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Abstract/ AlatUuriwon tou rmpoBANUATIONOU

H epyaocia autr) ectidlel oTn XpHon €ELMVNG yewpeTpiag

yla TN SNUIOLEYIA KIVOUPEVWY APXITEKTOVIKWY OTOIXEIWY Ta
oroia va eival mpooitd oTov AvBpwro, dNAadr n Kivnor) Toug
va eival GIAKN TPOC TO AvBPWIVO cwpd TTApda TO BAPOC N
TNV KNPk Toug. Tautdxpova, heyadin eudaon divetal oTo
va elval auTr N KATaoKeLr) TTPOOITr KAl OTNV KATACOKELN TNG
EKTOC ammd TN xprion g, yéoa ota Fab Lab, éva diktuo
gpyaoTtnpiwv e€omAiopéva pe olyxpova PNXavhUoTa avolkTo
TTPOC TO EVPL KOWO, KAl TTOAD XPNOIWO OTNV APXITEKTOVIKN
€peLva.

[po¢ auTr) TNV KateLBLvVON, oTNV €pyacia peAeTATAL

n xPnon avtifapwy pyeow NG duvaung eratnpiwyv oe
ePeAKLOUO, Kal oxedlAleTal Je AUTH TN AOYIKN €vag
UNXQVIOUOG TTEPIOTPEDOUEVWY TTAVEAWV. APXIKA, HECT
and SlAPoPEC YAKETEC AVATTTOCOETAL TO TTIPWTOTUTTO TOU
HUNXAVIOPOUL PE XPNon Twv pnxavnuatwy tou Fablab,

Je €udaon o€ KATACKEVAOTIKA KAl TIPOYPAUUATIOTIKA

Aladlkaola eKMOvNnong TS SUMAWUATIKNG

To 2emtéuBplo Tov 2017 Bpedbnka otn BapkeAwvn oto
FablLab tou IAAC yia Tpipnvn MPAKTIKY epyacia ye To
npoypauua Erasmus plus. Etol gixa tnv eukapia va
€E0IKEIWBW PE TO XWPO, Kal va pébw va Xpnolomolw ta
unxavruara tou Fablab. Mayelutnka amd TN SoUAEI TTOU
yiveTtal ekel, kal Ta JECA TTOL TTAPEXOVTAL YIA EPELVA, KAl ETOL
anopAoloa VA peivw KATTooLG PAveg TTapanavw KAvovTag
€va ekmaldbeuTIKO Mpoypapua mou Aéyetal Fab Academy
KaTA TN SIPKEI TOL OTToIoL EEKivnoa AUTH TN SUTAWPATIKNA.

(ntuata. MNapdAnia oxedlalovTal Ta NAEKTPOVIKA yla TNV
AUTOPATOTTOINON TNG KATACKEVNAG, KAl Yl TNV AcVPUATN
EMKOWVWVIA TNG PE TOV XPNOTN, WOTE VA YEPUPWVETAL TO
XAoUA KAUaKag 11ou MPOKOTTTEL OE KATTOIEG EDAPUIOYES
AvAPECQ OTA OPXITEKTOVIKA OTOIXEID KAl TO AvBPWTTIVO
owpa.

2Tn ouvexela TpoTeivovTal SUO EVOEIKTIKEG XPNOEIG OE
EOWTEPIKO XWPO, TTOL AVASEIKVVOLV TIC OLVATOTNTEC TOU
UNXaQVIoOPoL kal SeixvoLy WG PMopet va mapaxBel eOKOAQ
HETABAAOUEVOG XWPOG Pe auTdv. H mpwtn mpdTtaon eival
Eva auPIBEATPO e pia TAATGOPUA TTOL AVACNHKWVETAL YIA VA
ONUIOLPYNOEL KAIoN, KAl KaBiopaTa ToL AVACHKWVOVTAL Artd
TO €6adoc. H deltepn mpdTtaon eival Evac Xwpoc ypadeiou
QVOIKTNG KATOYNG pe TTAVEAQ EYKIBWTIOUEVA OTNV 0POdN
TTOL PTTOPOLV VA KATeRAlvVoLV Kal VA AAANAGCOLV TIG OLVBNKEG
TOUL XWPEOU.

Ekel mpoxwpnoa 6Aa Ta KATAOKEVAOTIKA BEPATA TNG, EVW
TALTOXPOVA BPICKOUOLY TTAVTA CE EMKOVWVIA PE TOV K.
Mappevidn. Otav eneotpedpa otnv ABrAva, N SITAWPATIKN
OPYQVWONKE Kal OAOKANPWONKE €0W Pe TO PEPOC TTOV
adopd TNV GAPPOYH TOL PNXAVICHOUD OE TIPAYUATIKEG
ouvBnkec. Emopévwe otn BapkeAwvn eoTtiaca meplocOTEPO
OTA KATACKELAOTIKA KAl TIPOYPAUUATIOTIKA JEPN TNG
epyaoiag, evw otnv ABrva oTNV OPXITEKTOVIKI TTPOTAON.



‘BEva pgpoc Twy KelpEVwyY autol ToL TELXOUC Eival YOAUUEVO
OTA AyYAIKQ, TTPOKELTAL VIO TA Kelpeva TTou YpadTnKav otn
Bapkehwvn. Aev BEANCA va TO PeTAPPAocW KLPIWE EMEION
nieplExel OOOKOAN TEXVIKA 0poAoyia, AAAA Kal AOyw EAeDNC
XPOVOU.

To olvoAo TNG SOLAEIACG TTOL TTAPOLOIACTNKE OTN
SUITAWPATIKN KAl APOopda TA KATACKEUACTIKA PEPN TNG
BpiokeTal dnuocievuévo oTo database Tou SikTvou Twy fab-
lab, kal umopel va Bpebei oTo site:

>nueioua

http://archive.fabacademy.org/archives/2017/fablabbcn/
students/91/

Ekel BpiokeTal emiong To BIVTED TNG KATAOKELNG KAl OAQ
Ta apxeia oe emeEepydolun popdr, cuvodeuodueva anod
AeTITOEPEIC €€nynoELC.



1.EIZATQI'H

KivnTika otolxeia pe €€urvn yewuetpla

AUTN N HEAETN EEKIVA aTTO TO eVOIADEPOV YIA APXITEKTOVIKA
OTOIXElQ TTOL ETITPETOLY Kivnon, Je AAA Adyla oTolkela
TTOU UTTOPOLV VA PJETABAANOLY TNV YEWUETPIA 1 TNV
KATAOTAON TOUG WOTE VA LTINPETOLV TTOANATTIAEG AVAYKEG.
MNapadelyuara TETOWV AVTIKEIUEVWY LTTAPXOLY YUPW HOC
and mavta, and Ta MoAL anAd 6nwe MOPTEG, mapdbupa,
KOPEKAEC 1 Tpamedia TToL SITAWVOLY, WG TA IO TTOADTTAOKA
OTIWG QVEAKLOTNPEG, SIAOPAOTIKEG TTPOCOYEIG N
QVOLyOUEVEG OTEYEG.

