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MODELING OF A PARALLEL RECONFIGURABLE ROBOT WITH SIX
DEGREESOF MOBILITY AND ITSCONFIGURATIONSWITH FIVE,
FOUR, THREE AND TWO DEGREESOF MOBILITY

Dorin-Bogdan LESE, Nicolae PLITEA

Abstract: Reconfigurable robots are more and more studie&, wuthe flexibility they offer to the user.
This flexibility exists because reconfigurable rtsbhmay be configured to have different geometnes i
order to cope with different industrial tasks. Thisrk presents Recrob — an innovative reconfigugabl
robot and it's reconfiguration possibilities.
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1. INTRODUCTION kinematic characteristics in operation. In order
to do this, variable length links and multiple

A new trend in robotics is “reconfigurable degree joints that can block one degree of
robotics”. Reconfigurable robots are robots thafreedom are used.
can change their form. Such a system can Reconfigurable robot prototypes have been
provide flexibility to the user, enabling him to developed in research institutes worldwide, the
accomplish a variety of tasks through propemost important are presented below.
selection and reconfiguration of the parallel Chen and Dash presents in [4] and [5] a
robot. modular reconfigurable robot that can be

A parallel reconfigurable robot can be assembled into a serial or a parallel structure
rapidly modified by changing leg positions, depending on the desire of the user. Other
joint types, the link lengths or by adding modular reconfigurable robots are studied in
different constraint elements. [6], [7] and [8].

This robotic structure is the objective of a Reconfigurable tripod — based robots are
pending patent presented in [1].This papeintroduced in [9] and [10]. Some of the robot’s
continues the work presented in [2] and detaildinks are adjustable, hence the structure’s
the reconfiguration possibilities of Recrob. reconfigurability.

Reconfigurability is, as mentioned in [3], a A new family of parallel reconfigurable
change of the characteristics of the robot duringobots is proposed by Gogu in [11]. The
operation. Stechert proposes in his paper atructure, called Isogliden-TaRb can have up tu
classification of reconfiguration: static and 5 degrees of freedom witch are a combination
dynamic reconfiguration. of maximum 3 independent translations and 2

Static reconfiguration assumes a manualotations. The reconfiguration is obtained by
reconstruction of the robot. For example theblocking several actuators without any change
orientation of actuators can be changed, thus the architecture of the robot.
the workspace is changed. Yang presented in [12] the design and

There are two types of dynamic kinematics of 3-legged modular reconfigurable
reconfiguration: The first type uses therobots.
transition of singularities of type | and Il in  Another parallel reconfigurable machine was
order to create an additional area of thedeveloped by Negriin [13].
workspace. The second uses a change of
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Choi studied in [14] a reconfigurable * Cj—the number of joints of i — class;
planar parallel robot that has the capacity of

being reconfigured into various types of planar  opservation: In equation (1) the coefficients

parallel robots. (1-F), ..., (6-F) cannot take negative values.
Other  similar works on  parallel
reconfigurable robots have been made in [15], - Nz 7 G=3G= 3,G= . )
[16], [17], [18], [19]. ’ ’ ’ ’
M =6N -5C, - 4C, - 3G, (3)
2. STRUCTURAL CONSIDERATIONS M =6 (4)

Recrob, the robot studied in this paper car?.1 Inversegeometric model for M=6 dof’
be static reconfigured. The base model
presented in figure 1 has 6 degrees of freedom, In the general case the end-effector's
but can be reconfigured to have 5, 4, 3 or 2 dofcoordinatesX., Y., Z..¢/,6,¢ are given and the
This configuration can be obtained by blockingdriving coordinates q,,q,,q,q,,q,q are

one ore more motors, thus constraining th%omputed .6, are Z'Y*z* - Euler angles).
desired degrees of freedom. Y

