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INTRODUCTION 

Excelling in the use of advanced manufacturing tools requires 

a combination of operational knowledge and technique. Of 

these two, technique is harder and more time consuming to 

learn. A wealth of educational material exists (e.g. Instructa-

bles) that, when followed, help develop technique, however, 

this learning is self-guided and often without standards.  

Those who do excel have completed the learning process 

known as skill acquisition. Though many models of this 

process exist they all provide some explanation for how an 

individual starts with minimal knowledge on a topic and ends 

with a level of mastery [1, 2]. Of particular interest where 

motor skills are involved is the Adaptive Control of Thought 

model of skill acquisition [3] which is broken into two major 

phases: the declarative and the procedural. The declarative is 

knowledge covered in tutorials or documents, it involves facts 

and can be learned through rote memorization. The proce-

dural is knowing what happens when. Memorization alone 

cannot teach the procedural knowledge because of the rela-

tionship between the procedure and tacit information em-

bedded in the steps of these procedures. As John Seely Brown 

points out, you can read all you want about astrophysics, but 

no amount of reading will allow you to say that you are an 

astrophysicist [4]. Similarly, our students may know about 

laser cutting from reading tutorials, but we want them to be-

come proficient in the use of laser cutters, not merely be able 

to tell us the proper steps to turn on the machine and where to 

type in the settings.  

Few available educational materials exist simply to showcase 

standards of excellence when using advanced manufacturing 

tools, for example, what a good 3D print looks like, or, the 

optimal power/speed settings to cut acrylic with a laser cutter. 

Models like this would be helpful to reinforce best practices 

and high standards when trainers and educators cannot be 

present. By providing models of standards of excellence early 

in the learning process, these models can guide the devel-

opment of an individual’s technique on these machines. To 

achieve this purpose, a physical prototyping library was cre-

ated that showcases best use cases of a laser cutter.  

METHODS 

A physical prototyping library was created with multiple en-

tries, each with a collection of supporting information. 

Physical entries were developed, tested, and cut on a laser 

cutter to be placed in the library. The entries in the proto-

typing library were sourced from a number of locations. 

Primarily, files were developed from scratch based on the 

need for calibration or fine tuning of the use of the laser cutter 

however were inspired by a few important sources. In 2012 

Sean Michael Ragan wrote an article about CNC Panel Join-

ery for Make magazine [5]. This was an early inspiration for 

the library though work on the library had already begun. The 

article is a must-read for anyone looking to use the laser cutter 

for wood-based projects or to understand the capabilities of 

the laser cutter in narrative and pictorial form. The third 

source was MS Raynsfords’ blog which is an expert level 

display of the capabilities of a laser cutter [6]. Raynsford fully 

understands how to break out of the 2D nature of the laser 

cutter to create real-world objects with complex geometry. 

His blog was similarly inspired by the Make post and resulted 

in a number of models that were inspired or adapted from his 

work. Digital Wood Joints remains an exceptional reference 

on the use of wood joining techniques with CNC processes 

[7]. Several joints from this site were adapted for use in the 

laser cutter. Sources which influenced individual pieces are 

noted on those files. 

The process of creating the library started with building each 

entry digitally. Each entry was made using RhinoCAD or 

Adobe Illustrator. The finished vector files were cut, refined, 

and optimized using an ULS 60 watt laser cutter and an 

Epilog 40 watt laser cutter. Each part was refined and sim-

plified for cutting by cleaning the file, combining all the 

vectors, organizing multiple cuts by color. Parts were modi-

fied to include a region for the documentation of speed, 

power, frequency, operator, date, and laser cutter specifica-

tions. The final files were outputted as multiple vector for-

mats: .ai, .eps, .pdf and one copy of each was cut using the 

documented settings.  

Associated information was created for each entry to assist in 

accessing and sharing the information with others. This as-

sociated information took the form of a physical display 

Figure 1. The Prototyping Library hangs on a wall near the laser cutter in 

a custom designed case. 



  

system (Fig. 1) and a partnering web database. The physical 

display system consisted of a clear acrylic case that assem-

bled with slots and included regions designed to allow it to 

attach to a wall. The display case was designed to have 28 

shelves for the pieces of the library. In addition to this case, 

chat labels were created for each entry in the prototyping li-

brary. Each entry included the following information: the part 

name, description, how to use the individual part, a line 

drawing of the part, the source of the original part idea, a 

weblink to that database entry, and finally, a QR code to 

download the file using a mobile device.  