AUTO oL amaAITe(Tal YA TN AEITOLPYIA AUTWY TWV
QVTIKEIIEVWY elval oLVABWG Pl YEWPETPIA TTOL Va
ETITPETEL OTO AVTIKEIPEVO va Bpebel oe meploodTEPEG

anod pia KATaoTACEIG/BETELG, KAl EVAG UNXAVIOPOG TTOL va
OlELKOAVVEL TN PeTABAON avAPECQ OTIC KATAOTACEIC AUTEC.
H ouvnBng mpoceyylon TETolou eidoug TTPORANUATWY eival o
oLVOIOoPOG dladopwV eEaPTNUATWY LYNANG amddoong oL
BaoiCovtal oe eniong LBNAAG amddoong “evepyoroiNTES”
(actuators), ou PmoPOULV va eival KIVNTAPES, HOTEPAKIA, N
Kal N avBpwrivn duvaun. AEToLPYOLV PETATPETOVTAG TNV
EVEQYELQ TOU EVEPYOTIOINTA OTNV AmapaitnTn EVEPYEIA WOTE
va entteuxBel N al\ayr) TG Kataotaong.

Otav dpwe €vag pnxaviopos BaoiCetal otoug
EVEPYOTIOINTEG, TOTE N AOGSO0N TOL PNYXAVIOPOUL e€apTaTal
and TNV anmdédo0n TWV EVEPYOTTOINTWY Tou. Me GAAa Ady1a,
N OLVOAKN ArTOGOOON TOL CLOTAPATOG £6APTATAL ATTO TIG
ETMPEPOLG ATOSOCEIG TWV PEPWVY TOU. AUTO QLEAVEL TO
KOOTOG TOU PNXAVIOPOU, OKOUA KL av O OTOXOG TOL gival va
EKTTANPWVEL PLa TTOAD ATTAR) KAl CUYKEKPIUEVN Kivnon.

Mia GAAN mpoaogyyion mov odnyel oe PNXavIoUo0G
LPNAGTEPNG AmOdOOoNG, XAUNAGTEPOL KOOTOUG Kal
AlYOTEPNG EVEQYEIAKNG amaitnong, eivat va Aappavetat
LGP IOl €ival N AEITOLPYIA TTOL KAAETAL VA EKTTANPWOEL
O OLYKEKPIUEVOG PNXAVIOUOG, Kal oxedladetal e €Eumvn
YEWPETPIA WOTE va BEATIOTONOIEL TN OLYKEKPIEVN
kivnon. Evag tpomog va yivel auto, eival oxedlalovtag to
QVTIKEIPIEVO WOTE va looPPOTTEl OTIC BE€0EIG OTTOL BEAOLUE
va Bpebel, €tol wote va prnopet va petaBel and tnv pia
katGotaon oTnv GA\N oxedov “auBopunta”, Xwpeic va
BaoiCeTal otn duvapN Twv evepyomoinNTwy Tou. Me dAAa
AOyla, TTpocdlopilovTag eMaKPBWE TN Aettovpyia Tou
otolxelou, Kat Sivovtag TOL PIa KATAAANAN yewPETPIA,
umopet va emreuxBel N Kivnon o OIKOVOUIKA, EVKOAQ

KAl 0PBOAOYIKA, TTOL AelTouPYEL HE TPOTIO WOTE VA PNV
eEaptaral and ta eMPEPOLS oTOoIXEla TOU.

2TNV TIPAYHATIKOTNTA Ol TTEPLOOCOTEPOL ATTO TOUG PNXAVIOUOUG
TTOL LTTAPXOLV YUPW PAG OXETICOVTAL AlYOTEQPO N TIEPIOCOTEPO
pe TN delTEPN TPOCEYYIoN, ONAASH XPNOWOTIOLY EELUTTVN
YEWPETPIA WOTE VA BEATIOTOTOIOVV TNV AmodOTIKOTNTA

TouG. To MOBNAQTO eival VA XAPAKTNEIOTIKO TTAPASELYHA.
270 BiTPoX0 aUTO OXNUA, O EVEQYOTIOINTNG-AVARATNG KAVEL
HIKOEG KIVNOEIG Pe Ta Todla Tou, Ol oTtoleg peTadpalovtal oe
HEYAAEG QMTOOTAOEIG PEOW YPAVACIWY, AALOIOWY KAl TPOXWV.
O pnxaviopog autog, oL EXEL TIPOKLWEL ATTO TIDOOEKTIKN
HEAETN TOL POANOUL TTOL TIPETIEL VA EKTANPWOEL £VA TTOSNAATO,
emrpenel pia Mol BeATioTonoiNuévn Kat armodoTIKNA
HETAGPAON TNG PUIKAG SUVAUNG TOL XPNOTN O€ AmdoTACN.
Ta apxITeKTOVIKA oTolKela OPWG YOpW PAg cuxva eival



OTATIKA, 1 e TabnTIkn Kivnon. Ot cuvnBelg TOPTEG,
mapabupa, cuPTAPIA I AAAA KIVOUEVA OTOIXEIQ, cLVNBWC
bev eKeTANEeDOVTAL EELTTVEG YEWUETPIKEG SIATAEEIC YIa
va €MITUXOLV TNV Kivnor Toug, aAG eoTidlouy oe duvatda
oTolxeia cLvdeEoNS TWV PEPWV KAl oe SLVATOUC XPNOTEC.

H avaykn yla €EUNvVeg YEWPETPIES eival aKOUA TTIO JEYAAN
otav oxedlAlovpe PeyAAa APXITEKTOVIKA OTOIXEIQ, OTTWG
TTPOCOYPEIC ) OPOPEC, TTOL CLVABWGS ATTAITOVV TTIOAD PEYAAN
gveQYeLa yla TNV Kivnor| Toug.

21N epyaocia pou Ba emKevTpwbw oTn Xpron avtiBapwy
(counterweights) mou SlELKOAUVOULV TNV Kivnon CTOKEIWV
Kal TOUG ETITPEMOLY VA I00PPOTIONV OE SIAPopPEC BETEIC.
H apetnpia autnc TG AOYIKAG EyKetTal otnV 1Oéa eival OTL
oTav og pia yewPETPIKA SIATaén mapéxeTal To avTiBapo

H 6e0Tepn adetnpia autig TNG epyaciac apopd To Beopd
Tou Fab Lab (digital fabrication laboratory).