‘Z XE;YE1ZE1L|J’61¢:> q1’q2’q3’q4’qi’q (5)
The coordinates of pointsA,,i=1,2,3
Motor 1 (rotational)  Motor 2 (rotational) ™ Motor 3 (rotational) corresponding to the moving platform can be
P AN expressed with the next equations:
Spline shaft F/f;//// MotorS(Iine/a/r)//]\ E\\Q\ Motor 6 (linear)
N\ I Y
N —" T = +d.cqg +¢€
Motor 4 (linear) H ” \Zﬁ”’/ . ‘ 3 PN HT xAi XBi d'Cq' e CQ -
1llze | Y, =Y, tdsqteq =120 (6
,L‘ 1 1
* h 2 Zp, =0
|
e ) A, .
. gﬂj , ;/W The angles between the axes of the mobile
RSS9 systemA xyz attached to the mobile platform,
X° el H OF 2 )
I = and the fixed systenOXYZ are expressed in
g ‘\\\X' ) \,:p \\/B( (7):
BN Ax|Ay |Az
\\}\ = OX Ca 1 w n m n
\\[’/:/’/ < ' n m (7)
Fig. 1. Recrob-6dof-kinematic scheme oY | cB B B
OZ Wl W n (y m

Next, the degree of freedom of the general ) . _
structure is computed with the following The coordinatesh;, i =1,2,3can be written

equation [20]: as follows:
XAi ~Xe ca’ " a@”||Xa TXe
. :(G_F)N_(S_ F)Cs_(4_ F) Q_( d B: “ (1) Yo ~Ye [S|CB B B || YA ~ Ve
(-AC-(+He Sy & ol e
where: AT CE Zn, T %
¢ M — mobility degree of the mechanism; i=12,3
« F — Mechanism family = the number of The direction cosine matrix for¥ z' variant is:
common constraints for all mechanism
elements;

“In all the equations were used the following notast

* N —number of mobile elements; s=sin, c=cos; dof=degree of freedom;



i iccx =Xe UK 3]
L R . . S R
CB=SIJ6901>+E th—Eb@dHicﬁ —qp®
I N S . S B
o'=-8¢ | g'=8¢ | pxe

9)
The rotation matrix expressed in (9) resulted
from:
ca' oa" a” ay - 6 0 8
g B B= s @ 0 1 0Ot
oy o o 0 o0 1|-8 o0 el (10

¢ - 0

sp o O

0 0 1
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Using equation (14), the equation (13)

can be written:

(XAi _XBi —dicq )2+(YA‘ _YBi —dsq )2
—el2 =0, (15)
i=1,2,3

After the reduction of terms, equation (15)

becomes:

—

XAi _XBi )qu +(YA‘ _YBi )Sq =

= ol ) o -, ) o]

i=1,2,3
(16)

Wherey (the precesion angle) represents the  For ease in computations, the following
rotation around OZaxis, 6 (nutation angle) notations were made:

represents the rotation arou*nd O¥xis, ¢
represents the rotation around @xis.
The coordinates ofA,,i=12,3 points

resulted from equation (8) are:

Xa, Xe| [ea' co” a™]|Xa ~Xe

Yo [Z|Ye [*|CB B cB" || ya ~ Ve | (11)

z, | 2] lov o o)z, -2
i=1,2,3

The driving coordinatesq,,,,i=1,2,3 are
computed with the equation (12):

qi+3 = ZAi 1 I :1) 213 (12)

For computing the driving coordinates
q.,i1=1,2,3 the algorithm starts from the next

equation:
(XAi _xDi)Z "'(YAi _YDi) +

. _ ) (13)
(Zp =25 ) —€°=0, 1=1,2,%

Where the coordinate®,,i =1,2,3 can be
determined as follows:

Xp, =Xg +d; [6(q})
YDi :Ya +d; 3(q) (14)
ZDi =03

a = Xy =Xy
b =Y, — Vs
1
G :2_di|:(xAi —Xgi )2 +(YAi ~Ygi )2+di2 _972}
i=1,2,3
17)
Considering the notations (17), equation (16)
becomes:
acg+bsg=c,F 12, (18)

Equation (18) has the following solution:

q, = atan2(c ==Y é"' iB_ ié 7 atan2(a |

1=1,2,3
(19)
The algorithm for the inverse geometric

model is presented in table 1:

Table 1
I nver se geometric algorithm for M =6 dof
Given XenYe, 2, 0,0
X i (B P 1 1 b i 1 i
Constants Ai yAl Z?u )E )é % >%I %I
i1=1,2,3
Unknowns 4:9%,%,0.G,q
Variables Solving equations
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ca'=pdP-i @=-d oo S From the equations (11) and (22) results:
co\axta | sbs i cwe 1
VBB B ddr ! B BEH ! — ' "
ot | e g O[St mxe)oa' (v -y Jou
y=-$8d | ¢=9¢ | pe (2 —2 ) @ "™ X P+[Ye + (X — X )OB™
XA‘ XE ca’ c" a” XA‘ —Xg (yAi _yE)CB +(ZAi - %) CB - %i :F_ é = c
XpisYairZui| | Yo, |=| Ye [+|CB B cB" || Va ~ Ve Fi+SEZE+(XAi_XE)Cyl+(yAi_yE)ol"+
i :1,2,3 ZAI ZE Cy' Cy" 0/" ZA‘ _ZE (ZAi — ZE) ()/ m_ q+3 — 0
1=1,2,3 i=1,2,3
(23)
_ Gia Gus =2y, 1=1,2,3 The implicit system of equations (23) raises
1=1,2,3 problems when solved analytically because it is
a =X, — Xy a nonlinear system of equations, so a numerical
b =Y. —Y. approach (for example Newton-Raphson
a.h.¢, oA e method, Newton method or secant method) is
=123 | . - (Xa=Xa) +(Y4~Ys) +d’-&"|  best suited for the job. For this article it was
' 2[d, used the Newton-Raphson method which was
i=123 programmed using the Matlab — package
atan2(cid 2+ B- @ software. _
o (j' . a;n 2y A+ b-.3 The approach would be to solve all six
i=1,2,3 atan2(a b)_ equations using Newton-Raphson Method. The
=123 algorithm for solving all six coordinates is

shortly described in the following paragraphs.
2.2 Direct geometric model for M=6 dof The iterative formula for solving the end-

effector coordinates using Newton-Raphson is:
In the general case of direct modeling the

driving coordinatesd,, G, ,..., ¢ are given, x (1) = x(p) _W‘l(x(p))f(x(P))
and the end-effector’'s coordinate$,0,¢ are p=0,1,2,3,.. (24)
Z Y’z - Euler angles) are computed.

Where:
a,%, %0 ,.4= X,Y,ZW O (20) p represents the number of iterations;
For solving the direct geometric model, X =[X. Y. Z. ¢ ¢]T (25)

equation (6) can be written as follows:
W(X) represents the Jacobian matrix of the

Xa —Xg —dicg =€ @ system (23);

Y, =Y, —dsq =€ =12, (21 _ B}
A B; i q eﬁ ( ) aFl ﬁ E ﬁ % %
Zy =0 0X. oY, dZ. oy 96 9
After squaring and adding the first two oF, OF, 0FR 0F 0F OF

X, oY, oZ, oy 030 0
oF, OF O0FR O0F 0F 0F

X, oY, &, op 00

equations from (21) results:

(26)
(%0 %o )-dea ] +[(¥, ~% )-dsq ] = ¢

w(x)=
i=123 oF, OF, 0F 0F 0F 0F
1o OX. Y. &Z. oy a8 A
(22) OF, OF OF 0K 0F OF
The coordinates A,,i=1,2,3 can be X, dY. aZ. o 00
computed with equation (11), and the direction OF OF OJFR OJF OJF 0K

