A\

4|2
Al
v

WAL RLY awyjmi

Iﬂiﬂﬂﬂiﬂqiﬂ’lﬂ@]‘&l QﬂﬂiﬂiLLawaﬂ WUULUBNRTWIBTULARDUAILLTUAIN

a 6 s
Tag Syewad Ta93ane Inena

Qunwﬁ%§2561



fuaufl RSA5480014

NI RLY awyjmi

Iﬂﬁx‘]ﬂ?iﬂ’]iﬂ’]ﬂﬂu qﬂmniuawﬁﬂ WU LUBNRTWIBTLLAROUAILLTUEIN

= 6 o
BICWI aaamuz‘lwma

ATRARINIINANEAT URIANLALLT LA

AU agﬂ@yé’]ﬁfmmﬂ amuaﬁfu agl,ufifﬁ'ﬂ

@nudnlunsnuibduanuiuveside and. lisududaadudioaualy)



UNAALa

[ A

s § k% [ a A { Q
WABNALULT BT LUIARawaaIFuaa D atduszuuwawnashanianien Uﬂ?Wluﬂ’ﬁ

v

iUl wewnunainvany lagdaaaaaiaiinisvineawining dimunniun wazdasddseznauln

nInAa T uAa w998 atg lsAaunsltauuasnawnadszianigsag luidununsnane
LHh991NTAMNYINLTINTaANLULNUANT I TINUN L AN Fa NNV TUTAW I UAIUNNT

m‘uqmLﬁaamm?'fum@Lﬂm?umuﬁmmmz%oshw,lﬁnvl,éﬁawmmﬁo Tassmstdunisnew
> dll v 2 .& = ) £ [ 6 a
ANLUL LU BN AUYU BT ULARDUAILLFUAIA smuLﬂmmmlummﬂﬂmmmuqﬂmmuawmﬂ
a%m%’uai”wuwuaﬁaulﬁ;jﬂfmu Tagduiiwn1aanuuy 3“].]LL‘]J?J’UENLL‘IJ%ﬂﬂLLiJiJ“lJW]WUvULﬂﬁau
MULFWAIN  ALATIZHN N FTINWLAS T WA NLA NI RNV DILYBNAFIRTUN I LTI UEIIIULTILRA A%
AN®e11 kinematics Waz dynamic °11adizuuLLazﬁﬂwﬁ'ﬁ'mimuquqﬂﬂim“lﬁmmmaﬁ”’mm
RN AWANNFILIANDNINIRDININWUA be 1A laNAFaUNULLLINRINNATHAAIFAT bblaTIniTle
o & o v & A ~ P A ~ Aa A& A
FINTANATL FIFNAIDITINBLANINIAROUNULL 2 AAUaSMIARaWNLLY 3 N6 G980
agUemdiadnmusznaseuitnismiuguuuudeg  nelilasiniaavauivaiianmmasey
= aa d'l 6 b’ai >3 d'l ni YV & a
e 2 A6 Luaamﬂm@qﬂmmmummwmmmm’ammmsmaaumaaLLmuﬂaVLmﬂumnm

v v { 1 =3 7G-S 1 v { v g
ﬂ'mLLa:ﬁmmazLﬁ'mgﬂ@aaﬁgo a9 IR UNANINAFAULRAI A LA B INAWUUUN T

o v o % =
a’]“’]iﬂ‘ﬂ’]\‘nu‘l@l@') HAINVLNWLIIEAUA WS



Abstract

Cable driven parallel robots have great potential for used in many applications.
They have advantages for large working space, light weight and simple components
that can be simply constructed. However, they are still not widely used as cables are
not easy to deal with especially in systems that require precision. There are also
difficulties in workspace analysis and control due to the fact that cables can supply
only unilateral force. This project develops the design of a cable-driven parallel robot
which is suitable for use as a haptic device which can generate virtual feedback force
to the user. The design and workspace analysis have been studied to obtain suitable
platform for the robot to work effectively to as a haptic device. Dynamics of the robot
has been analyzed and control methodologies have been proposed. Simulation
studies have been performed. A laboratory prototype was constructed to allow for
performance test on 2- and 3-dimensional motion. In this project however the scope
of the test was reduced to 2 dimensional motion due to lack of proper equipment that
can measure large motion with fine precision. The results of test, nevertheless, show

that the prototype, to some level, can work well with suitable precision.



