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Abstract: The paper presents a new parallel reconfigurable robot with six degrees of freedom and three 
guiding kinematic chains of the platform. A reconfigurable robot can change its structure in order to 
quickly adjust to production capacity and functionality. Using the virtual work method, this paper 
presents the workspace dynamics of the parallel reconfigurable robot. Some simulation results and some 
conclusions are presented at the end.  Key words: reconfiguration, parallel robot, dynamic, virtual. 

 
1. INTRODUCTION  
  

Robotic system have been developed in 
every field where a further progress was 
constricted due the human limitation in terms of 
speed, precision, fatigue, repeatability, strength, 
etc.  Parallel robots have a series of advantages 
in comparation with the serial one, like: high 
stiffness, high accelerations and speeds, high 
precision and a modular simple construction. 
[1] 

A reconfigurable robot can change its 
structure in order to quickly adjust to 
production capacity and functionality. 
Main characteristics: Modularity; Scalability; 
Convertibility; Ease of diagnosis. 
  The reconfiguration of a robot can be 
achieved by means of: 

• Joints position and characteristics 
modification; 

• Robot configuration changing; 
• Geometrical parameters adjustment. 

Coupling - uncoupling mechanisms are 
important elements in the field of 
reconfigurable robots. The structures will be 
simulated and analyzed using computers in 
order to coupling - uncoupling elements and 
possible collisions between the robot elements. 
[2] 

A new approach for the analysis of a family 
of parallel reconfigurable robots is proposed by 
Gogu in [3]. The parallel structure, called 

Isogliden-TaRb, can have up to five degrees of 
freedom which are a combination of maximum 
3 independent translations and maximum 2 
rotations. 

Other parallel reconfigurable machines are 
developed by Negri in [4] and several authors 
in [1], [5], [6], [7]. 

The dynamic models of parallel robots are 
usually developed following one of two 
approaches: the Newton Euler or the Lagrange 
methods. The Lagrange method describes the 
dynamics of a mechanical system from the 
concepts of work and energy [8], [9], [10], [11]. 

The parallel reconfigurable robot whose 
dynamic model is here presented is contained in 
the pending patent [12]. In order to continue the 
work presented in [13] where the kinematics 
model is established, this paper presents 
simulation results and task space dynamics. 

The paper is organized as follows: Section 2 
is dedicated to the description and design of the 
parallel reconfigurable robot with six degrees 
of freedom. The task space dynamics is the 
subject of the Section 3. In Section 4 and 5 
numerical results and some conclusions are 
presented. 
 
2. DESIGN CONSIDERATION  
  

Figure 1 presents a six degrees of freedom 
parallel robot with three kinematic chains of the 
guiding platform. With the help of fasteners the 
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robot can be reconfigured in one with five, 
four, three or two degrees of freedom [14]. On 
the fixed frame three guides are fixed on which 
the six linear active joints slide. The robot has 
three identical kinematic chains: fork arm and 
slide, rotation couple and two linear motors on 
each of the three guides. 

 
Fig. 1. Reconfigurable parallel robot with M=6 d.o.f and 

three guiding kinematics chains of the platform 
 
 Mobile platform (end-effector) in this case is 
a right angle triangle defined by 321 ,, AAA  
related to the three kinematic chain structures 
via three spherical joints. Figure 2 illustrates a 
detail of the end-effector, along with the mobile 
coordinate systems attached to it. The three 
kinematic chains use fork-slide joint type. 
Movement and orientation are performed using 
six linear active joint mounted on three guides 
of the frame. 
 
 The geometrical parameters of the robot are 
represented by iii beda ,,,  where a - the 
cathetes length of the right angle triangle, id - 
the slider length, ib  - the fork slider, ie  - 
distances between point O and the frame 
guides, and the coordinates of point 

),,( EEE ZYXE . 
 
 
 
3. DYNAMICS 
  
 3.1 Kinematics 
 Starting from the positional equations 
bellow obtained through the geometrical model 

[13, 15], expressed in function by the 
coordinates of the end-effector 

ϕθ,ψ,,Z,Y,X EEE  and the active coordinates 
of the robot 3i ,q +iq  the relations for the 
positional nonlinear equations are: 
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 The six positional nonlinear equations in 
implicit form are: 

