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Introduction

To be and remain competitive in any demanding market,
product development cycles have to be shortened. Time
compression is now essential to corporate survival. If,
however, time compression only increases the development
costs or degrades the quality of the products, the benefits
will be greatly reduced. To avoid these pitfalls, product
development activities have to be optimized. An essential
element of the product development process is Prototyping,
which offers some of the best opportunities to shorten the
development time, reduce development costs, and even
improve product quality. For small projects, often only a
single prototype is made before beginning production. For
complex or large projects, several iterations of prototypes
are made, with improvements made and problems fixed in
each successive trial. How well this activity is managed
determines the number of iterations and the length of each
iteration. Reductions in both the number and length result
in shortening the overall process at a substantially reduced
cost. As program managers, we are in an ideal position to
be leaders in achieving this objective.

The thrust of this paper is to illustrate the benefits of
carefully planned and implemented prototyping activities
during product development. Two prototyping practices
will be presented here with examples to illustrate them.
Holistic Prototyping and Partial Prototyping each offer a
different twist to this activity. These practices are not new,
high tech, or complex. They do, however, challenge us to
more carefully and thoroughly use time honored practices.

High-Tech Solutions

Much of the thrust of Time Compression today is toward
high tech solutions. Two recent business buzz words,
“Rapid Prototyping”, shows us Stereo Lithography,
computer simulations, and other methods as a means of
dramatically shortening our prototyping cycles. These do
indeed provide significant advantages over previous
methods. Unfortunately, they may be available a higher
initial costs and only to larger organizations with budgets
or staffs to support them. Too often people and
organizations are loath to admit they have the abilities to
improve their current activities. Instead, they look for new
high-tech solutions, culture changing philosophies, or mega-
36
computer programs to make the changes. Many times,
mere refinement of current activities is all that is needed.

Prototyping

Generically, prototyping is a means of trying something
out, generally before it is completed, in order to improve
the final result and/or to determine if the objectives will be
met. Some synonyms illustrate this: Audit, Beta Test,
Check, Dress Rehearsal, Pilot, Practice, Recital, Scrimmage,
Test, and Trial Run. Football coaches hold scrimmages to
see the players in real (simulated) action, see how the plays
work, and shake out any last minute problems before the
big game. Theater groups hold dress rehearsals in full
regalia to see who knows their lines, see how the costumes
and sets will work, and improve the whole performance.
Because financial systems can be too big to evaluate
everything, accountants audit portions of the system to see
if procedures are being followed, everything balances, and
nothing improper is being done. Automobile manufacturers
make “pilot” vehicles before the actual start of production
to see if everything goes together as planned and the
vehicle performs as expected. Two ideas can be gleaned
from these efforts. First, prototyping can be done with the
entire product and process in its environment, but not at the
proper production rate or pace (scrimmage, dress rehearsal).
This is Holistic Prototyping. Second, prototyping can be
done not on the entire product, process, or environment, but
while the process is in the proper pace (checking, auditing,
trial run). This is Partial Prototyping.

Holistic Prototyping

Prototyping the entire product using the planned production
process in the production environment can provide a
tremendous amount of information. Failing to do so, prior
to completion of the development process can be very
detrimental both from a time and cost point of view.
Consider these examples:

Example: Welding Fixtures One large company was
developing an automotive seat frame through two years of
development. During the prototype process, parts were
hand welded using makeshift clamps and fixtures. Each
frame assembly was built carefully by hand to ensure it was
properly assembled and welded. When production was
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ready to begin, a multi-clamp welding fixture was made to
position the pieces firmly for welding. The production
equipment  used 40 of  these welding f ixtures .
Unfortunately, when the production system was ready,
several problems occurred. For one, the metal components
were not designed to be positioned firmly in the production
fixtures. When tested, some welded assemblies did not
meet durability requirements due to the components not
positioned properly. Secondly, because the welding system
used robotic weld “guns”, some of the weld locations were
difficult or impossible to reach. Also, the people who
loaded and unloaded the fixture had difficulty due to the
twelve manual clamps that had to be closed when the
fixture was loaded with components and opened when the
assembly was completed. Consequently, the production
process was delayed and costs were greatly increased when
changes had to be made. Changes not only to the
components, but also to all the 40 welding fixtures. If the
technicians who built the prototypes had also prototype the
welding fixtures, these problems could have been
discovered earlier and saved considerable costs and time.