Executive Summary

Robots have been an integral part of manufacturing in many factories. Many of
the robots employed are of serial type. With their huge presence, many research have
much focused on this type of robot. The other type is parallel robot. Although still not
widely used, researchers have put more attention to them. Parallel robots have some
advantages over serial robots such as rigidity and payload to mass ratio. The
disadvantages includes small workspace and singularities. Cable-driven parallel robot
is a parallel robot that has cables as actuating members. They have great potential for
used in many applications. They have advantages for large working space, light weight
and simple components that can be simply constructed. However, they are still not
widely used as cables are not easy to deal with especially in systems that require
precision. There are also difficulties in workspace analysis and control due to the fact
that cables can supply only unilateral force. This project focus on analysis and design
of a cable-driven parallel robot which is suitable for use as a haptic device. A haptic
device is a device that can generate virtual feedback force to user who operate on it.
It can be useful for operations that local operator required force feedback from the
remote system. The remote system can either be a physical system or a virtual system
created in computer such as games. Here, design aspects of the cable driven parallel
robot and its workspace analysis, both “wrench closure workspace (WCW)” and
“‘wrench feasible workspace (WFW)”, have been studied in order to obtain suitable
platform for the robot to work effectively to as a haptic device. Dynamics of the robot
has been analyzed. Control methodologies have been studied for 3-cable and 4-cable
systems. This includes individual PD length control and individual PD length control
with null-space force to ensure the positive cable tension. Another control approach

was also created to generate virtual environment to the user. Simulation studies have



been performed. A laboratory prototype was constructed to allow for performance test
on 2- and 3-dimensional motion. However, in this project, the scope of the test was
reduced to 2 dimensional motion due to lack of proper equipment that can measure
large motion with fine precision. The results of the tests, nevertheless, show that the

prototype, to some level, can work well with suitable precision.
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L339 inverse kinematic Lﬁammmmamﬁmﬂﬁ?uﬁmuqumwsmL%aﬂmadu@ian&ﬂmﬁm:
& asm"l,iﬁ@nmi”aﬁ@wmmaﬁ%ﬁazifuagjﬁ'mhmmmsnﬂinﬁumwmﬁmafmaaizuuvl,@i"

v A 1
and A9nIa L

lunsTianeziniaiafeuiids dynamic 910 free-body diagram lugtfl 3.1 sumIns

A A A
LARDUNVYDIICUURINNIDLVUWLLRA \ﬂ,ugll

D> f+F=mR (3.2)
i=1
LN
Daxfi+T=10
=1 (3.3)

o v A v 1 1 o a { 1
108 n AT IUIUVBILFUAINTIABINAININNIITIUINBIMDFTZVBILIUNANDBAULL 13181
wignvasnIniuguaaniin 2 JuULAD 1) MIMUGUMTAREUTLAE 2) NINILAULTI F1ATL

A% haptic interface BLNINTUADINIITUING 2 FIBIINNH
3.2 n’nm’mquﬁ’nmﬁa"uaa moving platform

luﬂﬁsﬂauqm‘immuwaa moving platform azinsinuaddunie R0 Adasns lu
Ay v o & o & A 2 A ' A o .
nhldsyanwol R0, muuﬂmummmmimuquﬂafﬂzmqumemanamovlmwa% moving
& o o o . & Aad) A o Ada
platform Lafauaa lgsduniknwlunsdnlidussmeonan F,T nsevh lunsdindussnonan

