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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. The robot uses six linear motors to perform  movements in the 
workspace Depending on the area where it will be used ,the initial robot can be reconfigured easily and 
quickly in one with  five, four, three and two degrees of freedom. The algorithms for the determination of 
the inverse and direct geometrical models for some structures are presented. Key words: reconfiguration, 
parallel robot, precision, repeatability, degrees of freedom, end-effector, linear active joint. 

 
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.  Paralel 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] 

. Reconfigurable robots can be defined as a 
specific category of robots whose components:  
joints and links can be assembled in different 
configurations.  

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 - uncupling elements and 
possible collisions between the robot elements. 
[2] 

The first generation of parallel structures 
was used in amusement parks [3] and for 
welding robots, Gough uses a parallel 
mechanism with six points guidance platform 
for testing car tires [4] and Stewart presents 
parallel structures used nowadays for flight 
simulators [5]. In this book [6] J. P. Merlet 
realized one of the most complete studies 
regarding parallel robots. Studying the motion 

of the rigid body on curves and on fixed and 
mobile surfaces there are developed, as shown 
in [7]-[11], parallel mechanisms having three 
up to six degrees of mobility with guidance of 
the platform in three, four, five and six points. 

A new approach for the analysis of a family 
of parallel reconfigurable robots is proposed by 
Gogu in [12]. 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. The reconfiguration is obtained by 
blocking 1, 2, 3 or 4 actuators with no change 
in the architecture of the robot. 

The paper is organized as follows: Section 2 
is dedicated to the description and design of the 
parallel robot with six degrees of freedom and 
three guiding kinematic chains of the platform. 
The inverse and direct geometrical problems 
are the subject of the Section 3. In the last 
section the conclusions are presented. 
 
2. DESIGN CONSIDERATION  
  

Mobile platform (end-effector) in our case is 
a right angle triangle defined by 321 ,, AAA  
related to the three kinematic chain structure 
via three spherical joints. The three kinematic 
chains using fork- slide joint type. Vertical 
displacement and rotation around Z axis is 
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performed using six linear active joint 

mounted on three guides of the frame. 

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

three guiding kinematik chains of the platform 
 
 In Figure 1 is presented a 6 d.o.f. parallel 
robot with  three kinematic chains of the 
guiding platform. With the help of fasteners the 
robot can be reconfigured in one with five, 
four, three or two degrees of freedom[13].  
 The geometrical parameters of the robot are 
represented by 321,32121 b,b,be,e,e,d,d,d,a and the 

coordinates of point ),,( EEE ZYXE . 
 
3. THE GEOMETRICAL MODEL  
  
 In the paper [14] the direct geometrical 
model and the inverse geometrical model were 
calculated using Euler angles ** zX'Z . In order 
to deduct more simple relations for the 
geometrical models, for particular cases with 
five, four, three and two d.o.f will be used the 
Euler angles ** zY'Z  as follows: 
  
3.1 The inverse geometrical model 
 
 In this case there are given the generalized 
coordinates of the end effector .θ,ψ,,Z,Y,X EEE ϕ  
Required to be determined are the robot's 
generalized coordinates 1q , 2q ,...., 6q . 
 Based on Figure 1 we can write the 
following relation: 
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 In relation (1) and (2) the angles between the 
axis are given  below: 
Correspondence of the coordinate systems 
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 In the case Euler angles ** zY'Z ,the rotation 
matrix elements have the expressions:           (*) 

θ=γϕθ=γϕθ−=γ
θψ−=βϕψ+ϕθψ−=βϕψ+ϕθψ=β
θψ=αϕψ−ϕθψ−=αϕψ−ϕθψ=α

ccssccs'c

sscccscscscccs'c

scccsscccssccc'c

'''''

'''''

'''''

                (4)         
 Using relations (4) and (2) it results: 
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 Relation from which the coordinates of the 
points 3,2,1, =iAi  are obtained according to the 
generalized coordinates of the end-effector,iq  
and  3iq +  (i=1,2,3) with obtaineed: 
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 Using the equation (6) the angles can be 
determined (i = 1,2,3) obtained: 
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 In the first equation of the system (7): 
3,2,1i,YY,XX

iDiBiDiB ===          (8) 
 In the case of Figure 1: 

*) Where s stands for sine, and c for cosine. 
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 In the first relation of the system (7) we 
substitute relationship: 
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 From the equation (6) it results: 
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Table 1 

The algorithm for the inverse geometrical model for 
the M=6 d.o.f and three guiding kinematic chains of 

the platform parallel robot.  