0

)(

)(

))((

)(

))((

))((

)(

))((

))((

)θ,ψ,,Z,Y,X,(qF

0

)(

)(

))((

)(

))((

))((

)(

))((

))((

)θ,ψ,,Z,Y,X,(qF

2

2

2
1

2

2

2

2
2

2
2

2

22

2

2

2

22

2

2

EEE22

2

1

2
1

2

1

1

1
1

2
1

2

11

1

1

2

11

1

1

EEE11

=

⎪
⎪
⎪

⎭

⎪
⎪
⎪

⎬

⎫

⎪
⎪
⎪

⎩

⎪
⎪
⎪

⎨

⎧

+

⎪
⎪
⎪

⎭

⎪⎪
⎪

⎬

⎫

⎪
⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

⎪
⎪

⎭

⎪
⎪

⎬

⎫

⎪
⎪

⎩

⎪
⎪

⎨

⎧

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

−+

+−+

+−−+
+

−−−

−

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

−−+

+−+−+

+−++

+

+

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

−−+

+−−−+

+−−+

≡

=

⎪
⎪
⎪

⎭

⎪
⎪
⎪

⎬

⎫

⎪
⎪
⎪

⎩

⎪
⎪
⎪

⎨

⎧

+

⎪
⎪
⎪

⎭

⎪⎪
⎪

⎬

⎫

⎪
⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

⎪
⎪

⎭

⎪
⎪

⎬

⎫

⎪
⎪

⎩

⎪
⎪

⎨

⎧

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

−

+−+

−−+
+

−−−

−

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

−−+

+−+−+

+−++

+

+

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

−−+

+−−−+

+−−+

≡

d

zzc

yyss

xxcs
Z

qb

Yzzss

yyccscs

xxscccsY

Xzzsc

yycsscc

xxsscccX

d

zzc

yyss

xxcs
Z

qb

Yzzss

yyccscs

xxscccsY

Xzzsc

yycsscc

xxsscccX

EA

EA

EA

E

BEA

EA

EAE

BEA

EA

EAE

EA

EA

EA

E

BEA

EA

EAE

BEA

EA

EAE

θ

ϕθ

ϕθ

θψ

ϕψϕθψ

ϕψϕθψ

θψ

ϕψϕθψ

ϕψϕθψ

ϕ

θ

ϕθ

ϕθ

θψ

ϕψϕθψ

ϕψϕθψ

θψ

ϕψϕθψ

ϕψϕθψ

ϕ

 



861 
 

 

0

)(

)(

))((

)(

))((

))((

)(

))((

))((

)θ,ψ,,Z,Y,X,(qF

2

3

2
1

2

3

3

3
3

2
3

2

33

3

3

2

33

3

3

EEE33

=

⎪
⎪
⎪

⎭

⎪
⎪
⎪

⎬

⎫

⎪
⎪
⎪

⎩

⎪
⎪
⎪

⎨

⎧

+

⎪
⎪
⎪

⎭

⎪⎪
⎪

⎬

⎫

⎪
⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

⎪
⎪

⎭

⎪
⎪

⎬

⎫

⎪
⎪

⎩

⎪
⎪

⎨

⎧

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

−+

+−+

+−−+
+

−−−

−

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

−−+

+−+−

+−++

+

+

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

−−+

+−−−+

+−−+

≡

d

zzc

yyss

xxcs
Z

qb

Yzzss

yyccscs

xxscccsY

Xzzsc

yycsscc

xxsscccX

EA

EA

EA

E

BEA

EA

EAE

BEA

EA

EAE

θ

ϕθ

ϕθ

θψ

ϕψϕθψ

ϕψϕθψ

θψ

ϕψϕθψ

ϕψϕθψ

ϕ

0)(

)()(
)()θ,,Z,(qF

0)(

)()(
)()θ,,Z,(qF

0)(

)()(
)()θ,,Z,(qF

3

33

6E66

2

22

5E55

1

11

4E44

=−+

+−+−⋅
⋅−++−≡

=−+

+−+−⋅
⋅−++−≡

=−+

+−+−⋅
⋅−++−≡

EA

EAEA

E

EA

EAEA

E

EA

EAEA

E

zzc

yyssxx
csZq

zzc

yyssxx
csZq

zzc

yyssxx
csZq

θ

ϕθ
ϕθϕ

θ

ϕθ
ϕθϕ

θ

ϕθ
ϕθϕ

    

                    (2) 
3.2 Task space dynamics        

  
 For the inverse dynamic the generalized 
coordinates of the end-effector are given and 
the forces and torques for the driving linear 
joints are computed. 