N3y szumwaadwLﬂmlﬁaiumuﬁmmmﬁag;@ﬂwﬁ)%avlﬁ wInua lruIniaa lalasa s
3.21 N13AILANAMNBIIMULULNEIW

fmsunmuguuuuihdunisldwannaves inverse kinematic Lilafnuad Ry, 6, A

zimIdwmsdianughruszadswaandastds 1 i=1...n  asundynizaing
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mquﬁagna@gﬂmlﬂumsﬁw tracking control 284ANNLNIVBIFUAIN TIL518719LTIDNNTBENS

3181 T% PD control

f=k (I =1) +ky (I =), i=1...n (3.4)

= a A A '
FalunsdihguniImInaaunaze QIugﬂ

ikpi (I =1)+ kdi(l.di_l.i) =mR

LR
38wkl —1) + ks (1 —1)) = 16

3.2.2 113AILANAMNLIMVLULNEIN TA8n1IAIRBALIIRITNAK

sl,umsmqumwﬂ’a 3.2.1 B hidTaninualaniigitasnumstseulrussfelwsualad
' ' = o ' ' o & . =& '
mw’mmﬂﬂuﬁmmmUﬁaLaummvauﬁmsmau muumﬂmmmlumimuquﬂiﬁﬂga’]mm
m’maaLéfum@ﬁﬁaaﬂﬁﬁmmm’hmmsmﬁaa;ﬂ'uﬁa:ﬁﬂﬁlﬁ@]mié’dmiﬁﬁﬂﬁlﬁum@1Lﬁ@
MIrdaualla st smslasdioe19zin M nuaaILTIRaTuas (preload) liiduaia
f, = kpi(ldi =)+ kg (1= 1)+ fpi, i=1...n (3.5)

law f; Aadvausssudunazdinmliartuassldidumaudazidn

3.2.3 113AILANAMNBMVDULNEIW Taan1IimwaLsIfaldanisaawuuL null-space

lunsmuguatnta 3.2.2 nsasdussdasudu f, udnsoesainsUiuaiuuuu

IS ' A A A A ada ' A @
lagdn  f; vaadudiasiaasanisedonn sansdidanalimunzauiasannussantlassay
ffiandl f, dnnidusiaazlnadaninafaufiues moving platform wazvinlidunia garhe
a A o as ai v o o A
fanuaaaaaeunaTe lunsdiiinannsanazlswnannsraInIIaEaRIILUY null-space o9

' Al \ A a . ° o & o & f
lsifinadansindennvas moving platform mmﬂizqﬂmﬁlfﬁ’l@ Gmmsmuquaﬂwmzmzaglugﬂ

{fi}= {kpi (g = 1) + Ky (I~ I.)} +(I-A"A)S (3.6)
Tan A=J"\ila J §o Jacobian matrix, + i psudo-inverse waz & danniaaigulas Tunsdit
it & azfdrilafionuas lifnarilwusesng anman (1 — A A)E Aivun moving platform
wWaswly asbmmsansoivuald & ﬁﬂ'wmwaﬁa:ﬁﬂﬁmoﬁﬂmﬁum@nﬂLﬁuﬁ@hmnﬂiﬁ

qusﬂ@”
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Simulation result
Tunimasay la¥inn1 3318 098 F9TSUL LY NALLLAWIBTULAR UG LLFWAIALLL 4 L&
lasfiyadaveiduuazinatfidunii (-0.6,-0.6) (-0.6, 0.6) (0.6,0.6) Uaz (0.6,-0.6) LAz moving

platform (Juuuuianilana 1 Alani

ﬂ‘stﬁﬁ 1: N13@UANLUY PD — length control based on (3.4)

