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Abstract – The results of an ambitious IEEE project 
involving the educational use of 3D printers are 
described. The intention was to involve college/university 
students in the construction of RepRap Prusa Mendel 
printers, with the goal of coordinating and accomplishing 
this in a single semester. Difficulties related to the 
availability and reliability of the printer used to create 
the plastic parts, and underestimates pertaining to the 
time, cost and complexity of the kit construction are 
detailed. Successful aspects of the project, including its 
use as a part of a Senior Engineering Capstone and as a 
live demonstration display for educational conferences, 
along with suggestions for implementation of similar 
initiatives, are provided. 
 
Index Terms – 3D Printing, Education, ISEC, MakerBot, 
Prusa Mendel, RepRap, STEM. 
 

BACKGROUND 

The Princeton / Central Jersey Section (PCJS) of the 
Institute of Electrical and Electronics Engineers (IEEE) 
serves approximately 2,500 local members, including active 
student chapters at DeVry, Princeton, Rutgers and The 
College of New Jersey. In the fall of 2012, PCJS Section 
Chair, Rebecca Mercuri, submitted a proposal to obtain 
$2,000.00 from IEEE Region 1's iSTEP (integrated Student 
Transition to Engineering/Technology Professional) 
program, to fund a project intended to enable the 4 PCJS 
college-age groups to each build and own a 3D printer. 
Project funds were used to purchase a ready-made 3D 
printer, 18 1kg spools of PLA and 6 spools of ABS filament, 
and parts kits for 6 Prusa Mendel 3D printers. The intention 
was to use the ready-made 3D printer to print ("replicate") 
the plastic part sets needed for the kit printers. A "big build" 
weekend session was planned to enable teams of students to 
simultaneously construct the kits in an assembly-line 
fashion. In theory, the successfully built kits would be able 
to generate parts for subsequent printers, thus enabling a 
broader dissemination of printers from the original "seed" 
project. 
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While this plan seemed to be reasonable based on earlier 
published RepRap projects (that we were trying to emulate), 
numerous problems emerged that plagued our effort 
practically from Day 1. The original plan was to purchase a 
3D printer in the range of $800-$1000, but the iStep grant 
supervisor, Charles Rubenstein, suggested that we should 
upgrade to the MakerBot Replicator II printer, at an 
educational discount cost of $2,199.00, in order to better 
showcase the project. (Ultimately, the funding provided for 
our use totaled $6,300.00.) Unfortunately, this procurement 
change resulted in an unexpected 2-month shipment delay 
when, shortly after the printer was ordered, Superstorm 
Sandy severely damaged the MakerBot offices in Brooklyn, 
NY, essentially thwarting the scheduling of our "big build" 
during the Fall semester. 
 
Another unanticipated delay occurred with the order of the 
parts kits. After evaluating the availability, price and 
complexity of various DIY 3D printers, we settled on the 
Prusa Mendel, as its design appeared to be fairly 
straightforward and kits were available from a relatively 
nearby source, MixShop in Toronto Canada. What we did 
not know was that although pre-assembled 3D printers can 
be shipped into the United States with relative ease, certain 
elements of the parts kits (such as the bearings) are subject 
to inspection and tariff, resulting in weeks of border delay 
and additional fees that had to be paid to UPS (the shipper) 
before delivery could be authorized. 
 
Finally, in late December, both the MakerBot printer and the 
Prusa Mendel kits had finally arrived, but the students had 
now left their campuses at the end of the semester. Our 
student project leader, Kevin Meredith (then a student at 
Rider University) decided to attempt to assemble one of the 
printer kits himself in order to assess the level of difficulty 
and determine what tools would be needed. Kevin and 
Rebecca had previously designed and conducted some DIY 
project workshops and, as they had done with these other 
kits, they planned to take photos of each stage of the 3D 
printer assembly, to be used as a guide for the students when 
the "big build" occurred. 
 
Again, problems ensued. Printing out the parts on the 
MakerBot was more difficult than anticipated. A full set of 
parts took 1/2 to 3/4 of a spool of filament to construct, 
optimally at 50% density for strength. Numerous retries 
were needed, due to a variety of printer malfunctions 
necessitating constant monitoring of the printing process. 
Each part had to be printed separately in order to ensure 
reasonable quality. Filament is used up quickly and is 



expensive ($32-$48 a spool, plus shipping). We tried to 
match the colors of the printed RepRap parts to the school 
colors (i.e. Princeton = Orange). We learned that the 
MakerBot should optimally be situated in a stable 
environment, as it is sensitive to humidity, temperature and 
drafts. Essentially about a week was needed for successful 
production of each set of kit parts. Building the kit was 
complicated by problems fitting the parts together (some of 
the printed parts had to be softened by soaking in hot water 
before metal components could be properly attached).  
 