cosine matrix (9). |0X. aY. aZ. oy 06 0¢ |
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For solving both the inverse and direct
geometric model the next constants were used: v E(X)]
X 1(X)
E (X
d, =d, =d, = d= 0.058[m] Vector X - Ye ()
E point Z. |, K (X)
e=6=¢g= e 0.109[m] coordinates X = v F(X) = E.(X)
= = = Vector F(X) 4
XA p'}/A1 0’41 0 e FS(X)
Xy, =0.%,,=0,2,=0 27) b | R
Xp, =0 Yn, =02, = 0 [OF OF 0F 0F 0F 0F]
P p _ oX. oY, aZ. oy 30 )
XE 5 y 3'ZE —h——O 04[m] an E E ﬁ ﬁ ﬁ
v _ _ oX. oY, aZ. oy 30 )
X =Xg =PuYe =Yg Zg =25+l OF, OF 0F 0F 0F 0F
p=0.01m] i X, dYy aZ. oy 098 b
) ) ) Jacobian | W(X)=
The algorithm for solving the direct | wx) 9 oF, OF, OF O0F 0F 0F
geometrical model with the second method is e OYe 02 OY 08 0
presented in table 2: o Ok Ok Ok 0F 0FR
Table 2 X, oY, aZ. oy 38 b
Direct geometric algorithm for M =6 dof oF, OF OF O0F 0K 0F
|0X. oY, az, oy 08 a0 |
Given q1aQ2'qa104,qS7q The end- X(p+1)=x(p) _W—l(x(p))F(X(p))
ffector
XaoYaioZy D% % 0% 0% coordinates _
Constants 12123 p=0,12,3,..
Unknowns Xe: Yo Ze U,6,0 3. CONFIGURATION POSSIBLITIES
Variables Solving equations In the following paragraphs the 5 cases of
R =[Xe+(x, ~xc)ea+(y,, —ye)on reconfiguration of Recrob are described.
(ZA - )(IX XD ]2+[Y +( Xa, E)CB""
(Vo ~ve)B™ (2, %) B ™= %, F-¢= 0 3.1 Inverse and direct geometric model for
1 i M =5 dof
R =X+ (X, ~xe)ea+(y,, —yE)w + : o :
In this case, as seen in figure 2 the constraint
(22, =2 @™ 2, P DY+ (x40, ~xe) o' g, =g.was added and the actuatar,was
(s, =¥e) B’ +(ZA2 “z)®= % 1-€=C 1 ned into a passive joint. As a consequence of
R =[Xe+(x,, —Xe)ea+(y,, ~ye)oa this, ¢ =0, and the E point coordinates are:
System of ( )ou X, T +[Ye +( E)CB'+ Xe:Ye 2, 0.
implicit cB"+ _ . —e=
functions ( ) > ( ZE) " %18
FAEZE+(XA XE)WI’"(yAl_yE)O/""'
(2, -%)o™q=0
FSEZE"'(XAZ_XE)W""(YAZ_YE)O/""’
~z)o™ =0
FeEZE+(XA3_XE)W""(VA3_YE)CV"+
(za,-z)o™=g=0
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4z Qi:atanz(pi\/ Fi+ iB_i&‘)

Spline shaft qi
p _ ~atan2(a ,b)
Motor 2 (rotational) Motor 3 (rotational) | —1, 2,3 | - 1'23
Mfﬁwﬁ/m;éa/r)ﬂ\{g Spline shaft
=T EQ\ resepm  TADlEs 3 and 4 present the algorithm

Motor 1 (rotational) /\ﬂ - g
.

Spline shaft

wansiaionah - containing the inverse and direct geometric
model in the case the degree of mobility of

a Recrob equals to five.
ZEL Table 4
Direct geometric algorithm for M=5 dof

Motor 4 (linear)

¥¥
LR S Given 00 Gy G
v X \
LY - Y Congtants Xpis Yai ’ZA.i 3& D E K
g\\\\ - i=1,2,3
! NN ——
)X . Y\ Unknowns XeYe, 2,0
Nt - T T
Fig. 2. Recrob-5dof-kinematic scheme Variables Solving equations
. F=[Xe+ (X, —xc)ea+(y, —ye)ou ™
The end-effector performs translations along '
OX, OY and OZ axes and two rotations (20, =2 ) ot X, F 1Y +(x,, —xe B
(precession and nutation angles). (Yo, ~Ve)oB™+ (20 - %) @™ ¥, T-€= 0
Table 3 - _ - -
Inver se geometric algorithm for M=5 dof & _[XE+(XAZ XE)CG +(y“z yE)w ¥
(zAZ —zE)cn " XDZF+[YE+(XA2 —xE)cB'+
Given XeYeleaWO (V- ve)oB+(z,-2) @™ %, F-€=1
X P! | L | i) ) ) i) | 1 |
Constants A YA ZA XL 2% % Svsiem of
=123 i?/nplicit Fo=Xe (X, X Joa+(y,, - ye)an
Unknowns 0,,%,%,q,,G functions (zA3 - zE) @ ™= X, F+[Ye +(an —XE)CB'+
Variables Solving equations (yAa‘yE)CB"Jf(ZAg‘ZE)@"" Y, F-€=
@@ = opd | @ s o = p8
Cawgm| e X X X 12X z
;B:f(f B=xhd g=ad | $=986 Fo=Ze+(x, = xe) oy #(ya — Ve) o
5 T a e T
Cy__£ : 0/_0 : q _e (ZAl_ZE)Ol"I_ql:O
XA‘ XE C(X' mn mm XA‘ _XE
XAi'YAi'ZAi YA, = YE + CB' CB" CB"' yA, ~Ye FSEZE+(XA2 _XE)WI'"(yAZ_yE)O/""'
=123 Z, Ze o o o Zy ~ & (ZAZ _ZE) o/™-g=0
i=1,2,3
3 X, ] RO
. :|L+32 ; Ous = Zy, 11,2 Vtéctor)i- Y, F,(X)
1=12, poin
— coordinates X =|Z. |" F(X) =| B(X)