Given: ϕθψ ,,,Z,Y,X EEE   

Unknown: 654321 q,q,q,q,q,q   
Variables: Solving equation 
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3.2 The direct geometrical model 
  
 In the direct geometrical model of the robot 

the generalized coordinates are given iq  and 
3iq +  (i=1,2,3) generalized coordinates for the 

end effector are required: .θ,ψ,,Z,Y,X EEE ϕ  
 From the matrix relation (5) result the 

coordinates 
,Z,Y,X

iii AAA  of the 

points iA (i=1,2,3) belonging to the platform. 
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 Using relations (1) and (10), equations (7) 
become: 
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 Using the (18) equations (19) can be 

written as: 
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 From the second equation of the system (20) 
a three equations system  for i = 1,2,3 is 
deducted: 
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 Substracting the 1rd equation from the 2st and 
the 3nd from the 2st, the following system is 
deducted: 
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 By the squaring the equation (24) it results: 
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 Using relations (25) and (26) the angle θ will 
be: 
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 From the last equation of the system (23) the 

EZ coordinates can be determined: 
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 The three equations system with three 

unknowns ψ,Y,X EE  can be solved using the 
Newton-Rapson method: 
Denoting with: 
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 Using the equation (33) the three unknown 

ψ,Y,X EE  are determined numerically by 
Newton-Raphson method with the formula: 
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   (34) 

 Where p is the number of elevations. 
 

Table 2 
The algorithm for the direct geometrical model for 
the M=6 d.o.f and three guiding kinematic chains of 

the platform parallel robot.  
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 Parallel robot with M=5 d.o.f. Fig(2)  ; 
 The drive coordinates are:  

54321 q,q,q,q,q                        (35) 
 The end-effector performs translations along 
OX, OY and OZ axes and two rotations 
(precession ψ  and nutation θ  angles). The 
coordinates of the end-effector are: 

0,,,Z,Y,X EEE =ϕθψ           (36) 

 
Fig. 2. Reconfigurable parallel robot with M=5 d.o.f and 

three guiding kinematik chains of the platform 
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Table 3 

The algorithm for the inverse geometrical model for 
the M=5 d.o.f and three guiding kinematic chains of 

the platform parallel robot.  
Given: θψ,,Z,Y,X EEE  
Unknown: 54321 q,q,q,q,q  
Variables: Solving equation 
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Table 4 
The algorithm for the direct geometrical model for 
the M=5 d.o.f and three guiding kinematic chains of 

the platform parallel robot.  
Given: 54321 q,q,q,q,q  
Unknowns: θψ,,Z,Y,X EEE   
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Parallel robot with M=4 d.o.f. Fig(3)  ; 
 The drive coordinates are :  

123456 q,q,q,qqq ==                               (37) 
The end-effector performs translations along 

OX, OY, OZ axes and a rotation around OZ 
axis. The coordinates of the end-effector are: 
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0,0,,Z,Y,X EEE =ϕ=θψ          (38)
 

 
Fig. 3. Reconfigurable parallel robot with M=4 d.o.f and 

three guiding kinematik chains of the platform 
 

Table 5 
The algorithm for the inverse geometrical model for 
the M=4 d.o.f and three guiding kinematic chains of 

the platform parallel robot.  
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Table 6 

The algorithm for the direct geometrical model for 
the M=4 d.o.f and three guiding kinematic chains of 

the platform parallel robot.  
Given: 4321 q,q,q,q  
Unknowns: ψ,Z,Y,X EEE   
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Parallel robot with M=3 d.o.f. spatial Fig(4); 
 The drive coordinates are: 

321 q,q,q                                  (39) 
 The end-effector performs only translations 
along OX, OY and OZ axes. The coordinates of 
the end-effector are: 

0,0,0,Z,Y,X EEE =ϕ=θ=ψ            (40) 

 
Fig. 4. Reconfigurable parallel robot with M=3 d.o.f and 

three guiding kinematik chains of the platform  
  
Planar parallel robot with M=3d.o.f. Fig(5); 
 The drive coordinates are: 

ctqqq,q,q,q 654321 ===          (41) 
The end-effector performs translations along 

OX and OY and a rotation around OZ. The 
coordinates of the end-effector are: 

)ctZ(,,Y,X EEE =ψ                          (42) 

 
Fig. 5. Reconfigurable parallel robot with M=3 d.o.f and 

three guiding kinematik chains of the platform 
 
Planar parallel robot with M=2 d.o.f. Fig(6); 
 The drive coordintes are: 

21 q,q                                                 (43) 
The end-effector performs translations along 

OX and OY axes. The coordinates of the end-
effector are: 

0,0,0,ctZ,Y,X EEE =ϕ=θ=ψ=        (44) 

 
Fig. 6. Reconfigurable parallel robot with M=2 d.o.f and 

three guiding kinematik chains of the platform 
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4. CONCLUSION  
 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 direct model and inverse geometrical 
models have been solved and further research 
will go into kinematics, dynamics and 
workspaceanalysis. 
 The robot is suitable for assembly and 
milling operations and can be used as a module 
in a minimally invasive surgical system. 
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Variante ale unui nou robot reconfigurabil cu şase, cinci, patru, trei şi două grade de libertate 

 
 
 Lucrarea prezinta un nou robot parallel reconfigurabil cu sase grade de mobilitate si trei lanturi cinematice de 
ghidare a platformei. Robotul foloseste sase motoare liniare pentru a efectua miscarile in spatiu de lucru. In functie 
de domeniul unde va fi utilizat, robotul initial se poate reconfigura usor si repede intr-unul cu cinci, patru , trei sau 
doua grade de mobilitate. Algoritmii pentru modelul geometric direct si invers pentru unele struncturi sunt prezentati 
in lucrare. 
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