The web database was created using github. All relevant in-

formation was stored for the prototyping library, including all 

of the information included on the chat labels, as well as 

multiple photos, links to original sources, attribution, and 

download links in all of the various vector formats. Plans for 

the display case and the chat labels are included for download 

as well. 

RESULTS 

The laser cutter prototyping library contains 28 examples of 

how to use a laser cutter expertly and was designed, built, and 

hung in a custom case near the laser cutters at the Oshman 

Engineering Design Kitchen (OEDK), Rice University’s en-

gineering prototyping facility. As can be seen from the com-

pleted library shown in Fig. 1, each entry lives in its own 

cubby hole with a museum placard (chat label) behind it. The 

first seven models illustrate the functions of a laser cutter and 

assist in setting proper laser cutting parameters. The first 

model, the Power versus Speed Gauge plots the power of the 

laser against the speed setting for a grid of squares. This 

model helps a novice user select appropriate power/speed 

settings by eye. Models two and three show the core functions 

of a laser cutter, namely vector cuts and raster etches. Three 

more models in the basic set help users dial in the settings 

when using the laser cutter, they are the Tolerance Fit Gauge, 

Hole Gauge, and Material Width Gauge. Another of the first 

models is the use of a laser cutter to make a box.  Models 8 – 

21 represent a variety of methods for joining material: bi-

ased/unbiased, locking/removable, twisting, or stacking 

joints. The last seven entries showcase ways to extend the 

function of a laser cutter. There are three versions of living 

hinges that demonstrate how to bend rigid planar material. 

Two companion techniques show how scoring a material can 

be done before folding it into a 3D shape or the same shape 

can be made by stacking planar slices. One model shows how 

to use the raster function to etch the negative of a pattern, 

creating a stamp. The final version demonstrates the effect of 

chaining together multiple techniques to create an object. In 

this case a complex box is shown combining box making with 

finger joints, a snap-together-lid, living hinge, and etched 

patter. Appendix 1 includes Table 1 with a list of each of the 

parts, their category, and inspiration.  

Each of the parts included in the laser cutter prototyping library have 

identifying information that communicates to the user “how” this part was 

made (Fig. 2). The laser cutter model, power, speed, PPI settings, and date 

are included. The material properties are included for each model, for 

many 

 
Figure 2. A sample part, the Edge Lap with Snap. Each part has fields for 

relevant information that will allow another user to replicate the work 

based on the power and speed settings for a particular laser cutter.  

models, including the Power vs. Speed Gauge, they have been 

made for each available material and thickness.   

At the back of every shelf in the display case is a chat label. 

This label identifies the unique entry of the laser cutter library 

and includes relevant information for the user. Users can visit 

the web database to download the part to make it themselves 

with either the web link or the QR code. 

 
Figure 3. The chat label for sample part, Material Width Gauge. Each chat 

label has the part title, description, source, download link, QR code, and 

line drawing of the part.  

The website http://prototypinglibrary.com exists as the 

webpage for the laser cutter library (Fig.4). It is visually 

heavy with multiple images of each entry to the library. For 



  

  
Figure 4. The Prototyping Library website (http://PrototypingLibrary.com) 

includes high resolution photos of each part, a description of the use of 

each part, and downloads in multiple file formats.  

each entry there is a longer description of the origin and usage 

of the parts. Each part also includes a number of links; to the 

source, to the downloads, and to related parts.  

Since the deployment of the laser cutter prototyping library it 

has been a major influence on tool instruction at our facility. 

Formally the laser cutter library is used to instruct every 

student who uses the laser cutter, in workshops and classes. 

As a result, every student who has learned the laser cutter at 

our facility has at the beginning of their learning process used 

the power versus speed gauge (Table 1, row 1).  Over time we 

have observed students mastering the laser cutter faster in 

comparison to our previous method of instruction, which was 

simply providing machine operation instructions. Students 

who master laser cutting go beyond cutting the existing ob-

jects and use the laser cutter to fabricate their own 

open-ended projects. Finally, as a corollary to student mas-

tery, we have observed a reduction in overall waste generated 

from the laser cutter, meaning less accidents or mistakes in 

cutting material or etching patterns. 