665544
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The mobile elements of the robot are 
replaced with an equivalent system of lumped 
masses *

29
*
1 ,..., mm  in points ,iM  i=1,…,29 with 

the coordinates ,,, iMiMiM ZYX i=1,…,29. 
With the following notations: 

[ ]Tqqqqqqq 654321=
 
 the vector 

of the linear active joints coordinates; 
[ ]Tqqqqqqq 654321 δδδδδδδ = the 

vector of virtual displacements of the active 
joints positions; 

T
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the vector 

of active linear joints accelerations; 
[ ]TEEEP ZYXX ϕθψ= the vector 

of the generalized coordinates of the end-
effector; 

[ ]TiiiiM ZYXX = , i=1, 2,...,29 the 
vector of the Cartesian coordinates of points 

iM  of the lumped masses *
im dynamic 

equivalent with the system of N mobile 
elements; 

T

EEEP ZYXX ⎥⎦

⎤
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.......
ϕθψ the 

vector of velocities for the point E of the 
mobile platform; 

T
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..............
ϕθψ the 

vector of accelerations of the point E; 
T

iiiiM ZYXX ⎥⎦
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....

the vector of speeds 

for the points iM ; 

[ ] [ ]TT FFFFFF 654321654321 ≡= τττττττ
the vector of the the active forces. 
 The virtual work principle was used in order 
to obtain the dynamic model for the robot with 
six degrees of freedom. 
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Principle that states the fact that the sum of 
virtual torques of the forces, the gravity forces 

,gmi i=1,…,29 and of the inertia forces 
,iiam i=1,…,29 equals to zero for the virtual 

displacements compatible with the constraints; 
where τδ Tq is the virtual work of all actuating 

forces and moments and ∑
=

+
29

1
)(

i

g
i

Tr
i

T
iM TTXδ is 

the virtual work of inertia forces and gravitation 
forces corresponding to the equivalent system 
(with 29 lumped masses). 
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The matrix of inertia forces is given by the 

equation: 
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 The matrix of the gravitation forces: 
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 The coordinates of points iM  having the 
coordinates ,,, iMiMiM ZYX can be expressed 
in respect to the generalized coordinates of 
the end-effector XE, YE, ZE, ϕθψ ,, . 
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 Deriving with respect to time it results: 

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

⋅

⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

=

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

.

.

.

.

.

.

.

.

.

ϕ

θ

ψ

ϕθψ

ϕθψ

ϕθψ
E

E

E

iii

E

i

E

i

E

i

iii

E

i

E

i

E

i

iii

E

i

E

i

E

i

i

i

i
Z

Y

X

ZZZ
Z
Z

Y
Z

X
Z

YYY
Z
Y

Y
Y

X
Y

XXX
Z
X

Y
X

X
X

Z

Y

X

 i=1, 2, 3.              (9) 
 With the following notations: 
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 Using the notation (10) equation (9) takes 
the following form: 
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 After the derivation of the above equation it 
results: 
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 The derivates in respect to time from the 
(14) equation are: 
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 For the other derivates in respect to time of 
the coordinates ,, ii ZY i=1,…,29 can be 
computed in a similar way. 
 The vector of virtual displacement of points 

,iM i=1,…,29 have the expression: 
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 Relation rewritten under the compact form: 

 PiiM XJX δδ ⋅=             (22) 
 Resulting so for the relation above: 
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i=1, 2,...,29.              (24) 
Using equation above the expression of the 

virtual work principle takes the form: 
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With the following notations: 
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 Using the notations above (27) becomes: 
 Pq XJq δδ =              (28) 
 It results: 
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 Using (27) and (28) the expression of the 
virtual work becomes: 

 
( )∑

=

=++
29

1
0

i

g
i

Tr
i

T
i

T
P

T
q

T
P TTJXJX δτδ      (30) 

 It results: 

 
( )∑

=

=++
29

1
0

i

g
i

Tr
i

T
i

T
q TTJJ τ             (31) 

 If (43) is left multiplied with 1)( −T
qJ , it 

results: 

( ) ( )∑
=

−
+−=

29

1

1

i

g
i

Tr
i

T
i

T
q TTJJτ             (32) 

Using the relations (6) and (7) the equation 
(32) results: 
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In order to obtain the 29 lumped masses and 
their coordinates with respect to the fixed 
coordinate system of the robot, we assume that 
the linear motors have the masses im  and 3+im , 
i=1,2,3. 
 As in [16], simplifying hypothesis were used 
to obtain the equivalent system represented by 
the mass points. 

 
Fig. 3. Mass distribution for one kinematic chain 

 
So, for a homogeneous bar with mass m and 

length l, the dynamic equivalent system points 
is formed by the masses CBA mmm ,,  - the ends 
of the bar, respectively the bar center of gravity 
C [17]: 

,
6
1 mmA = ,

6
1 mmB = mmC 3

2
=               (34) 



865 
 

 

The lumped masses ;31* ÷=imi will be next 
determined. The lumped masses from 

321 ,, MMM  will be: 
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 The coordinates of lumped masses 
*
3

*
2

*
1 ,, mmm  dynamic equivalent with 1,2,3 

body masses 321 ,, mmm will be: 
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The masses lumped in 654 ,, BBB of the 
actuation elements that move along the 