Conclusions: building prototypes in their
production process has numerous advantages. You
can prototype anything, but can you actually build
it? Production process prove-out can show
changes are needed to the product at a time when
the changes are much less costly.

Example: Simultaneous Window Component Testing
During a high-stakes design competition for an integrated
car door “package”, two companies joined together in a
unique way to greatly reduce the design and development
cost and time. Instead of both the companies individually
quoting the cost of durability tests on window seals and the
window regulator (the manual or motorized system that
makes the window go up and down), they planned to do the
testing simultaneously. During the 100,000 cycles when the
window was cycled up and down, both the mechanical
system and the window seals were being tested. In addition
to the reduction in testing costs, design concerns were being
discovered on both the seals and regulator at the same time.
If the regulator pushed the window up too far causing
premature wear out of the seals, this would be discovered
earlier than if each system was tested individually, then the
two tested when the complete vehicle was completed. By
simultaneously prototyping and testing components of a
system, considerable cost and time as saved.

Conclusions:  prototyping the product in its natural
environment has numerous advantages. No only
were testing costs reduced, but better products
were produced.
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Example: Automotive Pilot Vehicles Throughout the
development of new model cars, the early prototypes are
built at special locations, generally not at the eventual
assembly plant. When production is ready to begin, the
manufacturers could begin building vehicles and hope
nothing goes wrong. At a cost of $60,000 to $100,000 a
minute in down time, small problems could be costly ones
should they have to “shut the line down.” Consequently, all
the major automotive manufacturers build several hundred
“pilot” vehicles at the assembly plants in the months that
proceed production of the new vehicle. Intended as a trial
to prepare the assembly plant for full scale production,
vehicles are built on the production line with a smaller
contingent of production workers at a greatly reduced line
speed. As problems occur, attention is quickly focused on
that process or component.

Not only do they obtain experience building the cars or
trucks, but they also try out the whole process. In addition
to the actual people and machines that make the vehicles,
all the other indirect people and equipment are used.
Material handlers prove out the new containers and material
handling equipment. Vehicle scheduling and material
coordinators prove out the material release systems. Even
major suppliers are included in this experience.

For off-site plants where the vehicle’s seats are built, this
experience is further demonstrated. Complete seat
assemblies are electronically ordered in sequence by the
automotive assembly plant and built by production seat
assemblers on the production seat assembly line, The seats
are then shipped on the production racks, in the production
trucks, loaded onto the production seat conveyor, and travel
to the vehicle seat installer. All of this to rehearse the
actual production in advance and shake out any problems
when there is time to fix them and they are not so costly.

Conclusions:  prototyping not only the product and
production process, but also related products and
activities has numerous advantages. When a
whole automotive vehicle assembly plant is at
stake, nothing can be left to chance.

These examples illustrate several points. The success of a
product development activity is greatly impacted by how
the components and system are prototype. Although these
examples are automotive related, their lessons are
applicable to nearly anything being prototype.

Partial Prototyping

The whole product and process in its environment need not
be prototype to gain considerable benefits. Prototyping a
portion of a product or process can usually be done in less



time and at less cost. Like any Project Management tool,
care should be taken in its use. Prototype portions of
products or processes if they:

- are high risk elements,
- are low cost trials, or
- are new technologies, materials, or processes.

Care should be taken when prototyping only a portion of
the product, because results maybe misleading. Consider
these examples:

Example: Bench Testing Early in a development project
for a new automotive seat adjuster, a new means of “lift”
was performed using a motor in a yet un-tried application.
Time was so tight during the design competition to provide
a sample, that the decision was made to rely on the
mathematical analysis that the system should work and
proceed to prototype the complete sample. Due to the long
lead time on some components many weeks passed before
the complete product could be assembled and tested.
Finally, the day before presentation to the customer, the
final product was tested and did not work. After all the
yelling and shouting was over, a technician built a simple
model using hand-made components and proved in one
afternoon the adjuster would not work. If this had been
tried early in the development project, something could
have been done to solve the problem.