Eﬂﬁ 3.1 LLE\’(@GﬁGNﬂmadﬂ’]iﬂ’JUQ&JI@Uﬂ’]i@lbdguﬂ’] gain kd=20; kp=100 lﬁﬁﬂ’n&l
= % ° , Aa A A a A
LANNSHA ‘Nﬁ]’]ﬂgﬂﬂ’li@]a‘]Jﬁua\‘]vL@lNaﬂ’liﬂ’JiJQNW]Lmu\‘]“n@l&l’m LL@]LﬂJE]W’i]’]im’]@ﬁ]’mLLi\‘maﬂvlﬂﬂ
@ = & 1 a \ aa o o 2 A a A as =] a o
LEURIN ﬂﬁ]zL%%’J’lﬂJU’]x‘i‘ﬁ’Jx‘iﬂuﬂ’limﬂ’ﬁI%LLN@]O?J@’]@I@]&‘]J ‘ﬁdI%ﬂimuﬂﬁﬂ&lLLiG@]@ﬂﬁJﬁ]t‘l’]’]ﬂ’]i
Qs v & 1 6 dl Qs Qs U =3 A o vV a Q/
ﬂiUIMLﬂuﬂ’]ﬂuULLﬂu Lwaﬂadﬂuﬂ’liﬂa’m@ﬂladLaua’l@]aaﬂﬁ]’lﬂ“g@mu GﬁﬂﬂqlﬂLﬂ@ﬂq’]ﬁ’]ﬂ’]iwu
[ [ 1 =3 A . 2 A A o [ I ¢ A
ﬂuvlﬂ E]EJ’NVLiﬂ@]’mLSJB moving platform DNNHANNY WﬂE]\‘iﬂ’ISLLN‘IJENLﬁua’J@H]Zﬂa’IEJLIJWZIMEI G
2 A . o =) a o = Y [ o v a
%N’]EmdL%aﬂaﬁﬂﬁ]:‘ﬁEJB‘LL@]’JLL&ZNIE]ﬂ’]aYIﬁlxﬂmU@]?%Q@]aaﬂﬁ]’mﬂzmﬂmﬁua’l@]vL(ﬂaﬂ ‘Yl’ll‘ﬁm@
Tywisaadionwinile

v

gﬂ‘ﬁ' 3.2 LLamﬁdmmauauawaamsmuqm”uﬁmﬁaﬁl,mmmuaﬂsummﬂuﬂﬁiugﬂ
sine 1918 3 e aziwilumengedsrusmaniafazduusimauanidlase stiffness 2z
ifuag}'m Kp Aseanly Wi masNIzULLNg steady-state LLsaﬁamaaLﬁumm:Lﬂuﬂuﬁ Ll
Action 89MIMLANULL  PD  AIzABURHEIBEINNTIALT weilumau fuienalaiduwisuio

LD 9ANNLT AN R LA UAIAWLAANITN AW LG ANNNNEIITI 61

fen/f_cable:1
fenff_cable:2
02k i 2t fenff_cable:3 | |

fenff_cable:4

@

045 - ! 1

X,y position {m.)
o
|

cable tension (N.)
2

w

oos - [/

J/ 0 ) e —
ol |

L
a 0.5 1 1.5 2 25 3
Offset=0 Time

Offset=0 Time

3UN 3.1 HANIAILANAUNA xd=0.2, yd=0.1 Y8432UL 4 LEUAA Nl moving platform Liu

VAL LLsaﬁaL%aﬂQaq@nﬂLﬁu 100N (Kp=100, Kd=20)
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ﬂ‘stﬁﬁ 2: @AIUANLUY PD - length control + Preload based on (3.5)

nndymlunsdusnimasadlasusssuaulinuiswaialvudazidads 5 N lag

A e < o A A o A Al & . A .
WINULABIBDW ) (ﬂﬂﬂﬁlvbﬂ\‘]l,ﬂu éﬁﬂﬁlzvl,@lﬂ’li?@auauad@l’mgﬂw 3.3 1uﬂ5mu'{]$l’“u'}’]l’ua moving

platform LaRaUNIINFIaFNGALT LEUAIANNLFUTIAIINLTIA I 289 lsAMI NN TAIAILTISNA

anwoizfhzlinadannuuiniIaunNdoIva9@ UV moving platform

A 0 VA
Lﬂaauvl,ﬂa'mml,mmmaams

0.2 1
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o
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= o

o
o
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T T T T
— — - . position:1

