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ABSTRACT. 

 

Parallel robots have been attracting the attention 

of researchers on the past few years because of 

its wide applications and also the hybrid robotics 

that is a new branch of robotic because it’s the 

one that combines robotics structures to form 

new ones. 

 

This paper presents the conceptual design of a 

hybrid parallel robot. It combines a planar 

parallel robot with a spatial parallel robot. This 

combination will provide the robot features of 

both parallel and serial manipulators.  

 

This design will let us built it and prove the 

theory of this hybrid robot.   

 

RESUMEN 

 

Los robots paralelos han atraído la atención de 

los investigadores en los últimos años, debido a 

sus amplias aplicaciones, así como de la robótica 

hibrida la cual es la nueva rama de la robótica 

porque es la que combina diferentes estructuras 

robóticas para crear nuevas estructuras. 

 

Este articulo presenta el diseño conceptual de un 

robot paralelo hibrido. Combina un robot 

paralelo plano con uno paralelo espacial. Esta 

combinación proveerá al robot de características 

de los robots seriales y paralelos. 

 

Este diseño permitirá su construcción y probar la 

teoría desarrollada de este robot hibrido. 

 

 

INTRODUCTION 

 

Parallel robots are closed-loop mechanisms 

presenting very good, and better, performances 

than serial robots in terms of accuracy, velocity, 

rigidity and ability to manipulate large loads. The 

disadvantage of parallel robots is the limited 

workspace.  

 

Historically, robotic parallel structures were first 

designed for flight simulation platforms and 

assembly tasks. Possibly the first spatial parallel 

robot was the one patented in 1931 but never 

built and it was a cinema that emulates the 

movement in an airplane.  

 

Later, Pollard designed the first industrial 

parallel manipulator presenting three branches 

and five degrees of freedom.  

 

Then, in 1947, the variable-length-strut 

octahedral hexapod robot was invented, also 

named the Gough platform. It was built by Dr. 

Eric Gough, an automotive engineer at Dunlop 

Rubber Co. in England [1].  

 

 

 

Nowadays they are used for Medical, Industrial 

and Research applications. Some examples of 

recent applications are: 

 A simulator for the study if robotized 

assembly in space has been developed 

by Nguyen and his collaborators for 

the NASA. [2] 

 In the SurgiScope system provided by 

ISIS Robotics, a Delta type robot is 

used as a microscope stand. [3] 

 The Turret Motion Based Simulator 

(TMBS) was built by the US Army 

Center for Tanks Research (TACOM). 

[4] 

 

On the other hand hybrid robots are the 

combination of two or more robotic structures 

that take advantage of the benefits of each 

robotic structure. By combining different robotic 

structures, the limits of each robotic structure are 

diminished. An example of this is the “Little 

helper”, a robot designed and built at Aalborg 
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University in Denmark [5]. It was designed for 

handling parts and moving them around on a 

factory floor. The robot consists of a manipulator 

arm mounted on a mobile platform; this way the 

workspace of the manipulator arm is augmented 

by the mobile platform in which it is mounted.  

 

The study of hybrid robots has started recently 

and just a few hybrid configurations were 

studied.  

 

The conceptual design is the product of some 

techniques that will lead to the final design that 

meets the user requirements, manufacture 

feasibility, specifications and show the final 

product conceptualization.  

 

In conceptual design all the possibilities to 

design and build the robot are explored. The 

fields explored are limited by the user 

requirements and manufacture feasibilities. 

 

In this document a conceptual design of a 

parallel hybrid robot is presented. 

   

 

ROBOT CONFIGURATION 

 

The robot configuration is based on the 

configuration proposed in [6]. It is composed by 

two parallel manipulators, serially joined.  

 

The first robotic structure is a planar delta-type 

manipulator with 3 Degrees of Freedom (DOF). 

It can move along the XY plane and orientate in 

a certain angle.  

 

 
 

Figure 1. Planar Parallel Manipulator 

The second robotic structure is a spatial 4 arm 

manipulator. It can move in XY plane and height 

and also can orientate its moving platform.  

 

 
 

Figure 2. Spatial Parallel Manipulator 

 

These two robotic structures were serially joined 

to produce a hybrid robot, with characteristics of 

a parallel robot and a serial robot.  

 

 

 

 

DESCRIPTION 

 

The features of the hybrid robot are shown 

below. 

Planar Delta-type robot: 

 

 It has a fixed platform and a moving 

platform.  