332211 ,, ZDZDZD  of masses 654 ,, mmm are: 
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Where: 
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 The lumped masses *
9

*
8

*
7 ,, mmm  of auxiliary 

arms will be determined with these relations: 
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 The coordinates of 987 ,, MMM  points are: 
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 The next lumped mass point, centers 
corresponding homogeneous bar is: 
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 Piston shirt will be considered as a 

homogeneous bar of masses 121110 ,, mmm  with 
centers of gravity in points 191716 ,, MMM  of 

321 ,, lll lengths.  
The lumped masses in 12+iM  are: 
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 Coordinates of points 12+iM  are: 
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 The lumped masses of piston shirt center 
are: 
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 Coordinates of points 15+iM  are: 
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                       (46) 
 The piston will be considered a 
homogeneous bar, dynamically determined by 
the lumped masses 21186 ,, +++ iii MMM . The 

18+iM  points corresponding to the centers of 
gravity of the piston and ii AM ≡+21 . 
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                       (48) 
 For ease of the dynamic model the mobile 
platform is now made of homogeneous rods 
whose ends form the default triangle. 
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 The 3 points of lumped masses 
*
24

*
23

*
22 ,, mmm  from points ,122 AM ≡  

324223 , AMAM ≡≡  determines the following 
relationships: 
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 Coordinates of points 3,2,1;21 =≡+ iAM ii  

will result from relation: 
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 The lumped masses 24+iM  will be 
determined: 

 
⎪
⎪
⎪

⎩

⎪
⎪
⎪

⎨

⎧

=

=

=

3
*
27

2
*
26

1
*
25

3
2
3
2
3
2

bp

bp

bp

mm

mm

mm

         (52) 

⎪
⎪
⎪

⎩

⎪
⎪
⎪

⎨

⎧

+
=

+
=

+
=

+
=

+
=

+
=

+
=

+
=

+
=

2
,

2
,

2

2
,

2
,

2

2
,

2
,

2

2824
27

2824
27

2824
27

2823
26

2823
26

2823
26

2822
25

2822
25

2822
25

ZZZYYYXXX

ZZ
Z

YY
Y

XX
X

ZZ
Z

YY
Y

XX
X

 

                   (53) 
 The lumped mass 28M  corresponding to the 
center of gravity of the end-effector will be 
determined: 
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                   (54) 
 Where: 
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                   (55) 
 In point 29M  it’s concentrated the in 
module’s clamping mass and the object’s 
manipulated mass: 

obdp mmm +=
6
1*

29         (56) 

Where: 
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4. NUMERICAL RESULTS  
  
 A dynamic simulation was made using the 
software package Matlab and the obtained 
expression of the torque vector. 
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 The established geometric parameters for 
this simulation are: 
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 The results of a linear trajectory of the end-
effector with the following data are presented in 
the next figure: 
 - the starting point is A(415 465 500) 
 - the end point is B(550 550 600) 
 - the maximum speed of the end effector 
was chosen to be 5[mm/s] 
 - the maximum acceleration of the end-
effector was chosen to be 10[mm/s] 
 Other constant used for the simulation are: 

 kgmm 616.1... 61 ===  - the masses of 

the linear motor;  kgmmm 063.0987 ===  - the 

mass of the auxiliary arms; 

kgmmm 0150.0151413 ===  - the mass of the 

piston; kgm 074835.016 =  - the mass of the 

mobile platform:
 

kgmdp 25522.0=
 

, kgmobm 05.0=  - the mass of the gripper and 

the manipulated mass. 

5. CONCLUSIONS 
 
 This paper presents a new reconfigurable 
parallel robot with six degrees and three 
kinematic chains for guiding platform. The 
platform is driven by six linear active joint   
disposed on the three guides, having reduced 
weight and size allowing high speeds and 
accelerations. 
 The task space dynamics of the 
reconfigurable parallel robot with six degrees 
of freedom was solved.  

 Using Matlab programming environment the 
graphical visualization for the simulation 
results was presented. 
 

 

Fig. 4a. Task space dynamics – simulation results 
 

 

Fig. 4b. Task space dynamics – simulation results 
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DINAMICA UNEI NOI CONFIGURARI DE ROBOT PARALEL CU ŞASE GRADE DE LIBERTATE 
Lucrarea prezinta un nou robot parallel reconfigurabil cu sase grade de mobilitate si trei lanturi cinematice de 
ghidare a platformei. Un robot reconfigurabil isi poate schimba structura în scopul de a se adapta rapid la capacitatea 
si functionalitate productiei. Folosind metoda lucrului mecanic virtual, această lucrare prezintă dinamica robotului 
paralel reconfigurabil. Unele rezultate ale simularii si concluziile sunt prezentate la sfârşitul lucrarii. 
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