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Dedicated to the Memory of
Jack Strier
(1921-1995)

Jack Strier spent his flight-test career—from 1952 until he
retired in 1980—at Edwards Air Force Base, California. His legacy
was not the aircraft he helped to perfect, but rather the people he
mentored, taught, and developed. He was a United States Marine
Corps aviator during World War II and flew F-4U Corsairs and F-6F
Hellcats. After his release from active duty in 1946, he returned to
the University of California at Los Angeles and earned a bachelor of
science degree in mechanical engineering in 1949. Following a two-
year stint with Hughes Aircraft, he accepted a position as the per-
formance and flying qualities engineer on the H-23B helicopter, fol-
lowed by assignments as project engineer on the B-36F bomber
heavyweight performance tests, the H-19B helicopter, the Cessna
XL~19C turboprop, and the YF-84J and F-104A jet fighters at
Edwards in the Performance and Flying Qualities Engineering
Branch. In 1956 he was promoted to engineering supervisor, and in
1960 he became assistant branch chief. As a supervisor, Jack par-
ticipated in the test and evaluation of nearly every aircraft to enter
the Air Force inventory over the next twenty years. Mr. Strier also
contributed to a wide range of Air Force source selections and par-
ticipated in record-setting attempts with the F-104 and F-106 as
project engineer, advisor, and National Aeronautics Association
observer. While involved in these projects, Jack trained a genera-
tion of flight-test engineers in the basics of performance and flying
qualities testing. His skills as a teacher of the fundamentals of test
planning, test conduct, data analysis, and reporting were without
parallel. He personally mentored more Air Force personnel in the
rudiments of flight testing than any other individual. His former
students can be found today throughout the flight-test community
with aircraft manufacturers, the Federal Aviation Administration,
the National Aeronautics and Space Administration, and the
Department of Defense.
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Foreword

Charles E. “Pete” Adolph retired as Director of Test and Evalu-
ation in the Office of the Under Secretary of Defense (Acquisition
and Technology) on 31 January 1994. This completed more than 30
years of federal service—almost all of it within the challenging field
of test and evaluation (T&E). Pete—as he was widely known
throughout the Department of Defense testing community—enjoyed
a remarkable career. It began in the late 1950s, as the heroic era of
flight test in the first decade of the jet age was drawing to a close.
Pete then played an increasingly prominent role in the transforma-
tion of flight testing into a systematic discipline using the latest in
information technology to evaluate sophisticated weapon systems.
His government career culminated as a senior director at the Office
of the Secretary of Defense (OSD). There, in the Pentagon, he
brought his many years of engineering and management experience
in the field to bear upon the formulation of policies for the acquisi-
tion and testing of weapon systems in the post-cold-war era. The
text that follows began as a series of five oral history interviews con-
ducted in the Office of the Air Force Historian between 29 July 1993
and 15 April 1994. Ms. Pauline Tubbs of the United States Air Force
Historical Research Agency at Maxwell Air Force Base (AFB),
Alabama, expertly transcribed these interviews from approximately
eight hours of audio tape. Mr. Lawrence R. Benson, the Air Force
Historian's Assistant for Field Programs (and previously the
Director of Research Services at the Air Force Operational Test and
Evaluation Center), organized, revised, and edited the transcript—
adding explanatory material in brackets or footnotes as appropri-
ate. Mr. Adolph was accompanied at most of the interviews by Mr.
Douglas Nation of the 46th Test Wing at Eglin AFB, Florida, who
was on a special assignment to the OSD T&E Directorate. Dr. James
O. Young, Historian of the Air Force Flight Test Center (AFFTC), and
his staff at Edwards AFB, California, helped with details on flight
test and provided most of the photographs. Although Mr. Adolph’s
responsibilities within the OSD encompassed testing of all types of
systems throughout the four armed services, our interview focuses
most sharply on Air Force flight testing at Edwards. This is where
Pete spent the majority of his career, and where I first met him in
1980 after becoming the AFFTC Historian.

RICHARD P. HALLION
Air Force Historian
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ond lieutenant in test engineering at the Air Force Flight Test
Center (AFFTC) at Edwards. In 1960 Mr. Adolph accepted a civil
service appointment at Edwards, where, during the next quarter
century, he held a wide variety of engineering and systems acquisi-
tion management positions in AFFTC. He was a Project Engineer
and Senior Project Engineer in the Flight Test Engineering Division
from 1960 to 1964, the Chief of Fighter Projects in the Performance
and Flying Qualities Branch from 1964 to 1974, the Assistant Chief
of the Systems Engineering Branch from 1974 to 1977, the Project
Manager of the Flight Test Mission Control Complex from 1977 to
1979, the Chief of the Development Division from 1979 to 1982,
and the Technical Director of the 6520th Test Group from 1982 to
1985. He became the Technical Director of the AFFTC—its senior
civilian position—in 1985. While at Edwards, he was involved in the
planning and execution of numerous combined tests (developmen-
tal/operational), including the F-15 and F-16 fighters and the air
launched cruise missile, as well as the testing of prototype pro-
grams, including the lightweight fighter (YF-16 and YF-17), close
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air support attack aircraft (A-9 and A-10), and advanced medium
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NATO Advisory Group on Aerospace Research and Development,
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as the Deputy Director, Defense Research and Engineering, Test
and Evaluation (T&E) in the Office of the Secretary of Defense
(OSD), where he was responsible for Department of Defense-wide
oversight and policy for developmental T&E. The Secretary of
Defense designated Mr. Adolph to perform the duties of Director of
Operational Test and Evaluation from July to November 1989 and
the duties of Director of Defense Research and Engineering from
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ed Federal Advisory Commission on the consolidation and conver-
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Under Secretary of Defense, Acquisition and Technology. His duties
included the assessment of weapon system development and live
fire test results for the Defense Acquisition Board, the oversight of
test range improvements, and management of DOD’s joint test pro-
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Civilian Service (1994), the International Test and Evaluation
Association Award for Distinguished Achievement in Test and
Evaluation (1993), the Secretary of Defense Meritorious Service
Award (1989, 1991), the Air Force Meritorious Civilian Service
Award (1987), the Kelly Johnson Award for Outstanding
Achievement in Flight Test Engineering (1986), the Presidential
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Working to Improve the Status of Women (1984).
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Oral History Interview of
Charles E. “Pete” Adolph

By Dr. Richard P. “Dick” Hallion

Classic Flight Testing at Edwards

H*: Pete, let’'s begin by talking about how you as a second lieu-
tenant were involved in testing at Edwards Air Force Base (AFB),
California, during its golden age. One project you worked on in
particular was the Republic F-105 Thunderchief fighter-bomber.

A: That's correct, Dick. It was the F-105B stability and control
flight-test program, and I was the assistant to the project engi-
neer. As I recall we had a number of F-105 project pilots at the
time. Maj. Bob Titus, who later on became General Titus, was the
stability and control project pilot, and Donald K. {"Deke”] Slayton,
who later became an astronaut, was the overall project pilot for all
F-105 testing at the time. Bob White, who later was the X-15 pro-
ject pilot and later became an Air Force general [and commander
of the Air Force Flight Test Center (AFFTC) at Edwards], also flew
in the program—he was the performance pilot. Howard Lane, who
later became General Lane, was the chief of fighter test operations.
My boss was Capt. Phil Conley [then a flight-test engineer]. He
wrote my first OER [officer evaluation report]. He also became a
general officer as well as commander of the AFFTC. In retrospect
it was a very notable group of test pilots and engineers. They all
became general officers.

It was a very challenging and interesting time. We were doing
what at the time was a classic Air Force stability and control test.
We didn’t have any real-time telemetry. Basically, the project engi-
neer and I would prepare the cards before the flight and review
them with the pilot. We then went over to the radio room and
recorded the start and stop times for the various maneuvers as the
pilot relayed them to us. We would also check on center-of-gravity
(COG) conditions and the various flight conditions. There was a
radio room in the test operations building which we would use to

*“H" indicates Dr. Hallion; “A" = Mr. Adolph; “B” = Mr. Benson; and “N” = Mr. Nation.
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A CAREER IN T&E

monitor missions. Prior to going in the Air Force, I had worked for
a year as a test engineer for Convair, San Diego, on the F-102
[Delta Dagger] and initial F-106 [Delta Dart] flight-test programs.
I later was the government project engineer on a limited test of the
[North American] F-100F [Super Sabre] to look at some changes
between the initial F two-place version and the so-called dash
twenty. In that test we operated out of the contractor facility at
Palmdale, California, where the F-100 was being produced. We did
some of the data reduction and analysis at the North American
facility in El Segundo. The F-105 program was more of an
autonomous Air Force activity. For the F-100 program, we relied
to a large extent on the contractor for data-processing support. So
it was my first very limited exposure to contractor support.

H: The flight testing here seems not all that different in many
respects from what was undertaken in the thirties and forties. The
card would be prepared to govern the various test conditions that
you would examine, and then you would come back and a record
would be pulled from the aircraft and the data would be reduced.
So the real-time telemetry you mentioned is really not yet a factor.
Out of curiosity, how many test conditions would you evaluate on
one of your F-105 stability and control investigations?

A: 1 don't recall exactly, but typically in those days, you would look
at conditions at one COG position. We would try to get, to the
extent feasible, three COG conditions to evaluate longitudinal sta-
bility characteristics, and you would do that by ballasting the air-
plane and fuel sequencing. You might do a series of stability
maneuvers at two or three Mach numbers at a given altitude. The
maneuvers would consist of dynamic longitudinal stability tests,
lateral directional stability tests, and roll performance. The final
test at the condition was a windup turn where the pilot would pull
into the maximum allowable G, whether that be dictated by a lift
limit or some structural limit. You would do this “stability block”
at several Mach numbers at one or two altitudes, depending on the
fuel available. Typically, after you defined the envelope at one cen-
ter of gravity, you would then ballast the airplane and do a series
of flights at another center of gravity. The testing we were doing at
the time consisted of a detailed definition of characteristics within
an already cleared flight envelope. The Air Force, at that time, was
not involved in what would be considered flight envelope expan-
sion. As testing evolved to a combined test environment, which we
will discuss later, the Air Force and the government became more
heavily involved in actual airworthiness, envelope expansion test-
ing. Over time, we have gone to a more integrated test activity.
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CLASSIC FLIGHT TESTING

Back in the late fifties and early sixties, the contractor was
totally responsible for expanding the flight envelope. The govern-
ment would then accomplish a detailed definition of aerodynamic
characteristics, airplane performance, and stability and control
characteristics within an already cleared flight envelope. There
was a significant amount of redundancy between the government
and contractor test programs during this era. In addition we
weren't keeping up with the data reduction because there were two
engineers and only two or three engineering aides helping us. In
those days everything was recorded on a photo panel or oscillo-
graph. About all we did between flights was take a look at the data,
along with our instrumentation people, to make sure that the
instrumentation was functioning properly. We didn’t have the time
for a complete data analysis until a break would occur in the pro-
gram as a result of an aircraft layup for airplane or instrumenta-
tion repairs. We would try to get off two or three flights a week, and
on the weekends we began the detailed analysis. Saturday was a
normal workday. Typically, the analysis and the reporting wasn't
complete until several months or as much as a year after the flight
testing was complete. With very few exceptions, we didn’t have to
go back and look at data to define what conditions would be flown
on the next test.

Republic F-105 Thunderchief parked on Rogers Dry Lake at Edwards
AFB, California, in the mid-1950s.
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A CAREER IN T&E

H: Were you looking at macro trends? For example, if you were look-
ing at a stability derivative of some sort to see if there was an over-
all decline in aircraft stability, did you concentrate on the next test
point, which might be on a following flight, where for example there
might be a safety concern? Or did you look at what was happening
at every stage of the flight?

A: Yes, but that sort of thing, even then, was by exception. Typically,
the limits had to do with aft COGs, load factor, or roll rates. The
limit had already been defined by the contractor, so if we were
approaching the test at a limiting COG condition, we would look at
the data at a forward and mid [position] and make an extrapolation.
If we were evaluating either roll response or roll rate at near peak
conditions, we would look at the data from preceding tests. We
weren't in a mode of having to review most of the data in order to
progress with testing. It was by exception only.