 

 It has 3 Degrees Of Freedom.  

 

 It can position in X and Y.  

 

 It can orientate in a ϕ angle in Z-axis. 

 

 It has 3 arms.  

 

 It has 3 actuators, one per arm. 

 

 It has 2 links per arm.  

 

 It has 3 rotational joints in each arm.  

 

 It has 3 closed loops. 

 

Spatial 4 arm robot: 

 It has a fixed platform and a moving 

platform. The fixed platform is fixed 
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to the moving platform of the Planar 

robot.  

 

 It has 4 Degrees Of Freedom. 

 

 It has 4 arms. 

 

 Each arm has one rotational joint and 

four spherical joints per arm. 

 

 It can position in X, Y and Z. 

 

 It has 4 actuators, one per arm. 

 

 It has 2 links per arm. 

 

 Its orientation depends on the 

orientation of the planar robot and it 

can orientate.  

 

 It has 4 closed loops. 

 

 
 

Figure 3. Hybrid Parallel Manipulator 

 

 

POSITION ANALYSIS 

 

A position analysis was done, based on the 

position analysis in [6]. 

 

In the position analysis the height between the 

moving platform of the planar robot and the 

fixed platform of the spatial robot, and the height 

of the servo motors was not considered. As a 

result of this the equation that determines the 

value of Z of the coordinates of the moving 

platform, end effector, needs to add this height 

values.  

 

In the position analysis we have 3 closed loops in 

the planar robot and 4 closed loops in the spatial 

robot. For a position analysis we will have 4 

closed loops. Because of the symmetry of the 

links we can analyze one closed loop and 

extrapolate to the other closed loops. 

 

The position analysis was done using vectors to 

simplify it. The equation of the closed loop is as 

follows: 

 

                               

       (1) 

 

Where  ,can be,           , corresponding to 

the number of the closed loop studied. 

 

 

The equation (1) is the addition of the vectors of 

position of the planar parallel robot and the 

spatial parallel robot.  

 

              (2) 

 

                     (3) 

 

                     (4) 

 

Where     is the position vector of the planar 

parallel robot and     is the position vector of 

the spatial parallel robot. 

 

 
 

 

Figure 4. Vector analysis of the Hybrid Parallel 

Manipulator 

 

The solution of these equations give us the 

values of the angles of the links. Patricio M.Z. 

and J.G.V. Victor [6]. 
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As mention before it’s needed to add some 

values to     as follows:  

 

                     

 

Where Z1 is the distance between the moving 

platform of the planar parallel robot and the fixed 

base of the spatial parallel robot, and Z2 is the 

height between the fixed base of the spatial 

parallel robot and the axis of the servomotor. 

 

CONCEPTUAL DESIGN 

 

The requirements for the robot are: 

 

- Build a hybrid robot based on the 

equations to test them. 

- Easy to be built. 

- Cheapest materials to build it. 

- Have the biggest volume of workspace 

possible. 

 

Decision tables were used to evaluate different 

materials and ideas to design the hybrid robot.  

 

This tables are constructed by writing in the first 

row the different options to evaluate, then in the 

first column the different aspects of the options 

are evaluated by ranking it with a “1” if it is 

strong in that aspect, a zero if it is neutral and “-

1” if it is not viable. Then all the values founded 

for each option are added and for each option a 

value is founded. The option with the highest 

score is the right one to proceed.  

 

To enhance the movement of the planar robot 

built in [6] several proposals were analyzed. 

 

The first in the table are the arms in different 

planes to avoid collisions between each other and 

arms with special joints that avoid collisions in a 

very wide angle. 

 

 
 

The best choice was the first one that describe 

that the robot must have its arms in different 

planes.  

 

For the arms actuators, material and end effector 

material several options were analyzed. 

 

Arm’s actuator: 

 

 
 

Arm’s material: 

 

 
 

End effector’s material: 

 

 
 

From the tables above the robot actuators chosen 

were the Servomotors because of their reduced 

size, easy control and power phase required to 

move them. The aluminum was the best material 

to build the arms and the end effector because of 

its stiffness and resistance to bending. 

 

 

The dimensions of this manipulator are the same 

as in [6] but with the difference that the 

movement of the arms will be performed in 

different planes to avoid collisions between 

them.  

 

For the spatial manipulator a combination of 

aluminum and acrylic was considered.  