As an open source project, online documentation was 
sketchy, so mentoring was sought from Rick Anderson of 
the FUBAR Labs Makerspace and Ranjit Bhatnagar of the 
NYC Resistor hacker collective. To our chagrin, we 
belatedly discovered that it was fairly common for such 
workspace communities to own one or more non-functional 
3D printer kits that their members had previously and 
unsuccessfully attempted to build. There were also different 
versions of the Mendel and its control firmware, adding 
other incompatibilities to the project that needed to be sorted 
out.  In the final stages of the construction, Kevin discovered 
that the “hot end” design included in the kits that we had 
procured was prone to failure due to thermal expansion of a 
PTFE rod.  This rod, which supported a brass tube that 
channeled PLA filament to the hot extruder nozzle, would 
expand and allow the tube to push itself out of the PTFE, 
destroying the extruder.  Several stepper motor driver boards 
had been damaged due to inexperience with the initial 
hardware calibration process, so "spares" were scavenged 
from the other kits and replacements were reordered. After 
further evaluation of the extruder, we subsequently ordered 
Wade's Geared Extruder upgrade kits (which we have not 
yet experimented with), that we believe will be more 
reliable.  These new kits provide a fan for cooling the PTFE 
rod in question.  Each unassembled kit, including the 
upgraded extruder and printed parts, wound up costing 
approximately $600, which does not compare tremendously 
well to the fact that pre-assembled 3D printers are available 
for only a few hundred dollars more. 

ISSUES 

Our attempt to distribute the kits to the schools was 
disappointing. Realizing that the idea of a weekend "big 
build" had been overly ambitious (assembly realistically 
takes at least a week rather than a weekend), we decided to 
instead meet with leaders of the student groups, to provide 
the parts kits, and give them a briefing on tips that should 
help ease their initial construction attempts. We also planned 
to follow-up with additional mentoring, as needed. Kits were 
distributed to The College of New Jersey, Rutgers and 
DeVry. Despite repeated requests, Princeton did not identify 
students willing to attempt the project and has yet to collect 
their kit. From periodic check-ins, we learned that the 
students who received the kits were generally not 
sufficiently motivated to complete the build. The DeVry 
group managed to somehow lose many salient components 

of their kit, and we did not feel it would be appropriate to 
request additional funding for replacement parts since they 
did not demonstrate willingness to ensure care for the 
materials. Students at The College of New Jersey never 
reported back to us after their initial briefing, and we assume 
that their project was abandoned. They do have production-
grade 3D printers in their Engineering Department, so the kit 
printer may have been viewed there as superfluous. 
 
The most successful results were obtained by a trio of 
students (Ryan Cullinane, Cady Motyka, and Elie Rosen) 
from Rutgers University, who had incorporated the 
construction of the 3D printer into their engineering senior 
project. This group did succeed in building the printer, and 
also a 3D scanner. Unfortunately, their printer (as with the 
one that Kevin had constructed) suffered from inaccuracies, 
and the resulting output was of inferior quality. But the 
group did successfully demonstrate their project at Rutgers 
Day and an IEEE PCJS event. These students were highly 
motivated and reached out to us and also the FUBAR Labs 
hackerspace when they encountered problems with the 
assembly. It should be noted that they had originally 
contacted us about funding for a 3D printer kit, before they 
knew we had one available for them (we were waiting for it 
to arrive), so perhaps the success of this group was that they 
had, in effect, initiated their own project rather than having it 
imposed on them. 
 