Tt eivar Ta FablLab;

Ta FablLab eivat epyactr)pia eEomAiopéva pe pnxavhuata
TIOU ETITPETTOLV KATAOKELN e CLYXPOoVA pnxavhuata
(computer controlled digital fabrication), kat mapgxouv
npdoPacn oe autd oTto eLpPL Kowvo. O Beopdc Eekivnoe
ard 1o MIT pe mpwtoBouvAia Tou Neil Gershenfeld mpwv
and Ayotepo amd U0 OeKAETIES, Kal TTAEoV Ta Fab Lab
BpiokovTtal Siecrmapuéva oe OAO TOV KOOUO SNUIOLPYWVTAC
eva OIKTUO XWPWV TTOU AVAMTUOOETAl TAXLTATA KABWC
omAaoladel To PEyebog Tou ava 14 mepimou prvec.
YrooTtnpilovy TNV EPEVPETIKOTNTA, TA AVOIKTA eAeLBEPA
oedopeva, TN GIAIKY TTPOC TO TTEPIBAANOV e TOTTIIKA LAIKA
onuovpyia, TPEORAANOLY TNV APXN TOL Mass customisation
avti Tou mass production kal kKatamavovTal Ye peyain

€VOC QVTIKEIUEVOL, TOTE TO QVTIKEUEVO AUTO BpioKeTal

va “emmAéel” (floating), pe amotéleopa n kivnor| Tou va
ETITLYXAVETAL TTOAD TTIO EVKOAQ AVEEQPTATWE TOUL BAPOUC
TOU, KABWC o KABe BEon To BApoC eCoudeTepwvETAl ATTO
To avTiBapo. H Aoyikr Twv avTiBapwy dev eival amapaitnto
Va AKOAOLOEITAL KUPIOAEKTIKA, SNAQSH SIMACCIAlovVTAg TO
Bapog piag diaTtaéng mapeXovTag éva avTiBapo oe KABe
Bapoc. Mmopet va Aetroupynoel kal e omoladnmoTte GAN
SLvapun umopet va mpooopolwoel TN Suvaun Tou avtiBapou
Kal va €E0LOETEPWVEL DIAPKWY TO BAPOC TWV AVTIKEIUEVWV.
Mia Tétola Sduvapn ou AetToupyel TOAD ATTOTEAECUATIKA WC
avTiBapo eival N duvapun eAaTnEiwv.

2

Kataokeun oto Fab Lab

TTIOIKIN A €pywv oe SlAdopPEeC KAIUAKES. AUTO TO TAYKOCUILO
OlKTUO XWpPWV dnuiouPyiac MoL POIPACETAL AVOIKTA
oedopéva, avTaMAooEl TEXVOoyvwolia, KAaTtamaveTal Ue
onuovpyia mpwtotunwy (fast prototyping), avarapBavel
TNV eKMaideLoN VEWY avBpWIwyY Kal BpiokeTal oteva
oubvoedeueva TOCO e TN Plopnxavia kat TNy mapaywyn, 6co
KAl e TTAVETOTNUIAKA I0PULUATA KAl TNV EPELVAL

‘Evac amd toug otdXous TNS epyaciac ival va mapdéw To
“fabrication line” Tou TEWTOTLTTOL pouv, SNAAdH €va CUVOAO
AETITOPEPWY 0ONYIWV KAl apxeiwv eAe0Bepa SIABECIUWY OTO
database tou dikTOoUL Twv Fab Lab, ot omoiec emrtpemnouy oe
KABe dNUIoLPEYO TTOL €XEL 0TN OIABECH TOL TIC EYKATACTACEIC
evoc fab lab omoudrmoTte oTov KOOUO, VA TO KATAOKEVAOEL
HE TOTIIKA LAIKA 0€ XAUNAO KOOTOC, QMG Kat va SOUAEPEL
TTAvVW OTO OXESIO KAl VA TO BEATIWOEL



2.STATE OF THE ART
AvadopEQ

Cou nterweig ht/sash windows A sash window, traditionally found in Georgian and Victo-

rian houses, is made of one or more movable panels. To
facilitate it opening and closing, the weight of the panel is
balanced by a counterweight concealed within the window
frame. In contemporary such windows counterweights
have been replaced by spring forces. A well designed and
balanced window requires little or no effort to operate and
remains open or closed as desired.

There are four important components to a properly de-
signed weight and pulley window balance system:

Weights
The combined weight of the counterweights must match
the full weight of the moving panel to which it is attached.

Sash Pulleys
The diameter, weight capacity and friction of the pulleys
affect the design

Chain (or Cord)
The cord must be strong, lightweight and elastic, yet
non-deformable

Counterweight Access
Access to the mechanism is essential so that adjustments
can easily be made when it is put out of balance

References

Sash/counterweight window, wikipedia How to Fix a Window Counterbalance
https://en.wikipedia.org/wiki/Sash_window http://homeguides.sfgate.com/fix-window-counterbalance-98781.html
Weight and Pulley Balance Systems for Wood Windows Double Hung Window

http://www.phelpscompany.com/weight-pulley-systems.html 8 http://www.house-design-coffee.com/double-hung-window.html



Mystic River Bascule Bridge

The Mystic River Bascule Bridge was designed and built in
1920 in New York, and it is still working very well. It carries
vehicle and foot traffic via a 10 meters wide road. It uses
two massive counterweights that continuously balance its
weight, and allow it to swing upwards to provide clearance
for boat traffic.

Lamp balanced arms

There are many different configurations of desk lamps with
palanced arms, that have been extensively used since the

two springs in compression one flexible arm
one spring in tension

References

Mystic River Bascule Bridge, wikipedia
https://en.wikipedia.org/wiki/Mystic_River_Bascule_Bridge

Mystic River Bridge
http://www.past-inc.org/historic-bridges/movable-mystic.html

begining of the 20th century. They use counterweights,
parallelograms, springs, toothed disks and other compo-
nents to achieve balance.
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one parallelogram one counterweight
one penumatic spring one spring in tension
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one spring in tension one spring in tension

one parallelogram three parallelograms
two springs in tension one counterweight

two toothed disks

The Anglepoise lamp

The Anglepoise lamp is a balanced-arm lamp
designed in 1932 by British designer George Car-
wardine. It has adjustable folding arms which are
balanced (also called floating arms), which are con-
structed so that the force due to gravity is always
counteracted by springs, regardless of the position
of the arms.

References

Anglepoise Lamps — Makers of the Original 1227
https://www.anglepoise.com

Balanced-arm lamp, wikipedia
https://en.wikipedia.org/wiki/Balanced-arm_lamp



duaolkn e&nynon Tou palvoueEVoU TwV avTiBapwy,
ETIOTNMOVIKN TIAapouciaon Tou unxaviopou

In this section the maths behind the mechanism of the bal-
ace with springs are explained.

Hook’s law

Hooke’s law, named after the 17th-century British physicist
Robert Hooke, is a principle of physics that states that the

force (F) needed to extend or compress a spring by some

distance X is proportional to that distance. That is: F = kX,

where Kk is a constant factor characterising the stiffness of

the spring, and X is the deformation of the spring.

Potential energy is the stored energy of an object, by virtue
of its position relative to other objects. Potential energy is
associated with conservative forces such as spring forces
or the force of gravity. The action of lifting the mass is per-
formed by an external force that works against the gravity.
This work is stored in the force field as potential energy.

If the external force is removed the force field acts on the
body to perform the work as it moves the body back to the
initial position, causing a body to fall.

Suppose a ball which mass is m, and it is in h position in

i

height. If the acceleration of free fall is g, the weight of the
ball is mg. So the total work or energy is force x displace-
ment = mg x h = mgh

Elastic potential energy is Potential energy stored as a
result of deformation of an elastic object such as a spring.
It is equal to the work done to stretch the spring, which
depends on the spring constant k as well as the distance
stretched. According to Hooke’s law, the force excerted
has the form F = kx. Therefore the work done to stretch the
spring a distance x is W=1/2kx/\2

The balanced system

A balanced system is designed such that a constant po-
tential energy is established throughout its range of motion,
given that the mass remains stable. The constant potential
energy removes any preferred position of the system and
thus, the system can be moved easily regardless of its
weight without depending on actuators.