 

 
 

 
 

The fixed platform of the spatial manipulator 

was decided to be built in acrylic and the moving 

platform in aluminum.  
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The second joint of the arms were considered in 

a decision table because there were two options 

to be used.  

 

 
 

 

The spherical joints, used in RC helicopters, give 

more freedom of movement to the robot, 

reducing the friction. 

 

Its dimensions are based on the prototype by 

Patricio M.Z. and J.G.V. Victor [3]; and the 

commercial industrial robot from Adept: Adept 

Quattro.  

 

The planar parallel robot link’s dimensions are 

the same as the prototype built by Patricio M.Z. 

and J.G.V. Victor. The spatial robot links’ and 

platforms’ dimensions are scale from the 

dimensions of the Adept Quattro industrial robot.  

 

The conceptual design considers the robot to be 

built in acrylic and aluminum as a first prototype. 

Servomotors from RC models will be used as 

actuators  

 

The dimensions of the planar parallel robot are: 

 

Primary link:   200mm 

Secondary link:   150mm 

Fixed platform:        560x580mm 

Moving platform: (Diameter) 176mm  

 

The dimensions of the spatial robot are: 

 

Primary link:   81.5mm 

Secondary link:    127mm 

Fixed platform:    176mm 

Moving platform:      64mm 

  

To diminish friction between the links bearings are 

considered in the design.  

 

The links of both planar and spatial robots have 

holes to reduce weight without reducing rigidness. 

The bearings dimensions are 10mm in diameter 

and 5mm of thickness.  

 

 

 
 

Figure 5. Fixed platform of the Planar Parallel 

Manipulator 

 

 
 

Figure 6. Primary link of the Planar Parallel 

Manipulator 

 

 
 

Figure 7. Secondary link of the Planar Parallel 

Manipulator 

 

 
 

Figure 8. Moving platform of the Planar Parallel 

Manipulator 
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Figure 9. Fixed platform of the Spatial Parallel 

Manipulator 

 

 
 

Figure 10. Spherical joint 

 

 
 

Figure 11. Primary link of the Spatial Parallel 

Manipulator 

 

 

 
 

Figure 12. Secondary link of the Spatial Parallel 

Manipulator 

 

 
 

Figure 13. Moving platform of the Spatial 

Parallel Manipulator 

 

 
 

Figure 14. Spherical joints used in the Spatial 

Parallel Manipulator 

 

 
 

Figure 15. Bearing no. 625 used in the joints 

 

HYBRID ROBOT FINAL MODEL 

 

The image below illustrates the final 

configuration, made in Solid Works 2011. 

 

 

 

 

The first robot, it’s a planar parallel robot. 
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Figure 16. Planar parallel robot 

 

The second robot it is a spatial parallel robot. 

 
 

Figure 17. Spatial Parallel robot 

 

 

 

 

The two robots were joined serially, mounting 

the spatial robot over the planar robot. This 

results in the final configuration of the hybrid 

robot, shown below.  

 

 
 

Figure 18. Parallel hybrid robot 

 

 

ONGOING WORK 

 

The ongoing work is the construction of this 

robot, in addition to the construction of the 

electronic control board.  

 

The electronic control board is based on the 

microcontroller PIC from MICROCHIP. 

 

The vision system is also being implemented to 

verify the trajectory followed. This vision system 

is being developed in Vision Builder from 

National Instruments using an ordinary web cam. 

 

FUTURE WORK 

 

Future work consists in testing this robot in 

several trajectories and path planning with vision 

system. This will let us calculate the error 

between the theory and the real implementation 

and also continue with the study of hybrid 

robots. 

 

CONCLUSIONS 

 

A conceptual design of a hybrid parallel robot 

was presented. The decision tables were used to 

decide the best materials and considerations to 

build the robot. This design will let continue to 

its construction. Later the test of this hybrid 

robot will be done. 

  

The study of hybrid robots started a few years 

ago and this design attempt to continue its study.  

 

The position analysis will help to avoid 

singularities in the movement of the robot to 

prevent failures of the actuators. Also the need of 

mathematical restrictions is needed because the 
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solution of the angles of the links for a certain 

position is not unique. The correct solution will 

be given by the last position and avoid abrupt 

movements. 

 

This robot can follow several trajectories that are 

in its workspace, but avoiding singularities.  

 

By serially joining this two robotic structures we 

achieved to have the rigidness, accuracy, 

velocity, ability to manipulate large loads and 

also have characteristics of a serial robotic 

manipulator. 
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