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Introduction
New technologies such as CAD,

computer numerical control (CNC)
systems, or robotic systems, drive
changes in the industrial technology
curriculum.  Now technology depart-
ments need to consider the degree to
which rapid prototyping (RP) technolo-
gies can be infused into the curriculum.
When CAD system costs were in the
hundreds of thousands of dollars in the
1970’s, many programs used multime-
dia and field trips to bring this technol-
ogy to the classroom. As CAD systems
became affordable, they were pur-
chased to allow students to have
personal hands-on experience with that
technology which is now common to
all Industrial Technology programs.
This article assumes that educational
programs have begun implementing the
study of rapid prototyping into their
curriculum, in many cases with
multimedia presentations and Internet
review of the literature, but now desire
to give students personal, hands on
experiences with RP hardware and
software.

Having students use RP hardware
and software in the laboratory can have
a positive effect on the experiences
offered to the students prior to them
entering the industrial setting.  It is
important that faculty select a RP
system that will provide students with
the experiences that develop a strong
conceptual framework of how this
technology will benefit the industry in
which they work.  Selecting an appro-
priate RP system may seem like a
formidable task because the technology
is constantly changing. It can be difficult
for faculty to stay abreast of the differ-
ent vendors, equipment, models,
software, features, and prices. This
article will focus on factors that influ-
ence the selection of an appropriate RP
system within the university context.

Major Types of Rapid
Prototype Methods

In 1987, there was just one type of
RP system commercially available, and
it was referred to as stereolithography
and manufactured by 3D Systems
(Winek & Vedaraman, 1995).  As a
result, the term stereolithography is
often used generically to describe all
RP processes.  Today most RP systems
use the STL file format, which was
originally developed by 3D Systems
for their stereolithography process.
Currently, there are many different RP
technologies produced by several
manufacturers. In addition, the term
“prototype,” while still used, is not an
accurate word to describe the end
product from many of the RP systems.
As a result, the terms rapid tooling
(RT), which is a means of rapidly
manufacturing molds, and rapid
manufacturing (RM), which is a
method of using RP technology to
produce parts in low volume, have also
been added to the industrial acronym
list. Aronson (2000) states that low
volume production and product
customization are two key issues facing
the manufacturing industry today.
These industrial needs  are driving the
demand for RM and RT.

There are several different RP
systems available: fused deposition
modeling (FDM), laminated object
manufacturing (LOM), selective laser
sintering (SLS), stereolithography
(SLA), and multi-jet modeling (Rapid
Prototyping Association, 1998).  These
systems are considered  high-end, and
are capable of producing a functional
model. Each manufacturer uses a
unique process to build these models
out of materials such as plastic, wood,
ceramic, or metal. The raw materials
used come in a variety of different
forms, such as liquid resins, powder,
plastic filament, and paper. Most RP

Dr. Ken Stier is a professor and Certified Manufac-
turing Engineer in the Department of Technology
at Illinois State University. He teaches materials
technology, manufacturing processes, and indus-
trial production.  Ken has been presented the fol-
lowing awards while at ISU: the SME Outstanding
Faculty Advisor Award, the Outstanding Research
Award for the Department of Technology, the Out-
standing Service Award for the Department of
Technology, and the Peoria Society of Manufac-
turing Engineers President�s Award.



3

Journal of Industrial Technology     •     Volume 18, Number 1     •    November 2001 to January 2002     •     www.nait.org

processes are classified as layer-
additive processes.  This means that
thin layers of material are gradually
added to the concept model or proto-
type until it is completed.

A layer-subtractive process is
another major classification of RP
systems. This RP method differs from
the layer-additive processes in that it
builds a concept model or prototype
and removes the excess material at the
same time.  The advantage to a layer-
subtractive system is that it has the
potential to be a faster RP method
(Winek & Vedaraman, 1995).

Concept modelers and 3D printers
are systems that could be considered an
alternative to high-end RP processes.
These RP machines are much smaller
in size and not as expensive as the
high-end RP machines.  They produce
models that can be used as visual aids
to verify a design.  The concept
modeler can help reduce the costs of
prototyping by producing scaled
models as needed early in the design
process (Wohlers, 1997).

Selecting A Rapid Prototyping
Alternative or System

For manufacturing technology or
engineering programs a service bureau
can be used to produce concept models
or prototypes before investing in a RP
system. Unless the service bureau is
willing to create parts for the educa-
tional programs as a donation, there
normally is a charge for the work
completed. In this scenario, students
can create 3-D solid models, export or
translate the CAD data to a standard
STL format, and have the bureau
produce the parts. Many bureaus now
offer automated bidding and quoting
via the Internet. This may provide
students with the opportunity to find a
reasonable vendor for RP parts. Often,
the quality of a prototype can be
adjusted during the CAD to STL
export process.  Factors affecting the
bid of a RP part should be another
aspect of the student experience.

Educational programs should also
consider being a “service bureau” for
other schools in their geographic
region.  For example, a community
college could service the high school

Figure 1.  Hardware, software and contractual questions.

