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PARALLEL RECONFIGURABLE ROBOT WITH SIX DEGREES OF
FREEDOM AND TWO GUIDING KINEMATIC CHAINS OF THE
PLATFORM AND ITS VARIANTS WITH FIVE, FOUR, THREE AND TWO

DEGREES OF FREEDOM

Nicolae PLITEA, Rares DADARLAT

Abstract: The paper presents a proposed structure for a nanaliel robot with six degrees of freedom
and two guiding kinematic chains of the platfornuated by four linear and two rotational motors.eTh
robot can be reconfigured in parallel structuresttwifive, four, three and two degrees of freedom
actuated from the base. These structures, alorlg tivét inverse and direct geometrical models forheac
of them are presented. The robot can be used aslmodminimally invasive procedures as well as for
complex assembly and laser cutting operations.
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1. INTRODUCTION base to the end-effector. Another major
difference between these two types of robots

The need for robotic structures comes into~2" be found in the way they function: the

focus in all areas where progress is constricteae.zrIaI robot has a motor (or actuator) for each
due to the limitation imposed by the human/0'nt: where the parallel robot has most of the

body in terms of speed, stamina, strength"igc'[u‘r’.uor.S gltuate(cjl on tEe t_)asle pl?te.’ templo;gng
orecision, repeatability [17]. assive joints and mechanical restraints in order

to function properly [4].

Industrial robotics has, in recent times, me of the advant rallel structures h
welcomed the development of a new generatior$0 € ot the advanlages paraflel Structures have

of robots based on closed-loop kinematic chairPVe' sen_al ones are: higher ;tlﬁness, hl_gher
mechanisms. Due to the fact that theseacceleratlons and speeds, higher precision,

structures are commonly symmetrical and haV(g,lmple construction, smaller positioning errors,

more than one kinematic chain linking the basénUCh better weight to load ratio. However, the

plate to the end-effector, they have been nameworkspace for the parallel robots is usually
' much smaller than for the serial ones [9].

parallel robots [4].

H’ hese parallel structures are currently being
sed for complex operations in areas like
iotechnology, microsurgery, micro assembly,

Reconfigurable robots are structures that ca
change configuration in order to respond to th
requirements of the human operator or the rob . D .
for which it operates [20]. The structures will €lectronics circuit testing and. also_for less
be simulated and analyzed using computers i omplex ones such as packing. The latter

order to determine possible collisions betweer SIUITES less degrees of fr_eedom (DoF) with
the robot elements. more speed and repeatability, where the more

complex operations require more DoF [6]-[14].

Compared to the serial robot, which has only

one kinematic chain (or arm), parallel structuregyeferences  [11-[3], [5]-[16] and [18]-[19]
have at least two kinematic chains linking the|Ilustrate, through the cooperation between the
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Technical Universities of Cluj-Napoca and structure of the robot, along with the coordinate
Braunschweig, the development of a series ofeference systems and the annotations used in

new parallel robots and microrobots with the theoretical calculations [21].
Z

multiple applications, like assembly, micro-
assembly, industry of automobile components
manufacturing.

Actuator 1 (rotary) Z;

Z, Actuator 2 (rotary)
Grooved shaft 2

Actuator 6 (linear)

Grooved shaft 1

Actuator 5 (linear)

Based on an existing structure already built an
working (also a parallel robot) [16], a new,
innovative parallel structure was proposed, witk
two kinematic chains linking the base to the
end-effector. Using four linear actuators
(electric motors) and two revolute actuators
(also electric motors) and only passive, clas:
five joints, the end-effector can achieve the six
degrees of freedom imposed.

\<

X Actuator 4 (linear)
Actuator 3 (linear) |

Using the backbone of the initial structure, a
series of parallel robots with fewer degrees o
freedom can be obtained (with five, four, three
or two degrees of freedom respectively), some
of them only with minor modifications to the

actuator system and/or the passive joints. Th
passive joints normally used for such a paralle
structure are either class five joints (revolute

joints), ClaS_S_ four jOint_S (C_a!'danic joints) or Fig. 1. Structural overview and reference coordinate
class three joints (spherical joints). systems for the six DoF parallel robot

#X

E X Ye Zg
250, yp=0, zg=d

The development of parallel robots has beerThe annotations that are used throughout the
brought on also by product miniaturization paper are as follows: M — mobility degree of
trend and by the need for modular design [17]. the mechanism; F — mechanism family; N —

A general view over the structural synthesisUmber of mobile elements in the structuee;
(inverse and direct model) of the proposed- number of “i” class joints.
structures with fewer degrees of freedom (DoF)

is presented in this paper. By applying particular restrictions to the M=6
DoF parallel robot (Fig. 1) the other variants

2. STRUCTURAL OVERWIEV OF THE with M=5, M=4, M=3 and three versions of the
PARALLEL RECONFIGURABLE ROBOT M=2 DoF are obtained.