——— .
position:2
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0.5 1

I
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I
25

20 -

cable tension (N.)
=

A &
DIZLRWUINAA

\: 1

fenff_cable:1
fen/f_cable:2 | |
fenff_cable:3
fen/f_cable:4

0

|
0.5

I
1

|
1.5

L
2

|
25 3

Time Time
gﬂﬁ 3.2 Namimuqm‘mmm xd=0.2, yd=0.1 28932UU 4 L§FUAIN A% (3.4) Liaduse

mwamummﬂuﬂﬁugﬂ sine YW@ 3 N (Kp=100, Kd=20)

position:1

position:2

20

fenff_cable:1
fen/f_cable:2 | |
fenff_cable:3

fen/f_cable:4

X,y position (m.)
cable tension (N.)
=

I I . . | 1 |
0 0.5 1 1.5 2 25 3 0 0.5 1 1.5 2 2.5
Time Time

31N 3.3 WAMIMILANAIUALY xd=0.2, yd=0.1 1BITLUY 4 LFUAA A (3.5) Liaduss

L%T'mi”u‘l,méfum@nﬂw?mmﬁ'u 5 N (Kp=100, Kd=20)

N3l 3: AIUANULY PD - length control + Null space preload based on (3.6)

A A v -jl’ a € v
@IURUNIIN 3.6 1uﬂ‘§m‘§$llll 4 LlAWAIU  LUNINT A ﬁ']SJ"Iiﬂ‘V’I"IVL@’I'i]']ﬂ

o a, A, A [xx xo
OX  OX OX OX I1 |2 |3 |4
a a, a, a,
o oy oy oy I, I, 1,




— fen/f_cable:1
position:1

T T T T T T T T
- - - fenff_cable:2
S~~~ position:2 [~ 20 | cnff_cal e‘ ]
fen/f_cable:3
015 b fenffi_cable:4
/ 4
i
!
|

0.1

X,y position (m.)
cable tension (N.)
=5

\L\ S L L L L

0 0.5 1 15 2 25 3 0 0.5 1 15 2 25 3
Time Time

3UN 3.4 HANIAILANAIUNIN xd=0.2, yd=0.1 VBITZUL 4 LFUMIA A4 (3.5) Liladluss

Léuﬁu‘lmﬁummmﬁmmﬁ‘u 5 N (Kp=100, Kd=20)

- =) 1 a e ni U = Rt dql‘ ni
lav x,y,i=1...4 faddnanidusiadonuiu JUN 3.5 UAAIHANINBLALEITAINIAILAN
o ' . A & Aa 4 { o [ { '
FuRIIV89 moving platform TIALLABINTZUUANITAUFBAITINITLAROWNARNUNTIN 1 U6
U a v =3 3 1 1 1 & [ QI {
dRsanusidsludumatziiuiddmnniguddadunamnnnnaiausslunani
A o o ' ' A A = ) A v & A
\NETa9ny null-space lapen £=10 d9annsdusniiusdsludumadandrgaud U7 3.6
{ & § . a (et A 3 1 a a
uwsastansdngnussmMouansunmwduaiugl sine 2wa 3 audizAwimgdnITuginms
A A A a A \ 2 A | & A o A '
indunzmdannydiusnifssudunsfadanazldidugud Warhnadudves &=20d9ng
& A A a A A @ A a ' as
Wuldawanuaenansfang@nssudemsiafeniueissuuginunlaunsdusn  ualunsmi

& =< 9 v A, &
’i]zmu’a’lﬂ’ll,l,idmslul,aua’sﬂ‘qmau&lmmmlu (E‘LI 3.7)

fenff_cable:1
fen/f_cable:2 | |
fenff_cable:3
fen/f_cable:4

position:1
position:2 S

0.2

[=}
@

40

0.1

30 -

X,y position (m.)
cable tension (N.)