a = Xy~ X Vector F(X) 1] F,(X)
a.h.¢, b =Yy ~Ya K LR(X)]
i=1,2,3 c :(XAi_XBi)2+(YAi _Ysi)z"'diz_qz

' 20,
i=123




OF OF 0F 0F 0F cnata’) o=y @=-sh ) o "= (
X, oY, &Z. oy a8 opLBB " E'-':'"T"T:'"'T""u;_
oF, OF, 0F 0k 0k CAL AL A —@-."SP‘:"C‘B".."GP‘?"Q:.:—

_ X, oY, &, oy 08 oy'=0, =0 ¢"=
Jacobian _|0F R OR 0F 0F » e
W(X) W(X)= K FE 627E a 30 A Xe ca' o’ A" || Xa TXg

oF, OF, OF O0F 0F XpirYarZai| | Ya [=|Ye [+[cB cB" cB" || Ya — Ve
X, o, &, oy 8 i=123 ||z, | [Z] &V o o]z, -z
oF, OF 0F 0F 0K i=1,2,3
X, dY. 0Z. oy a8 "
The end- (p+l) = (p) — -1 (P) (lj _ .
effector X X w (X )F(X ) q, q4—ZA2, =12
coordinates p=0,1,2,3,.. a =X, - Xg
I I
a.b.c, b =Y, =Y
3.2 Inverse and direct geometric model for | =123 | . _ (Xx=Xg) + (Y ~Ys)’ +d"°-¢"
M =4 dof | 21,
i=123
In this case the imposed constrained is g =atan2(c+y A+ B- & 3
gJs =0, =q, (figure 3 ), as a consequencg q __qi —atan2(a ,p )
linear motor remains andl =0 =0.The mobile 1=123 i=123

plattorm makes three translations: along OX,
OY and Oz axes and one rotation around OZ Tgples 5 and 6 present the algorithm

axis. containing the inverse and direct geometric

1z model in the case the degree of mobility of
Recrob equals to four.
Spline shaft Table 6
Motor 2 (rotational) Motor 3 (rotational) Direct geometric algorithm for M =4 dof
Motor 1 (rotational) - // ﬂ \ -
Motor 4 (I'near) \ﬂ }} Given qll q2 ’ Cl; ’ ql
n H X i i i L b b P i
Spline shaft Spline shaft ConStantS Ai yAl ZAIl _)i 2)é3 % >%| %I
. ::;assi\llet‘jointl) UnknOWnS X £ YE' Z Er l.IJ
assive joint ranslationa
(translational) Variables Solving equations
R E[XE"'(XA1 _XE)CGI+(yA1 _YE)C(x +
- (20, = %) 0™ X, P+ [Ye +(x,, =X ) B+
(yA1 _yE)CBII+(ZA1 - ZE) | YD1 f- é =0
-
X A - . "
. . . Y System of Fo =X +(x, ~Xe)ou+ (v, ~ye) oo™
Fig. 3. Recrob-4dof-kinematic scheme implicit (ZA2 —ZE) @ = X, P [V, +(XA2 —XE)CB'+
_ _ Table 5 functions )
Inver se geometric algorithm for M =4 dof (Va, ~Ve)oB™ (20, - %) B™ ¥, F-€=C