H: In the 1950s one of the problems that had come up very quickly
was inertial coupling, which was exemplified on a service airplane,
the F~100, and on experimental aircraft such as the X-2 and the
X-3. Did the testing you were doing on the F-105 reflect the concern
people had at the time with things like inertial coupling and the
development of damping and stability augmentation technologies?
Were you doing a lot of work in those areas?

Convair Delta Dart on ramp at Edwards in 1958, with a Coke-bottie
shape of fuselage clearly visible.




CLASSIC FLIGHT TESTING

A: There was a lot of work in those areas, but, again, in contrast
with the way things are done today, we were using very conserva-
tive flight envelope limits which had been imposed as the result of
earlier contractor testing. In other words in the inertial coupling
area, we were limited to ensuring that we stayed well within a well-
defined flight envelope.

H: In the course of flight testing the F-105 when you were at
Edwards, did you lose an F-105 in flight test? The contractors lost
some.

A: In the F-105B Category II testing there were none lost at
Edwards, but there was at least one lost at Eglin [AFB, Florida]. Lt.
Gen. Howard Leaf, USAF, Retired, then current Air Force Director of
Test and Evaluation (T&E), made a high-speed ejection from an
F-105 at Eglin.

H: The F-105 always seemed to be one of the better of the Century
series if you compare the developmental teething troubles of aircraft
like the F-100 and the F-104. One of the other airplanes you men-
tioned when you were starting out was the Convair F-106, which,
at least in its design development, had started out originally as a
relatively simple, straightforward adaptation of the F-102. But very
quickly Convair found that it wasn’t going to be more complex. Do
you have any reflections on the F-106 experience? And did that
teach you any lessons for your later career?

A: I was only involved with the F-106 for a few months working for
Convair very early in the flight-test program. I recall the F-106
made its first flight on the day after Christmas, 26 December
1956. Dick Johnson was the pilot. I didn’t have any further close
association with the F-106 test program until a later model of the
F-106. It obviously represented a very substantial improvement in
performance over the F-102. It had the attendant developmental
problems, in retrospect, that one might expect with that kind of a
performance improvement, basically a Mach 2 airplane. It evolved
into a very capable and very reliable platform. There were some
similarities and some differences in the F-106 and the F-105
developments, but the J75 engine, which was common to the two
aircraft, turned out to be a very reliable engine and an outgrowth
of the J57.

H: And is still with us in the TR-1 [now redesignated as U-2R].

A: Yes, that's right. When you contrast the F-105 and the F-106
with the F-104 development test {DT) program, the F-104 repre-
sented a significant change in both aerodynamics and propulsion.
In retrospect where you have a new propulsion system combined
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A CAREER IN T&E

with a new aerodynamic concept on a single-engine airplane, one
could expect developmental problems.

Concurrent Testing and Production:
The Case of the F-111

H: The whole question of engine inlet matching has historically
been a problem for jet airplanes, all the way up to, in some cases,
the present day. It seemed particularly serious in the experience of
the F-111 in the early 1960s. You left active duty with the Air Force
[in 1960] and went into the federal civilian service side of flight test.
Did you become involved with the F-111?

A: 1 was the original Air Force performance and stability project
engineer on the F-111 program and was later the fighter perfor-
mance engineering section chief responsible for all the F-111 per-
formance and stability testing. I was involved directly in or in over-
seeing all of the F-111 performance and flying qualities testing from
1964 through 1973.

H: That was a fascinating time period because the F-111 was a pro-
gram that had major national visibility, and there was a tremen-
dous personal interest by then Secretary of Defense Robert S.
McNamara in the flight-test progress in the airplane because the
aircraft to a great degree had been his pride and joy, a multipurpose
aircraft for both the Navy and the Air Force.* Did the fact that it had
a very high-level focus on it impinge upon you in the way that you
were able to do your job in the flight-test arena?

A: Yes. The Air Force flight-test team participation early in the pro-
gram was somewhat limited, in fact, I would say very limited.

H: Were you constrained in terms of the kinds of flight-test areas
that you could look at?

A: Col. Jim Wood was the chief Air Force test pilot, and I was the
test engineer. My recollection is that he was not allowed to fly the
airplane until much later than we had hoped. We were very limit-
ed in what we could look at very early in the program. It is fresh in
‘my mind because we could have provided objective inputs as to
the adequacy of the airplane and the way the test program was
progressing.

*McNamara centralized much of the acquisition process within the Office of the Secretary of
Defense (OSD) and implemented a complex and concurrent “total package procurement con-
cept.” He also believed the separate services had practiced unnecessary duplication in develop-
ing their own systems and was determined that the F-111—known as the tactical fighter exper-
imental (TFX) prior to 1963—would meet the needs of both the Air Force and the Navy.
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CONCURRENT TESTING AND PRODUCTION

General Dynamics F-111A (formerly TFX) in the mid-1970s, with facil-
ities of Edwards AFB Area 003 in background.

I think the F-111 was a classic example of the downside of con-
currency.* I don’t recall the exact number, but there were 130 or
140 F-111As produced [actual number: 141 plus 17 for research,
development, test and evaluation (RDT&E]}]. They were into produc-
tion well before the flight-test program had progressed to the point
where they could stabilize the configuration of the aircraft. It was a
classic example of a highly concurrent program with production
well under way before the flight-test program had identified the
major deficiencies.

H: There was a plan in the early 1950s called the Cook-Craigie
plan** that encouraged concurrency. Some have looked at the story

*Concurrency refers to the closely timed development, testing, production, and fielding of
weapon systems in which the various phases overlap or occur simultaneously rather than pro-
ceed step by step at a more deliberate pace. The successful application of concurrency in the Air
Force’s crash program to fleld the first generation of intercontinental ballistic missiles (ICBM) led
to its adoption as the favored acquisition strategy for manned aircraft as well—with less favor-
able results. For the definitive account of the development of concurrency, see Jacob Neufeld,
Ballistic Missiles in the United States Air Force, 1945-1960 (Washington, D.C.: Government
Printing Office, 1990).

**In 1954 Lt. Gen. Orville R. Cook, the Air Force Deputy Chief of Staff (DCS) for Materiel, and
Lt. Gen. Laurence C. Craigie, the DCS/Development, agreed on the weapon system concept by
which a single project office in the Air Research and Development Command would manage all
aspects of an acquisition program prior to a production decision, when the responsibility would
transfer to the Air Materiel Command. This and other developments in Air Force acquisition
management are summarized by Michael H. Gorn in Vulcan's Forge: The Making of an Air Force
Command for Weapons Acquisition (1950-1985) (Andrews AFB, Md.: Headquarters Air Force
Systems Command, 1989).
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of the F-102 as a classic and early example of how the weaknesses
of that concurrency approach resulted in the Air Force acquiring a
full fleet of aircraft, many of which up to, say, forty or fifty of the ini-
tial productions models bore very little resemblance to one another.
They had air dynamic configuration changes, structural changes,
propulsion differences, and all that sort of thing, yet it seems that
there was no lesson really learned here. This approach then was
also followed with the F-111. Would you elaborate a bit on your phi-
losophy of concurrency and when the approach is appropriate and
when it is inappropriate.

A: I have seen the pendulum swing from total package procurement
concurrency under McNamara, typified by the C-5 and the F-111,
to the emphasis on prototyping by Mr. Packard* which resulted in
the A-X competitive flyoff [A-9 versus A-10], the lightweight fighter
[YF-16 versus YF-17], and the advanced medium STOL [short take-
off and landing] transport [AMST—YC-14 versus YC-15]. The pen-
dulum then swung back in the direction of concurrency with the
B-1. Many people make the argument that in today's environment,
with the improved suite of tools that we have available—wind tun-
nels, simulators, and computational fluid dynamics—that flight
testing is—at least in the aerodynamics, propulsion, and flying
qualities areas—a fine-tuning process. I would agree that there are
fewer major surprises today than there were in the past. Having
said that, I think a limited but very aggressive flight-test program
on a production-representative article is essential. That can be done
easily in a period of a year or a year and a half, based on the light-
weight fighter, A-X, AMST, and YF-22/23 [advanced tactical fight-
ers—ATF] experience. In each instance in a period of roughly a year,
they completely opened the flight envelope and explored aerody-
namics, propulsion, and flight worthiness. It has been repeatedly
shown that we can, within a period of a year, do a very comprehen-
sive test of a platform. I think that in today's environment, with the
possible exception of a cargo or a bomber type aircraft, that some
sort of DEM/VAL [demonstration and validation] effort is definitely

needed. The program needs to be structured to do it on an acceler-
ated basis.**

*David Packard, the acclaimed cofounder of Hewlett Packard Corporation, who served as
Deputy Secretary of Defense from 1969 to 1971 and led the influential Presidential Commission
on Defense Management Reform from 1985 to1986.

**For more on Mr. Adolph’s views on enhancing T&E in general and flight testing in particu-
lar, see appendices A and 1.
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H: At the level that you were in testing in the 1960s, did you feel
that the concerns of testers were adequately taken into considera-
tion by system program offices [SPO}, and beyond that by the acqui-
sition leadership within the service? Did you feel that flight testing
should have been more represented in higher level decisions?

A: Let me go back and try to characterize it as I recall it. Again, to
go back to the late fifties and perhaps the early sixties, the role of
the government in developmental flight-test—as I mentioned in con-
junction with the F-105 and the F-100—was largely characterizing
the performance and the flying qualities or the weapons delivery
characteristics of the platform within an envelope that had already
been defined and cleared by the contractor, the old phase system of
testing, phase one through phase five. The F-111 program was the
first new development of an aircraft that I was involved with under
the category system of testing (see Fig. 1).*

The F-111 was also the most highly politicized flight-test program
of that era. The objective was to build an aircraft that would satisfy
the needs of the Air Force in a tactical and strategic bomber role, sat-
isfy the US Navy requirement for an outer air battle air superiority
aircraft, and meet a United Kingdom and Australian requirement as
well. After the Navy pulled out, we still had the Australian test pilot
(Ron Green) and test engineer (Harry Walton) with us at Edwards for
a period of four or five years. The role that the test center performed
was quite different in the case of the F-111 because we were involved,
at least as observers, from the outset. It was a frustrating experience.
The role of the flight-test center as a government test agency in a pro-
gram of that type had not crystallized. There were a number of devel-
opmental problems that arose. The problems were obvious to us, but
we (the government test community) were constrained from really
articulating those problems.

H: There were two sets of congressional hearings on the F-111. One
set was in 1963, largely concentrated on the contract award. If
memory serves me right, the second set of hearings was in 1969,
running perhaps into 1970, and it was on the evolution of the pro-
gram of flight-test deficiencies and then the Combat Lancer experi-
ence, where six F-111s went over to Southeast Asia and three were
lost [in only five weeks]. Did you folks ever get involved at Edwards

*The evolution of Air Force test procedures can be traced through numerous editions of Air
Force Regulation {AFR) 80-14, Test and Evaluation, published from 11 September 1951 through
3 November 1986 and now encompassed in Air Force Policy Directive 99-1 and its implementing
Air Force Instructions (AFI), especially AFI 99-101, Developmental Test and Evaluation, 22 July
1994, and AFI 99-102, Operational Test and Evaluation, 22 July 1994. For a study of flight test
through 1980, see Larry G. Van Pelt, “Flight Test Concept Evolution,” USAF Afr War College
Research Report MS 120-81, April 1981.
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PHASE TESTING
1951-58
TYPE ORGANIZATION AIRCRAFT
T | AIRWORTHINESS CONTRACTOR PROTOTYPES
u | contracTor compLIancE | AFFTC PROTOTYPES
t | oESIGN REFINEMENT CONTRACTOR PROTOTYPES
v | PERFORMANCE & sTABILITY | AFFTC PRODUCTION
v | AL weaTHER AFFTC PRODUCTION
Vi | FUNCTIONAL DEVELOPMENT | AFFTC/LIMITED USING COMMAND PRODUCTION
AIR PROVING GROUND COMMAND/
vii| OPERATIONAL SUTABILITY | I FROVING GRC PRODUCTION
UNIT OPERATIONAL
Vil e e se—s6) OPERATIONAL UNIT PRODUCTION
CATEGORY TESTING
1958-72
TYPE ORGANIZATION AIRCRAFT
I | SUBSYSTEM DEVELOPMENT CONTRACTOR/ PROTOTYPE/
INITIAL AIRWORTHINESS AFFTC EARLY PRODUCTION
i | (NTEGHATION OF SuBavsTems | AFFTC/ EARLY PRODUCTION
i
INTO COMPLETE SYSTEM) CONTRACTOR
il | OPERATIONAL USING COMMAND PRODUCTION
COMBINED TESTING
1972-Present
TYPE ORGANIZATION AIRCRAFT
, | oeveLopmenTTaE AFFTC/
INITIAL OPERATIONAL T&E AFOTEC PREPRODUCTION
AFFTC/
it | OPERATIONALTAE
AFOTEC EARLY PRODUCTION
DEVELOPMENT T&E BT S OMMAND

Source: AFFTC History Office.