For the following equations the springs are considered to



be zero-free-length springs. These are ideal springs are
pre-tensioned to such a degree that their tension is pro-
portional to their length, instead of their elongation. In other
words, the zero free length spring would exert zero force if
it had zero length. In a line graph of the spring’s force ver-
sus its length, the line passes through the origin, while in
normal springs it is displaced according to their minimum
length.

Zero Length Spring Normal Spring

£ / B /
;2 20 / § 20 /
215 / g15 /
10 10 /
5 5 /

)
0 5 10 15 2 0 5 10 15 2
Length of Spring (cm)

Pull of Sprin

Length of Spring (cm)

Let’s take the example of the basic gravity equilibrator
shown the picture with a zero-free-length spring. The po-
tential energy in the system Up is equal to the sum of the
potential energy of the masses Um and the elastic energy
stored in the springs Us.

e

The energy of the system can be written as:
Up = Um +Us =mglcosd + 1/2ksA2 (1)

And according to the Law of cosines

12

SN2 = a2 +r°N\2 —2ar coso (2)

For a mechanism to be in equilibrium, the potential energy
must be stable, and therefore its rate of change is O.

DU/Dt=—mgLsind+karsing=0 (3)

Consequently the angle ¢ is crossed out of the equation,
and the following condition for static balancing arises:

mgL = akr (4)

And basically that is all there is to be said. If this condition
is met, the mechanism is in equilibrium for any configura-
tion in its workspace.

This clearly shows the possibilities for adjusting the balanc-
ing properties: by varying a or r (the position of the attach-
ment of the spring), k (constant factor that characterises
the stiffness of the spring), L (the length of the arm), or m
(the mass of the arm), different balanced configurations
can be achieved.

When examining a balanced system with two degrees of
freedom (in our case two arms), then the same equations
apply to each arm separately, as long as the mass of the
elements above the element examined is taken into consid-
eration.

In reality it is very difficult to manufacture zero free length
springs, so normal ones are used in my models with a wire-
and-pulley construction as shown in Fig.1. However, an
error is introduced by the pulley because the wrap angle
of the wire (B) will depend on the position of the weight

arm (¢). Consequently the wire length is not always exact-
ly proportional to the spring elongation (and thus force)



required for exact balancing. Some optimisation is possible
by reducing the size of the pulley and carefully positioning
it horizontally to reduce the error, but the balancing still
remains inexact. This problem can be solved by introduc-
ing (at least) two additional pulleys. The three pulley solu-
tion, shown in Fig 2 and 3, ensures that the same amount
of wire is always wrapped around the pulleys regardless of
the position of the arm, and therefore the elongation of the
wire will be exactly proportional to the distance between
the axes of the pulleys at all times.

So far the weights of the arms have been neglected but in
my case these are far from insignificant. To calculate them,
for we must replace the generic potential energy Um =mgL
with the potential element of each element ( Um = m1 gL1
+m2gl2+...)

References

R Barents, M Schenk, W D van Dorsser, B M. Wisse, 2009, “Spring to spring bal-
ancing as energy-free adjustment method in gravity equilibrators”, Proceedings
of the ASME 2009 International Design Engineering Technical Conferences

J Herder, “Energy-free Systems”, University of Delft, Netherlands

M J French, M B Widden, 2000, “The spring-and-lever balancing mechanism,
George Carwardine and the Anglepoise lamp”, Lancaster University, UK
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3. ANAMNTY=H TOY MNMPAQTOTYNOY

K&Be Bpaxiwvac pepel avtiBapo oo pe To BAPOC TOL CLV TO
BAPOC TwV CWUATWY TTOL BEPEL

YroAoylopog Béong
oto grasshopper
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1N HaKETa, avTiBapa

L,

, Pivot point and
7 Centre of mass

Melovekthuara:
-Uikpr) aflomoTia - aoTabég
-SUTAQCIAoPOG TOL BAPOUG TNG KATACKELNG



2n-3n HOKETA, eAATnpLla

TEPAUATIOPOC 0 TPOTIOUG AVEOHOIWONG TNG TAONG OTA CXOWIA

{nToLpeva:
-eUKOAN aAAayr eAaTnPiwY
-e0KOAN av&opoiwon Bapoug
-e0KOAN Av&opoiwon TAoONC OTA OXOWIA -LOOPEOTIA OE ONEG
TIc SlevBuvVoEI]
15 -TIEPAPATIOUOS Pe TN ywvia othpEng




4n HOKETQA, EAATNPLA OE PHEYAAN KAlpaKa
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spring

rachet to adjust
the tension of
the spring

spring of
the rachet

constraints for
minimum and
maximum angle

anchor of
lower arm's
thread

pulleys



7

V4

O TPWTOTUTIO

TeALK
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Ta uALKQ

Elathpia

=00 KOVTPA TTACKE, TTAXOC 9mm

=0Ao mdf, méxoc 4mm

MAQOTIKO (AKPLAIKO) TTAXOC 3-8 mm

A 1 A P P R S R S e s s et s s ssssssssasnsasia | {1 meesvsserssirenns 7] s R——

METAMIKEC UTTAPEG Pe PaBOWaoELC, SIGUETPOC BmMm
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Kootog

Plywood 6€

two motors 30€
HC-05 bluetooth module------- 9€
metallic parts 4€
metallic thread------------------- 7€
springs 4€

acrylic 10€
ioanduino miepimou 2€

20voAo 70€



Onwce avedepa NoN e evoladpepel mpwTa armr OAQ N OxXEon
TNG KATACKEULNC PE TO avBpwmvo cwpa. AnAadn TO WS
TO QVBPWIVO OWPA PTTOPEL EDKOAA VA €TTNEEAOCEL TNV
KOTQOKELN. 2TNV APXITEKTOVIKA KAIUaKa OUWS cuxva Ta
HEeYEDBN N N B€on Twyv oToIXeiwy, dev EMTPETOLY TNV APECN
AAANAETTIOPAON TOL AVBPWTTOL PE AUTA, YIA TAPAdEYUA AV
TO OTOIXEIa BpiokovTal oTnv 0podr.

2€ QUTEC TIC TTEPUTTWOELC, N “CWUATIKN” oxeon Tou
avBpWTTOL PE TNV KATACKELN) Umopel va unv eivat
KUPLOAEKTIKN. YTIAPXEL N TPOBECN 0 AVBPWTTOC VA UTTOPET
va AAANAETIOPACEL UE TO CWHA TOU, UE TA XEPIA TOL UE TNV
KOTAOKELH, OANG KATTOIEG GOPEC auTd eival adbvaTov Adyw
TIPAKTIKWY (NTNUATWV.

‘Etol amoddonoa mwe Ba eixe vonua va geAeTnow eva

22

4. AYTOMATOINOIH2ZH

oLOTNUA AUTOPATOTIONONG, EXEL WG OTOXO YEDLUPWOEL KAVEIQ
TO XAoPa avApeoa oTnv KAUaKa Tou KTNpiow Kal TNV KAipoka
TOL AvVEPWTTOU.