Figure 1.  continued on next page
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design programs in their area. Of
course, this adds another element of
responsibility to the faculty member or
members who are responsible for the
RP system.

A second level of implementation
is to purchase a low-end RP system,
such as a 3-D Printer or Concept
Modeler. These RP systems are similar
in size to office equipment and produce
scaled models of a design.  Often less
expense, time, and material are re-
quired to create a concept model than a
full-scale model.  In some cases, these
parts cannot be used in a functional
working environment.

A third level of implementation is
to have the institution purchase or lease
a full-scale RP system. While prices
have been coming down due to compe-
tition, supply and demand, and techno-
logical price curves, this can still be a
costly alternative. This level of imple-
mentation provides the user with the
flexibility of producing both scaled and
full-sized functional models.

Sorting through all the choices can
be a daunting task, especially for those
who have never managed a RP system.
Figure 1 lists several hardware, soft-
ware, and contractual questions worth
considering when deciding between the
second and third level of implementa-
tion, as well as the type of RP technol-
ogy.  While this is not intended to be an
all-inclusive list of questions, it is a
starting point for thought and discus-
sion for those involved in selecting a
rapid prototype system.  Questions
concerning other aspects of selecting
an RP system are listed in the follow-
ing sections of this article.

Faculty and Administrative Involve-
ment in a High-end RP Purchase
As with any major purchase, faculty,
administrators, and vendors should all
be involved in the selection process.  It
is an important decision requiring input
from all three groups and is especially
dependent on the financial constraints
of the institution. Getting faculty
involved early in the decision–making
process helps insure that they accept
the purchase decision and will use the
equipment.  Figure 2 provides a list of
key questions for faculty and adminis-

Figure 1. (continued)  Hardware, software and contractual questions.

Figure 2.  Faculty related questions.

Figure 3.  Industry type questions.
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trators to consider prior to selecting an
RP system.  There is more likelihood
that the RP system will be imple-
mented and integrated into the curricu-
lum when faculty members champion
the purchase. Administrators can help
facilitate the process and focus on the
more global issues of the department.
Their involvement and support can
help signal a sense of commitment
from the school.  Their participation is
crucial in seeking the financial re-
sources and release time to integrate
the system into the curriculum.

The Needs of Industry
An obvious factor to consider

when selecting an RP system is the
type of technology that industry is
currently using and will be using in the
future. Just as many educational
institutions became dumping grounds
for poor CAD systems or CNC sys-
tems, the same can happen with RP
systems. Information pertaining to
existing RP systems and the latest
industrial trends can be obtained
through several methods.  Of course,
the Internet provides the quickest route
to many resources. Also, sales litera-
ture, conferences, workshops, technical
journals, sales representatives, indus-
trial advisory boards, faculty expertise,
and needs assessment studies are all
good sources of information.  Figure 3
lists several questions to consider with
regard to meeting industry’s needs.

Curriculum and Instructional
Needs

It is important to assess the
curriculum and instructional needs
prior to purchasing an RP system.  The
RP system should be compatible with
the objectives and instruction provided
in the related courses.  Clearly identify-
ing which courses will use the technol-
ogy and what will be done with it in
each class can help build a case for the
purchase.  It also helps avoid confusion
and duplication of effort once the RP
system is purchased. The RP system
will challenge some curriculum plans,
as it truly is an integrated manufactur-
ing tool, extending the capability of a
good CAD system into the CAM arena
which can make parts for a specific

purpose. Should the system be located
in the CAD lab or the CAM lab?
Hopefully your institution doesn’t have
a “wall” between these two labs, and
the system will help students realize
the nature of design for
manufacturability and integrated design
(Koenig, 2000).

Funding vs. Costs
While the price of RP systems is

coming down, it still is a major invest-
ment for most technology departments.
Funding is often limited to equipment

budgets, grants, donations, and some-
times contracts with private industry.
Many vendors realize that students in
university classes today are potential
customers of the future.  This is a
strong incentive for them to want to
sell their technology to universities.
Often companies have educational
discounts, grant programs, or other
creative ways to reduce the purchase
price of the technology.

Other costs besides the purchase
price of the RP system need to be
considered.  These include:  costs of the

Figure 4.  A suggested comparison chart.
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materials to produce the prototype,
disposal costs of the materials, service
contracts, upgrade costs, additional
costs for computers, software necessary
to make the system operational, training
costs, delivery costs, and any rehabilita-
tion costs required for the room where
the equipment will be stored. The
context of the department’s setting and
the type of RP system purchased must
be carefully considered to determine the
total costs involved.  Figure 4 shows a
suggested comparison chart or spread-
sheet that can be modified to meet the
department’s context and can be used to
research different alternatives in
selecting an RP system. This could also
serve as draft model for students to
conduct an independent study or class
management assignment of determining
the costs involved and the payback for a
company wanting to invest in an RP
system.