Figure 1. Major Types of Air Force Test and Evaluation
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lost [in only five weeks]. Did you folks ever get involved at Edwards
in the congressional hearings aspect of it?

A: No, we were not involved. Participants were from the program
office and the principals in the Air Force R&D staff. Of course, we
followed it to the extent we could, but we did not play in it. Again,
going back to the program, the first year or two were frustrating
for the reasons I mentioned. The Navy subsequently pulled out of
the program. By the way, the F-111 was my first experience with
a joint Navy/Air Force program. We had joint test planning work-
ing group meetings with the Navy and Grumman (who was the
Navy prime) at Pax River [Patuxent River Naval Test Center in
Maryland] and Calverton [Grumman’s test facility on Long Island,
New York] as well as GD [General Dynamics] Fort Worth. At the
time the Navy was trying to pull out of the program from the out-
set, and we could never reach agreement on many aspects of the
flight-test program.

H: Was that because they wanted to go the route of the VFX, which
became the F-14?

A: Yes, it was a learning experience for me in that it was my first
brush with some of the—I don’t want to use the word “political”
but can’t think of a better one—pressures other than technical
that get involved in shaping and structuring a test program.

H: The external pressures, if you will?

A: The external pressures. After the first two years of the F-111 pro-
gram, the AFFTC center settled into a more classical role. Once we
got a production-representative platform, we went on to character-
ize the performance, the flying qualities, and the various system
test programs.

I later on became the fighter engineering section chief, report-
ing to Don Smith, who was the chief of the Performance and
Flying Qualities Flying Branch. Dick Hildebrand was the engineer
on the F-111 performance program. Pete Hoag was the project
pilot. Jim Papa, a lieutenant at the time, was the stability and
control project engineer, and Dave Livingston was the project
pilot. As I mentioned, we had the Australians working directly
with us, and Harry Walton and Ron Green were the engineer and
pilot, respectively. All of that progressed well. The next significant
event was the high angle of attack (AOA) and the stall and spin
testing. At that time we were heavily involved in F-4 and F-111
stall/spin test activities.

11




A CAREER IN T&E

McDonnell F-4C Phantom over Edwards AFB in the early sixties.

The Quest for Improved Aircraft Performance:
Departure and Stall/Spin Testing

H: Was that the Jerry Gentry episode?

A: Yes. He and Colin “Mac” McElroy ejected from the F—4. My recol-
lection is that, within a year, Pete Winters and Pat Sharp ejected
from the F-111 during a spin. Stall/spin testing as a discipline was
really going through an evolution during that period. The high AOA
work done on the F4 and the F-111 resulted in the need, in our
minds, to drastically alter the high AOA design and test criteria. I
can remember numerous discussions and arguments on the sub-
ject. In earlier programs, contractors defined the envelope and then
the government evaluated high AOA characteristics within the
cleared envelope. With the F4 and F-111, the government got
involved for the first time with envelope expansion.

At the time, spin test criteria were written based on the concept
that you would force the airplane into a fully developed spin, with
full pro-spin controls for three full turns, then apply recovery con-
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trols, and then be able to recover. This philosophy was okay for a
trainer but didn’t make sense on a fighter or an attack aircraft
where recovery prior to a fully developed spin was preferred. The
philosophy was evolving and two of the key engineers in this were
Burt Rutan (F—4 flight-test engineer} and Pat Sharp (F-111 flight-
test engineer).

H: Rutan was a flight-test engineer?*
A: Yes. Burt was the lead flight-test engineer on the F4E.
H: As a civilian?

A: As a civilian. Pat was working for Burt for a while on the F-4 and
then became the flight-test engineer on the F-111 High Angle of
Attack Program.

At that time we all began to question why would you want to force
a high-performance airplane into a spin? Basically, what we want-
ed to look at was first departure resistance and then be able to
recover from an incipient spin rather than allowing or forcing the
airplane to progress to a fully developed spin.

H: A pre-spin condition?

A: Yes, a post-stall/pre-spin condition. I can recall meeting with the
Navy on this. The contractor [McDonnell] F—4 spin test pilot was
Jack Krings.** I also recall meeting at Pax and Langley AFB,
Virginia, with the National Aeronautics and Space Administration
(NASA)} spin tunnel expert, Jim Bowman. Jim was extremely helpful
to us on all our spin programs.

It was a major cultural change to adopt the philosophy of spin
avoidance and recovery during the incipient phase of departure. We
finally recognized the need to emphasize departure resistance in
design and testing. High angle of attack test programs needed to
focus on exploring departure and incipient characteristics rather
than applying full pro-spin controls for several turns. First priority
was departure resistance and then recovery from incipient spins.
Full pro-spin controls on a prolonged basis should be explored only
on an exception basis and then only for trainers. It was a total
change in the philosophy, which involved the Air Force Flight
Dynamics Lab and engineers of the Aeronautical Systems Division

*Burt Rutan later gained fame as the designer of the globe-circling Voyager, flown nonstop
around the world by his brother Dick Rutan and copilot Jeana Yeager.

**John E. Krings, who served as DOD’s first congressionally confirmed Director of
Operational Test and Evaluation (DOT&E) from 1985 to 1989.
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[ASD]* as well as the Edwards test community. In fact, the Air Force
sponsored a stall/spin symposium at Wright-Patterson AFB
(WPAFB), Ohio, from 15 to 17 December 1971. The proceedings
from that symposium contain the most comprehensive collection of
high AOA information in existence.

I was the Air Force project manager for development of what
became the Air Force spec—later MIL-S-83891 (USAF), “Stall/Post
Stall/Spin Flight-test Demonstration Requirements for Airplanes.”
Sharp, Burt Rutan, and McElroy were the people who provided the
engineering expertise—three very bright young men. We developed
the new spin spec as a result of the F—4 and F-111 experiences. The
philosophy of departure resistance was embodied in the design of
the F-15 and the F-16. That was a significant change in outlook
and was my second major exposure to design criteria. In the late
1960s I had been involved in the revision of the flying quality spec
to what became, MIL-F-8785B, “Flying Qualities of Piloted
Airplanes.” 1 was the AFFTC's representative for the revision to
8785. That was early in my career; I didn't question basic design
criteria. Participation in the spec revision gave me a better appreci-
ation for the technical underpinnings, if you will, of spec criteria. In
the case of the flying qualities specification, much of it had been
developed by what is now Calspan, formerly Cornell Aeronautical
Labs. Bob Harper and Chick Chalk were two of the principal Cornell
participants in that effort. That was the first time I really thought
about test philosophy and adequacy of test criteria. We began to ask
ourselves some very basic questions.

H: That seems comparable to the old problem of inertial coupling
early on in the 1950s. The fifties were a period for development of
stability augmentation systems. It seems the 1960s were a time
when—and the F-111 is a good case study—we learned to appreci-
ate the problems of things like engine inlet matching with the air-
frame and the early problems of high AOA, which would become
much more important in looking at the next generation of fighter
aircraft. We discovered that our investment in air-to-air technology
and the kinds of aircraft that we had thought we needed were not
all that appropriate for the war in Southeast Asia. Even before the
war in Vietnam, the Air Force recognized this by having to buy large
quantities of the Navy-developed F—4.

*Now known as the Aeronautical Systems Center (ASC), ASD and its predecessors at WPAFB
have been the primary aireraft development organization for the U.S. Air Force since 1947 and
for the U.S. Army from 1917 to 1947.
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The late 1960s were a time in which there was a great deal of con-
cern in Air Force acquisition on what the next generation of fighters
should be. That, of course, resulted eventually in the “fighter mafia”
who spawned the F-15, and then a splinter group that triggered
what became the F-XX, which emerges as the F-16 thanks to the
lightweight fighter competition. From your perspective at Edwards
in flight testing, was there any pressure coming from the flight-test
community that one would say resulted in this changing climate of
thought toward much more agile, much more superior performing
air-to-air airplanes typified by the F~-15?

A: Yes, and there was a tremendous amount of dialogue resulting
from the F-4/F-111 experience. There were ongoing discussions in
those days between the flight-test community at Edwards and the
engineering community at the Aeronautical Systems Division. This
dialogue resulted in a much better understanding of design criteria
and test criteria. Earlier in my career I never thought about the ade-
quacy of design criteria and the connectivity of design and test cri-
teria. This remains a major issue even today, which I will discuss
next. When I was involved in the F-105 program, we tested against
what was the flying qualities specification at the time. I had
assumed that was a test spec. It wasn't until I got involved in the
update to 8785B that I really appreciated that the people in the
engineering community at Wright-Patterson and Cornell
Aeronautical Labs and, indeed, the designers viewed that document
as a design spec. That is what they were; they were really primarily
design specifications with some testable measures of performance
incorporated.

This was one of the areas of discussion when we were updating
8785B. I believed that it was important to make certain that design
criteria were testable. The requirements needed to be stated not
only in terms that were meaningful to designers but contain
testable measures as well. I am drifting off on a tangent here, but I
want to make a point. It is the same issue we are talking about
today in terms of overall user requirements definition and how you
translate a using command’s requirements into, first, design crite-
ria that can be distilled and put in a spec and then later translated
into some measure of effectiveness that can be used for test pur-
poses. That same measure of effectiveness needs to be used in cost
and operational effectiveness analysis. I think we have come full cir-
cle on this issue.

H: It was almost a glimmering of what would be.

A: Yes, and it's the same issue today. The manufacturer still needs
flying qualities design criteria, propulsion design criteria, etc. Those
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are system level performance criteria, but we also need macro mea-
sures of effectiveness to evaluate improved capability in terms of
weapons effectiveness. Quantifying improvements in weapons effec-
tiveness is very scenario-dependent.

User Requirements and Operational Testing

H: It always seems that there has been tension between the test
community and the user commands. At one extreme, the user com-
mand may feel that it should determine the test criteria of what the
aircraft is designed to do. On the other extreme, the test communi-
ty could be accused of saying basically, “here’s the plane that we
think you want.” In your experience with the F~105 earlier and then
the F-111, how did you find your relationship between the test com-
munity at Edwards and TAC [Tactical Air Command], the using
command? The reason I say that is, with the F-100 experience in
the 1950s, it hadn’t been all that good.

A: I think that's a good question. 1 wasn't aware of any dialogue in
the early days between the DT community and the using command.
Operational testing (OT) of the F-105 was going on at Eglin AFB,
Florida; at that time Eglin was the Air Proving Ground Command.*
We had no dialogue with the using command in developing our test
plan. During the F-111 program, we had using command repre-
sentation almost from the outset. I don’t think we called it a com-
bined test force initially, but it was the first time we had using com-
mand representation in the test planning process from the begin-
ning. We had TAC representation, Col. Henry Brown and Herb
Brightwell, who was the first fatality in an F-111 accident, a land-

ing accident—a very tragic accident. Herb was assigned to the test
force.

The government test process had evolved to where we had using
command representation. There was, even on the F-111, dialogue
between developmental testers and the the using command. I later
moved over to systems test. There was probably more dialogue
between the system test organization and the users. With some
exceptions, for the most part we still do not have enough opera-
tionally oriented testing built into our DT programs; we are still too
stovepiped. We have combined test forces—the B-2 and C-17 and

*The Army Air Forces created the Alr Proving Ground at Eglin Field in 1941 and upgraded it
to the Air Proving Ground Command {APGC) in 1942. After a brief hiatus following World War 11,
the APGC was recreated as a major command of the new USAF in 1948. Reflecting a deempha-
sis on conventional combat and operational testing after the Korean War, as well as the drive for
concurrency in weapon system acquisition, the APGC was disestablished in 1957.
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so forth—but we still need to do a better job of operationally orient-
ed testing earlier in the process. That remains one of the big areas
of potential improvement. We also need to work more closely with
the requirements community. AFOTEC [Air Force Operational Test
and Evaluation Center], created as AFTEC, is supposed to be a sur-
rogate for the user. There is now an Air Force, Army, and Navy
agency that is a surrogate for the user, but they may not always rep-
resent the user adequately.*

H: Because they have moved beyond it?