Given XeYe Ze W F = [Xe+ (X, ~xe oot (y,, —ye o ™

XnioYaio i X% X% %0 % (ZA3_ZE)G] i xD3]2+[YE+(xA3—xE)cB'+
i=1,2,3

(yA3 _yE)CB"+(ZA3_ ZE) ¢"™ Y f-¢=0

Unknowns G0 %, G

Variables Solving equations

Constants
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Fo=Ze+(x, =) ot (v, — ve) o

(ZAl_ZE)Wm_qlz 0

Table 7

Inver se geometric algorithm for M =3 dof (spatial

translation)

Vector X - Xe R(X) -
E point Ye F (X) Given XeYe, Ze
coordinates X= 7 F(X) = F.(X) "
Vector F(X) E 3 COI’lStantS Ai’yAi 'ZAi ’)% ’¥ ’% ’>gi '!i
U] R, (X) i=1,2,3
OF 0R 0F ﬁ_ Unknowns 0,.,0.G
oXz oYy dZg oy Variables Solving equations
oF, OF O0F 0F [eoRes (> B CO(':].' "= O' o"™ (
Jacobian oXe OYy 0Zp ody cBLBB" S o AT o iy
W X — E E E Cl = 0| = 1| —

W(X) () oF, 9F OF OF ooy —@,—_———I——cﬁ;;——'r—@—;,_——
X, o, @z, oy ¢y'=0} =0} ¢"=1
oF, 0F, 0F 0F Xa | [Xe] Jea' ca" a@™]|Xa —Xe

[OXe 0¥ OZc O0W X YairZai| | Ya, [=| Ye [*|CB cB" cB" || Vo ~ Ve
Theend- | X =x (9 w2 (x ()F (x () =123 ||z, | [Z] & o o)z -2
effector ' )
coordinates p=0,12,3,.. 1=12,3
: : =Z,,1=12
3.3 Inverse and direct geometric model for % %= 2w,
M =3 dof(spatial translation) 8 = X~ Xy
. . . b =Y, - Y
Figure 4 presents the configuration of| &.R.¢. ATB o
Recrob with 3 degrees of freedom in space. i=12,3 | . _(Xy=Xg)* +(Yy ~Ys)*+d"~g
There are two constraints made: the three linear ' 2[4,
motors move simultaneously and two rotationa i=123
motors move simultaneously. The end-effector _
: q =atan2(c+y &+ B- & 3
performs only translations along OX,0Y,0Z Qi —atan2( g) A
axes. The coordinates of the E point arg¢ i=12 2 219
Xe, Y, Zo. The motor g, is eliminated and -
replaced with a rotational joint. Table 8

Motor 1 (rotational)

Spline shaft

-

X

Fig. 4. Recrob-3dof spatial translation-kinematic scheme

\z

Spline shaft

Motor 2 (rotational) g«
= ﬂ oo A
N

[ Spline shaft

Direct geometric algorithm for M=3 dof (spatial

trangation)