Starting with two parallel robots mounted on2.1 The inverse geometric model for the six
the same base, each having three degrees BDF structure with two kinematic chains of
freedom, a new parallel structure was proposethe platform [21] *)

using only class five revolute joints [23]. The _ _ _ Table 1
three degrees of freedom are achieved throughAIgonthmfor the inverse _geomgtrlcal model of the
three electric motors, two linear motors and & parallel mechanism with 6 DoF

rotary one, giving each robot freedom of Given: Xe Ve, Ze, V.04
movement. All this, combined with the a,.8,,b1.b,,
mechanical restrictions imposed by each h.h,,d,d,,
kinematic link working with the chosen passive pe.e

joints used, yield a six degree of freedom ynknown: | @.i=12...6
parallel structure. Figure 1 shows the basi¢ variables: | Solving equations:
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2.2 The direct geometric model for the six
DoF structure with two kinematic chains of
the platform [21]
Table 2

Algorithm for the inverse geometrical model of the
parallel mechanism with 6 DoF.

Given: g.,i=12...6

alaz,bl bz vhl!hz 1dvd2' pe.e

Unknown: | x_v.,Z_.W.6,¢

Variables: | Solving equations:

Xer Yer Ze Xe =0,yg =0,z =—d

Xp1YaZa xAl=0,yAl=0,zAl=0

Xa s Ya, o Za, xA2=d2,yA2=O,zAZ=O

Xp,» ¥, 1 Zp, Xp, = 0, Yp, = 0, Z, =§

P P2 p=ppP,=-pP

Xp Yo Ly,
i=12

Xp =

=P +[Q +y & _(qi+4 _qi+2)2 }Cq

= |:b. +Va1'2 - (qi+4 - Qi+2)2 :|Sq
ZD, =

:qi+2_h
i=12

o<

XerYerZe Xe =0,yg =0,z =—d
Xn1YarZn Xo =0y, =0z, =0
Xa s Ya, 1 Za, Xa =0,,y5 =0,z, =0
Xp,» Yo, Zp, X, =0,¥p =0z, =&
P P, Pp=0PpP,=-p
ca'..cy" ca'= I ca"= -
| cat'=
SR
T pcosp | mspekp | T
cp'= | cB"= .
| |C,8 =
:S‘/K:¢+ : :_%¢+: :_0450
_tapessp | ropesep | T
i i
cy'= L oy= | cy=
=y | =swp | =c
| |
X YarZa Xa = Xg +dca
Y, =Y +dcS
Z, =Zg +dcy
X Yo Zn | Xp =Xg +d,ca+dea™
Y, =Ye +d,cB+dcB"
Z, =Zg +d,cy+dey”
)<D1!YD112D1 XD1 = xAl + elca"'
Yo, = Y4 +6CB"
Zy =Zg tecy”
Uy, Wy Yo, D,
U =S¢ = —,W, =CQ, =—
' G ' G
a, g, =atan2(ul,W1)
(o 0; = Zp, +h
a o = Xol_plz"'YDz1
[ N 2
Os Os =0; + aiz_(Q1_b1)
¢,.6,,¢, W,=¢,6,=6,¢,=¢
Xp, Y, Zp, | Xp, = Xp —&CY
Yo, =Ys —&SY,
ZDZ =Z,
o q, = Xp, = P2 i +Y022
u,, W. Y, Xp —
272 UZ:SO'Z:L*Z’WZ:CCIZ:—DZ* P2
2 d,
a, g, = atan YD2,XDZ - pz)or
q, = atanu,,w, )
d, d, =Zp, +h,
. 2
O Os =ds azz_(qz_bz)

*) — please refer to the letter “c” as cosine and

to the letter “s” as sine.