AuTn n oken, yadi pe eva pueyalo eviladEPoV TTOL EXw

YO TA NAEKTPOVIKA , KAl TIPOYPAUUATIOTIKA (NTAUATA Pe
00ryNoe OTO va PeAETAOW o€ TTOAD BABOC MWE auTr N
KATaoKeLr Ba PmopoloE va eival AUTOUATOTOINUEVN KAl
OladPAOTIKA, OTAV O XPNOTNC PpiokeTal oe amdoTaoN TTOL VA
LNV TOU ETITPETTEL TNV APECN CWHUATIKY EMTAMN.

‘Etol oxebldoTtnke pia MAAKETA yia TIC AVAYKEC TOU
TTPWTOTUTOU, N omoia péow bluetooth cuvéEeTal e To KvnTod
(android). Enionc oxediaotnke n edbappoyr) Tou KivNToL TTOU
ETITPETEL AQUTN TNV ETTIKOVWVIAL.



1n yevid

L1

MAaketa PCB

2n yevia

Mikpoemegepyaotnq AtTiny 44A MIKPOETIEEEPYATTAQ AtMega32U4

Mvr Mvrun
A 4KB Flash 32KB Flash
Mvrun RAM 256 Bytes Mvrun RAM 25 Kb

PoAGL PoAGL
Crystal 20MHz Crystal 16MHz
My EveovEioe ETbirorapia Miny evépyeiaq Mini USB/uratapia
YTTOBOXES YIQ HOTEPAKIA 4 Yodoxeg yia potepdkia 4
EAe0BePEG UMOBOXEQ & Ere0BepeG LMOSOXEQ 4 digital
6 analog
3n yevia Arduino UNO

MikpoemeEepyaoTic AtMega32U4 MIKPOETEEEDYAOTAG AtMega168
Mvrun —_— M 16KB Flash
MvAn RAM 25 Kb MvAun RAM 512 Bytes
Foro Crystal 16MHz P P Crystal 16MHz
Minyr evépyeiog Mini USB/ pratapla :| iy esyes USB jack/ power jack
YTOB0XEG VIO HOTEPAKIA 4 § YTOSOXEG I HOTEPAKIA 0
EAe0Bepeg umodoxeq 4 digital “d EAE0BEPEC UTOBOKES 13 digitel
6 analog 5 analog

2TN CLVEXEIQ OlvoVTAl AETITOUEPEIEC YIA TO
OXeOlOoUO, TNV KATACKELN KAl TOV TTIPOYPAUUATIOHO
NG 3NG Yeviag
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What is the ioanduino?

The ioanduino is a board designed for the needs of my
final prototype. It is inspired from the Xavduino, which was
in its turn inspired by the arduino Leonardo, a different ver-
sion of arduino documented in the fabAcademy archives.
The ioanduino therefore is a simpler edition of an arduino.

The requirements are the following:

-two servos that run at 8.4V and 1.5A to open and close the
roof

-a bluetooth module (5V on VCC, 3.3V on RX and TX) to
communicate with the ioanduino via a phone

As a result, on the board there are specific pins for those
components so that they could be easily connected and
have the necessary voltage and amperage. In order to
make the board a little more generic there are for more
pins for servos than necessary, and some digital 1/0 and
analog /0.

The core of the PCB is the aTmega32U4-AU.

One of the advantages of this microchip, apart from its 44
pins (which allows for a lot of inputs and outputs) and its
memory, is that it does not require an FTDI for communi-
cation with USB because it is already incorporated inside,
so it can be connected (almost) directly to a USB tiny port.
This makes its programming easier.
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> XEAIAZMOZ

Schematic

o
o
>
U1
1%}
s}
8 14 1 voc_2 PBO(SS/PCINTO) 3701 D14 >
= 34 1 vee PBI(PCINTI/SCLK) -2 D 5 Us2
2 1 yvce PB2(PDIPCINT2IMOS) |2 Dlg o7 [Wiss 5eE]
v 24 | AvCC 2 PB3(PDOPCINIMISO) [ ol e o -
£ 44 1 avee PBA(PCINT4/ADC1) |23 P >
. 5 PBS(PCINTS/OC1AIOC4B_/ADC12) |22 B?o
e ——r - 31 p PB6(PCINTE/OCIB/OCAB/ADC13)
RESET [P D+ 4 ) by PB7(PCINT7/OCOAIOCIC/RTS ) [—2 b1 AVRISPSMD
X B RESET 15| AREF 31 D5
Q ~ - e Lo ~RESET PC6(OC3A/OC4A ) o
= ® E B9 XTALT 17 1 a4 PC7(ICP3/CLK0/OCAA) |32 D13 o GND
£ “ o T . >/t :
VBUS PDO(OCOB/SCL/NTO) [—& - m
':-f"‘\o PD1(SDA/INTY) |12 z|—§-—
e A5 41| peoapco) PD2(RXD1/INT2) |22 G :
5 & 5 A4 40 | peyiapcy) PD3(TXD1/INT3) |21 = =
b = GND Eersy A3 89 | ppyaDCA/TCK) Poa(icP1/ADCE) 25— D& —r
o =3 A2 88 | peg(ADCHTMS) PD5(XCKI/CTS ) 22 s e
& L——3 Al 87 | prs(ADC6/TDO)  PD6(T1/0C4D_/ADCY) = - SERVOS1-2
= =T A0 36 1 pr7(ADC7/TDI)  PD7(TO/OCAD/ADC10) |—2L— Ei : =
- = R6 50 Of
;T (. ve) |8 A ol 4
EhD D13 e PEG(NT.6/AIND) [ D7 680 G_I\%D —GNDL 55 o8
43 gmgﬁ xTAL2 |16 XTAL2
o—2 uenp
338 2 SE‘RVOS32-4
als ATMEGAB2U4-AU = [ oz ]
il XTAL1 2sC Da_ 1y V2 30 04
Dio 2 GND| 5 6
GND 2= 1 50 O8]
PAVAn! o Ds_3lg
e I piaaf_
% = B
WER U4 el
— GND w L GRYSTAL S mrogreem B va va
== L =
i PINHD-2X2-SMDO) Al 2l
PINHD-2X2-SMD . UGAP  AHEF " ﬁé = | R
ND - |
g GND A =B =
= g3 As 6]z
[ LLJ_m LLJ_O |9 AREE_7]_
=5 & = = 8|
Ll o = =T°0 v
2= c c 5o S5
a é_N_D Sv3
e GND \%
GND GND GND
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Board

Mini
USB

Koupumi
(reset)

PuBulothc
Taong
(5V)

LED 1

E€wTtepikn
TINYN evePyelag

microprocessor
ATMEGA32U4-AU analog pins LED 2

_;I‘

FRYSTAL

“H“‘l" & é g
88889

GND GND

V2

PoAOL (16MHZz) Yrodoxn yia bluetooth
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digital pins

UTTOBOXEC VIO
HoTEPAKIO



KATAXKEYH

YroAoylopdg toolpath Fabmodules.org

Meploplopot

-EAAXI0TO TTAATOG {XVOUG
TPOBAEMOEVO PELUA

-eAdXI0TN amoaTaAon YETAE) YPAUUWY

Mnxavnua MonoFab SRM-20 milling

Eotiaon - méxo¢ bAikol

ZTEPEWON HE Tawia SuTAng oYng
Taxoutnta, spindle, Bpata, d6vnon

Xpdvog Cwhe epyaieiou
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Kepareg: 1/32, 1/64, 0.01

