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The integrated team works on the SAGE III instrument. 
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WHAT IS PROTOTYPING? 

PROTOTYPING IS PROBABLY THE OLDEST METHOD OF DESIGN. IT IS TYPICALLY 

DEFINED AS THE USE OF A PHYSICAL MODEL OF A DESIGN, AS DIFFERENTIATED 

FROM AN ANALYTICAL OR GRAPHIC MODEL. IT IS USED TO TEST PHYSICALLY THE 

ESSENTIAL ASPECTS OF A DESIGN BEFORE CLOSING THE DESIGN PROCESS 

(E.G., COMPLETION AND RELEASE OF DRAWINGS, BEGINNING RELIABILITY TESTING, ETC.). 

PROTOTYPES MAY VARY FROM STATIC “MOCKUPS” OF TAPE, CARDBOARD, AND 

STYROFOAM, WHICH OPTIMIZE PHYSICAL INTERFACES WITH OPERATORS OR OTHER 

SYSTEMS, TO ACTUAL FUNCTIONING MACHINES OR ELECTRONIC DEVICES. THEY MAY 

BE FULL OR SUB-SCALE, DEPENDING ON THE PARTICULAR ELEMENT BEING EVALUATED. 

IN ALL CASES, PROTOTYPES ARE CHARACTERIZED BY LOW INVESTMENT IN TOOLING AND 

EASE OF CHANGE. 

SOMETHING NEW ON THE HORIZON 

THE SAGE III INSTRUMENT WAS A SPECTROMETER 

designed to point at the sun during sunrise/sunset 
and at the moon during moonrise/moonset in order 
to unravel the vertical distribution of ozone and 
aerosols in the stratosphere. 

At the time when we were working on this 
project, which was in 1992, the Clinton-Gore 
administration had just taken office, and the Soviet 
Union had just broken up. Russian Prime Minister 
Victor Chernomyrdin and Vice President Al Gore 
formed a commission to draw the two former 
enemies closer together. They were looking for 
potential joint ventures between the two countries. 
The SAGE-III was in a marketing campaign looking 
for a ride on a NASA spacecraft when we were told 

SAGE III above earth’s atmosphere. 

A physical model can enhance 

communication between designers 

of different backgrounds and 

native languages, and between 

designers, builders, and users, 

who may not share common 

terminology. Involving all these 

stakeholders early in the project 

can build on their collective 

knowledge, minimizing errors, 

and enhancing the ability to react 

to problems later. 
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that we had been selected to be one of the eight initial 
ventures in the Gore-Chernomyrdin Commission (GCC). 

This raised the visibility of our project at the 
Langley Research Center to the highest level. We would 
report directly to the Vice President twice a year, and our 
Center director wanted zero chance of failure on this 
program. And while these were certainly benefits to our 
project, our new focus and Russian partners were going 
to change it considerably. Once the project became part 
of the GCC, we had to make major adjustments. We 
were going to have to adapt our instrument to the infra
structure of a Russian Meteor spacecraft and Russian 
Flight Control Center. We decided to use rapid proto
typing to integrate the changes. 

FACING UP TO INTERFACES 

In many cases, aspects of Russian spacecraft control 
panels were opposite of those in American spacecraft. 
For example, the Russian electronics were positive-
grounded and ours negative-grounded. Interfaces that 
get very little attention between American instruments 
and American spacecraft became major issues in the 
Russian spacecraft. There’s nothing as frustrating as 
knowing your triple-redundant system needs to attach 
three wires to their dual-redundant two. 

We  spent an entire year designing and testing 
special bolts for attaching our instrument to the space
craft. We built and tested prototypes for each difference 
in our systems. In each case, problems were discovered 
during prototype testing, and the solutions that were 
applied to the flight hardware as we struggled to make 
the prototype work resulted in our saving a considerable 
amount of money and time. 

Along with the Russians, we built interface simula
tors that were exact copies of the flight interface designs, 
and these simulators went through a rigorous test 
program. Many of the original designs didn’t work, and 
they had to be redesigned, rebuilt, and retested. 