This project hinges on perfect physical specimens, which we 

have learned required upkeep. The upkeep of this system has 

turned into a community effort. When parts have broken 

students download and recut pieces without direction. Users 

who want their own versions of some of the entries have 

downloaded and made them for themselves or as gifts for 

others. 

DISCUSSION 

 In fields where technique determines excellence, like ma-

chining, or playing a musical instrument, there is often a 

master around to demonstrate the standards to which the ap-

prentice should strive. As managers of Makerspaces and ed-

ucators surrounding making it is our duty to serve in that role. 

We serve to provide the procedural knowledge for our users 

and students because they can receive the declarative 

knowledge anywhere. This model of teaching can break down 

when the expert is absent so it makes sense for the field to 

consider ways in which these standards of excellence are 

available for observation at all times.  

This prototyping library provides that solution, allowing 

students the ability to touch and explore these standards at 

any point, not only when an instructor is near. The system is 

useful to teach students best practices in using advanced 

manufacturing, but it also can be created as a method to test 

the performance of a new laser cutter. This system is free and 

open for all. It is our hope that the system could be extended 

to other advanced manufacturing techniques, such as 3D 

printing, plasma cutting, or molding, all for the goal of edu-

cating students on excellence in prototyping. Having tested 

this system for the past three years we are ready to open it up 

to the general public to use, download, and cut for their own 

facilities. 
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APPENDIX: ENTRIES IN LASER CUTTER PROTOTYPING LIBRARY 

 

Table 1. Parts included in the Laser Cutter Prototyping Library. 

# Part Category Adapted from 

1 Power Vs. Speed Gauge Calibration Milwaukee Maker Space's Gradient Ref-

erence [8] 

2 Vector Cut Calibration f-labo's sample book template 

(http://www.thingiverse.com/thing:109515) 

3 Raster Etch Calibration Original 

4 Boxes Construction Tech-

nique 

Boxmaker 

(http://boxmaker.rahulbotics.com) 

5 Tolerance Fit Gauge Calibration Original 

6 Hole Gauge Calibration Hole Gauge for Laser Cutter 

(http://www.thingiverse.com/thing:1608) 

7 Material Width Gauge Calibration Original 

8 Lap Joint Joints 50 Digital Wood Joints [7] 

9 Biased Joints Joints MSRaynsford's Panel Joinery [6] 

10 T Joints Joints 50 Digital Wood Joints [7] 

11 Corner Joints: Finger Joint Joints 50 Digital Wood Joints [7] 

12 Corner Joints: Finger Tip Joint Joints 50 Digital Wood Joints [7] 

13 Corner Joints: Hidden Finger Joint Joints 50 Digital Wood Joints [7] 

14 Corner Joints: Three-Dimensional Finger Joint Joints 50 Digital Wood Joints [7] 

15 Snap Joints: Removable Joints MSRaynsford's Panel Joinery [6] 

16 Snap Joints: Non-Removable Joints MSRaynsford's Panel Joinery [6] 

17 Snap Joints: Adjustable Joints MSRaynsford's Panel Joinery [6] 

18 Lengthening Joints Joints 50 Digital Wood Joints [7] 

19 Rotating Joints: Keyed Joint Joints 50 Digital Wood Joints [7] 

20 Rotating Joints: Cross-Joints Joints 50 Digital Wood Joints [7] 

21 Rotating Joints: Locking Cross-Joints Joints MSRaynsford's Panel Joinery [6] 

22 Hinges: 1-Dimensional Advanced Use Based on the Snijlab Laser Hinge 

23 Hinges: 1.5-Dimensional Advanced Use MSRaynsford's Panel Joinery [6] 

24 Hinges: 2-Dimensional Advanced Use MSRaynsford's Panel Joinery [6] 

25 Stamp Creation Advanced Use Original 

26 Origami Construction Tech-

nique 

Original 

27 Sectioned Assembly Construction Tech-

nique 

Original 

28 Combining Features Construction Tech-

nique 

Snap Fit Flex Box 

(http://www.thingiverse.com/thing:13255) 

 