A: Because they have, and the user's needs change. We have com-
bined the test functions, but we still need to maintain close and
ongoing contact with the actual user community.

H: The Navy seems to rotate their flight-test personnel back into the
fleet and then back into the RDT&E side of the house. Does that
seem to be a better model?

A: It's a different model; I don’t know that it's better or worse. On
the down side, the Navy has not historically integrated their testing
to the extent that the Army and Air Force do. One criticism is that
they tend to repeat tests. I think the key is allowing people to work
together and still maintain some degree of independence and auton-
omy in reporting. That's an area that we need to continue to
improve upon. The operational test community in the services is
being driven and driven more heavily by the Director of the
Operational Test and Evaluation Office in OSD.** The operational
test community in the services should not be more concerned about
being responsive to DOT&E than they are about being a surrogate
for the user. Organizations that were set up to serve the user’s inter-
est should not be subjected to some of the pressures they current-
ly have to deal with. My comment here applies to DOT&E and con-
gressional pressures which I will discuss later as well as the service
operational test agencies.

*In 1970 President Nixon’s Blue Ribbon Defense Panel, headed by Gilbert W. Fitzhugh, rec-
ommended that each service have an independent operational test agency (OTA}. The Navy's
Operational Test and Evaluation Force (OPTEVFOR), which had existed in one form or another
since World War II, became DOD's first independent OTA in 1971. One year later the Army cre-
ated the Operational Test and Evaluation Agency (OTEA), which was expanded into the
Operational Test and Evaluation Command (OPTEC) in 1990. Reflecting entrenched opposition,
especially within Systems Command, the Air Force did not create an independent OTA until 1974
when it formed the Air Force Test and Evaluation Center (AFTEC)—renamed AFOTEC in 1983.
The Marine Corps Operational Test and Evaluation Activity (MCOTEA) was created in 1978. See
Lawrence R. Benson, History of Air Force Operational Test and Evaluation (OT&E) (Kirtland AFB,
N. Mex.: AFOTEC, December 1992).

**Although creation of a separate OSD office to oversee operational testing had been debated

for a decade, the DOT&E function was not created until Congress mandated it by law in
September 1983.
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H: They are serving the needs of the process but not serving the
needs of the customer?

A: Yes. We have to emphasize a continuing, ongoing connectivity to
the user in the requirements process and as the requirements
evolve, the test program evolves in a corresponding manner. We
need to keep an operationally oriented focus in our testing.

H: Before we get into the specific cases that you may wish to
address, would you like to talk generally about the changes in the
acquisition process the DOD began to implement in the late 1960s;
for example, the establishment of the DSARC process—the Defense
Systems Acquisition Review Council—and the call for IOT&E [initial
operational test and evaluation] by independent testing agencies?*

A: Let me address the issue of IOT&E, and then we’'ll discuss pro-
totyping and fly before buy. The initial reaction at the AFFTC to the
creation of what became AFTEC [Air Force Test and Evaluation
Center] was the question: Is there a need for another separate test
organization? The issue had to do with the developmental test world
believing that the job it was performing was adequate. In retrospect,
what we were doing, at least in terms of addressing what would
come to be known as critical operational issues, was inadequate.
From our perspective at the time, (a) we questioned the need for the
formation of AFTEC and (b) there were later tremendous turf issues.
I happened to be involved in it because I was working the engineer-
ing aspect of the issue, which was what should be defined as devel-
opmental testing and what should be defined as operational testing.

Again, I am characterizing it from the perspective I had at the
time, which was that AFTEC was trying to carve out a role for itself
which overlapped into areas that were developmental. In retrospect
I think the role that they carved out was proper and, perhaps, look-
ing at the benefit of twenty years of watching operational testing
evolve, didn't go far enough. The whole idea was that we would cre-
ate an organization that was the user surrogate, if you will, that rep-
resented the operational community. At the outset AFTEC drew
very heavily on staffing provided by TAC and SAC [Strategic Air
Command] at the time, depending on the aircraft. In a sense, it was
a “basket command” with matrixed resources. There were a lot of
discussions about turf. We had just begun to define what consti-
tuted operational testing. From the outset we jointly developed the
test plan and the AFFTC Commander, the Program Office, and
AFTEC Commander jointly coordinated on the government test

*Memoranda from Under Secretary of Defense Packard established the DSARC process in
May 1969 and defined IOT&E in April 1971,
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plan. So the test plan was worked in concert, although in retro-
spect, the DT and OT parts of the plan were, for the most part, two
distinct plans bound in the same document.

We need to become more operationally oriented in our early test-
ing. The compartmentation between developmental and operational
testing, which has been exacerbated by congressional legislation,*
has forced the operational community to move in the direction of
less dialogue and less interface. I think that’s wrong. I think there
should be more dialogue, more interface with the operational com-
munity in planning even the early tests. Obviously, if you are going
to accelerate the process and cut down on the cost of full-scale test-
ing, you need to use models and simulation more heavily. The oper-
ational test community has to play a dominant role in model and
simulation validation. In the final analysis, those tools have to be
acceptable to that community in order to significantly cut down on
the amount of platform testing.

Combined Testing with Contractors

A: Let me address another turf issue that evolved. This had to do
with the issue of combined testing and the role of contractor versus
the government. The government, for a variety of reasons, began to
play a larger and larger role in the early development, although the
Air Force had a different philosophy than the Navy. If you back up
to the late fifties and sixties, the Air Force conducted what were
called Air Force preliminary evaluations and the Navy performed
Navy preliminary evaluations. The services would accomplish an
evaluation at selected points in the development cycle. The Air
Force then migrated from the old phase system to the category sys-
tem and two things happened. One, because of encroachment pres-
sures at aircraft manufacturing facilities, the contractors migrated
to Edwards for their development testing. In the earlier days,
McDonnell used to test out of Lambert Field at Saint Louis and
General Dynamics out of Carswell AFB, Fort Worth, Texas, for the
early B-58 work.

H: And Republic out of Farmingdale [New York].

A: Yes, and Republic out of Farmingdale. North American moved its
F-100 testing to Palmdale. There was a geographic migration from
these contractor facilities to “Contractor’'s Row” at Edwards, and
which resulted in a collocation of contractor and government test

*For example, in 1986 Congress legislated strict prohibitions against any contractor involved
in the development of weapon systems providing support or data for OT&E.
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activities. There were some contractor versus government turf
issues in the developmental process which I will discuss later. The
Navy also migrated to single-site testing at Pax River, about the
same time, for many of the same reasons. The Navy, however, did
not move in the direction of consolidated testing to the extent the
Air Force did.

I am convinced that the combined test concept as it evolved had
merit and continues to have merit. There are some problems, how-
ever. Having seen it from a different perspective over the last
decade, my belief is that there is a danger in the government being
too heavily involved in executing the developmental process. The
role of the government in the developmental process is fundamen-
tally one of oversight and evaluation. The government doesn't devel-
op products; the contractor is paid to do so. The contractor has to
have the latitude to do that without undue interference and micro-
management on the part of the government. When you become too
heavily involved in the developmental process, you lose sight of your
role as an evaluator. I think that has happened to some extent
today.

The other thing that happens is the contractor is forced to rely
too heavily on governmental infrastructure support and, therefore,
loses some flexibility. In addition the pace of development can be
slowed because of the availability of government support. Contrast
a typical commercial aircraft flight-test program with a military pro-
gram. I believe the government's role in the safety review area is
appropriate, but I also believe there is often micromanagement in
the technical review process. The contractor must have the flexibil-
ity he needs to execute the development.

H: At that point the government almost becomes a policeman, if you
will. Rather than a person trying to get something accomplished, it
becomes a monitor of contractor performance.

A: Absolutely, particularly in the airplane test world. I'm not going
to cite specific programs, but I think in some instances in recent
years the government has gone too far. The contractor needs flexi-
bility and some autonomy early in the developmental process. The
combined test concept—having a single database and a single plan
which all the parties agree to—has merit. The government develop-
mental community, the government operational community, and
the contractor all analyze the data and sometimes reach different
conclusions from the same database. That fundamental premise is
good, but early in the developmental process the contractor needs
to have autonomy. There are a lot of historic reasons, but if you look
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at what has happened in some of the European countries, basical-
ly you have a . . . I'm groping for the word.

H: Incestuous?

A: Where the government micromanages or runs the industry, I
think you lose initiative and flexibility.

H: It's almost a socialistic system.

A: Yes, it's almost socialistic. I am getting off on a tangent here, but
there is a role that government needs to play in the development
process and that is serving as a catalyst for technology.

H: As a catalyst but not an inhibitor?

The Government'’s Role in Developing Technology

A: Yes, a catalyst but not an inhibitor. The old NACA [National
Advisory Committee for Aeronautics] exemplified the proper role.
You have some high-value facilities that are made available to
industry and academia as well as to government researchers.

H: In fact, it is funny that you say that because one can contrast the
history of the NACA, which was highly successful, with the history
of NASA, which has had more than its share of problems.

A: Right now, the DOD and NASA are involved, along with the
Department of Commerce, the National Science Foundation, and
the Department of Energy in a national aeronautical and space
facility study. This study was initiated by NASA to look at what we
need to do to stay competitive in the commercial arena in aeronau-
tics and space, a worthwhile initiative.

H: That sounds a little bit too popular.

A: That’s right. The two highest priority areas are low-speed and
transonic wind tunnels to support research into the next-genera-
tion commercial airplanes. We don’t have low-speed facilities in the
United States (U.S.) that are as cost effective and have the Reynolds
number* capability of the facilities that exist in Europe. The same
thing is true in the transonic area. The transonic facilities have mil-
itary as well as commercial applications, but much of the applica-
tion, at least in the future, is commercial, improving cruise perfor-
mance at transonic Mach numbers. This is potential a two- to three-

*The Reynolds number is a coefficient used to measure the dynamics of a fluid flow, or in the
case of testing scale models in wind tunnels, the density and speed of the air flow needed to emu-
late actual atmospheric conditions for full-scale vehicles.
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billion-dollar program, a national program, where the government
would invest in these facilities, both for military and commercial
use. At least, that's the proposal.

A lot of people are involved, but NASA and DOD are the two big
players. One of the most immediate issues is a real need to develop
some new facilities. Two that have bubbled up as the highest priori-
ty are a low-speed wind tunnel and a transonic tunnel. The driver for
both of these facilities is primarily, although not exclusively, com-
mercial, but the low-speed requirement is almost exclusively com-
mercial. Again, it's the issue of not only that capability of the tunnels
but being able to put models in and out relatively rapidly, the effi-
ciency issue again. I think this is a good example. In the past, neither
NASA nor DOD focused on efficiency of operation at the outset of test
or research facility design. That's one thing we have begun to focus
on in the wind tunnels. With the recent major range and test facility
infrastructure upgrades, we have considered efficiency of operation.
I don't know how successful we'll be. We need to develop metrics,
some measure of cost effectiveness. How do you turn more data
around less expensively, more rapidly? People need to start thinking
in those terms at the outset of a new facility development.*

H: Given how we played such a major role in shaping the whole
transonic and supersonic revolution at mid-century, it’s really an
astonishing comment that you have just made. When you think
that the United States really implemented this revolution, and now
we're the ones who have a shortfall in transonic facilities. You just
wouldn't expect that to be the case.

A: It really is, and I think it's a manifestation of a couple of things.
I don’t want to politicize it, but I have seen the last eight years of a
Republican administration and the transition to a Democratic one
and there are differing views. Should we invest in technology, and
how do you pick the winning technologies? That's a very difficult
and a very complex issue. Basically, the last Republican adminis-
tration’s view was that DARPA [the Defense Advanced Research
Projects Agency—now the Advanced Research Projects Agency or
ARPA], as an example, ought not to invest in dual-use or commer-
cial technologies, and the Democratic view is the opposite. In areas
such as high capital investment research facilities, I think it is prop-
er for the government to make the capital investment in developing
the facilities.** The facilities are then made available to commercial

*For more on test facilitles, see appendices C and H.

