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Abstract

In this paper, a new approach for the study and design of cable-based robots are presented. In
the cable-based robots, a telescopic element is used to apply a force to the end-effector in
order to maintain tension in all cables. As a result, cables tensions or internal forces in the
manipulator appear in the design procedure which in turn makes the design procedure more
complex than rigid-link robots. The main focus of this work is to introduce a geometrical
approach for the study of this problem. In this approach, the capability of the end-effector for
applying force and torque to external object is called force/torque capacity and is considered
as the main target of the design process. The force and torque capacity of the manipulator is
illustrated in a 3D space whose axes are force or torque components. It is shown that the
force and torque capacity have a convex cone and parallelepiped shape, respectively. The
design problem is then reduced to the sizing of these shapes according to the design
requirements and manufacturing limitations. The approach is applied to the design of
DeltaBot, a 3DOF cable-based parallel manipulator and the results are presented.
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Fig. 1.(a) The general configuration of the cable-based robot with pure translational motion and (b) the force balance
of the end-effector.
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Fig. 2. Force capacity of the cable-based robot.
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Fig. 4. The torgue capacity parallelepiped of the end-effector.
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Fig. 6. Torque requirements are presented as a set of planes in the force space.
:09.;3 = ools uLwa 0)5T Cewdy ) O g ‘) UT Q‘?" = aS S1 Sgec 413‘)‘0).3 &SJ Ja.wy Ao U"‘

1 —

(32)

§]=

(P —P2) x (p1 — p3) _ (a]_,ﬁ ,ﬁ)x(ﬁ L1
|(By — P2) % (P — P3)l ||(;—Iﬁ1— I’:}"g)x(i L,

g ail oo b T Jsd BB polie lls amio cpl Bk 4 b5 il o,lil 5 iy a5 shailen
GIs TiSh 1) 55 e 5l ambo ol alols allaws cpl ail B,b sles ;o Wb 5w St g,m 0,5 cnlpls
Z\.\JS‘SAFmaX )‘».\5.0 &Jﬁ‘«.\}

(33)

iyl VY dlobee 5l oolazul b g

i a)

1 1
5 - (_f;ﬁ’ +—’§1) =[S - W+ —8 - U = Fou (34)

gl oo Dygo nl a4 amio Pl alaS ja b lad e D8 (gt (558 sl (b Aol

1 - P
a Si=3 U

i=4,5....9 (35)

~

Si—31 " ﬁ-‘j

www.ECA.ir \f ECA Sig s g 4 9 svadid colw o9




(1 +

=

\WAR sawl— ¢ o koo — Jol JL“"’_)—.'.B"MM

‘jL@Jc\JoLM‘(M“’Ml)ﬂUVQYobu)sﬁc@)bw’ duw g dxdo i ded 8,8 Sl o L
fe

139d (o0 Djge (nl 4 aBl (oo DB (5w Sl 3)9e 9 Sl a5 S8 ol (b

max (f}) (36)
=1.2....9 "~

5w‘wl.$ul.:)Jbﬁw‘oM&ﬁ;M;OYb)bdsd‘MsffLm)QASWbQL»AJAJlJ
050 ol 4wl e canay Bl i gla Sl (6l angy ples LSS L ol (b onlple
Az g 00l dlone G885t 9y (e el ;0 (gl 9 090 el o Wiz 4 Wb ()5 axio

29y )8 &4 Slhid ets 2l (b ln ol s

oS el 3929 5l 6 9l> g (6,9lsS lasls el (lp DlE gt (59 (R cnl o

VS I VIS{ PERLIOW] I O | P N PG VRS Ut ISPOWE BEVE PV-SSR W K VU T S VL S WO S FO)

5 2L [ a5 ud (58 d pl eedl LBl b B (55, p Suel 02 lete 4 St 2iST Pl S

Al (0 g Oyl dwgy 0 b plol Vo Aol o oS jshailes s ol colaiul b wiles o
x| 0 S IS8l Y aoles

2nla, + (1 + 2n)by + (T + 2p)c; 2 1

ha, +T-by+Taiey 2 1 = 2nla) + by +¢1) (37)

ol posd IS cplas |y ol Gles o aS

b

o C
Lt L=+ = > (38)

D

°D D
Lowys aCigh @ FOUYY oYolo oo D=1—=2nla +b)+c) oo
&l oyio—g-og Jolio fhlio )0 onis 2 Jolio
R Sl oy g 0 Jolie gl DL i 5 2l plul a5 0l (58 Vb angy o
&l oyimg wg Jolie sl> 4 oais > Jolis 5l oolitul a5 oud cou alaly cpl olf] o wl onss fate
(W3h (oo Z slael jo 2 jemme N USE wlal ) (32 gliS g9 o pln o ) Sl (S
oyl i cel ool pll 4 &lLas g Jlasl glp sais o Jolie 5l soliiul e o a3l
WS e olml iz el e ]y G5 STy pliaS S Jlail og 1 09l ge plel el jglias

www.ECA.ir 14 ECA SWig pSIl g § 9 (v wolw g




VWA siawl = % o leds — Jgl Jw — 3o 9 (g dlonso

ol 2 U Mg olasl jo F S okl (g5l ‘Ji ol oait > Lade Jlail S sl copl b
aio ol gilgie ol pgal QT ablane mlaw a5 05 Wl jaiie SO Aol Ded oo 00 5T
Aol (o0 0a ools Lis VS jo a5 My-My

slo idu 5l S n) 0ed (o gl McMy axio (69, 5 5 55leiS 0,5 slajls ol 2 ogdle

35 0 G 55 4 il ol s il e olie Lol Loy My (s, 3 255

3970 S yo 3045 Cin 05d (o0 oo o pls S &y ,5lisS 5L s lsie 4 0l o5 (i dngy

g Gl 90 Lol ool jo ol lasls 5 gl cud,b awain oyl S r=Mmax glads b Slaise

b oad (gon ojlail wb jodin (oalo wiz ablite maw (J5 isw gsbud! ilge sl 4 nlnle
9% Cm o plo Jols

Cross-section of the
torque capacity prism

www.ECA.ir ECA Swig ys! g & 9 vk cilw g




VWAQ il — § o 5lois — gl Sl — 3y 5 (suasis dlome

C,:The torque
requirement circle

Fig. 7. (a) The torque capacity prism which is made by the extension of the parallelepiped along M. axis and (b) the

torque requirement circle.
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The required spine force

Spine force (N)
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(b)

Fig. &. (a) DeltaBot: a cable-based robot with three translational degrees of freedom and (b) the required spine [orce for
the points of a disk surface in the workspace.
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