KoANon pe kahdal (soldering)

Kahéu

Flux




NMPOIrPAMMATIZMOZ

Mpoypapuatiot g FabISP

AtMega Pinout
Arduino functions in red §§§-§5 g
ggEiis
gopiifiges
135854885383
$3%EEfERESS
FREEEEEEREEE

[55 pe2 0 Hwe

3 Po7 (CPAGLXOOCAA) Digital Pin 13

[5] 08 (0CWOTHH] Digial Pin 5

[59 P86 (POATEOCIBOCAADC1) Digita Pin 10
[ Pos (PONTSOC1NOTTEADG 2 Digital Pin
[£8 Pos omTHADC) Digital Ping

[£7 P07 (150C4DADCTD) Digitl Pin &

[£8 P08 (1/GGABiA0CH) Digital Pin 12

[E5 o+ (cevaDc) Digital Pin 4

28 Avoc avee

(33 640 Ground

Digital Pin 7 (NT8/AND PEE
45V e

RXLED (SSPCINTO) P80

SCK (PONTISCLQ PET
MOSI (PorPCITINOS) PR2  [1]
MISO (POOPCINTINISO) P83

Burning Bootloader YR
Bpe8ggeeaes
BrilisEsece
§f CEREiaag
2 HiT
; L
H £3
2
eEWTEPIKN TINYN evépyelag + ioanduino + fabISP
& Arduino File Edit Sketch Help
[ K sketct  Auto Format ®T x "
Archive Sketch X Mhaketa Arduino UNO
Fix Encoding & Reload
sketch_jun26a Serial Monitor 08M )
1 void setup() { Serial Plotter oL v Noywoukd Arduino IDE
é // put your setup code here, to WIFi101 Firmware Updater
i Blynk: Check for updates v T\oooa npoypappatiopold Arduino
6 void loop() { Blynk: Run USB script ARDUINO
; // put your main code here, to r Board: NN TR =
93} Port > < BiBAobnkeg Arduino (bluetooth, servo)
Get Board Info
Programmer: "USBtinyISP" >

Burn Bootloader
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Atya Aoyla yia to Bluetooth HC-05

L=+ JY-MCU
= \GND._’ Power:3.6—6V

Antena  CSR Bluetooth 5V-3.3V PuBuiotng

Radio LED1 Téong
@\9\9\9\9\9\9@\9@\9\9\9@%D Pins
od D

The bluetooth uses serial communication to send and re-
ceive data. Serial communication is the process of sending
data one bit at a time, sequentially, over a communication
channel. This is in contrast to parallel communication,
where several bits are sent as a whole, on a link with sever-
al parallel channels.

| am using the bluetooth module HC-05, which is a wireless
Bluetooth Serial Transceiver Module, designed for trans-
parent wireless serial connection setup. It can be set to be

29

AcUppaTtn eTuKowvwvia

either Master or Slave, and it uses 3.3V signal levels, but its
Voltage can operate with 5V. The module has two modes

of operation, Command Mode where we can send AT com-
mands to it and change its settings, and Data Mode where
it transmits and receives data to another bluetooth module.

MIT App Inventor

The platform used for the development of the application
was the MIT application inventor. It is a very well designed
platform for visual programming application for android
devices. In a way, it is like grasshopper, but instead of ge-
ometry, it is for applications. It was the first time | ever used
this tool, and | am really happy with it, as it is very powerful
and user-friendly, and you can find a lot of tutorials, proj-
ects and documentation online.

When creating an application that interacts with an ardui-
no, one has to be writing two codes at the same time: the
application and the arduino code. Those two have to match
and cooperate well to get the project working.

The communication between the application and the ardu-
ino in the code is based on a simple logic. This application
defines a very simple protocol for communicating with the

Arduino. This protocol is merely a 2-byte sequence.

The application always sends the first byte (=number) ,
which contains a value that we interpret as a “command”.
This number points out what this particular communication
is for.



MpwTOKOMO emikovwviag: 2 Byte Sequence | [MNapadetyua

loByte | evtoM | anootoréag: epappoyn Epapuoyry > "1" (= ©&\w va pdbw TN BEoN TOL servo A)
20 Byte | amavton/2n evioAf | amootoAéac: edpappoyn / arduino Arduino -> "85" (= To servo A Bpioketat otn 6¢on 85 poipeq)

Connect with Bluetooth

Connected

L)

19.8

Send

Disconnect
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MIT App Inventor code blocks Arduino code

when -Initialize
( 11" (8] BluetoothClient1 ~ |4 Enabled ~ |

then | call (EEEED -ShowAlert

notice

S

T
=
%’E L | BluetoothClient1 ~ || AddressesAndNames ~
QO
L5
B N
=
4
= call (M eiRa -Connect
< address |
1 #include <Servo.h>
2 #define ledPin 8
- 3
9} 4 byte state = 0;
S 5
>
‘8 6 Servo myservol;
« J0)
S 7 Servo myservoz; =
< 8 e
9 int servoPinl = 9; 3
- 10 int servoPin2 = 10;
when EEEEES PositionChanged 1
g thumbPosition 12 int posl;
SE do  set 13 int pos2;
g 2 — 14
= 15 int destinationl;
s 3 > Pt
g § when (S[EEZES .PositionChanged 1? (e depeinacbne
5w tumbPosiion 18
do i (Gl (-1¢ thumbPosition ~ 19 void setup() {
erial.begin 3
b 20 Serial.begin(9600);
21
when EITERIES -Click 22 p?nl\./lode(lgdPin, Ol.JTPUT); -
ootcient = =Conmeciea =) ;i digitalWrite(ledPin, LOW); %
theny call (I RS -Send1ByteNumber ﬂ 25 myservol.attach(servoPinl); =
number | [ 26 myservo2.attach(servoPin2);
OIEERGE R newpos LeMIEE Slider1 ~ | “FhumabPosition ~ | 27
TeIETED -Send1ByteNumber 28 while(!Serial);
LTy LT ceiling ~ | IEWPOS gg 4
31 void loop() {
32