**See appendix F for Mr. Adolph’s statement on domestic technology transfer to a subcom-
mittee of the House Committee on Energy and Commerce.
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companies and academia as well as government researchers and
the users pay the direct cost of operations. As I said, there are aero-
nautical facilities in Europe which exceed the capabilities of our
facilities in two respects: one, in terms of Reynolds numbers and,
two, in terms of productivity. Those two issues, more capable and
cost-effective facilities, are part of this study.

H: Was any of this related to the notion that people had in the early
eighties, which seems to have cooled somewhat, that we could get
away from actual physical testing in a tunnel and do a lot of com-
puterized matching with computational fluid dynamics and things
of that sort?

A: Yes, and I think that’s part of the problem. I think CFD—compu-
tational fluid dynamics—has been overrated; you must have a bal-
anced approach. It's true in aerodynamics; it's true in propulsion;
and it's true in any discipline. You can do so much with basically
what I would characterize as physical models. We get a more pow-
erful number-crunching capability every couple or three years, so
we have been able to do more and more, but there are limits on
what you can do with a model. Some of the phenomenology isn’t
totally understood, particularly when you get into the transonic
region or the high angle of attack flight regimes and things become
highly nonlinear. You can’t totally characterize the phenomenology;
that’s one dimension of the problem. There is certainly a place for
models, and there is a place for simulators. Wind tunnels could be
characterized as simulators. As these tools become more powerful,
you have to do less and less in flight test. We have seen the positive
results of that evolution, going back to the number of aircraft that
we lost in the fifties, in a typical flight-test program. We do much
more of the basic and applied research in aerodynamics and
propulsion today, using both analytical models and wind tunnels,
than we did in the past. It is a suite of tools that has to be used in
concert.

When NASA moved into the space business, they didn’t pay
enough attention to aerodynamics and turbine engine propulsion;
they did not take a balanced approach. The second letter in NASA
stands for aeronautics.

H: Something like only 5 percent [of the NASA budget] was going
into aeronautics.

How about taking a look at DARPA—now ARPA—in light of the
end of the cold war trying to shift its focus more toward civilian
needs but still certainly as a major player in military affairs. DARPA
had sponsored development of a number of technology demonstra-
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tors and technology evaluation programs. I'm thinking in particular
of, say, “Have Blue” [the experimental scale model for what became
the F-117 stealth fighter-bomber]. Looking at that, you have, if you
will, something almost like a techno-RAND. In much the same way
that RAND* serves as a policy analysis and idea organization, ARPA
in many ways serves a more hard-edged R&D technology purpose.
Do you see an expanding role there, or do you see that as something
that poses more problems than solutions?

A: What happened, if we go back to the seventies, is DARPA filled
the void caused by NASA migrating to the space business. DARPA
filled it with Have Blue and the X-29. I think there is a niche there
for them. They are currently taking the lead in the ASTOVL
[advanced short takeoff and vertical landing] area. They have also
recently sponsored an “affordable aircraft” study. That's currently
under way. I would like to see them continue to play the role they
are playing. I think there’s a real need, whether it leads to actual fly-
ing platforms or terminates with concept studies.

H: We were talking about ARPA in the present day and the function
of organizations such as ARPA in the test process. One other ques-
tion that came up even in the 1970s was—because of the increas-
ing cost and complexity of test—is there a value in pursuing
unmanned ‘test systems and methodologies rather than just
manned ones? The program that I think people placed a lot of hopes
on and that was basically a disappointment was the HIMAT effort
[highly maneuverable advanced technology] demonstrator, which
NASA had back in the late seventies and into the early eighties. Do
you have any thoughts on the manned versus the unmanned role in
flight test?

A: I guess I would characterize it in terms of cost-benefit from hav-
ing an aviator on board. A classic example is in the hypersonic area.
There is a lot of research that can be accomplished in the hyper-
sonic area that certainly doesn't require a manned vehicle. There is
a high price you pay for a suborbital or a single-stage to orbit to
have a man on board in terms of the payload, safety issues, and so
forth. The initial research can and should be done on an unmanned
vehicle. HIMAT is an example of where people tried to do things rel-
atively inexpensively. It turned out to be very protracted, and I'm
not certain of the payoff.

Another example is the model F-15 spin effort. The manned F-15
spin program was completed before the unmanned program was

*The government-sponsored nonprofit research corporation in Santa Monica, California,
established as part of Douglas Aircraft in 1945 and chartered as an Air Force think tank in 1948.
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well under way. The basic assumption in the manned versus
unmanned is the unmanned is less expensive, can be done more
expeditiously, and will provide technological insights for a later
manned program. That may or may not be the case. In the area of
hypersonics, you pay a tremendous price in terms of weight, pay-
load, and safety-related issues to explore that regime by putting a
man on board. It makes sense to explore this area with an
unmanned platform. In most other areas, the value added by hav-
ing the flexibility afforded by an individual is worth the cost, if you
will, of developing a manned platform.

Again, the two examples I have cited, the HIMAT and the F-15
spin platform, did not live up to expectations because of the issues
involved with supporting (a) an unmanned platform and (b) scaling
effects. If you are going to use the big wind tunnel in the sky, scale
it up. As an example, Have Blue was not full scale but close to it.

H: Getting back to the wind tunnel study we discussed previously,
in a much cruder form there was in the late 1940s and early 1950s
the Southern California Cooperative Wind Tunnel Program designed
in many ways to do exactly that. And I think it worked fairly well for
its time.

A: Yes, it did.

H: Who would run these new tunnels? Would these be considered
NASA facilities or would they be national facilities?

A: That decision hasn’t been made yet. It could be GOCO [govern-
ment-owned, contractor-operated]. It will probably be either NASA
or GOCO, but it may be located at AEDC [Arnold Engineering
Development Center, Tennessee] because it may be the most cost-
effective location, both in terms of construction costs and operating
costs—relatively inexpensive electrical power.

H: TVA [Tennessee Valley Authority] power.

A: Yes. That's one dimension. Another dimension—it's in the
national interest to have these kinds of facilities. The Boeings and
Pratts of the world aren't in a position to step up to funding them.
Right now there are facilities in Europe that are more capable, and
U.S. firms are using them to support aircraft development. We need
to step up to this as a nation.

H: It's a national industrial security issue, if you will.

A: Yes, a national industrial security issue; I think people are com-
ing to that realization.
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H: It makes more sense to do this than something like the super-
conducting super collider.

A: That's right; you had better believe it.

Evolving Challenges in Flight Testing

H: As I mentioned at the beginning of the interview, the 1970s were
a particularly rich time for flight testing because it really did mark
the reemergence of the primacy of flight test in aircraft develop-
ment. How did you perceive this from your perspective at Edwards,
first in the engineering community and then increasingly in the test
resource management and range management framework? Did you
recognize that you were in the beginning, if you will, of a renais-
sance of test thought?

A: Very definitely; the pendulum had swung hard over from total
package procurement, characterized in the Air Force by the C-5 and
the F-111 in the McNamara era, to an emphasis on prototyping, fly
before buy. This was epitomized by the lightweight fighter, the A-X,
and the AMST. Later there was a competitive fly off between Boeing
and General Dynamics for the Air Force air launched cruise missile.
We had all those prototypes or competitive fly offs, and we looked at
a lot of new technologies in a hurry.

Another dimension was the way those programs were structured.
Each one was structured differently to some extent, but there was
a common thread, and there was a very aggressive flight-test pro-
gram. Aggressive but safe, because there were no airplanes lost in
the accelerated flight-test program. The contractor had the latitude
to go out and develop things and then the government came in and
evaluated. The lightweight fighter had mixed crews all along, where-
as in the A-X, as I recall, the contractor was totally responsible for
the development and envelope expansion and there was a three-
month evaluation period at the end. The common thread of all of
those, including the advanced medium STOL transport, was a very
aggressive program, where basically a complete flight envelope was
opened, from an aerodynamics, propulsion, and even from a limit-
ed weapons systems demonstration point of view, in a period of
roughly a year.

You contrast that to the very laborious, protracted development
cycles that programs have been involved in since that time. There is
a lesson to be learned, and we can do things rapidly and safely and
relatively inexpensively if we structure the program in an appropri-
ate way. In today’'s downsizing environment we have to go back to
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that. Some people would argue that with today’s analytical tools
and computational fluid dynamics and improved models that you
no longer need to build prototypes. If you can totally define the
requirement, there is probably less need to prototype an airframe
than there was in the past. I believe we are in a mode now where we
may not be able to totally define the requirement and don't want to
lock ourselves into a 1995 or a year 2000 technology, but rather
continue to move technology. The way to do that is to build proto-
types and demonstrators.

H: There were several major revolutions in aerospace history. In the
1920s and 1930s we had revolutions in structures and in propul-
sion technology and a generalized aerodynamic revolution that we
called the streamlining revolution. When people think of the 1920s
and 1930s, they think of the transition from the wooden airplane to
the all-metal airplane. Then, of course, at mid-century we had two
revolutions: the turbojet revolution and the supersonic break-
through.

In the 1960s onward, it seems that there were two major revolu-
tions. One was a revolution that proceeded at a relatively slow pace,
but we are seeing the fruits of it now, and that was the revolution,
once again, in structures, with composite and advanced materials
technology. The other revolution, which had started to some degree
at the end of the 1930s with the development of flight control
instrumentation, was the electronic revolution. Increasingly in the
1950s, you started seeing the emergence of what were rudimentary
systems airplanes, where you had very complex command and con-
trol systems and primitive radar systems. In the 1960s we saw that
evolve, not merely in terms of weapons systems capability; we also
entered an electronic flight control revolution. How did you see this
impacting on the flight-test process, and how did you see the role of
flight testing and demonstrators as the 1970s went on?

A: I will discuss that not only in terms of flight testing but in the
area of requirements definition as well. As you mentioned, if you
look back at aviation, when I first became involved in the late fifties,
higher and faster were in vogue. The F-102 and F-100 test pro-
grams explored supersonic level flight capability in production air-
craft. The next logical step, it appeared at the time, was the ability
to go to Mach 2 and that was a requirement of the F~104, the F-105,
the F-106, the F-107, and the F—4. People then realized that speed
in and of itself did not provide the capability needed. The next gen-
eration emphasized what was called at the time energy maneuver-
ability, or excess thrust—lift and thrust-limited turning capability.
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These were design criteria for both the F-15 and the F-16, as well
as benign high AOA handling characteristics.

In terms of airplane design, people came to the realization that a
high Mach number was not all that important. Offensively there
was a need for increased lift and thrust-limited maneuvering capa-
bility. Defensively, as the enemy’'s acquisition and track radars
became more sophisticated, aircraft needed to fly low to avoid detec-
tion. You saw that happen right in the middle of the B-1 program.

H: The high-altitude—low-altitude profile.

A: Yes, the B-1 originally had a sophisticated inlet design for super-
sonic flight. Designers then started looking at signatures, initially
RF [radio frequency] but later the whole gamut of signatures. Now
the questions: Where do we go from here? What's the right mix?
How much stealthiness is enough?

In terms of defensive weapons, first the very sophisticated sur-
face-to-air missiles posed a threat. A significant recent change in

weaponeering is the availability of the very lethal man-portable
weapons.

H: Very high energy weapons.

A: High energy weapons, Stinger-like weapons. So a fixed-wing air-
craft, in particular one moving in a relatively predictable trajectory
is at risk. A $50,000 weapon can put a $50 million airplane at risk.

H: In effect the weapon now becomes a maneuvering air combat
vehicle. It is much more important for the weapon to have that abil-
ity, one that takes high-G maneuvering on a target, than it is nec-
essarily for the carrier of the weapon.

Did you have the feeling as the seventies were going on that you
would start to see these complexities in warfare and that these
would put special burdens or challenges upon the testers? Or did
you suddenly find yourself in the situation where, almost like a
storm, you were suddenly in the midst of all these conflicting
requirements, changes in technology, and changes in weapons
effectiveness—and have to struggle to keep up?