Given g,,0,,0
Constants XAivyAuZA_iJisv)év% i 1 b
i=12,3
Unknowns XenYe, Ze
Variables Solving equations
F=[Xe (xA1 —xE)ca '+(yA1 —yE)ca “+
(20, =% ) X FIYe #(x, —xc B+
System of (Vo =ve)eB™+ (2, - %) @™ ¥, F-¢=0
implicit
functions B = [Xe + (x5, ~xc)oa+(y, —ye)ou™
(ZAZ_ )CDI %o, F+[Ye +(A )CB+
(Yo, Ve )oB™ (2, ~2) B %, F-€= ¢
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Rz Ze+ (%, —xe) v (Y — ve) oy the E point corresponding to the mobile
oo platform has 3 coordinateX_,Y_, .
(z0,-z)ovr™=q=0 Er T E
Table 9
VECtor. X- Xe R(X) I nver se geometric algorithm M =3 dof (planar
point
coordinates X=1Ye | F(X)=| KL(X) movement)
Vector F(X) Z F (X
} 5(X) Given X, Y, U
aFl aFl aFl Constants XAi’yAi 'ZAi ’)% ’)é ’% ’>gi '!i
X, oY, 0Z. i=1.2.3
Jacobian OF, O0F O0F
W(X) W(X): axz aYZ azz Unkl’lOWﬂS qllq21q3
E E E
oF, OoF 0F Variables Solving equations
|0X. oY, dZ. cota el co'=a) Lca ":—spi o "=
BB B i an s T
Theend- | X1 =X w2 (x ) (x ) P e = | B = C
effector RARALS o0 oo v
coordinates p=0,12,3,.. &Y I o I v
XA‘ XE Cal w" mm XA‘ _XE
3.4 Inverse and direct geometric model for XpirYairZa| | Yo || Ye [*|CB B oB" || ya ~ Ve
M=3 dof (planar movement) =123 ||z, | [Ze] & & o'z -7
i=1,2,3
In this case there was imposed that all the
linar motors are blocked, the resulting structure a =X, — Xy
. . . I I
presented in figure 4 realizes a planal _
movement: two translations along OX and OY| 3 h ¢, b =Yy Ve
and one rotation around OZ axis. i=123 = (X5 = Xg )2+ (Yy =Yy)2 +07 —€?
V4 20,
Spline shaft i= 1,2,3
Motor 3 (rotational) q qi = atan 2(pi“‘ é+ iB_ ié &
Motor 2 (rotational) o ! _atanz(a ,b )
— i i\ﬂ\\ Spline shaft i=1,2,3 i=123
-y o
otor 1 (rotationa \//:’j:/// T |
Motor 1 (rotational) - Table 10
Direct geometric algorithm for M =3 dof (planar
Spline shaft movement)
Given 0,,0,,G
X i i P L b b P i
. Conﬂants Ai yAl ZAI )E )é % >%| %I
% i=12,3
X , Unknowns Xe, Y W
o (I Al
S Variables Solving equations
’X
P \ F=[Xe+(x,, —xc)oa+(y, —ye)oa ™
X - (20 ~2) @ ™= X, F 1Y, +( x )cs
Fig. 4. Recrob-3dof planar movement-kinematic scheme '
_ System of (va, -ve)eB™ (2, - 2) @™ %, T- €=
Tables 9 and 10 present the algorithm for implicit
solving .the inverse and dlrgct geometric model,| functions R =[Xe +(x,, —x¢)oa+(y,, —ye)ou ™
In this case, all three linear actuators from (20 ~2) @™ X, F+ 1Y, +(x, -x)cB*
the base are eliminated, and the coordinates of S %, BT TE
(yA2 _yE)CBII+(ZA2 - ZE) (S YD2 f- é =
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Table 11
|:3 E[XE+(XA3 —xE)ca ,+(yA3 —yE)ca " Inver se geometric algorithm for M =2 dof movement
(24, =2 ) 0 ™ X, F+IYe +(x,, ~xc)oB™+ Given Xe, Ye
Ya, ~Ye)B*(20, -2 ) B ™ %, T-€=( DYao T % % %Y
(v, ~ve)oB (2, -2) @™ % Congants | X8V E Ok K E KX
i=12,3
Vector X - Xe E (X) Unknowns g;.0,
Coir%?r'gtes X =| Y, |» F(X)=| Fy(X) Variables Solving equations
Vector F(X) I F,(X) oyt @ " ca'=1l @ "=0] @ "= (
- - CB.,CB..’CB... CB-: 0 i (B n_ 1: @ n
OF OF OF RARALS =0 w0
9h 95 Ok cy'=0ry"=0! @ 1
X, aY_. oy ! !
Jacobian w(X)= oF, OF, OF Xa | [Xe] Jeo' ca" @™l Xa ~Xe
W(X) aXE OYE 0llJ xAi'YAi’ZAi YA, - YE + CB’ CB" CB"' yA, ~ Ve
oF, OF % i=1,2,3 Z, Z. o o o Z, —Z
[ 0X. oY, oy i=1,2,3
The end- X P = x (P 2 (X (p))F (X(q)
effector g =Xy~ Xg
coordinates =
p_011’2131-- —_
b =Y, - Y
31- ,b ,9 , (1 Ai Bi
i=1,2,3 c :(XAi_XBi)2+(YAi _Ysi)z"'diz_q2
3.5 Inverse and direct geometric model for o 2L,
M=2 dof =123
q :atan2(p;q/ g+ B- 63
The constraints imposed in this case (figure % —atan2(a ,p)
: i i1=1,2 '
6) are: all linear motors are blocked and twg ’ 212
made to rotate

rotational motors are
simultaneously. The mobile platform makes a
planar movement in a plane parallel with OZ
plane. The remaining two coordinates of the E

