods, platesiretit)e casting
mould with one end of leads melted into elastomed the
other attached to a servomotor, electromagnet graiher
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Fig. 3. Plastic vacuum mouldimgachine

Sides of the casting mould can be strengthenedasianic
glass plates of corresponding size on one or hidéssind tied
together with adhesive tape or screws. The holesifflow
must not be covered. The model for this study islenasing
the plastic vacuum moulding machine (see Figurea)
Altropol 2-component liquid elastomer: base Neukadu
ProtoFlex 150-05N (2K-PUR-Vakuum-Griessystem) ixeti
with hardener PTGS8 in ratio given by manufactured amall
amount (3 — 5%) of liquid dye is added.

In the hole on top of the casting mould a flexiplastic
tube with diameter 10 mm was inserted. The othdradrthe
tube was attached to the container where liquidtetaer will
be poured (Figure 4). Base and dye are mixed ubmgnixer
of the vacuum moulding machine; hardener is pldoethe
specially allocated container in the vacuum mowdin
machine. Vacuum in the working chamber of the mimgld
machine allows liquid components of elastomer tofrieed
from humidity and air trapped in it. Then hardeiseadded to
the solution and mixed for one minute. The vacuuaulding
machine is designed in a way that all manipulatiovith
liquid elastomers are performed without need tonaihe door

mechanism generating movement. Next both partshef tOf the chamber. Prepared liquid elastomer is pountedthe

casting mould have to be carefully aligned and patk
together.

Fig. 2. The silicone casting mould
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casting container which has plastic tube connedtedhe
mould (see Figure 4); the container with elastormarovered
and atmospheric air is let in. Because of vacuumthi@
working chamber and consequently in the siliconeuloho
atmospheric air flowing into casting container peshiquid
elastomer through the plastic tube into the silicarasting
mould until it is filled. Casting has to be donehex quickly
because liquid elastomer starts to harden in abowinutes
after the hardener is added. Transparency of tsiéngamould
allows visual control of the casting process.

If it is planned to attach mechanisms to the moutel
generate movement, electronic components, elecipioaer
supply, etc., it is necessary to leave empty vaoiside the
model. It can be achieved as follows: fill aboutfhaf the
silicone casting mould with liquid elastomer; stopsting
process, take casting mould out of the vacuum clanfbr
approximately 15 minutes keep turning silicone mdouh
different direction to spread evenly along the side form
uniform thickness around and leaving void in thetee It has
to be taken into account that after turning is ptaf liquid
elastomer that has not hardened yet will run tohkibgom of
the casting mould creating thicker layer of elastom

To finish casting process the silicone mould hasedeft in
a warm (20-3fC) area for approximately 24 hours then the
elastomer model can be taken out (see Figure 5).

Fig. 5. The elastomer model of the fish

IV. THE MECHANICAL TESTS OF THE MODEL

The model produced can now be tested. In thidysthe
model is submitted to one point bending test irizomtal and
vertical directions and tension tests using unietssting
machine  Zwick/RoellZ-150 in small and medium
deformations section (see Figures 6 - 8) with dwédion
velocity 100 mm/per minute.

The results of the mechanical tests are giveRigures 9,
10 and 11. In theses graphs horizontal axis sh@fcrmhation
(mm), vertical axis — force (N). One point benditegts are
performed with 5 different distances (55, 50, 45,36 mm)

Fig. 6. One point bending test in horizontal dii@tt

Fig. 8. Tension test
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between clamping point and support point (see Eg, 7).
Tension tests are performed with 5 different diséen(55, 50,
45, 40, 35 mm) between grips of the tension macfsae Fig.
8).
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Fig. 9. Results of the one point bending test loortally
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Fig. 10. Results of the one point bending testicaty
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Fig. 11. Results of the tension test

V. CONCLUSIONS

This study develops a new method that allows repiig
shapes of the living objects and producing theidet® from
plastics and elastomers that is based on existicignblogy of
casting plastic parts in silicone.

The method offers way to replicate and investigatergy
efficient movement mechanisms from animal
transfer them to technology.
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Andris Martinovs, Andris Igavens, Edgars Kovals, Anis Viba, Viljams Megills. Metode d4vas dabas objektu modiu izgatavoSanai no elasto@riem

Darls, balstoties uz eksgb3o tehnolgiju - plastmasas ddialieSanu silikoa - ,ir izstiadata jauna metode, kdauj koggt dzvas dabas objektus un izgatavot to
moddus no plastmasn un elastorgriem. Metode paver iesju kopst, petit un ieviest tehnik energoefekvus davnieku kustbas mehnismus.

