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In the recent past, the number of installations of collaborative robots in the industry are increasing. This is especially 
true in the manufacturing and service sectors. These two domains are seeing the increased implementation of IoT and 
Industry 4.0, which in-turn is resulting in the enhanced use of collaborative, autonomous robots (or cobots). Cobots are 
relatively easy to program, and their attributes facilitate the implementation of Human-Robot Collaboration (HRC), which  
in-turn allows for the automation that is implemented to have the required flexibility and safety in the environment in which 
it is applied. However, there are many aspects involved with the deployment of collaborative robots in an 
actual application that requires careful study and analysis. This includes a comprehensive capability study of a 
cobot, selection of end-effectors, process setup, input part variations, and cobot characterization. Each of these 
aforementioned facets contributes to the success (or failure) of the process that is being automated.

In this study, a systems approach was adopted to research, develop, and implement a solution that automated the 
heat sink assembly process for a memory module using collaborative robotics. The manufacturing capabilities of 
a cobot were thoroughly investigated. Next, the cobot (Universal Robot 5 or UR5) was programmed to demonstrate its 
functionality for the application under consideration. A comprehensive study was conducted on the selection and 
interfacing of the end effectors. Additionally, the quality control aspects involved in the automation process were studied. 
The dimensional variations in the heat sinks were analyzed using control and specification charts. The process capability of the 
UR5 was investigated, and the placement accuracy value that was obtained was validated against the given 
specifications. An experiment was designed, using “DOE” principles, to study the effects of placement speed, 
acceleration, and payload on the placement accuracy of the cobot. Also, in addition to the study on cobotics, a 
simulation-based approach was utilized to validate the usability of the SCARA robot for the given application.

During the end-effector study, a custom solution for the vacuum gripper was developed and installed as opposed to the more 
expensive ‘plug and play’ option for the pick-and-place grippers. Next, a two-finger gripper was installed on the wrist of the 
UR5, the gripper fingers were modified, and other attachments (dual-end effector, compensating unit) were selected and 
mounted on the wrist of the UR5, enabling the automation. Further, the results for the process capability study showed that 
the cobot is capable (Cp = 3.41) for the automation process and the placement accuracy obtained was within the specification 
limit of ±0.1 mm. Through experimentation, it was concluded that the speed, acceleration, and payload values used have an 
impact on the placement accuracy and a significant interaction exists between the three factors.

Finally, experimental trials were conducted after integrating every sub-system, the overall setup was modified, the 
‘optimal’ process parameters were decided, and the automation process was established. The experimental setup for the 
process and the results obtained are discussed, and suggestions for future research endeavors are provided.
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