Table 12

Direct geometric algorithm for M=2 dof movement

point areX., Y.

Iz

Motor 2 (rotational) Spline shaft

Motor 1 (rotational)

Spline shaft

Spline shaft

Given 0,0,
Constants XAi'yAi’ZA.i’)%')é'% K 1 %
i=12,3
Unknowns Xe Ye
Variables Solving equations
F=[X; +(xAl —xE)ca '+(yAl —yE)ca "+
(ZA1 - ZE) @ "= XD1 j +[Ye +(XA1 _XE)CB'+
(yA1 _yE)CB"+(ZA1 - ZE) | ™ YD1 ]2 - é =0
System of
implicit
functions | |R=[X¢ +(X A, —XE)CG '+(yA2 —YE)CG *
(2, = %) @ ™ X, P +IYe +(x,, =X B
(yAZ _yE)CB"+(ZA2 - ZE) | ™ YD2 ]2 - é = (

Fig. 6. Recrob-2dof planar movement-kinematic scheme
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[3] Stechert, C., Franke, H.-JQriented
Vector X - configuration of Parallel Robotic Systems
E point X{XE] F(X){E(X)} The Future of Product Development,
Szgtroin;(t;)s Ye F(X) Proceedings of the 17 CIRP Design
Conference, pp.259-268, Berlin, 2007.
[4] Chen, I-M., Yang, G., Yeo, S. H,
F  oF Automatic Modelling  for Modular
1 L Reconfigurable Robotic Systems — Theory
Jacobian W(X)= 0Xg O and Practice Industrial Robotics: Theory,
W(X) oF, OF, Modelling and Control, Germany, 2006
oX. dY. [5] Dash, A. K., Chen, I.-M., Yeo, S.-H., Yang,
G., Task — Oriented Configuration for
Theend- | X =x® —W‘l(x“’))F (X(@) Reconfigurable  Parallel  Manipulator
coecﬁ?j(i:rges 0=0123,. Systemslinternational qurnal of Computer
Integrated Manufacturing, Vol. 18, No. 7,

pp. 615-634(20), 2005.

Table 11 and 12 presents the algorithm fof6] Ping, X., Zhu, X.-J., Fei, Y. QMechanical
solving the direct and inverse geometric model. Design and Locomotion Control of a
Homogenous Lattice  Modular  Self-
Reconfigurable RobptJournal of Zhejian
University — Science A, Vol. 7, pp. 368-373,

In this paper was presented Recrob — a 2006.
parallel  reconfigurable robot and it's [7] Behnam, S., Moll, M., Shen, W.-MA
configurations for M=6,5,4,3, 2 degrees of Deployable, Multi-Functional, and Modular

4. CONCLUSION

mobility. The geometric model algorithm for  Self-Reconfigurable Robotic System
each of these configurations is also presented.  Proceedings of the 2006 IEEE/RSJ
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MODELAREA UNUI ROBOT PARALLEL RECONFIGURABIL CU SASE GRADE DE MOBILITATE S
CONFIGURATIILE SALE CU CINCI, PATRU, TREI S| DOUA GRADE DE MOBILITATE

Rezumat: Robotii reconfigurabili sunt din ce in ce mai mutudiati, datorita flexibilitati pe care o ofera
utilizatorului. Aceasta flexibilitate exista dattagfaptului ca robotii reconfigurabili pot fi astfeonfigurati incat sa
aiba geometrii diferite care sa fie potrivite difer procese din sistemul de productie. Acestadteprezinta un
robot parallel reconfigurabil numit Recrob, precsinposibilitatile sale de reconfigurare.
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