DESIGNING A NEW GENERATION 

SAGE III was a fourth generation instrument, and many 
of the subsystems were radical departures from those of 
previous generations. The “new” designs turned into a 
huge problem for us. We were very concerned about 
certain systems, so we purchased parts early in the life of 
the project to make sure they would meet our needs. 
Some didn’t. In one particular instance we had a part 
delivered five times incorrectly, and we didn’t have the 
time or budget to go for a sixth delivery. We relied on 
prototyping to test a series of hardware and software 
repairs for the system. 

The older designs were huge problems in some 
cases as well. Parts no longer existed. Processes no 
longer existed. People that knew how to assemble the 
instrument or manufacture the instrument had retired. 
One of our biggest challenges had to do with an older 
design for a flex-cable on the flight instrument. The 
problem had been solved four separate times—each time 
a new generation of the instrument was built. Even 
though we had the flight drawings, all of the manufac
turing procedures, and everything in front of us, we 
could not reproduce that flex-cable. We had to essen
tially start from scratch each time because the processes 
were different and the people were different. 

We  used rapid prototyping to solve the issues with 
the flex-cable. This taught us a valuable lesson: very 
early in the system design process, you should identify 
the older subsystem designs that will be hard to 
reproduce and submit these to rapid prototyping. 

Designing by feedback may require 

several cycles of incremental 

design and implementation. 

Often, in order to do it quickly 

and correctly, one must be willing 

to do it wrong first. 

The sooner one finds errors of 

design, the less costly the impact 

to the project. The real-world 

problems of ultimate acceptability 

can be tested and verified quickly 

by prototyping, before an extensive 

commitment of resources. 
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Russian spacecraft 3M in orbit with 
the SAGE III instrument on board. 



SAGE III instrument. 
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“INTERFACES THAT GET VERY LITTLE ATTENTION BETWEEN AMERICAN INSTRUMENTS 

AND AMERICAN SPACECRAFT BECAME MAJOR ISSUES IN THE RUSSIAN SPACECRAFT. 

THERE’S NOTHING AS FRUSTRATING AS KNOWING YOUR TRIPLE-REDUNDANT SYSTEM 

NEEDS TO ATTACH THREE WIRES TO THEIR DUAL-REDUNDANT TWO.” 

TAPPING RESOURCES 

You can use prototyping simply for troubleshooting, but 
I think there is an even better reason to employ this 
practice. By prototyping, you’re actually getting to use 
some of the most talented people on your team, which 
are your machinists and your technicians. A machinist 
can be a wonderful help in a design. When you sit down 
with your machinist with a sketch of a prototype and say, 
“This is what I want to do,” he can say, “Well, we really 
should use this material instead of that material.” 

The same goes with your technicians. They can 
say, “You know, you really should have a port here for an 
alignment….You know, you need a hole here…. 
You need a removable bracket here.” You don’t get that 
if you go straight to flight hardware. You’re not using 
these people’s minds; you’re only using their hands. 
When you take a flight drawing to a machinist, he gets 
no say. If you have a piece of aluminum with a hole in it 
bigger than the aluminum itself, he will deliver you an 
envelope full of metal shavings. That has happened to 
me in the past. 

MODEL CITIZENS 

On this project, and really on all my projects, proto
typing was standard procedure. SAGE-III launched 
successfully on December 10, 2001. Less than a month 
later, NASA lost communication with the spacecraft 
when the main transmitter went out and the Russian 
GPS receiver didn’t work. 

This is when all our joint repairs with the Russians 
really paid off. Because of our intensive work together 

during the prototyping phase, we had developed 
into a high-performance, unified, international team. 
This close situation led each side to have an excellent 
understanding of the other side’s half of the interface. 
And in turn, this understanding led to quick, joint 
solutions to extremely difficult problems. In the end, 
together we were able to overcome the transmitter 
failure. This got SAGE III operating and sending its 
invaluable stratospheric data back to earth. And this 
data is the key to understanding ozone destruction in 
the stratosphere. • 

ED MAULDIN retired in 2003 

after 42 years of service at 

NASA Headquarters and NASA 

centers Ames and Langley, where he served 

as Project Manager, Optical Engineer, and 

Systems Engineer. Mauldin remains actively 

involved with APPL, and is currently 

teaching project management and risk 

management courses to NASA employees. 
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