A: It was the latter. I really didn’t appreciate this until I came to the
Pentagon. The people who are executing the day-to-day develop-
mental testing out in the field don’t need those insights. What is
missing is a cadre of people who have insights into the interaction
of requirements, testing, tactics, and doctrine. We now have some of
the analytical tools—models and simulations so people can look at
these issues. At some level within the services, the people who
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structure tests, particularly operational tests, need that kind of vis-
ibility and insight into requirements issues, tactics, and doctrine.

In my view, this is a significant void. Some of the operational test
plans were written without those insights. I'm not being critical of
the operational test community. I am probably being more critical
of the requirements community and the requirements definition
process. Requirements don’t evolve and operational test plans don’t
change as a part of that requirements evolution. There has to be
very close connectivity between operational testing and require-
ments definition. The test measures of effectiveness and suitability
have to be updated, but you have to make sure that they are really
consistent with a real-world requirement. With what has happened
in recent years, all the systems that are out there today were
designed against a Soviet/Warsaw Pact threat, so our simulations,
our requirements, the threat assessments that come out of DIA
[Defense Intelligence Agencyl]. So everything has to be rebaselined.

H: In many ways we were developing systems to confront an
SA-2/SA-5/SA-6 environment and an air defense environment that
was based on advanced MiG-23/MiG-29/Su-27 type threats, and
you find yourself now possibly fighting a very different kind of war,
for that matter, with blue threats.

A: Blue threats, gray threats, and things that are produced any-
where in the world and lashed up and kluged together in an infinite
number of ways.*

H: For example, looking at the Iraqgi air defense network, the so-
called Kari system, which had French components, British compo-
nents, and Soviet components all kluged together in this mix.

A: From a requirements point of view, scenarios may be less stress-
ing, but they are more ambiguous. We need—for test purposes and
for tactics and doctrine and certainly for warfighting purposes—to
have the flexibility to put together a wide number of potential sce-
narios. There is a need to test and train in those environments to
make sure that next-generation systems meet a wide variety of
requirements.

H: I think what you've stated very well is the fact that you have to
be much more concerned about the requirements process and the
interplay between test and requirements when you are developing a
system. Recently we have seen situations in which people have in

*In intelligence terms, red threats represented those developed by the Soviet Union or its
Warsaw Pact allies, blue threats those developed by the United States or its NATO allies, and gray
threats those developed by other more neutral nations.
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Competitors in the A-X Program in 1972: Northrop A-9 (top) and

£

Fairchild Republic A-10 (bottom). Based on test results and cost esti-
mates, the Air Force selected the A—10 as its specialized close air
support aircraft.
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The Advanced Medium Range Short Takeoff and Landing Transport
Program: Boeing YC-14 (with HH-60) and McDonnell Douglas YC-15.
Although successfully demonstrating new technologies from 1975 to
1977, the program was cancelled in favor of continued reliance on the

C--130 turboprop airlifter.
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some cases almost glibly stated values of performance or values of
expectation for new systems without thinking through those and
the implications those have for testing and the difficulty it may be
to test to get that. Two examples come to mind readily: ASPJ* is def-
initely one and the other is the F-22, where you have the statement
that the F-22 will be twice as effective as an F-15. When you get to
those cases, you have very great difficulty actually finding numbers
or finding measures of merit that enable you to say that. You are
looking at a much more complex process.

In your experience in the seventies, as we saw this renaissance in
returning to what was termed in some circles the fly-before-buy
philosophy, what were the disappointments? Were there surprises?
Were there unexpected things that caused you to rethink the rela-
tionship between testing and developing requirements?

A: Looking back at that time, I can’t identify any real problem with
requirements, but I didn't have the perspective and the visibility
that I have in my current job. Certainly, the whole issue of energy
maneuverability and the significance of it was not appreciated in
the late fifties/early sixties. There was the push for higher and
faster; then people decided that wasn't enough and that the capa-
bility to maneuver required more design attention—both thrust and
lift-limited maneuvering. In retrospect there was a focus on a single
issue. I guess the lesson to be learned—with the focus on speed,
then energy maneuverability, then low-level operation, and then
stealth—is, again back to the issue of balance. With today’s focus
on stealth and the issue of how much stealth is enough, the lesson
to be learned is that we have to constantly keep in mind balance
and not focus too heavily on one set of criteria or one requirement.
‘That lesson was learned again in the A-12 and the TSSAM [tri-ser-
vice stand-off attack missile].**

In terms of surprises, looking back on all three of the prototype
test programs that, as engineering section chief, I was fairly close
to—the A-X [A-9 versus A-10], the lightweight fighter [YF-16 versus
YD-17], and the STOL transport [YC-14 versus YC-15]—there were
really no great technical surprises. The one thing that sticks in my
mind, looking back at those programs, was how smoothly the flight-
test program went on all three, and the fact that it was really done
in a combined-test arena. We had contractor and the government
developmental and operational communities sharing a common

*Advanced self-protection jammer.

**Both cancelled because of performance and cost problems.
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database. I think it reinforces that basic notion. It also reinforces
the concept of allowing the contractor some autonomy and flexibil-
ity in planning and conducting the developmental test program.
Looking back, it's the right way to look at technologies relatively
rapidly and inexpensively.

The Culture of Flight Testing

H: One thing I found interesting, talking to people like ourselves
who have come out of the Edwards environment, was the degree to
which, as they moved to the acquisition community, for example,
into what was the Aeronautical Systems Division under the old Air
Force Systems Command, or then moved into the AQ [Acquisition]*
community in the Pentagon, their perspective not only broadened.
There was a recognition that there had been an Edwards culture
that was very good but was very localized and parochial in some
respects. Much to their surprise, many of these people who were
very much die-hard testers—for example, test pilots, flight-test
engineers, or whatever—almost against their will suddenly discov-
ered their perspective changing. They were becoming much more
sympathetic, if you will, to the environment that drove the acquisi-
tion world. Did you find yourself going through that?

A: Yes. Flight-test was almost a “religion”—I'm reluctant to use that
word—but certainly a culture where testing had to be very com-
plete, very thorough and even minor deficiencies had to be correct-
ed. We were not sensitized to the cost of doing business or trying to
do things more efficiently. Obviously, in any test business and for
the airplanes in particular, you never compromise on safety. That’s
a given. But in other areas there is room for risk-taking. Airplane
performance definition is an example. Testers like to define perfor-
mance to a half of a percent, whereas a flight manual has up to 10
percent conservatism in it. I don’t think we need to be as thorough
in our testing as the test community would like at times. We have to
decide what's important and certainly minimize technical risks and
not compromise where safety is involved, but that doesn't translate
into an across-the-board by-the-numbers execution of test pro-
grams as was done in the past. There has to be some balance, and

*The position of Assistant Secretary of the Air Force for Acquisition (SAF/AQ) was created in
1987 to be a service acquisition executive (SAE) reporting to the Under Secretary of Defense
(Acquisition—later Acquisition and Technology) as part of the streamlining recommended by the
President’s Blue Ribbon Commission on Defense Management headed by former Deputy
Secretary of Defense David Packard (a.k.a. the Packard Commission). Prior to then, responsibil-
ities for managing USAF acquisition had been dispersed among the DCS for Research,
Development, and Acquisition, the Assistant Secretary (Research, Development, and Logistics),
and the Commander of Air Force Systems Command.
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Manually transcribing test data from photo panel film using a
“Recordak” in the fifties.

I think that balance is inevitable when you are operating in a bud-
get-constrained environment.* People have to take a little different
perspective than they did in the past.

Another issue is the focus on technical characteristics as
opposed to operational requirements. We have to become more
operationally oriented, even structuring so we can get some early

*By the mid-1990s, Afr Force developmental test teams were being reduced in size and made
part of SPO-supervised “integrated product teams,” leaving the AFFTC in a supporting role.
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visibility into operational utility. The people who spend their entire
career in a developmental test culture don’t really have the back-
ground to do that. I would like to see more migration of the work-
force back and forth between the developmental and the operational
community. I think that could happen, but it’s going to take a lot of
arm-twisting.

H: At the same time that you had this revolution taking place in the
technology of aircraft and flight systems themselves that was giving
them unprecedented ability to do certain things, for example, safe
high AOA flight, we also had a revolution taking place in flight-test
facilities, notably the introduction of real-time data acquisition and
data analysis capabilities, typified by the development, say, of the
Ridley Mission Control Center at Edwards. This at first appeared in
very rudimentary form as early as the late 1940s and then had
expanded somewhat in the 1950s. This led to the notion of near-
real-time analysis while a flight was under way but did not really
blossom until the 1970s and 1980s.

How did you see this as a tool? Did you see that it would offer the
potential of reducing test time? Yet at the same time it seemed that
now, since we could measure so many values, there was also the
danger it could actually complicate testing. Engineers now could get
answers to literally thousands of parameters as opposed to perhaps
dozens or at the most hundreds. '

A: There are a couple of issues there, but let me try to address them.
I will bounce around a bit perhaps. In the fifties and the sixties
telemetry was limited and the emphasis on the use of real-time data
was for safety. Applications had to do with safety-related test areas
such as flutter and high AOA testing. Real-time data was used later
for what I would characterize as goodness of maneuver—displaying
and manipulating data in near real time to assess the quality of the
test results. The issue of safety was important, but with the ability
to have engineers of every discipline looking at a strip chart and
assessing in real time or near real time how well the maneuver was
performed, you could go back and repeat things or fill in data voids.
On some of the cargo, transport, and bomber airplanes, engineers
on board reviewed the data in real time. In the commercial flight-
test world, that was the way they operated routinely and continue
to do so.

Regarding the inefficiency issue you mentioned, telemetry was an
umbilical that tended to limit where and when you could do your
testing. I was the Air Force performance and flying qualities engi-
neer on the B-52H; we relied on onboard recording. Basically we
flew all over the western United States. There were some airspace
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restrictions, but we were self-contained. With telemetry data acqui-
sition, you have a scheduling problem and you are limited in the
airspace you can use. That problem becomes exacerbated when you
are doing low-level work because of your ability to acquire the
telemetry data. The reliance on ground station support becomes a
potential impediment to weekend flying at government test facili-
ties. Basically, the more autonomous you are, the more flexible you
can be.

Strides were made in the goodness of maneuver arena but only in
the first-generation processing. Even in cases where telemetry is
used for real-time support, most data are reprocessed later in a
batch mode, which is often a very time-consuming process. We now
have the technology to do things much more efficiently by process-
ing the data to the final result in near real time, not only assessing
goodness of maneuver but going the next step. The next level of
sophistication is to review the originally planned tests and cut down
on testing by virtue of the fact that we've acquired a certain amount
of data. You do that by analyzing test results and comparing them
with a model. You update that model until you get a match in a cer-
tain area. Once you've achieved a certain level of congruence
between the model and the actual article, you can discontinue or
cut down on the testing that you do in the future. Until we get in
that mode in the use of analytical tools, we are not going to become
more efficient. That's the next step. The analytical tools are there,
but 'm not sure that the mind-set and the discipline is there to
operate in that mode. It will take a cultural change.* Testers love to
test; I know because I was one of them.

H: The 1980s also witnessed the development of a whole series of
other specialized facilities. I am thinking, for example, of the kind of
avionic testing that you saw emerge, things like IFAST [Integration
Facility for Avionic Systems Test] and then the ultimate develop-

ments beyond that at Edwards. Would you like to comment on
those?

A: With federated avionics subsystems, it became apparent that
more of the integration process and more of the stimulation could
be accomplished in a hardware-in-the-loop lab. You could solve
many of the integration problems much less expensively and much
more systematically in a ground facility where you could simulate
and stimulate. Again, one problem was convincing people of the
need for those kinds of tools. Another challenge was reorienting a
test program to use them efficiently. With the so-called multistage

*For additional thoughts and perspectives, see appendix I.
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improvement programs, which we have been in for years on both
the F-15 and the F-186, these facilities really came into their own.

H: One would have not been able to do that in a previous era. We
touched on this earlier, and it's worth revisiting, that there has been
in many ways a cultural shift. Back in the 1950s, flight testing at
Edwards was characterized by a high degree of risk and a high
degree of loss, certainly in comparison to the present day. Do you
think that one of the problems we see here with the interrelationship
between government and industry on major research and develop-
ment (R&D) projects is that failure now is almost invariably so well
publicized. For example, when Doug Benefield was lost in the first
B-1 accident, or when we had a loss in a program that had major
national significance such as the space shuttle, or if there were the
loss of a B-2 today, these events become so major in terms of their
public impact. Is there a natural tendency to try to focus on safety to
a point where it becomes almost burdensome to the process?

