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Overview 
The collaborative robot market is rapidly expanding in industries such as automotive 
and machining.  As such, the team was tasked by Volvo Trucks to develop a working 
3D-printed prototype of a tool which can be used by both humans and robots.  The 
tool must be able to perform various mounting and demounting operations, such as 
screwing and unscrewing large bolts, for operations in both industry and aftermarket 
services.  Therefore, the team must consider ergonomics when designing a tool that can be used by 
both humans and robots, and also choose a suitable embedded system and drive system which will 
produce the necessary speed and torque to perform the various operations.  This project was global, so 
half of the team was at Penn State and the other half was at Chalmers University of Technology in 
Sweden. 
 

Objectives 
The team’s main objective was to design a tool that can be used by both humans and robots to screw 
and unscrew M18-sized bolts.  The main customer needs were that the tool utilize the Robot Operating 
System (ROS) platform so that the tool would be able to communicate with Volvo’s overhead system, 
as well as that it produce a continuous torque of 70 Nm, that it can correctly determine whether a screw 
has been entered correctly or incorrectly, and that it have a cordless power supply. 
 

Approach 
 The customer needs were first evaluated and weighed using the Analytic 

Hierarchy Process (AHP) method which weighed criteria such as safety, 
ease of use, efficiency, etc., in order to determine which needs were the 
most important. 

 Four design concepts were hand drawn for the mechanical design of the 
tool and discussed with the sponsor.  

 The chosen design concept was turned into CATIA and Solidworks 
renderings and then submitted to be 3D printed. 

 The team researched what kind of drive system would be best to achieve 
the high torque and speed requirements and then ordered an impulse wrench from Milwaukee, 
which was then disassembled and reverse engineered for our tool. 

 The team utilized ROS and Raspberry Pi in order to give the tool the ability to communicate with the 
overhead system and carry out various sensing capabilities. 

 Finally, the prototype was assembled and tested to ensure the tool was carrying out the 
programming the team did, and that it could achieve the necessary speed and torque. 

 

Outcomes 
A first generation prototype was successfully designed and assembled to exceed the customer needs 
for a tool with a speed of 400 rpm and a torque of 70 Nm, as the prototype reaches a speed of 800 rpm 
and a torque of 160 Nm. It also utilizes ROS and Raspberry Pi to communicate with the overhead 
system and perform various sensing activities such as determining if a bolt has been entered correctly.  
Finally, it was mechanically designed to be easy to use by both robots and humans. 