when (I -Click 22 pinMode(ledPin, OUTPUT); o
23 digitalWrite(ledPin, LOW); .%
24 =
LCLICY Bluetoo! Sl ﬁ 25 myservol.attach(servoPinl); =
number | ) 26 myservo2.attach(servoPin2);
(#] initialize local pos LM Slider1 ~ |8 27
in | call EME LD Send1ByteNumber 28 while(!Serial);
. rumber Y rewpos - o
§ g 31 void loop() {
= 2 32 . ) )
5 5 33 if (Serial.available()) {
S F when [EITEPES -Click 34 state = Serial.read(); //read the Command
<% - '@ | i BluetoothClienti - i lsConnected - | 35
ihén G Sond!BytoNamb, 36 if (state == 0) { // Command = @
f Bluetooth SnciEyIoNImber ﬂ 37 destinationl = Serial.read(); // send servo 1 to desired position
number L 33 posl = myservol.read();
@RLETECEE T newpos [N Slider2 - B FhumbPosition - | 39
TEGED .Send1ByteNumber 40 servoGo(myservol, 2*destinationl, posl);
number T newpos - | - Fleshianod;
43 }
44
45 else if (state == 1) { // Command = 1
— — = 46 destination2 = Serial.read(); // send servo 2 to desired position
initialize global to | @ initialize global to [ @ 47 pos2 = myservo2.read(); 3o
48 [s}e}
when (&I -Timer 49 servoGo(myservo2, 2*destination2, pos2); % §
" @1 W[ BluetootnCiienti - J isConnected - - e L $3
>
th > t & Co J E
= = — 52| 3 a5
AU Y iobal ot (=140 53 5¢
54 else if (state == 2) { // Command = 2 4
th | BluetoothClient1 ~ I o g
B ! il bk 55 posl = myservol.read(); // get servo 1 position é Q
number 56 Serial.write(byte(posl/2)); z 8
57 flash(200);
N 58 }
e S 59
§ -[1 global initPos1 - REMERCEIN BluetoothClient! ~ EELENEEIIELECNTIEED [ 60 else if (state == 3) { // Command = 3
o Sli : ) to GRS 61 pos2 = myservo2.read(); // get servo 2 position
.y é o W get 62 Serial.write(byte(pos2/2));
g v 63 flash(200);
B 64 }
s 2w
,S (>) D 65 }
o % g 66
=0 = = 67 delay(500);
8 8 then | call EIECRGEENEES -Send1ByteNumber 68 }
vg number 69
= N procedure - | 70
E—* @i ={l BluetoothClient! ~ J=NCHAEIEEICIEERIEN > ~ [0 | ;% //Additional functions
-
then | set FILENIrRdto | cal EIEELEES -ReceiveSigned1ByteNumber 73 void servoGo(Servo servo, int destination, int initialPosition) {
— -
ed ~ ON true - 74
l - 75 if (destination >= initialPosition) {
- - . 76 for (int i = initialPosition; i <= destination; i += 1) {
JCR-C global initPos2 - | 77 servo.write(i);
78 delay(3@):




420 |8 BluetoothClient1 ~ I IsConnected - | 80 }
= st ~ M Text v RCI C i 81
-1 global initPos1 +~ K] 82 else if (destination < initialPosition) {
1 global initPos2 - |} (4 0] 83 for (int i = initialPosition; i >= destination; i -= 1) {
: = ] 84 servo.write(i);
— o) 85 delay(30);
- 86
87 }
88 }
89 }
initialize global (CEE7) to 90
— 91 void flash(int wait) {

92 digitalWrite(ledPin, HIGH);
93 delay(wait);

-SystemTime 94 digitalWrite(ledPin, LOW);
95 }

96

LED
(debugging)

Clock1 ~ ESTEC L glo

KaBuotépnon
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5.EGAPMOIEZ 2THN APXITEKTONIKH

H AOYIKN TwV KIVOOUEVWY EMOPAVEILV UTTOPEL va €xel BIAdopeC Xpnoelc. Avaloya
de TNV epappoyr), AAACOLV TA YEWHETPIKA XAPAKTNPIOTIKA

OE>H XPHZIMHZ EMIGANEIAZ

Xpholun emdavela kKaTw and Xpholun emdavela mévw Kat i ) i
Touc Bpaxioveg K&TW amé Touc Bpaxioves Xphown emdaveia mavw ano
Toug Bpaxioveg
E z i A
A B
e e e ——] e ———

Tapapopdwon eEaTNPIoL

max ' min  max’' ' min

~mm

opodn £6apog
Xwpoua avayAudpo
TOlXOG TOIXOG

KEALDOG 34 EMMA\O



FONIA ZTPODHX

BeTIKA ywvia otpodng apVNTIKY ywvia oTpodng

APIOMOZ BPAXIONON
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MapaueTpIkOC oXeEDIAOUOG UE grasshopper yla Tnv
edaAPUOYN TOU UNXaviopoU o€ TIPAYUATIKEG OUVONKEQ

ATieg yla TNV avaykn mapapeTpIKoD oxedlaopou:
-JeEYAAOG apIBPOS TapayovTwy emnEealouy TIC
anartoLPEVES IB16TNTEC TwV eAaTnPiwy, SOCKONOG
UTTOAOYIOPOG

-OX1 YPAUUIKOG oxedlacpoG: N yewpeTpia kABe Bpaxiova
eCaptaral TOoo and TIC SIKES TOL IBIOTNTEC OCO KAl AUTEC
TWV YEITOVIKWY TOU

-KGBe edappoyr) anarel SIaPOPETIKA yewpeTpia

-6UOKOAOG LTTOAOYIOPOG TNG oTABEPAC eAaTnEiou k

Top = Perspective "

Front = Right |=

Mapddelypa kablopatog
(Tpelg Bpaxioveg pe TN xprown emddvela mow and To PNXaviopo)
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uAKOG SEOTEPOL Bpaxiova : onpeio 00v8E0NG oxor : T000GTO opikPLVONG
; VIO0 0TO Bpaxiova  OKEAETOU TAATNG
 oxeriCeral pe: : |

5 : oxetieTal pe:
EAEVBEPOG XWPOG YIa Bon- + ~kamavopn Bapouq
NTKA oToIXeia CUVEEONG + -Buvam ywvia oTpodg

Bpaxovwy : |

NPOTOS BPAXIONAS

——— ) A [Fomegina]
B
Ed
5 Lh
{rty v b (s
do
E ¢
v
‘@
L e
[ se ) T R
\
Ecmbo'rqm] onpeiov GEovag mpuwtou Bpaxiova ‘
LotpIENG eAatnpiov H
{and 10 onpeio MepI- H |
10TPOPAG TOL TIPWTOL :
:Bpaxiova
‘oxeTiCeTal e |
ik
i-buva ywvia oTpodia i |
\
HAKOG TIPWTOU ywvia petagy TAATOG BPagovwv TIAX0G PEPOUEVWV : MAdTog depdpevwY |
Bpaxiova 4Eova onpeiov ‘C EMpavelV © embavelv
OTAIENG Kal ogeritera pe )
&Eova Bpaxiova 7B000c Katkatavol Bapovq |
otn 6éon 0 OxeTiCovTal pe:
oxeTiCeTal pe: Ecpoc Kal Katavopn Bapoug ‘

-Suvarr ywvia oTpodriq 37 -duva ywvia oTpodnG



. TI0GOOTO OpikPUVONG
: OKEAETOL TIAATNG

AEYTEPOZ BPAXIONAZ TPITOZ BPAXIONAZ

3rd Arm axid
— ]

| : MAKOG TPITOL © Ywvia petagd
: Bpaxiova  &Eova onueiov
OTAPIENG KAl
| agova Bpaxiova
otn 6éon 0

| oxeTiCeTal pe:
3 8 -5uvaTm ywvia oTpodng



yovia 0Tpodrc TEWTo ‘ywvia otpodric SedTe-  : ywvia oTpodnG Teitou  mx0g Bpaxioviy HaBnuaTIk6E TG
OKEN H oKkENOLG H

KEAOUG {POL OKEAOUG

BUVATEG TIEG GTWG OPIOTIIKAY AN TG TIPONYOUHIEVES TAPAHETPOUG

YNOAQIIZMOZ STAGEPAS ENATHPIOY (k)