Y,60,¢ X (P = % (P) —W_l(X(p))F(X(p)),

p= 012...
where

7/ F.(X)
0 ,F(X)= FZ(X)!
K4 F(X)
oy 06 oy
oy 06 ody
oF, OF; OF,
|0y 08 Oy
F(X) =

Fw.0,¢) =

d,(cycg - spctsp) + dsysd +
&cy — Xp, — (& + sysf + X,
RwepH= T
=| d (syce + apctsp) — deysb -

oSy — Yo, + (8 + YYSO+Y,,
""" FRweg= 7
dsBsp +dch-2Z,, _

(g +d)co+2Z,

X =
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Xe.Ye,Ze Xe = Xp, = (6 + dysf YA Bl x, =0, y,,=0, 3, =0
Ye =Yp, +(e + d)cysb oy
Ze =7, —(g +d)co r et Bal =0, 95,20, 3, =0
E ~ “D & )C 2 2 2
. . R K e R T T X
2.3 Parallel robot with M=5 DoF (Fig. 2) BB B GBIy FEWE | G LG 6
) . . ) cyLoy oy ’E;*y*-;’()’r"éjFé’ga”’:r"’q’f!’(e"
For this particular case only the kinematic
scheme and some info regarqlng the algorl'th‘m 0 q :+\/(XE_ZEEOG e+ (Yo 2e0B
tables for the inverse and direct geometrical 1
models are presented. Reference [22] furthet Y.~z [CB"
elaborates on the matter. U =S =—F—5—"—
Actuator 1 (rotary) Z] Z Z2 ul Wl ql
Actuator 3 (linear) = ’ X -z m:a m_
~— T Wl = qu = E £ * el
Gi ved shaft ql
S T /(?::::;"5 o ¢ =atan2(¢ - z0@ " %- z0@ * ¢
ﬁ;:g:::rzr\\‘l—lﬁr$ g - (linear) q2 q2 - hl + ZE — ZE EO/ m
a ligs %:I ] N Y 0= +& -~ (G- bf
Nl S \ A s v X,, =X +d [Ca™
* " \ 3 B (Xo. Y Zs) Azt TAst T, YA2 :YE +d EDB"'
" E :,'4‘;' \Z'«»‘ 2=(dyrdy) _ m
g 1WA } Z, =27, +dICy
o LIEH G4 Qy = Zg +dB
| X;V ‘ * *
il = \\\Yz a2 0z = +\/(XAZ —e,f + Ya,
X N = Y ]
- X2 o P
- — " | % q5=q4+\/a22—[—bz+\/(XAz-ezf+ Ya, |
Fig. 2. Structural overview and reference coordinate

systems for the five DoF parallel robot variant

2.3.1 Inverse geometric algorithm 2.3.2 Direct geometric algorithm

For the inverse geometric problem of theThe objective of the direct geometric model is

parallel mechanism, the position andto define a mapping fr(_)m the known set of the

orientation coordinates X Ye, Ze, v, 0 are actuated joints coordinates to the unknown
 fthe ot position of the laparoscope. For the forward

G, G Gu G are unknown. In this case the geometric problem of the parallel mechanism,

problem consists in solving a system of fivecoordinates of the active j_o_ints, @ G %, G
equations with five unknowns [22]. are known, and the position coordinates and

Table 3 Orientation angles X Yg, Zg, v, 0 of the end-
Algorithm for the inverse geometrical model of the effector are unknown [22].

given and the coordinates of the active joints g

parallel mechanism with 5 DoF. Table 4
Given: Algorithm for the direct geometrical model of the
Xe Ye Ze, v, 6, $=0; parallel mechanism with 5 DoF.
hy ] d [m  pelm] Given:
b, [m] B [m] d nl G 9, G5 9, Os
e [m] a [m] La[m] hy [m] d [m] 2[m]
Unknown: b, [m] b [m] d ni]
Gy, A2, 43, d4, 05 e [m] a [m] A[m]
Variables Solving equations Unknown:
e, 8 6 =€ 8=-¢ Xe Ye Zg, v, 6, 90=0;




Variables Solving equations
&, 8 =6 8=-¢
XAly yAlv ZAl XAl =0, yA1 =0, Al =0
X Y, &, XA2=O' yAZ:O,Z\2 :-g
Xe, Yer Ze | X =0, ¥ =0, =(d+ 9
o oy =b+d& - (G- &)
v Xa, =€+ G [Cq
Ay YA A *
Ya, =01 [5G
Zp, =G —hy
JE=(Z, -q,)
U1:$: 1 ( Ay q4)
dl
Uy, W, .
WI:CB:Al—q4
1
0 6=atan2(y ,wy
a=2d udY,
a,b,c b=_2dlEU( XAl_ez)
012 2
C=(Q2) _(XAl_ez) —Yil—def
g qnatan% C,+ &+ B- %)— atan2(a,
Xe, Y !
B F Y=Y, +(d, +d) Oy
Y X, -e
u2’W2 u2=%2= = W2=Cq)2= AZ* -
d. SP
0, ¢,=atand ¥, , X - ¢

2.4 Parallel robot with M=4 DoF with the
end-effector

that moves in

translation (Fig. 3)

a planar
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Actuator 1 (rotary) >
Grooved shaft ‘

Actuator 3 (linear)

Actuator 2 (linear)

3

Fig. 3. Structural overview and reference coordinate
systems for the four DoF parallel robot variant

For this particular case the inverse geometrical
model is presented below.