 The costs of high-end RP systems
and the maintenance contracts needed
to keep them operational can possibly
be reduced through partnering with
industry. Smaller companies not having
access to this technology are some-
times willing to pay for machine time.
While larger companies most likely
own their own RP system, backlogs of
jobs to be run or technological short-
comings for particular jobs may lead
them to seek out a local educational
institution, especially if a quality RP
product can be delivered effectively.
Contracting with companies to com-
plete projects by having their people
come in and work with the technology
or having faculty complete the projects
can be advantageous for both sides.

At Illinois State University, one
faculty member is assigned to manag-
ing the RP system, and through
industrial contacts, has completed
several projects that have helped to
provide additional funding to support
the technology.  One project consisted
of a fuel injector prototype for an
American company bidding on fuel
injector systems for an engine manu-
facturer. The design engineers, both
injector designers and engine design-
ers, needed several prototypes quickly
for assembly verification.  The client
contracted this work to the university

because of shrinkage problems they
were encountering with their RP
system, and also due to the backlog on
their in-house equipment.

A second project that helped
exhibit the capabilities of the RP
system was a new invention referred to
as an underground electrical box. The
company representing the idea con-
tracted with the university to create
CAD models and drawings. After the
drawings and models were created the
company expanded the contract with
the university to build a prototype. The
part models, created in AutoCAD, were
imported into the RP system to produce
parts for the prototype.  The component
illustrated was too large for the model-
ing environment, and sub-parts were
assembled with an adhesive for a
satisfactory solution.

The prototype characteristics
become a very important issue when
completing projects for companies
such as those shown in figures 5 and 6.
Figure 7 contains a list of questions
that were very prevalent with regard to
these two prototype projects.  These are
fundamental questions that can be
modified and expanded to fit the
context of a department that plans to
partially finance an RP system through
industry projects.

Facilities
As mentioned earlier, deciding

where the new technology should be
physically located can also present a
problem.  While RP is most closely
associated with the CAD area, it has
application in other areas of the
curriculum as well.  Quite often the
location of the instructor who has the
interest and expertise to manage the RP
system becomes the determining factor
in locating the system.  However,
access for the entire faculty, students,
and outside constituents who need to
use the machine is important.  To that
extent, figure 8 lists questions that are
important issues related to facilities and
supervision of a RP system.

Faculty Training Needs
The learning curve and amount of

expertise to use the RP system is also
an important consideration.  Compli-

Figure 5.  Fuel injection pin.  Photo
courtesy of Caterpillar, Inc.

Figure 6.  An underground electrical
box sliced for rapid prototyping.

cated systems can often result in low
utilization and cause frustration among
the faculty and students who use them.
Often, proprietary software is not
written in a very user-friendly manner.
It is important to determine what
training costs will be included in the
purchase. Specifically, determine what
type of training will be provided, how
many people can attend, and where it
will be given. If training is given on-
site, determine who will pay the travel
expenses for the instructors and others
involved. Offsite training will involve
travel expenses for your institution.
Training expenses can mount up
quickly if the vendor does not provide
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Figure 7.  Prototype related questions.them, but without proper training it is
difficult to effectively utilize the RP
system. A particular RP system may
also be complicated enough to require
additional training during times of
faculty turnover or reassignment.
Planning for keeping faculty expertise
current will be required.

Selecting A Vendor
Good sources for vendors of RP

systems include industrial advisory
boards, Internet sites, conferences,
workshops, technical journals, faculty
contacts, and professional organiza-
tions.  It is important to have a set of
clearly identified goals and needs
developed to help narrow the list of
vendors. Questions identified through-
out this article should help facilitate
your research. Providing the selected
vendors with a generic list of needs
such as hardware, software, peripher-
als, maintenance, and training can help
the vendor give suggestions and be a
beginning point for discussion. Vendors
that are serious contenders should be
contacted after a proposal or estimate
has been reviewed and asked to
demonstrate their products.

No matter where the demonstration
is given, it is helpful to get a list of
references at that point.  Be sure to
contact the references (sources who have
already purchased equipment from the
same vendor) through a phone call or a
site visit. While visiting other educational
institutions observe the setting and talk
with the students if possible.

Criteria to consider when selecting
a vendor are the type of RP systems
they sell, reputation in the marketplace,
financial stability, and service and
support.  Trust and communication are
essential elements that are needed in
the purchase process.  They are very
important to keep in mind when
working with vendors.

Summary
This article was written for any

department contemplating switching to
a more current type of RP technology
or purchasing this technology for the
first time.  These decisions are not easy
and need to be made with the context
of the department in mind.  Each

Figure 8.  Facilities and machine supervision questions.
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department will have unique consider-
ations to take into account when
making these decisions.  While it may
be difficult to define a system that is
best for all university programs, the
questions listed and issues explained in
this article are intended to help provide
a beginning point for departments in
the selection process.    The informa-
tion and procedures described in this
article are written with the context of
the authors in mind and may need to be
modified to be compatible with the
reader’s context.
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