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The University of XXXXXXX has implemented a Computer Numerically Controlled 
(CNC) machine laboratory consisting of inexpensive desktop CNC machines. The current 
lab comprises off-the-shelf CNC machine kits (Shapeoko II and Zentoolworks 7 x 12 
CNC platforms) that are designed for the hobbyist and single user community. While the-
se machines have proven successful for introducing machining concepts and experiences 
into several design courses (e.g., Introduction to Mechanical Engineering, Mechanical 
Design I & II, Senior Capstone Design, etc.), the machines do not present a scalable ap-
proach for large-scale dissemination. The time taken to assemble the mechanical, electri-
cal and safety systems can reach upwards of 8 hours per machine. While acceptable for 
the hobbyist, the assembly time and lab setup time can be prohibitively large for engi-
neering programs that do not have dedicated support for an installation such as this.  

 

A group of three 4th year mechanical engineering students are using a human centered 
design philosophy to develop an academic CNC platform. The primary design goal is to 
reduce the per-machine fabrication and assembly time to facilitate multiple-machine set-
up while maintaining similar overall machine cost and performance. The design strategy 
includes standardizing and minimizing the number of fabricated parts, minimizing the 
amount of mechanical hardware as well as electrical connections and considering novel 
or unique solutions to costly/time intensive assemblies. The student team has developed 
two designs that they are prototyping, one that uses a traditional stepper-motor and 
threaded rod drive arrangement while the second uses a non-traditional captive-stepper 
motor drive configuration. Both designs dramatically reduce the number of mechanical 
parts and mechanical fasteners. Overall, these machines are better suited to deployment in 
the academic environment. It is conceivable that engineering students could build their 
own machine from low-cost parts in a matter of an hour or two. 
 

The first CNC machine design (Figure 1) simplifies the assembly process by decreasing 
the number of different parts and using a similar assembly strategy for each axis. By de-
signing a simple, repeatable first axis, the user can follow the same assembly instructions 
for all axes of the CNC. Each axis can be joined and configured to produce a multi-axis 
CNC machine (4-axis lathe+cartesian, 3-axis Cartesian and 2-axis planar motion).  

 

   
Figure 1: (left) Single modular CNC axis (middle) Two axis configuration and (right) 
Three-axis Cartesian configuration. 

 



The second CNC design minimizes unique part count. The idea here is to design a modu-
lar base-block that can be repetitively used to generate controlled motion in the different 
axis directions. Figure 2-left shows how a single modular part that is used 8 times to con-
struct a working three-axis CNC machine assembly. The remaining parts of the machine 
consist of standard off the shelf components (figure 2-middle). This modular block con-
tains a captive stepper motor to generate motion. While expensive, the captive motor 
eliminates much traditional CNC hardware including shaft collars, bearings, motor 
mounts, etc. This design also promises reduced assembly time.  Similar to the first de-
sign, this design also permits 2-, 3- and 4-axis motions (figure 2-right). 
 

   
Figure 2: (left) The modular CNC building block that is used repetitively in the CNC 
machine design. (middle) An exploded view illustrating the block-shaft assembly ap-
proach (right) The fully assembled 3- or 4-axis CNC machine design. 
 
The paper will describe the design goals, strategy and outcomes. CNC performance and 
construction complexity will be assessed and presented. Strategies for deploying and dis-
seminating these CNC designs in academic environments will be discussed.  
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