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6 SUMMMARY

6.1 Conclusion

This thesis demonstrates in detail the development and fabrication of SMA-driven
monostable 3/2-way and 4/2-way valves allowing to mix and switch between two fluid
channels using materials and manufacturing technologies that fit biomedical
applications. These microvalves use the same standard size NiTiCu shape memory
actuators of 20um thickness bought from a manufacturer, already in the required shape
which is standard actuator design used for all microvalve variants at memetis GmbH.
Two such actuators are stapled in order to achieve sufficient force for operating the
valve up to the targeted maximum pressure. The initial prototypes of the 4/2-way
monostable SMA-driven microvalves can operate at pressures of up to 2 bar and can
dose either gas or water of 1700 ml/min air and 90ml/min liquid with the switching time
of approximately 0.05 s at 1 bar at current consumption of 500 mA. In this work, first
various monostable switching mechanism concepts are generated and the most suitable
is selected. These novel microvalves are developed with the inspiration of following a
rocker mechanism which allows monostable operation of the microvalves. The rocker
mechanism is actuated by a NiTiCu-based SMA actuator on one end and a counteracting
pre-strained spring on the other end. To develop this monostable switching mechanism,
different components are developed, designed and fabricated, such as rocker bar,
rocker, etc. These components are first investigated individually in order to gain a basic
understanding of their functioning. The mechanism is integrated into a microfluidic part
to create a full media-separated microvalve in which the rocker ends, as a result of
actuation, moves upwards and downwards, thereby pressing one of two spherical
plungers (ceramic balls) onto a cylindrical valve inlet and closes them one at a time. All
components, that are in direct contact with the fluid such as the fluidic part and
membrane are made of biocompatible materials. Silicone is proved suitable as
membrane material and PMMA is selected as material for the fluidic part. The developed
valve mechanism is used to realize a 4/2-way valve having two inlets and two outlets,

as well as a 3/2-way valve having two inlets and a single common outlet.

6.2 Outlook

Future versions of the developed 4/2-way monostable SMA-driven microvalve can be
developed with various connection methods such as tubing connector and push fitting
connector to fit various customer related needs. Further optimisation of the valve is still

possible if advanced manufacturing methods are implemented, for example injection
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moulding. If possible biomedically compatible resin can be used as an alternative for
the material selected for the manufacturing of the fluidic part of the valves. This would
mean the use of 3D printing technology which is cheaper and faster as compared to
milling. In addition, future versions, of this valve can be developed and fabricated with
flow sensors directly integrated in the valve which enables a better control system. In
the case of a 3/2-way SMA-driven microvalve which has 2 inlets and 1 outlet, a
microfluidic mixer can be directly integrated into the valve’s outlet channel. Overall, the
switching mechanism implemented in this valve works very well. The SMA actuator used
has significant force which is sufficient to control up to 2 bar of pressure on the valve's

inlet.
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7 SUMMAARIA

7.1 Kokkuvote

Kaesolevas vaitekirjas nadidatakse Uksikasjalikult SMA-mootoriga monostabiilsete 3/2-
suunaliste ja 4/2-suunaliste klappide valjatootamist ja valmistamist, mis véimaldavad
segada ja vahetada kahe vedelikukanali vahel, kasutades biomeditsiinilistele
rakendustele sobivaid materjale ja tootmistehnoloogiaid. Nendes mikroventiilides
kasutatakse sama standardse suurusega NiTiCu vormimalu ajamid paksusega 20 pm,
mis on juba ndutava kujuga ja mida kasutatakse memetis GmbH-s kdikide
mikroventiilide variantide puhul standardse ajamidekujundusega. Kaks sellist ajamit on
Ghendatud, et saavutada piisav joud ventiili kditamiseks kuni maksimaalse sihtrohuni.
Esialgsed 4/2-kaigulise monostabiilse SMA-mootoriga mikroventiilide prototuibid
voivad toodtada kuni 2 baari rohul ja doseerida kas gaasi voi vett 1700 ml/min d8hku ja
90 ml/min vedelikku, kusjuures lllitusaeg on umbes 0,05 s 1 baari juures
voolutarbimise juures 500 mA. Kdesolevas tdds genereeritakse kdigepealt erinevad
monostabiilse lllitusmehhanismi kontseptsioonid ja valitakse vélja kdige sobivam. Need
uudsed mikroventiilid on valja tootatud, jargides kiikumismehhanismi, mis vdimaldab
mikroventiilide monostabiilset t66d. Kippmehhanismi kaivitatakse NiTiCu-pdhise SMA-
taktuaatori abil Ghes otsas ja vastukaaluks eelpingestatud vedru abil teises otsas. Selle
monostabiilse lllitusmehhanismi valjatéétamiseks on valja téodtatud, projekteeritud ja
valmistatud erinevaid komponente, nagu naiteks kiikeraud, kiikur jne. Neid komponente
uuritakse kdigepealt eraldi, et saada pohiline arusaam nende toimimisest. Mehhanism
integreeritakse mikrofluidikasse, et luua taielik meediumiga eraldatud mikroventiil, mille
kiikede otsad liiguvad kaivitamise tulemusel Ules ja alla, surudes seeldbi (he kahest
sfaarilisest kolbist (keraamilised kuulid) silindrilise klapi sisselaskeava peale ja sulgedes
need Ukshaaval. Kdik vedelikuga otseselt kokkupuutuvad komponendid, nagu fluidiline
osa ja membraan, on valmistatud bioloogiliselt sobivatest materjalidest. Membraani
materjaliks on sobivaks osutunud silikoon ja fluidilise osa materjaliks on valitud PMMA.
Valja tédtatud klappmehhanismi kasutatakse nii 4/2-kaigulise klapi realiseerimiseks,
millel on kaks sisse- ja kaks véaljalaskeava, kui ka 3/2-kaigulise klapi realiseerimiseks,

millel on kaks sisse- ja Uks Uhine véljalaskeava.

7.2 Valjavaated

Kdesolevas vaitekirjas ndidatakse Uksikasjalikult SMA-mootoriga monostabiilsete 3/2-
suunaliste ja 4/2-suunaliste klappide valjatootamist ja valmistamist, mis véimaldavad

segada ja vahetada kahe vedelikukanalValja té6tatud 4/2-suunalise monostabiilse SMA-
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mikroventiili  tulevased versioonid on vdOimalik valja todtada erinevate
Uhendusmeetoditega, nagu naiteks toruliitmik ja suruihendusliitmik, et vastata
erinevatele kliendiga seotud vajadustele. Klapi edasine optimeerimine on veel voimalik,
kui rakendatakse taiustatud tootmismeetodeid, naditeks sistevalu. Voimaluse korral voib
alternatiivina kasutada klappide fluidilise osa valmistamiseks valitud materjalina
biomeditsiiniga kokkusobivat vaiku. See tahendaks 3D-printimise tehnoloogia
kasutamist, mis on vorreldes freesimisega odavam ja kiirem. Lisaks sellele saab selle
klapi tulevased versioonid valja to6tada ja valmistada vooluanduritega, mis on otse
klapile integreeritud, mis vdimaldab paremat kontrollisiisteemi. 3/2-kanalilise SMA-
mikroventiili puhul, millel on 2 sisselaske- ja 1 valjavoolukanal, saab mikrofluidilise
segisti integreerida otse ventiili véljavoolukanalisse. Uldiselt toimib selles ventiilis
rakendatud ldlitusmehhanism vaga hasti. Kasutatud SMA-taktuaatoril on
markimisvaarne joud, mis on piisav, et reguleerida kuni 2 baari suurust rohku ventiili

sisselaskeava juures.
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