Overall, the MakerBot proved to be extremely unreliable. 
Fortunately we had been encouraged by the grant supervisor 
to additionally purchase the optional 1-year extended 
warranty, at a cost of $350. As it happens, though, the 
warranty only covers replacement parts, which are issued by 
MakerBot after an often-lengthy dialogue with their service 
department. The malfunction analysis process is tedious and 
poor, with the onboard diagnostics insufficient to determine 
what parts are needed. Typically, we had to repeatedly send 
descriptions of problems and photos before MakerBot was 
willing to release replacement parts. Occasionally they also 
required that we ship back the malfunctioning items. Over 
the first year, the MakerBot was down for repair about 1/3 of 
the time. Vigorous complaining resulted in the company 
extending our warranty by 4 months without charge. The 
many repairs, performed by Kevin Meredith during the 
course of the project, included: temperature sensor 
replacement due to an intermittent sensor wire; a complete 
extruder hot end replacement following a print crash and 
subsequent “cocooning” of the hot end in semi-molten PLA; 
fan duct replacement after the low-hanging duct caught on a 
warped object mid-print and was torn off; the replacement of 
a poorly designed, difficult to adjust filament gripping 
mechanism with an upgraded, spring loaded design requiring 
no adjustment (a feature that was already incorporated into 
the RepRap design); replacement of a warped build plate 
which caused printed objects to prematurely separate from 
the plate during printing; and replacement of a stretched x-
axis belt. Other users in the MakerBot community were 



reporting similar problems, although the company has 
insisted that our experience was unusual and rare. In our 
experience, the total number of hours that the printer 
operated (non-consecutively) between major breakdowns 
was only about 75. As the warranty is non-renewable, it is 
dubious as to what support will be available to us once it 
expires, especially now that the MakerBot company has 
been purchased by Stratasys. 
 
Other problems with the MakerBot Replicator 2 involved its 
inability to detect when a print is warping or adherence is 
inadequate. A simple feedback mechanism could avoid 
many of these problems, but such is not available. As well, 
the print platform is unstable and often needs to be re-
leveled between each print. MakerBot planned to release an 
automated leveling device that was supposed to be shipped 
to us, but this item was withdrawn, without explanation from 
the company, so we were never able to try this out. Our 
belief is that warping in the prints of the Prusa Mendel parts 
may be the reason for the poor print quality from the kits 
that were built, so some of these components are now being 
reprinted in order to determine whether reasonable 
improvement can be achieved. 

USING THE PRINTERS 

It is important to note that the desktop 3D printer community 
originally involved open source hardware, software, and 
firmware, with the marketing of DIY kits and ready-made 
units being fairly recent. While freeware and shareware 
typically suffers from poor documentation and lack of 
centralized support, the trade-off is that modification is 
possible and encouraged. Our hope was that the students 
would be encouraged to modify the printer designs and make 
changes to the software, and to some extent this did occur by 
the Rutgers students and Kevin Meredith.  
 
In terms of what is needed to get started with printed object 
design, FreeCAD is a useful open source 3D modeling 
program that can be used to generate STL files by adding 
and subtracting solid shapes. To print on the Prusa Mendel 
3D printer the Slic3r software and Arduino GCode 
Interpreter firmware were downloaded. For the MakerBot, 
proprietary MakerWare software takes an STL file (defining 
a mesh of polygons) and generates a script for the printer to 
follow, to tell it how to make each layer, building the print 
from the bottom up. MakerWare is still in beta version, and 
occasional upgrades have seen improvements in filling and 
smoothness of the exterior of the print (due to gradual 
acceleration and slowing of the print head motion, rather 
than abrupt starts and stops). There have also been printer 
firmware upgrades that have further improved the 
smoothness of the output. 
 
MakerBot maintains a repository of designs at their 
Thingiverse website, which are contributed by users under 
Creative Commons licensing. Many of these are STL files 
which cannot be readily modified. Kevin created a profile on 

Thingiverse where he uploaded some of his designs. His 
banjitar received recognition there as a featured object. 
Kevin and Rebecca also used the MakerBot to construct an 
entry in the Grounds for Sculpture holiday ball contest and 
won first place in the group division. 
 
Our demonstrations of the MakerBot 3D printer turned out 
to be one of the most successful parts of the educational 
outreach of this project. The Rutgers team received a 
commendation for their Engineering Capstone presentation. 
Kevin and Rebecca demonstrated the operation of both the 
MakerBot and assembled kit printer at the 2013 Integrated 
STEM Education Conference and the Trenton Computer 
Festival. Enthusiastic audiences crowded around and had to 
be shooed away in order to allow others to also view the 
display. Numerous attendees of these events indicated that 
although they had heard of 3D printing, they had never seen 
one in operation, and appreciated this opportunity. Further 
demos have been scheduled and a 3D design workshop is 
being planned, where participants will create objects that can 
be test-printed in miniature, with larger versions available as 
special orders from IEEE PCJS. 

