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Abstract 

 Collaborative Robots or CoBots are specifically designed for human interaction within a defined 
collaborative workspace and it plays a major role in the advanced manufacturing shop floor. Robot-
Robot and Human-Robot collaboration are the primary characteristics of CoBots for context-aware and 
situation-aware applications. This paper proposes the design, kinematics, and dynamic analysis of open-
source affordable industrial serial manipulators for their transformation into CoBots. The rigidity of the 
robot arms can be analyzed by performing static and transient structural analysis. The transient structural 
analysis on each joint angle of the open-source AR3 robot arm [1] is performed by cumulative iterations 
until force convergence maintains a stable value. Kinematics and dynamics of the robot arm are analyzed 
to check its feasibility for its operations. Hand guiding is implemented using two push buttons such as 
the teach button and the move button. Move button is used to move the robot freely. The teach button is 
pressed after moving the robot to the desired position. Human intrusion and touch are detected using 
visual and pressure sensors. These sensors are integrated with the robotic arms for Human Augmented 
Robot Intelligence [2]. The proposed dual-arm robots can execute both synchronous and asynchronous 
tasks. The asynchronous tasks require parallel execution of robot motion control trajectories, which can 
be achieved through multithreading and command streaming. Whereas the synchronous tasks require 
synchronization primitives like semaphores [3]. This embedded kinematic controller can execute tasks 
automatically and make decisions under the influence of external disturbances. Robot motion control 
trajectories are generated and simulated in RoboDK [4] to verify whether there are any collisions and 
singularities in the generated trajectory paths. On successful calibration, the accuracy of the fabricated 
robot arm is found to be ± 0.2 mm. Based on the Denavit Hartenburg (DH) parameters [5], the work 
volume of the robot arm is shown in fig. 1. a., and its exploded view in fig. 1. b. with all its parts.  

  

Fig. 1. a. AR3 robot workspace visualization, 1. b. Exploded view of the assembled robot arm  
Aluminium Alloy 5083 is used to fabricate the robot arm structure, and those material properties are 

considered for analysis. From the structural analysis results, it is found that the maximum deformation in 
the arm is 0.12607 mm. The maximum stress generated using the Von-Mises approach was 9.3844 MPa, 
which is significantly lower than the yield strength of 5083 Aluminium Alloy (276 MPa). The robot arm is 
analyzed with Newmark implicit time integration method by considering the joint angle rotation of 60o. 
Three robust FEA methods for analyzing forces with transient dynamics approach in ANSYS workbench 
are the full method, reduced method, and modal superposition method [6]. This implicit analysis uses the 
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full method to study the transient forces on joint spindles [7]. The implicit solver uses the stiffness matrix 
and newton iteration to solve non-linearity. Equation 1 provides the general governing relation [8] for 
transient analysis of structures, where [M] is the mass matrix, [C] is the damping matrix, [K] is the 
stiffness matrix, and {F} is the load. 

      [𝑀]. 𝑥′′ሺ𝑡ሻ +  [𝐶]. 𝑥′ሺ𝑡ሻ + 𝐾. 𝑥ሺ𝑡ሻ = 𝐹      (1) 
These collaborative robot systems are the emerging technology, which plays a key role in the 

implementation of Industry 5.0. A unified Collaborative Robots motion control software is developed to 
control the two robot arms through a Graphical User Interface (GUI) with communication (COM) ports.  

 
Fig. 2. a. Joint angle limits of the open source robot arm, 2. b. Human robot collaboration  

 

   
Fig. 3. a. Robot robot collaboration, 3. b. Automated object exchange mechanism 

The proposed collaborative robotic systems can be used for applications such as pick and place, 
palletizing, painting, welding, machine tending, assembly operations, soldering, drilling, screw 
fastening, 3D printing, vision inspection, LASER engraving, deburring, and glue dispensing. The 
development of the Application Program Interface (API) for these applications using the proposed 
modular collaborative robot arms by students will be the major focus in the future. The entire robotic 
systems was assembled inside the laboratory, which makes the students to have hands-on in the intricates 
of robot fabrication.  
Keywords: Collaborative robotics, Human Robot collaboration, Robot Robot collaboration, Affordable 
robotics technology.  
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