(Eeetame o,
N A
Ssdom
i o woo ) <

TENKEG TIEQ Kk

27 avon

XX N> RP 0> X%NR20x0rR0 xR0 %N

YNOAQTZMOZ METAMIKON MEPON

k SIAPETPOG anéoTaocn PeTan k APIBUOG TEAKIV { METATPOTM OVASWY
* UETAMNKDV * 8ibupwY Bpaxdvwy * KaBloPATWY :

OTOIEIWV

oxeTiCeTal e

-Bapoq kar karavopr Bapoug

®
~TpIBr oTadeporoinone
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6.ENAEIKTIKEZ NMPOTAZEIZ

Audloeatpo-NoAuxwpog

OTOIXEIa oTOXOC ETIIITAEOV ATTAUTAOCEIC
neploTPedOUEVN TAATHOPUA TTOL ONUIOVPYEI
KAion apdBeaTpou AvuvatotnTa yia TOAATAEC MnXaviopoG KAEIBWUATOC
XPrNOEIC TOL XWPEOU oe diadopeg BEoelg

TavéAa eyKIBwTIopEvVa oTnv TAATPOPUA TTOU
SnuioupyoLV kaBiocuata
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265
-
1.35m
-
1.10m
-
0.85m
-
0.601
b
0.30m
-
0.00m
=
-0.601
ws =

KATA MHKOZ TOMH 2THN ANOIKTH ©E>H
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EMKAPZIA TOMH STHN
ANOIKTH ©ESH
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025m
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ZYAINH BAZH

MHXANIZMOZ KAEIAQMATOZ

MENTEZEZ

ZYAINO MAAIZIO 25X50

ZYAINH EMIGANEIA

METAAAIKEZ PABAOI R4

SKEAETOZS MANEAQN KAGIEMATOZ 40x20

MHXANIZMOZ KAEIAQMATOZ

TPOXAAIEZ

ENATHPIO METAAIKO EXOINI 3
‘ T V20773 i
— . — : u
‘ ,‘r_ VY, | W _
(\[‘D Ha m‘ ()] £k | ) < ‘v Ql ?ﬁ'aﬂg@ 5 ) <O
O b O

OrH A AIEYKOAYNZH KINHZHZ

METAAAIKOZ TKEAETOZ NAAT®OPMAZ

NETTOMEPEIA 1
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TPOXAAIA

METAAAIKES PABAOI R4
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MeAAOVTIKEC BEATIWOELG TIPWTOTUTIOU

| consider this prototype to be successful because the
goals | had set were achieved:

-Low energy and smooth movement of heavy objects
-Working prototype

-PCB designed according to the needs of the project
-Application that allows interaction with bluetooth
-Fabrication of all the parts inside the fablab

Nevertheless there are a few unsolved issues which should
be addressed in future research. Those concern both the
hardware and the software.

MODEL

One problem observed is that the arms can not be set and
be stable in the intermediary positions. Apart from the con-
straints of the minimum and maximum angle, there are no
other constraints in the rotation of the arms. Thus it is pos-
sible that rotating the upper arm will result in undesirable
movement of the lower arm, or that with a little bit of wind
the whole prototype moves. At the moment the only thing
holding it in place is friction (which | went into great pain
to minimise) and the motor. These are not enough. There
should be a mechanism that allows it to lock in intermedi-
ate positions, in order to become more stable and reliable.

Another problem is that there is a little bit of play in the
joints of the arms, as a result apart from moving up and
down, they also slightly tilt left and right. If you see the vid-
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eo carefully, you will see it. This should be addressed by
rethinking those joints, and basically the whole design. In
order to fix it there should be more area of parallel surfaces
touching or/and tighter joints. But it is not as simple as that,
because this would increase friction, and thus the required
energy for the movement.

What is more, if the weight on the arms changes, the
prototype is out of balance. This means that the springs
do not help as much as they could the rotation, and that in
certain positions (usually the ones close to the maximum
positions), instead of helping the motors, they actually act
in a negative way, adding up to the gravity force. Another
improvement therefore would be to add a mechanism that
allows for automatic tension adjustment on the springs.

(I tried to do that in my first big model with the ratchet
mechanism, you can find more about it here, but the idea
didn’t make it to the final prototype). This would allow the
prototype to carry weights that variate without falling out of
balance.

After the problems are solved, it would be very interesting
to add more arms in order to create a more agile structure.

MOTORS

The servos | used are not strong enough to move the arms
without problems. Sometimes they got stuck. | believe that
| should pass on to another family of servos. What | am
considering is the family that is called SCS servos, which



SCS servos TTLinker

are stronger, more reliable (and more expensive). The
problem is that those motors require a TTLinker, which has
to be connected with the TX and RX pins of the atMega
(pins currently used for the bluetooth communication). As a
result, to use those motors the ioanduino has to be rede-
signed.

PCB

The PCB works very well. Still, many things could be im-
proved. One of them is the pins that the motors connect
with. At the moment there is one voltage which connects
to all the motors, so if one of them has different voltage re-
quirements, it cannot connect with the others. This is not a
problem now, but if the extra mechanisms | mention above
are added, then more and different motors will be needed.

EmiAoyog

H epyacia autr) ev €xel we TEAKO AMOTEAECUA TO
OXedIAoPO eVOC HEUOVOUEVOL QVTIKEIIEVOL I TTPGTAONC,
AA\G piag dladikaciag mou pmopet va odnynoet oTo
oxedlaopo PlIag oelpdc TPOTACEWY AvAAOYQ LE TIC EKACTOTE
avaykec. Emxelpel va mapa&el To LTTOOTNPIKTIKO LAIKO TTOU
Ba pmopoloe va odnynoel oe dIAGOPES EPAPUOYEG.

Eywve pla peydin mpoomndBela WoTte autd TO LTTOOTNPIKTIKO
VAIKO va eival GIAKO TPOC TO XpNoTn. To mpdypapua mou
QvarmTuxbnke OTO grasshopper emrTpemnel TNV eOKOAN OAAQYN
TIAPAPETPWY WOTE N YEWUETPIA VA PUTTOPEL va TTPOCAPUOCTE]
oTNV ePaPUOY XWPIC va amalTeiTal KAmolog eEEIBIKELUEVOC
XPNOTNG TOL TTPOYPAUKATOC. [Npog TNV bla katebBuvon, N
loTooeAbA TTepINauBavel AeTTTopEPEIC eENyNOEIC KAt 0dnyieg,
KABWC Kat OAa Ta apxeia oe emegepydolun Hopdr) WoTe
KaBevag va pmopel Ox1 Povo va Ta Bpel, ald kal va ta
KATAVONoEel WOTE VA elval oe B€on va TA XPNOLUOTOINOEL

‘OAn auTr N LTTOOTNPIKTIKA TTAATGOPUA XPetleTal olyoupa
TIOMEC BEATIWOELS TPV VA eival oe B€on va xpnoluomnolnoe,
AA\G Oeixvel Pla peBodoAoyia we TPo¢ To WS Ba pmopoloe
va dnuioupynBel pia GAKn TTPoG Tov AvBpwrto Sladikacia
oxedlacpou Kal Tapaywyng.

This work is licensed under a Creative Commons Attribution 4.0 International License.
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