Metodes htiba: traulk 5 cm biez skani ielej kidru silikonu, kas iepriek$ 30 min. iztiis vakuuni 10 hPa spiedién ievieto dzvas dabas objektu un uzlej tam
virsa silikona lartu. Fec silikona saci€Sanas (24 stundas), igg lieSanas formugogriez uz puam, no &is izzem divas dabas objekta atliekas, formu izmazg
arudens stiiklu un izave. Forna izurbj caurumus - augSpuid0 mm diametr elastondra ievadSanai, vidus un lejas a3 mm diame# gaisa izpidei. Forna
ievieto aktuatora pievadugistabas das Gpigi saliek kog un sastiprina. Moda izgatavo3anai tiek izmantotsidrs divkomponenSu elast@ns, piengram,
firmas Altropol %idinatajs Neukadur ProtoFlex 150-05N un ciatijls PTG8. Formu ievieto plastmasu lieSanas vakuuarae un piepilda ar l§dro
elastomdru. Ja nepiecieSams iggmodeli ar tukSu vidu, formu piepilda ar elastomiidz pusei, igemara no kameras un groza visos virzienos (15atgs), lai
Sidrais elastorers, izpistot pa formu, pieliptu pie si@m un sacietu, vida atsgjot tukSumu, kut péc tam var ievietot akétoru, elektronikas komponentes un
baroSanas avotu.

Darhs ir veiktas ie@ta zivs modéa melaniskas prbaudes (liece un stiepe).

Anapuc MaprbinoB, Auapuc Urasenc, Iarape Kosauce, Sluuc Bu6a, Buinam Mernin. Merox u3roroBjieHust Mojeliell 00beKTOB KHBOI NPUPOJbI U3
3J1aCTOMEPOB

OCHOBBIBasICh Ha CYIIECTBYIOIIYIO TEXHOJIOTHIO JIUThs IIACTMACCOBBIX JeTalicii B CUIIMKOHE, pa3paboTaH HOBBIH METO[, MO3BOJIAIOINN KOMUPOBATh OO0BEKTHI
KUBOW TPUPOJBI M H3TOTaBIMBAaTh MX MOJEIM M3 IUIACTMACC M 3J1acTOMEpOB. MeToJ IMO3BOJNISIET KONMPOBATh, HCCIENOBATh M BHEAPATH B TEXHUKY
9Heprod(PHeKTUBHBIC MEXaHU3MBI IBHKCHUS )KUBOTHBIX.

CyIIHOCTh METO/[a: B COCY HAJIMBAIOT JKUIKUH CHIMKOH (ToMiuHa cJ10si 5 cM), kotopslit Beiepxkan 30 MuH. B Bakyyme (qaienue 10 hR), momernaror 06bext
JKHBOM TPHPOJIBI M 3AJIMBAIOT CBEPXY CJI0eM cuiinkoHa. [Tocie 3aTBepieHus CHIIMKOHA (24 yaca) MOIyYeHHYIO JIUTheBYIO GOpMyY paspe3aroT MoIojaM, H3bIMaoT
OCTaHKH O0BEKTa, BHIMBIBAIOT (JOpMYy cTpyell BOABI U BHICYIINBAIOT. B (hopme mpocBepnmBaioT oTBepcTHs - B BepxHel dactu amamerpoMm 10 MM it BBoga
3]1acTOMEpa, B CPEAHEH W HIDKHEH dacTu JuameTpoM 3 MM UIf BBIXOAA BO3AyXa. B Qopme pasmelaroT mpuBOmbl akTyaTopa, ee 00e 4YacTH aKKypaTHO
CKJIAIbIBAIOT BMECTE U 3aKPEIUISIOT. J[JIsl M3rOTOBJICHHS MOJIENIH UCIIONB3YIOT XKHUAKHI IByXKOMIIOHCHTHBIH d1acTOMep, Hanpumep, npoaykT dupmsr Altropol,
Biimovaroruii pactoputens Neukadur ProtoFlex 150-05) 3atsepaurtens PTG8. ®opmy momemmaoT B BaKyyMHYK KaMepy yCTPOICTBA JIMTS IIACTMAacC U
HAMOJIHSAIOT KUJIKUM 31acToMepoM. Ecim Heo6X0anMo U3roTOBUTh MOJIENB C MOJIOCTBIO BHYTPH, (JOPMY 3aMOIHSIOT 3JIACTOMEPOM JI0 TOJIOBHHBI, BEIHUMAIOT U3
Kamepbl, OonraioT 15 MuH, 4TOOBI 37acTOMEp, pacTekasch MO Bceld (opme, NMPWIMI K CTEHKAM M 3aTBEPJEN, BHYTPU OCTaBISASA IOJIOCTh, B KOTOPYIO
BIIOCIICACTBUH IIOMEMIAIOT aKTyaTOP, KOMIIOHCHTHI DIEKTPOHUKH ¥ HCTOYHUK MHTAHHS.

B pa6ore ocyIecTBISETCs MEXaHHYEeCKOEe TECTHPOBaHUE (M3rUb, paCTsIKEHIE) H3TOTOBICHHONW MOJEIHN PHIOHI.
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