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Abstract:  The paper presents a synthesis of the Double SCARA Robot modelling, leading to an 
optimal solution, from workspace point of view, as well as precision and stability of the end-
effector in performing the planned trajectory. For the design of the final mechanism CATIA 
software has been used, as well as NASTRAN/PATRAN software, for the mechanism analysis 
under mechanical and thermal loads. 
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1. Introduction 

Due to the fact that the workspace depends directly by the element’s geometry and the 
configuration of the mechanism, a new architecture of the Double SCARA Robot has been 
developed. 

This new architecture of Double SCARA Robot presents a wider workspace, due to the 
additional translation joints, a lighter structure, due to the configuration of a new kinematic 
element and a higher capability for higher workload, due to the doubled structure of a serial 
SCARA robot, was designed. The design is performed using Part and Assembly Module of 
CATIA V5 software [1]. 
 
2. Geometrical configuration of new architecture of Double SCARA Robot 

As mentioned, because of the kinematic element’s new architecture, the structure is 
lighter and reduces the risk of bending moments at the active joints. 
The new kinematic element used for this manipulator is also a torsion box type, to avoid high 
torque into the elements.  
Two types of design have been used in order to permit assemblage a wide rotation of the joint 
[1]. 
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Fig. 1 Three-dimensional modelling in Part Module (CATIA software) of a new kinematic element of 

the Double SCARA Robot 

 
 

Fig. 2 Bi-dimensional drawing in Drafting Module (CATIA software) of a new kinematic element of 
the Double SCARA Robot 

 
The mechanism is presented below where all rotational and translational joints can be seen. 
The definition of the mechanism has been performed with DMU Kinematics Module (CATIA 
software). 

 
Fig. 3 Rotation and translational joints of the Double SCARA Robot 
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The translational movements, both in vertical and horizontal are transmitted through 2 
rotation-translation links operated by two electric motors 

The presented mechanism, only by changing its end-effector, the use can be changed as 
well as follows:  Double SCARA Robot for laser engraving tasks. 
 Double SCARA Robot for pick and place tasks. 

 

     
 

Fig. 4 Double SCARA Robot for laser engraving tasks and pick and place tasks 
 

2. Static and dynamic analysis under mechanical and thermal loads 
In order to see the limitations of this kind of manipulator, a study with 

NASTRAN/PATRAN has been performed. The mechanism has been analyzed under 
mechanical and thermal loading to determine its capability [2]. 
 
 
2.1. Finite element model 

For the study, a finite element model of the mechanism has been performed. The 
materials taken into account for this configuration are aluminum 2024T6 for the kinematic 
elements, for its lighter but resistant properties, and steel AISI316L for the support, to add 
mass for balance, due to the fact that the mechanism behaves like a cantilever. 
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Fig. 5 Finite element Model of the Double SCARA Robot 

 
The hypotheses used for the finite element model are [3, 4, 5]:  The analyzed position is a stationary one; 

 The kinematic joints cannot transmit rotational movements around their own axis of 
symmetry; 

 2D elements are used, for the representation of the kinematic elements; 

 3D elements are used for the support; 
 1D elements are used for screws and bolts representation. 
 The structure is clamped, through MPC elements and SPC1 boundary conditions, at all 

its interface points. 
 
 

2.2. Static analysis 
The structure is loaded with a 100N force in the end-effector, to determine the 

capability of the mechanism for the material used and given geometry. 
The maximum stress in the structure is 213Mpa. 
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Fig. 6 Maximum tension of 213MPa under mechanical loads 
 

The bonding elements are the dimensioning ones for the mechanism, with a maximum 
tension of 261MPa and the tension yield allowable of 290Mpa [6]. 

The reserve factor is determined by the formula: 

 

111.1 
VM

allowableyieldRF 


                                                                                 

(1) 
 
Therefore, for a RF of 1, is determined the maximum load that the structure can 

sustain, this load being 110 N. 
 
2.3 Thermo elastic analysis 

These kinds of manipulators can work in quite rough environments with high 
temperatures. In order to determine the maximum temperature at which the robot can work, a 

thermo-elastic analysis has been made. 
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Fig. 7 Maximum Tension at 30ºC temperature gradient 
 

The most loaded part is the structure with 187Mpa, the allowable at yield tension 
being 315MPa [6]. 

 

168.1 
VM

allowableyieldRF 


                         (2) 

 
Therefore, for a RF of 1, the maximum temperature that the manipulator can sustain is 50°C 
 
4. Conclusions 

Studying various designs for the five bar-linkage mechanisms, an optimization of the 
design has been performed, in order to obtain a balance between the workspace, the precision 
of the mechanism and the stability in performing the planned trajectory. 

The geometric shape of the kinematic elements has been optimized in order to reduce the 
torque that can appear during the functionality of the mechanism, as well as the weight in 
order to reduce the bending moments. 
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For a detailed capacity of the mechanism, a study under mechanical and thermal loads 
has been performed. It has been studied the maximum load that the end-effector can sustain 
and the thermal environment in which the mechanism can work. 
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