2.4.1 The inverse geometric model for the
four DoF variant

Using the given structure shown in figure 3 and
the theoretical coordinateX.,Y;,Z.,¢ of the
end-effector, a generalized expression of the

coordinates for q(i=212,..., 45 to be
established.
Xe =e+rcq —ecp
Y. = 1sq —esp 1)
Zg =q,-d
where

r1=b+Va_(q3_Q2)2 (2)

The X, Y and Z coordinates of the end-effector
can also be written as follows:

Xg =—e+r,co, +ecp

Y. = 1,50, —esp (3)
Z:.=q,-d
where
— 2
rz_b+\/a_(q4_CI2) (4)
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Using relations (1) through (4), theg value
(or parameter) can be obtained:
hcq = Xg —et+eap

£sq =Y +esp (5)
0, =Zg+d
g, =Z +d (6)

Using the first two relations from equation (5),
the r, parameter is obtained:

r :\/(XE _e+ec¢)2 +(YE —ES¢)2

Y. +esp _ Xg—etegp

(7)
sq = r—l ,Cq . (8)

q, = arctar(Y, +esp, X, —e—ecp) (9)
Using the relations in system (3) the following
relations are deducted:
r,co, =X, +e—ew
s, =Y. +esp
Q, =Z¢ +d
The solving equation for, is obtained from
the first two relations of equation (10):
r,= \/(XE +e-ecp) +(Y. +esp)’ (11)
Ye tesp
r2 r2
6, =arctar2(Y, +esp, X +e-ecp) (13)
Using relation (2) they, parameter is deducted:
(r,-b)f =a*-(q,-q,)
(0, -q.) =a®=(r, -b)’
q,=q, + Vaz_(rz_b)z
Based on the relations (1) through (14) the
algorithm for the inverse geometrical model of

the parallel mechanism with 4 DoF can be
established.

(10)

s, = o, = Xete—eqp (4

(14)

Table 5
Algorithm for the inverse geometrical model of the
parallel mechanism with 4 DoF.

Given: Xe e, Zeo o
ahed
Unknown: | 9i,i=12..4
Variables:| Solving equations:
r,h o =+/(Xe —e+eap) + (Y, —esp)’
r, =(Xe +e-ep) + (¥, +ep)’
a, q, =arctar2(Y, +esp, X, —e-ecp)
6, 6, =arctar2(Y +esp, X, +e—eap)
d, 0, =Z¢ +d

% 0;=0, ++ a’ - (rl - b)2
s q4:q2+\/a2_(r2_b)2

2.5 Parallel robot with M=3 DoF and
continuous orientation of the end-effector
(Fig. 4)

Based on Fig. 4 both the inverse and direct

geometric models can be deducted.
Z

Actuator 1 (rotary)

Grooved shaft 1 f

Actuator 2 (linear)

Actuator 3 (linear)

X

E {Xe Ye. Z¢
2p=0, yp=0, zg=-d

a3

Fig. 4. Structural overview and reference coordinate
systems for the three DoF parallel robot variant

2.5.1 The direct geometric model for the
three DoF variant

The objective of the direct geometric model is
to define a mapping from the known set of the
actuated joints coordinates to the unknown
position of the laparoscope. For the forward
geometric problem of the parallel mechanism,
coordinates of the active joints, @qp, ¢ along
with the a, b and d values are known, and the



position coordinates and orientation angles X
Ye, Ze of the end-effector are unknown.

Xe =rcq,Ye =r1sq,Z: =g,—d  (15)
where
r=b+.a®-(q,-q,) (16)
Table 6

Algorithm for the direct geometrical model of the
parallel mechanism with 3 DoF.

Given: g,i =123
abd
Unknown: Xe Yo, Ze
Variables: | solving equations:
' r=b+ya’ (g, - )
Xe,Yer Ze Xe =rcq,Ye =rsq,Zc =g, —d

2.5.2 The inverse geometric model for the
three DoF variant

Given: X.,Ys,Zc,a,b,d
Unknown: ¢;,d,,0,

Using the first two equations from relation (15),
the value for r is deducted:

r=yXZ+Y?