=1
=}
a

1 I 1 I . . . . .
0 0.5 1 1.5 2 25 3 0 0.5 1 1.5 2 25 3
Time Time

3UN 3.5 HANINILANAIUNAI xd=0.2, yd=0.1 VBITZUL 4 LFUAIA A4 (3.6) LTI null-

space Nz (Kp=100, Kd=20)
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T T T T T
S I . position:1
02t — =
—

X,y position (m.)
[=]

[=] .

= o

[=}
=}
&

0 0.5 1 1.5 2 25 3
Time

cable tension (N.)

50 -

&
=]

@w
=}
T

[N)
S}

fen/f_cable:1
fenff_cable:2 | |
fen/f_cable:3
fenffi_cable:4

. . .
0.5 1 15

Time

.
25 3

3UN 3.6 HANIAILANAIUNI xd=0.2, yd=0.1 VBITZUL 4 LEUAIA A4 (3.6) LiladluTd

mwaﬂsummﬂuﬂﬁugﬂ sine Y19 3 N (Kp=100, Kd=20, £=10)

T T T T T
S I . position:1
02t — =
—

X,y position (m.)
[=]

[=] .

= o

e
=]
o

0 0.5 1 1.5 2 25 3
Time

cable tension (N.)

50 -

40 -

30 -

fen/f_cable:1
fenff_cable:2 | |
fen/f_cable:3
fenff_cable:4

0.5 1 15
Time

.
25 3

3UN 3.7 WAMIILANGAIUALY xd=0.2, yd=0.1 1BITLUU 4 LFUAIA A (3.6) LU

mwamummfluﬂﬁiugﬂ sine Y19 3 N (Kp=100, Kd=20, & =20)

ai o o v . d'l ai o A ~
3N 3.8 WEAINATBINTLIAULA moving platform Lﬂaawn"l,ﬂmugﬂaanamm 0.4 LUATTILLAY

. - TP , v s ¥ X
IrzuumunIndaamunaafewiiiiy tracking leiduated NillausnuzrainInIuguia

AU inertia VBITTUULAZMTUTUAIAT Kp 4az Kd Lelasiuualtainssuuntuiafaueiads

AL Aa A A 2 a A i o & Aa A . '
a']@]&l"ﬁuaquﬂ&lu')aLﬂaﬂuﬂa%TuL@lﬂ'}ﬂa moving platform @]GuuWQ@]ﬂsﬁuluLT\? dynamic ﬁ]zvll]

TUTDUYINALUUBNALUL serial %38 parallel NRITUaIWTULULY rigid body TwnTHURINILTTS

. . . [ d o v, a a . .
centrifugal force uaz Coriolis force agluszuy Gevilvidinn@nssuluis coupling uaz nonlinear
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fen/f_cable:1
fenff_cable:2
fen/f_cable:3
fenff_cable:d | |

position:1
position:2

X,y position (m.)

cable tension (N.)

05k

Time Time

XY Plot

e ()
=\

-1 -0.5 0 0.5 1
X Axis

31 3.8 WAMIAILANLUL tracking 3129NaNTFE 0.4 m BITLUY 4 LFUAIA a0 (3.6) LB

fussmeuansummiduaiugy sine 2119 3 N (Kp=100, Kd=20, &=20)

3.3 msmuqmmmtawaﬂ

a oq: U ai U A v A n&/ ai L% (A
slumsmuqmLLmJLLawmnuummaamsmzmwLLsaLauau‘l%mmuwé’lmmqﬂmmm
o @ @ o A o o . 1o v ¥ R R A a A
MaIFUNENIaTUAL moving platform ag YlWilFIusuIaianisusiiiinannsfivaunaly
FUNANURILIARDN RILIARDNHANTUFILIARANDTI ﬁqﬂmnﬁmwﬁ@mu@uag LWL WNAN
[ o e A a nl 3 d'o g a 6 1 1 dd‘ L%
ldsueanuAanan #30071AAINRILIARDNNTIRDIVIU LA D UNILADTDENILTUN TN b