Conclusions: hand made, partial samples can be
very demonstrative. If long lead times are
necessary to prototype the complete assembly,
prototype a portion. Results may not be
conclusive nor final. They might discover gross
errors or miscalculations.

Example: Short, Full-speed Trial Runs Often early in
initial production, schedules are “ramped-up” to allow
learning to occur. Many months may pass before full
production rates are reached. Unfortunately, bottlenecks
and production problems are hidden during the line rate
increases. When the final production rate is reached, major
problems can occur preventing full production to continue.
Often capacity and supply problems are not discovered until
this time. To predict these problems, one seat assembly
plant tried to see if they could build the seats at the
projected full line rate. Since the vehicle assembly plant
only required 10% to 20% of their estimated capacity, the
seat plant decided to build that days production at the full
capacity line speed. The results were hilarious and
informative. People were bumping into one another. Small
bins of parts were emptied too quickly causing some
workers to walk long distances to get more parts. And the
result they were not able to make seats at the projected
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full production rate. This trial resulted in a revised line
layout and numerous other process changes at a time when
this could be changed without production interruption. If
these problems had not been discovered until full
production was required, considerable overtime would have
been spent meeting production requirements while the
process was fixed.

Conclusions: prototyping a process at full speed
before full speed is required can be very
insightful. Don’t wait to discover problems, shake
them out early when fixes are less costly and
disruptive.

If you cannot prototype the whole thing, prototype part of
it. Prototype what makes sense. Don’t wait for full
production to demonstrate problems.

Additional Prototype Activities

Two additional elements are necessary to achieve the full
benefits of prototyping. Planning of prototype activities is
essential. Plan the testing, evaluation, and use of each
prototype. Do non-destructive tests first. Do destructive
tests next. Provide prototypes (even broken ones) to
suppliers, fixtures builders, or anyone who normally only
sees a portion of the product. Because complete prototype
vehicles costs hundreds of thousands of dollars to produce,
the automotive manufacturers do this to the extreme.
Vehicles are scheduled nearly to the minute on who while
have the vehicle, what they will do to it (testing,
evaluation), and what level of components are used or
replaced.

Secondly, an essential element in prototyping is
documentation. But, documentation is a bother. No one
wants to do it. No one wants to maintain it. Most feel it
is unnecessary. Yet many problems encountered in
production of products were discovered early, but not
documented. Establish a system for  problem
communication and resolution at the start before the first
prototype is built. Then, maintain it religiously. Serialize
each prototype and log them. Record major component
revision levels, fixes or revisions made, and tests
performed. The better recording done, the more
information available to help resolve problems that occur
later on.

Questions to ask

Next time you prototype a product, ask yourself the
following questions:

Is the entire product being prototype?
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-  Is the production process being prototype or
followed?

-  Is the prototype being tested in its natural
environment?

-  Are there parts of the product that need to be
prototype separately?

-   What parts of the design are high risk that need
special evaluation?

-   Are there inexpensive tests that can be performed
early?

-   Are we getting the most out of each prototype?
-   Are all the users of the product being involved in

the prototype?
-   What assumptions are being made in the build of

the prototype?
-   What assumptions are being made in the testing of

the prototype?
-   What failed last time we tested these products?
-   Did the prototype perform as expected?
- Has everyone seen the prototype (builders,

handlers, users)?
-  Have production people been involved with the

prototype build?
-  Have the designers and engineers tried to build

what they designed?
-   Have the designers and engineers actually tried the

prototypes?
-  Have the customers seen, evaluated, and used

prototypes at each level?
-  Has management seen, evaluated, and used the

prototypes?

Conclusions

Prototyping is essential to any development process. How
well we learn from the prototype phase will dictate how
many problems we encounter later when solutions are
costly and time consuming. By not only building and
testing prototypes, but also prototyping the production
process in the production environment, we can shake out
problems early. We don’t even need to prototype the entire
product to gain considerable benefits. Careful use of this
activity, and by learning from others experiences, product
development cycles can be shortened, costs reduced, and
stresses reduced.
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