(17)

s4=f.cq=25,0,=2+d (19

q, = arctar2(Y, X;) (19)

0, =0; + \)a2 - (I‘ _b)2 (20)
Table 7

Algorithm for the inverse geometrical model of the
parallel mechanism with 3 DoF.

Given: Xe Yo, Z,
abd
Unknown: | q.,i =123
Variables: | Solving equations:
r r=yXZ+Y?
o Q= arctarQ(YE, XE)
0s O =Zg +d
g, Q2:q3+\)a2_(r_b)2

2.6 Parallel robot with M=2 DoF and
variable orientation of the end-effector — ver.
1 (Fig. 5)

The variant for the parallel robot with M=2
DoF is presented in Fig. 5. It has only 2 linear
actuators.
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The proposed mechanism has N=2 mobile

elements, one class 5 passive jddf =1) of

the f=1 family, two class 4 jointC, = 2)
highlighted in Fig. 5 with the dotted line of the
f=2 family.

The whole mechanism is considered to be of
the F=3 family, since none of its elements can
move along the OZ axis or revolve around the
OX or OY axis.

Actuator 2 (linear)
ES

Coupling element

Actuator 1 (linear)

Fastening element

E$Xe Ye Z
2g=0, yg=0, zg=d

Zg=constant

Fig. 5. Structural overview and reference coordinate
systems for the two DoF parallel robot variant + \le

For
F=3N=2C,=1C,=2
M=3N-2C,-C, =
=3x2-2x1-2=2

(21)
(22)

2.6.1 The direct geometric model for the two
DoF variant — ver. 1

In the case of the direct geometric model the
generalized coordinates, g, are given and the
generalized coordinateX.,Y. of the end-
effector are unknown.

Based on Fig. 5 the following equations can be
deducted:
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b o=z

(23)
r,=b+,a’—(q,-Z,)
Xg — Xy =16
E B, 1¥“1 (24)
Ye =Yg = 16
Xg =Xz =1,C6
E B, -2 (25)
Ye =Yg, = 1,86,
Using relations (24) and (25) following
equations are obtained:
(XE - Xsl)z + (YE _Ysl)z =n (26)
(XE B XBZ)2 +(YE _YBZ)2 =1,
With
Xz =eYy =0
B B 27)
Xg, = €Y =0
relations (26) become:
X —ef +YZ =12
( E )2 E 1 (28)
(XE +e) +YE =1
XE-2eX. +€+YZ =1/ (29)
XE+2eX. +e€ +Y: =1}

Deducting the two relations, equation (30) is
obtained:

deX. =r7 -1} (30)
P22

X, =21 31

ET " Je (31)

Using the first relation from system (29),
coordinateY; :

Ye = r12 - (XE _e)2 (32)
CoordinateZ; for the E point based on Fig. 5
will be:

Z. =Z,—d (constant) (33)
Table 8

Algorithm for the direct geometrical model of the
parallel mechanism with 2 DoF — ver. 1.

Given: g,i =12
abde
Ze = Zy(ct)
Unknown: | x_ v
Variables:

Solving equations:

n=b+ya’-(q-2,)
r,=b+ya?-(q,-Z,)

r,rn

X, Ye 4e

2.6.2 The inverse geometric model for the
two DoF variant — ver. 1

In the case of the inverse geometric model we
are given the coordinates of the end-effector
and the generalized coordinates of the robot are
unknown.

The problem is solved by determining the
values ofr,,r, using relations (28):

rn=x (XE _e)z +YI52

r, =y (X +ef +Y2 o9
{az =(-2Z,) =(r,-b)’
a*-(q,-2,) =(r,-b)’
-Z,f =a’—(r,-bf
sy ey ©
q =Z,+ya>—(r,-b)
0, = Z, ++/a> - (r, -by’
Table 9

Algorithm for the inverse geometrical model of the
parallel mechanism with 2 DoF — ver. 1.

Given:

XE'YE

abde

Z, =Z,(ct)
Unknown: | q,,i =12
Variables:

Solving equations:

n = (XE_e)2+Y|52
Il
I, = (XE+e)2+Yf£2

G %:Zo"'\/az_(rl_b)z

ad, G = Zo ++/a2 —(r, —b)’

2.7 Parallel robot with M=2 DoF — ver. 2 —
with the end-effector that moves only in an
horizontal plane (Fig. 6)

The M=2 DoF mechanism is obtained by
imposing two other restrictions to the M=4 DoF
mechanism (Fig. 3):



4; =q,
g, = Z, =const

(36)
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2.7.2 The inverse geometric model for the 2
DoF variant — ver. 2

In this particular case, the mechanism plane I%Jsing relations of the six DoF parallel structure

fixed at theZ,= constant height.