& a & & W A a X o o
qﬂmmuawmniﬂmugumumﬂumu TagussNiAaduai1Indaad laanguny

fcontact = _kwall (X ~ Xoall )’ X> Xyl (3.7)
° o & o ° ' o o A a X ° [ ' 0 o
'ﬁ']'ﬂ?l_lﬂ']iﬂ'lﬂ@lwu%v[,(ﬂ"inﬂﬂ"l‘i"iﬂaa\‘]ﬂqLL?\‘]@NNﬁﬁﬁ]zLﬂ@ﬂluLLﬂzﬂqﬂqiﬁT]\‘]ﬂ']LL?GﬁFL%

a X 4 6 v A < X 2 v
AUWBNLNNWEIN INNULIIVDILRUAIA ‘]NV]G%&’]&I’]?QNTNLLSGVL@%WT]

f=Af__ +(I-AA)¢E (3.8)
gﬂﬁ 3.9 u,amﬁaNamiﬁhaaam‘smuqmmu PD ﬁﬁmum‘hLmuﬂﬁl,ﬂmmﬂqﬂﬁwUagjﬁ

>

WA (0.4, 0.2) WaTAHUNINUNAF LRI x = 0.3 TiTleN stiffness Kwall = 1,000 N/m lag laa319uss
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A = = o A o 9 . v AL v A ~ @ o o A
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A ° o a @ ° = o A A
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1. 290UTENOULTING

1% @ = > = = & o % =
Urznavludrsgadiinfenduaia (U 4.1) dadussdisznaunanveinatuinfanuss
o Y @ § 1Y & v & @
giaussludume gaduinfewduaiadnivue 4 10 sanuuulaslfuviseguaifiondugd ais
I = ga =2 > & o A o Y a . o 2
ugruilanaiaesiinandaagiy drum LAUIEWAIA (§61)  L§HAIAIIHIUTAIAANNBNLTEN
nnuuiuTeiaus ustlufigaruganwaadeanldinelubanuguvesunaanasuinfoun 1a
% A % & a £ .o a A & A Ao o a 4 a
Tuindewdumaigniaasegiulanegfifioaluslud uUA 4.2) Ndasaduuuuguiindoud
> a: Y a R A a
vnanigusgugudu 1.2 x 1.2 x 0.8 WAt duuuvedlesiguduinlieda U 4.3)
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LM messimsafennidu 2 96 lasiduaranlyinannifan dyneema rope Gasien
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3U7 4.3 urnldduunlasigu
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2. v2uu Wi BLlannsaiing (fulsas

fRTUATULA R AN LT HIILTIAILFWAIA @ T aINIZLRATILLL brushed DC Motor

A ] Y A o A AaA
(UM 4.4) 3w RE40 + gear head GP42 C a@3Ma 5.6:1 189U3WN Maxon Judunaiaaing

qmmwgﬂﬁmmauauaaﬁﬁ I@]mi”’mﬂmwaaﬁuuaLma{ﬁmﬁh@?‘ﬁm@éu EC35-10000-4-236-

a o d‘ & = = A [
H-D-DM-B 184u36% US Digital (3171 4.5) #sdiadnuaziasa 10,000 pulse/rev auuataasidn

' a o A A Ao o
WU linear ?% ELTROL SERIES 59 2a3U3ln PeakServo (Eﬂﬂ 4.6) TINREYUIDRILUNINGAN

mm:auﬁ%’m{mmﬁﬁaamsm’ma:lﬁmga

Eﬂﬁ 4.4 UBLADINITUHANTI ju RE40 + gear head GP42 C 209Na 5.6:1 VaIUIBEN Maxon
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