A: The short answer is yes. It is not only the loss of a platform but
I think the entire developmental process has become so risk-averse
that programs are stretched out unnecessarily. There’s a financial

B-52H used in performance testing at Edwards in the early sixties.
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analogy which probably isn’t the world's greatest, but you can
become so risk-averse that you invest only in CDs [certificate of
deposit] and other fixed interest investments and lose the opportu-
nity for any growth or any real expansion. I think the same thing
can happen in technology. If you become so risk-averse that you
don't really push technology, then you are taking the largest risk of
all, and that's losing the technological edge. You have to continue to
push technology; I won't say across the board, but in potentially
high payoff areas. You need to do that relatively inexpensively; there
is an ongoing need to build and test demonstrators, whether it's
platforms, sensors, or whatever. That's the motivation behind
advanced technology demos and advanced concept tech demos.

In today’s world, aircraft platforms are very expensive, but there
is a need to continue to get full-scale articles in a reasonably real-
istic environment for test purposes. You can't do everything with
models and simulation. You need to build and operate the critical
systems and subsystems and actually evaluate technology; it needs
to be done in a way that's relatively inexpensive. The expense esca-
lates with very protracted development processes. We have to elim-
inate a lot of that cost—by minimizing documentation, total sub-
system quals, etc.—and evaluate tech demonstrators. In addition,
more attention must be paid to development process cycle time
reduction. Contrast commercial aircraft test program length with
military cargo aircraft.

This is particularly critical in today’s environment. If you look at
the funding environment, we're not going to be fielding many new
platforms, but we will continue to field upgrades. Fully instrument-
ed platforms are needed to evaluate technologies, test-bed plat-
forms to look at sensors. We need to pursue that vigorously as an
explicit part of any advanced technology concept demonstration
program. One of the problems is trying to provide something for
everybody and satisfy too many people. We must rack and stack
and focus on critical technologies.

To a large degree these technologies have to do with information
processing and sensors. Those are two key areas that we need to
continue to work very hard. Again, we need to give industry the flex-
ibility and the wherewithal to continue to push technology.
Development and acquisition oversight processes need to change as
well. The advanced concept technology demonstrator (ACTD)
approach is a giant step in the right direction.

H: Your test career has covered an extraordinary period in aero-
space development. Certainly in that time at the various levels
you've worked you must have developed your own view on how one
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would desirably structure a test organization. What do you think
the most important structural elements are that you need within a
test organization in terms of how one administers tests and relates
them to other parts of a larger whole?

A: First and foremost, the developmental test organization has to be
an extension of the design organization. The first word in develop-
mental testing is “development.” The test community has to be very
closely coupled to the people who are responsible for the design and
has to be responsive to them. I started out my career working for
Convair, on the F-102 and then on the first F-106 program. We (the
testers) worked with the designers when we wrote the test plans. We
worked with the aerodynamics group and the propulsion group.
When we developed the original test plan, there was a dialogue with
them. I remember that I perceived it as an extension of the design
organization.

We have now become too large, compartmented, and bureaucrat-
ic in the last fifteen years. I was involved with the YF-16 and the
YF-17 lightweight fighter fly off as the government engineering sec-
tion chief. In those instances, we spent a lot of time at Hawthorne
[Northrop location in California] and Fort Worth [General Dynamics]
working with the design engineers, the people who were working
flight controls and propulsion, making sure that we were structur-
ing a program that really provided them with the information they
needed to validate predictions and develop the system. What we
have today are increasingly large bureaucratic stovepipes between
the contractor, the government development community, and the
government operational testers. I'm convinced we've moved too far
in the direction of bureaucratic stovepipes and redundancy. It
unnecessarily protracts development.

The first element to change is to revert to very close coupling
between design and test. The second element is to plan from the
outset to facilitate testing to really be supportive of not only rapid
design but design evolution. That degree of facilitation varies with
the type and the magnitude of the program. If you look at an F-22
program, that's one end of the spectrum. An F-22 is going to be in
flight Jtest for the next thirty years. The F~16 has been in flight test
since the early seventies.

H: About twenty years.

A: Yes, twenty years and will continue another ten. The F-22 will be
in flight test for the next thirty years, so we ought to facilitate with
that in mind. There will be numerous avionics upgrades and multi-
stage improvement programs. I am no longer hard over about the
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need for the ground test facility at the government test location. We
need to decide where the right place is at the outset but make sure
that we facilitate it in a way that supports the design community,
the test community, and the service engineering (upgrade) commu-
nity.

We also need to work harder at portability and transportability.
Physical transportability is one dimension. In an era of distributed
interactive simulation and distributed data processing, there are
additional opportunities. I've said many times that I think the gov-
ernment test ranges have been too parochial. As an example, every-
body else in the world shares computational capability. There are
many examples where ranges had a saturation problem, data back-
log, data turnaround. We had both at Edwards during the early
days of the cruise missile test program. There was a large data
backlog, both Boeing and GD [General Dynamics] data. The gov-
ernment had forced the contractors to do the processing at Edwards
and the government couldn't process the data in a timely manner.
Contract this support out and plan for surges.

H: You almost need a translator in between.
A: We must work very hard at being interoperable.

H: It seems in some cases, if we look at the acquisition process, that
we take people and make them program managers who are
extremely gifted technologists or in some cases practitioners, for
example, test pilots, and make them acquisition officers and then
SPO directors. If we are going to effect this change in corporate cul-
ture, it would seem that we would need to effect changes within the
way we train our acquisition personnel. Also, would you emphasize
developing test-oriented courses within the acquisition process?

A: The Defense Acquisition Work Force Improvement Act has been
addressing that issue. There are requirements for program manag-
er courses. The Defense Systems Management College [Fort Belvoir,
Virginia) is already doing that. There were a number of panels set
up, one which addresses systems and another test. I chaired the
test panel. For every level within the acquisition workforce, there
are mandatory education and training requirements.

H: Test courses?

A: Yes. There are both course and experience requirements to move
from one level to another. The issue is being addressed. The concern
that I have—and we are just in the early years of it now—is getting
too bureaucratic and creating a lot of stovepipes and wickets. I want
people to be able to move, as you mentioned, back and forth
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In the Lightweight Fighter Competition of 1974, the Northrop YF-17
(top) lost out to the General Dynamics YF-16 but served as the basis
for the Navy’s McDonnell Douglas F/A-18. The F-16A (bottom) began

flight test in 1975.
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between test and systems management. People should be able to
move in and out of program offices.

H: So you don’t want to perpetuate a priesthood.
A: That issue is getting a lot of attention.
H: That really is a cultural shift.

A: Yes. By the way, it’s a larger cultural shift for the Navy and the
Army and Navy than it is for the Air Force. The Air Force historical-
ly has allowed military personnel to spend their entire careers in
acquisition. You can argue the pros and cons of the Air Force
approach. The people in the Army and in the Navy move back and
forth between operational units and the acquisition business. The
Defense Acquisition Work Force Improvement Act emphasizes rele-
vant acquisition experience for military program managers. Part of
the criticism was that the people weren’t acquisition professionals.
The Army and the Navy had to develop dual career tracks just like
the Air Force to allow senior military to be program managers. By
the way, the Army and the Navy tend to use far more civilians as
program managers than the Air Force, which relies almost exclu-

sively on military personnel as program managers and program
executive officers.

Migration from Contractor to
Government Test Facilities

H: As has been mentioned, in the late 1970s, we were deep in the
midst of the whole force restructure issue, and programs like the
F-15, F-16, and B-1 were well under way. What was the most sig-
nificant change in flight test in that time period?

A: The late sixties and early seventies were characterized by the
migration from contractor test facilities to government test facilities.
This transition was precipitated by two things: one, technology; I
will talk to that issue later in the context of integration facilities and
other high-value test facilities; and the other one was encroachment
at contractor test facilities. As an example, McDonnell used to con-
duct a significant amount of their flight testing of the F3H and the
early F—4 out of Lambert Field [Saint Louis, Missouri]. KC-135 and
early model B-52 test flights were flown from Boeing Field in Seattle,
and Convair (General Dynamics) conducted a significant part of the
B-58 test program from Carswell AFB. In the old days, Rockwell
(North American at the time) flew out of LA International and
Northrop was still flying out of Hawthorne [California) in the F-89
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days. That flight-test activity migrated to government test facilities
in the sixties and early seventies.

In aircraft design technology, we evolved from what I would char-
acterize as a number of relatively independent hydromechanical
systems to the beginnings of what I would call federated analog
avionics systems. It became apparent that system integration labo-
ratories were becoming increasingly important in the development
of platforms as design tools as well as test adjuncts. Prior to that
time, the one classic “integration facility” that has always been
around the airplane business was the “iron bird,” used to develop
flight control systems and the primary and secondary hydraulic
systems. The next step in the evolutionary process was the system
integration laboratory. These took a variety of forms and were at a
variety of locations. It became apparent that with federated subsys-
tems that the tester and, more importantly, the designer needed
access to a system integration laboratory-like test facility to make
the design, development, and test process more efficient. The great
debate at the time, at least on the part of the government, was the
role that these facilities would play in support of test activities.

In retrospect the one thing that we testers didn’t realize at the
outset—but have become increasingly aware of in the last fifteen
years—is that these facilities are not only test tools but are devel-
opmental tools as well. Part of the mistake that we made was that
our perspective was too limited; we viewed these facilities as strict-
ly government test tools. We ended up with a fragmented approach
where we had system integration laboratories at contractor facili-
ties, and we had a test facility at the test site. There was a third
facility at the depot, the logistics center, to support configuration
management and upgrades after the platform became operational
for Air Force aircraft.

The Navy took a different approach, starting with the F-14. They
used one system integration laboratory to support both contractor
development, government development, and configuration manage-
ment after the aircraft became operational. The F-~14 integration
facility is at Point Mugu and the F-18 at China Lake.

I think, in retrospect, you need to encourage, if not force, both the
government and the contractor to use the same facilities early in the
process. I believe the facility can evolve from primarily a contractor
developmental tool to a test and configuration management tool if
the planning is done properly. With highly federated systems, you
need to plan from the outset to have an integration laboratory that
is used by the integrating contractor.
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H: If you have a contractor as the integrating contractor, should
that be a contractor outside the scope of the rest of the program, so
to speak? In other words, not the prime contractor but a separate
independent contractor.

A: For aircraft and missile development programs, with rare excep-
tions, the contractor responsible for the platform has to be the inte-
grating contractor. There are exceptions, but for development of a
new platform, the platform manufacturer has to be the integrator.
We've gone now from analog to digital systems, and we've gone from
federated digital systems using the data bus to what I would call
integrated systems in the F-22. You need to plan from the outset to
facilitize a system integration laboratory, certainly to support the

development. That was a lesson learned on the B-1* and on the
C-17 as well.

Because of cost and configuration management issues, you often
can't afford the luxury of having separate facilities to support devel-
opment at the contractor location, support testing, and support
depot activities. If you are only going to have one, the right place to
do it may be at the contractor facility, which means that the gov-
ernment test community must have access to it. I have changed my
mind about forcing it to be at the test location. There are, however,
geographic considerations. If the contractor manufactures the air-
plane at Palmdale, you can have the facility at Edwards. If the air-
craft is built in Marietta, Georgia, and tested at Edwards, location
is an issue. The Navy has gone one step further; they have planned
for the whole life cycle, using one facility at the Navy test support
facility. The Navy characterizes these facilities as full spectrum—
lab, test, and service engineering.

There are a variety of solutions, but I think the key is to plan from
the outset to have a fully equipped system integration laboratory
and to use it not only to support the development but test and con-
figuration management and upgrades when the system becomes
operational. If you look at what happened with JSTARS [E-8 joint
surveillance target attack radar system), they have one facility at
Melbourne [Florida) and they will build a separate facility at the
Warner Robins Air Logistics Center [Georgia] a few hundred miles
away. In retrospect, it would have been prudent to plan for one
facility at the outset and to use it to support both development and
operations and upgrades after the system was fielded.

*The Air Force B-1B SPO served., in effect, as the integrating contractor.
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The first Rockwell B-1B is shown here releasing a B-83 bomb with an
F-111 serving as a chase plane.