V4
F ; Actuator 1 (rotary)
Grooved shatft 1

Actuator 3 (linear)

Passive joint

{1 Coupling element
24 E A
)
- ‘\\
2 \
\
@ \
\

Coupling between
fastening elements

E {Xe Vi Z¢
2p=0. yp=0. zg=d
z

Fig. 6. Structural overview and reference
coordinate systems for the two DoF parallel robot
—ver. 2

2.7.1 The direct geometric model for the 2
DoF variant — ver. 2
Table 10
Algorithm for the direct geometrical model of the
parallel mechanism with 2 DoF — ver. 2.

Given: g,i =12
ahde
Zy(c)
Unknown: X, Ye
Variables: | solving equations:

r r=b+ya’-(q,-Z,f
Xg =rcq,
Ye =180,
Z. =Z,—d (constant)

Xe, Yo, Ze

geometric model, following equations are

deducted:
r=XxZ+¥¢ (37)
s =% ,0q == (38)
q, = arctar2(Y., X.) (39)
0, = Z, +/a>—(r —b)’ (40)

Based on relations (37) through (40), the
algorithm for the inverse geometric model can

be established.
Table 11
Algorithm for the inverse geometrical model of the
parallel mechanism with 2 DoF — ver. 2.

Given: g, =12
ahde
Z. =Z,—-d(ct)
X.,Y.
Unknown: | q,,i =12
Variables: | Solving equations:

r =y X2+Y2

g, g, = arctanZ(YE, XE)

d, 4, =Z, +ya = (r —bf

2.8 Parallel robot with M=2 DoF — ver. 3 —
with variable orientation of the end-effector

(Fig. 7)

The mobility degree of the structure is:

M =3N-C, =3x1-1=2 (41)
Based on Fig. 7 the geometric models can be
established.

2.8.1 The direct geometric model for the 2
DoF variant — ver. 3

Xe = 1.Cq
Ye = Sq (42)
Z.=2,-d
where
'a = b+‘V a’ - (qz - 20)2 (43)
p=q (44)



Grooved shaft 1

Actuator 2 (linear)

Fastening element

Actuator 1 (rotary)

constant

Zy

Fig. 7. Structural overview and reference
coordinate systems for the two DoF parallel robot

—ver. 3

Table 12
Algorithm for the direct geometrical model of the

parallel mechanism with 2 DoF — ver. 3.

E{Xe Ye. 2t
2g=0, Yg=0, zg==

Y

Given: g, =12
abde
Zy(ct)
Unknown: | x_ v 7z
Variables:

Solving equations:

Ma r,=b+ya?-(q,-2Z,)

Xe Ye, Z¢

XE = rAqu.

Ye=hsq ,¢=q
Z.=2,-d

Table 13
Algorithm for the inverse geometric model of the

parallel mechanism with 2 DoF — ver. 3.

2.8.2 The inverse geometric model for the 2
DoF variant — ver. 3

Given:

Xe,Ye,Z, =ct
abde

Unknown: | q,,i=12,¢
Variables: | Solving equations:
rZe r=yX2+Y?,Z.=2,-d
o q =arctar2(Y, X ), @ =
q; 0, =Z,++/a2—(r-b)

3. CONCLUSIONS

This paper presents the variants of a six degree
reconfigurable parallel
structure that can be used as a module in
minimal invasive surgery or for industrial

purposes such as welding or assembling work

of freedom

[11].

An overview of the
geometrical model for each of them is also
presented, along with the complete algorithm.
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Abstract: Lucrarea prezini o structuez cinemati@ propusi pentru un nou robot paralel giase grade de
libertate si doui lanuri cinematice de ghidare a platformeizamnate de patru motoare liniarg doui
rotative. Robotul poate fi reconfigurat in strudtparalele cu cinci, patru, treji douz grade de libertate
agionate de la baz Aceste structuri, impredcu modelele geometrice corespétoare fiecireia, sunt
prezentate in lucrare. Robotul poate fi folositscanodul Tn chirurgia minim invaziy precumsi pentru
operaiuni industriale precum asamiyi complexesi taiere cu laser.
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