CONCLUSIONS AND FURTHER WORK 

In retrospect, it might have been better if we had started with 
a lower-cost ready-made printer, repairable using available 
documentation and parts. Also, we should have 
experimented first with a single 3D printer kit, before 
making a bulk purchase. Based on the success of the Rutgers 
group, some contact with faculty advisors for Senior 
Engineering projects, to identify students willing to build 
and experiment with the kits, likely would have been more 
successful than imposing this project on the student IEEE 
groups. Certainly the amount of time, perseverance, 
organization and mentoring needed is more consistent with a 
semester course than a casual or independent effort. 
 
Whether inexpensive 3D printers are ready for prime time is 
yet to be seen. The problems we experienced are reminiscent 
of the early days of home computing, where the kit-style 
products (like the Apple and Altair) were soon replaced by 
ready-made computers that could be modified, and 
eventually the DIY aspects were largely eliminated by 
turnkey closed-box systems. Desktop 3D printing may be in 
the early stage of a similar evolution. The difference here, 
though, is that the high temperatures and constant vibration 
produced by these machines may always impose a level of 
unreliability that cannot be remedied by means other than 
constant preventative maintenance. As a student experience, 
the heat dangers, difficulties with reliability, and the need to 
“babysit” the machine, may make broad implementation 
inappropriate for classroom use in K-12 environments until 
these products have become more rugged. 
 
While the IEEE PCJS 3D printer project did not ultimately 
accomplish the goals we had originally tried to achieve, as a 
learning experience and especially in outreach (such as with 



this paper and future demo and training sessions that are 
being planned) it has been deemed successful. 
 
The bigger question is whether or not 3D printing is a 
technology in search of a use. Although applications are 
beginning to emerge in design modeling and even health 
care, our experience is that after the initial fun of being able 
to print chess sets, rubber-band guns, depressed Yoda heads, 
magic gear boxes, and nose flutes wears off, there is not an 
obvious need for 3D printed objects, in general. Certainly 
the modeling tools are educational in teaching design  
concepts and CAD, but the cost and time involved may not 
be justifiable. The goal of “a 3D printer in every school” 
may also be premature, especially if one wants all of these 
units to be simultaneously functional. Anyone who is 
considering adoption of desktop 3D printer technology, 
especially in education, would be well advised to be wary of 
the need for additional funding and resources to support 
these products on an ongoing basis. 
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FIGURES 

Figure 1: A complete set of printed parts for a Prusa Mendel 
with Wade's Geared Extruder. This set takes many hours to 
print at higher infill density for improved strength. 
 
Figure 2: Items of hardware and electronics in the Prusa 
Mendel kit. Spool of filament at bottom right. 
 
Figure 3: Rutgers' assembled RepRap 3D printer with 
protective shield and 3D scanner (on top of shield). 
 
Figure 4: IEEE PCJS and Rutgers 3D printer teams at 
ISEC'13. Left to right – Kevin Meredith, Rebecca Mercuri, 
Cady Motyka, Ryan Cullinane, and Elie Rosen 
 
Figure 5: 3D printed body scan by Rutgers team showing 
failed extrusion and raft (on left) and successful print (on 
right). 
 
Figure 6: Damaged MakerBot hot end (with extruder nozzle) 
after removal from printer.  
 
Figure 7: Awards made for IEEE/ISEC with cutaway piece 
showing raft and interior structural elements. Overhanging 
structures, such as the floating magnetic field vector in the 
3D IEEE logo, cannot be printed without supports (not 
shown in this picture), which are trimmed away after 
printing. 
 
Figure 8: Left -- This aerofoil frame interlocks with copies 
of itself to make wings of greater length. Right – Two 
designs for a camera mount with a toothed rack, to interface 
with an existing telescope focuser for astrophotography. 
 
Figure 9: "Good Knight" -- 1st place winning entry to the 
Grounds for Sculpture's Have A Ball Holiday Ornament 
Contest. 
 
Figure 10: Star Trek 3D chess. A good approach for large 
objects is to use simple hardware to hold smaller pieces 
together. This chessboard is constructed with a single length 
of threaded rod, allowing easy disassembly for storage or 
modification. The wireframe design inset was generated by 
the FreeCAD software. 
 
Figures 11and 12: Images from the 2013 Trenton Computer 
Festival 3D printer demo showing example prints and 
interest by a broad spectrum of attendees. 
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