H: There seems an analogy one can make to the operational world
too: that having the technology to do something is not enough; you
must know how to use it appropriately. Andy Marshall has an
example in which he says that many nations came up with tanks
but only one nation before World War II really understood how to
use them: Nazi Germany. The message I'm getting is that we devel-
oped a superb analytical tool, in the specific case of IFAST, and then
found that the result of our initial use of it was flawed because of
the integration issue that you just raised. So it is not nearly enough
to develop the capabilities; one has to know how to use those prop-
erly within the development process.

In your experience, have you found that the old issue of technol-
ogy push or requirements pull has played a major role in the devel-
opment of our analytical tools and capabilities to assist in the
acquisition process? For example, to me it seems that one would
not have been able to undertake an IFAST type of approach at an
earlier time. The technology to do that had to come of age.

A: Obviously, the technology showed up in terms of the subsystems
and the platform, but what you really need to support that technol-
ogy is a real-time simulation capability so that you can extract. You
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can either have models of subsystems or the actual hardware in the
loop. The VAX line of computers and similar number crunchers
were among the technology enablers to be able to allow that kind of
real-time facility to be effective.

Importance of the Private Sector

A: T want to talk about philosophical issues for a moment. I'm con-
cerned about the direction that we've headed in the last ten years in
that we are continuing to build barriers between the government and
contractors. We have some narrowly defined stovepipes relating to
the government's role in the test business, developmental and oper-
ational testing. We need to make greater use of models and simula-
tion tools to support testing. To do that, we need cultural and leg-
islative change. There are some procedural issues that need to be
addressed as well. In addition there are technology issues which have
to do with the validation, verification, and accreditation process. All
these issues need to be addressed in the planning process.

There is another related philosophical issue. In the final analysis,
contractors are really responsible for designing, manufacturing,
and developing military equipment to meet service operational
requirements. With the old arsenal and lab system in the Army and
Navy, there were some substantive in-house developments in the
past. But the aviation community has always relied very heavily on
the private sector and I think properly so. I believe you need to rely
on the private sector, but when you have these very expensive gov-
ernment integration facilities, you have to make them available to
the contractor to support the development process. We haven't
worked that issue nearly enough.*

Let me make a tangential point here while I'm thinking about it.
I was involved several years ago on a laboratory commission.** We
had a lot of debate about the role of government laboratories. If you
look at it from a historical perspective, the Army and the Navy have
had arsenals and labs since the 1800s doing in-house R&D. The
issue of a full-spectrum laboratory and heavy government involve-
ment in guiding the development was a topic of debate between the
Navy and the Air Force members of the group. The Air Force con-
tracts most of it out, a result of having been a relatively new orga-

*How to share the costs for these facilities is one of the more difficult {ssues.

**Mr. Adolph chaired the Federal Advisory Commission on Consolidation and Conversion of
Defense R&D Laboratories. For his statement to a Senate subcommitee, see appendix D, and for
the executive summary of the Commission’s report to the Secretary of Defense in 1991, see
appendix F.
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nization with rapid growth. You can make judgments about which
way is the proper way, or even if there is one best way. One mea-
sure is results. That’s probably the best metric. I have reached a
conclusion and my philosophy is intertwined in this: You need to
rely heavily on the private sector; that's where the incentive and
detailed design and manufacturing expertise must reside. You need
to have some in-house government expertise, but when you get into
micromanaging and trying to do too much in house, it has not
proven to be very effective in today’s high-tech world. As a footnote,
I want to make it clear that I am not criticizing government employ-
ees in general.

H: We have a historical case in the Air Force and the Navy looking
at the engineering division in the 1920s at McCook Field [Dayton,
Ohio] and then the Navy with the naval aircraft factory in
Philadelphia. While both those organizations did some very inter-
esting work and came up with some very interesting concepts and
ideas that the private sector was able to run with very successfully,
when both those centers turned to actually designing the airplanes,
the aircraft that came out were in almost all cases inferior to what
was coming out of the private sector. They were able to generate
technology, but they were not able to generate operational systems.

A: My bias is to let the private sector take the lead. I've said this
many times: the government does not design and develop systems;
the government is responsible for managing it. Fundamentally the
government is a customer. When we get too heavily involved in the
process, I'm convinced it’s to the detriment of the product. I think
there have been occasions when we've done that—micromanage—
both in the development business and in the test business. The gov-
ernment’s role in development is primarily one of evaluation; we
need to put our resources into evaluation. If you look at what'’s hap-
pened, I think the government is too involved in test execution and
committing too many resources to test support. The contractor is
paid to develop the product and execute the development test. We
need to create an environment where the contractor can do that
unimpeded. We need to have visibility, insight into the process to
make sure that it is progressing, but I think we have evolved to a
point where we are far too heavily involved in micromanaging devel-
opment and testing.

H: We've had some notably successful examples of technology
demonstrators that have pointed toward successful operational sys-
tems and some of these were quasi-operational themselves. I am
thinking in particular in that case of the lightweight fighter we dis-
cussed earlier. What do you see as the most desirable role of the
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The integrated facility for avionics system testing building at
Edwards (top) and one of its simulator rooms (bottom).
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government in terms of supporting the development of technology
demonstrators? What should be the relationship among the gov-
ernment and industry and the test community?

A: The government needs to let industry have more autonomy and
a lot of flexibility. In the A-X program—the A-9 and A-10—the con-
tractors were given a period of time to expand the envelope and then
at the end of that period the government made an evaluation. In
contrast in the lightweight fighter program, the government was
involved in evaluation from the outset. In both instances, we ended
up with a complete technology demonstration in a very short time
period. I would move in the direction of giving the contractor more
autonomy in development. I believe that was done in the case of the
F-22 and F-23 DEM/VAL. The government provides the test facili-
ty but doesn’t get involved in micromanaging all the developmental
flights. The issue of safety has been the big hammer. Even in that
area there has to be some risk-taking. The contractors realize the
consequences of the risks they are taking as well as anybody. The
government has to provide a lot of flexibility to the contractor,
except for a period of time where they evaluate the product.

The classic Kelly Johnson approach [as head of Lockheed’s
Skunk Works”—now formally known as the Lockheed Advanced
Development Company] was: tell me what you want and I'll show up
two years later at Edwards with it. That is perhaps slightly over-
stated, but all of the Skunk Works programs were very lean; there
was some ongoing government involvement, but it wasn’t the high
degree of micromanagement that exists in the major programs. In
the Skunk Works programs, they brought in a product essentially
on schedule that met the requirements. There were some losses in
all of those programs: the U-2, the F-117, the SR-71. They took
some risks and moved fairly fast through the test program and
ended up losing platforms as the result, but that’s the price you pay
for moving technology along relatively rapidly. The loss of a platform
should not place a program at risk. The negative consequence of
total risk aversion is that you don’t move technology along fast
enough.

H: We have talked almost exclusively about government test here.
We have talked about the relationship with contractors but in the
sense of contractors who are major contractors like the airframe
suppliers. What do you see as the role here for small privately
owned test organizations? I'm thinking of Tracor, Flight Systems,
and companies of that sort. Are these something we will see prolif-
erate? And if so, is that going to be difficult for the government to
relate to or to provide oversight to?
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A: ] don't think they will proliferate. There is a market niche; it’s the
relatively inexpensive support of tech demos and test beds.

H: You can even throw the 4950th* in that.

LaITED LIATES OF AMERICA
s - e

An NC-135 aircraft of the 4950th Test Wing at Wright-Patterson AFB,
Ohio.

A: In my opinjon, the large, expensive test beds that the 4950th oper-
ates could be provided more cost effectively by contractors. For your
information, we recently commissioned an independent study of how
to manage test support aircraft more effectively. I tasked them to look
at the advantages and disadvantages of a GOCO operation and how
to manage that test support fleet more effectively. I am personally
convinced that many of the test-bed aircraft could be managed more
cost effectively if it were a contractor operation. A contractor would
not keep all these platforms independently and would just provide an
appropriate aircraft for the duration of the test.

H: Of the program?

*The 4950th Test Wing at WPAFB, which moved to Edwards AFB in 1994 and merged with
the 412th Test Wing. For a history, see Against the Wind: 90 Years of Flight Testing in the Mlami
Valley (WPAFB. Ohlo: Aeronautical Systems Center, 1994).
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A: Yes. So we're looking at that very issue. Tracor, the National Test
Pilot School, Flight Systems—I think there is a role for them. A clas-
sic example is the Calspan effort on the variable stability T-33 and
the B-26. Basically, one pilot and one maintenance person would
travel around the country and provide programmatic support and
training support to the Navy and the Air Force. You couldn't begin
to support that type of aircraft in the government infrastructure
with one or two people.

H: It was in effect a traveling road show.

A: As noted earlier, 'm a believer in the private sector being incen-
tivized to be more cost effective than a government operation. In the
test support fleet area there’s a lot of room for improvement by con-
tracting some of it out, particularly in a period of highly fluctuating
workload.*

H: Looking back, based on your years of experience in the field,
what do you see now as the top one or two challenges that we have
to address in the test business, given the fact that we are dealing
now with such sophisticated technology with such long lead times
in terms of development and with very uncertain and almost con-
stantly shifting operational requirements?

A: There are two challenges. One challenge we face in today’s envi-
ronment is infrastructure downsizing. We will address that later.

From a technology point of view, we have a very large and
unwieldy bureaucratic process which is geared toward major sys-
tem development. We have to reorient that process to becoming
more efficient, focusing on efficiency at the subsystem improvement
level. I've said this many times in many talks: process efficiency has
not been seriously addressed by the government development or
test community. People don't even think in terms of cycle time
reduction. They have always had, at least at the major system level,
all the funds they needed to execute any reasonable T&E program.
[Until the early 1990s] money was never really an issue, at least to
the extent that anybody ever thought seriously about test efficiency
with the major systems. With some of the smaller laboratory pro-
grams, it's a different story [with money a major issue].

On major programs, the orientation in the past has been to mea-
sure everything, record everything at a very high data rate, and
process just about everything you recorded. We've become inundated
with data, but we haven't focused on information. The focus needs to

*AFFTC began downsizing the fleet even before its transfer and in 1995 was looking closely
at contractor operations.
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be on efficiently providing the requisite information to assist in a time-
ly decision-making process. Very few people really have that orienta-
tion, and a major attitude adjustment is needed. Efficiency means
being able to scale things up or down to meet a specific need and not
burden people with a very large infrastructure when they only need a
small piece of it. Improve customer orientation; reduce cycle time.

Integration of Test Ranges

H: In the 1960s, there was a project called Have Edge that evolved
into the notion of a Continental Operating Range [known by the
acronym COR, pronounced “core”] and this was eventually shut
down in 1974 by Congress. Were you involved in that activity at all
from the Edwards perspective, or did you have any views on it?

A: | wasn't involved. Prior to the late 1970s, I was involved in air-
craft testing as opposed to test range and test facility development.
I was aware of the COR effort. I later became interested in the con-
cept, particularly since I've been back at OSD.

The Continental Operating Range was the first serious attempt to
get an integrated range by the Air Force. It was managed by an orga-
nization called the TESPO [Test and Evaluation System Program
Office, assigned to the Air Force Special Weapons Center at Kirtland
AFB, in the early eighties]. They were looking at linking together the
southwest training and test ranges. The effort was abandoned for
reasons I am not quite aware of.*

In the early nineties there began a new effort to link the south-
western U.S. test and training complexes together to support both test
and training activity.** Technology is now available to link simula-
tions in a distributed fashion. The Navy could operate out of Fallon
[Naval Air Station, Nevadal, fly over a Nellis range, and then display
the data back at Fallon or fly over the Utah Test and Training Range
[UTTRY]. There are a number of ranges that are instrumented, but the
problem is they are not compatible and they are not linked. From a
training perspective, it makes a lot of sense to do that. From a test
perspective, the ranges are linked to some degree (see Fig. 2).

*Congress withdrew funds from the FY74 defense budget for development of the Continental

Operating Range (which some saw as a competitor with existing ranges, particularly that at Eglin
AFB in the Florida panhandle).

**In 1984 AFOTEC had initiated another ambitious range project to develop a comprehensive
electronic combat test capability (ECTC]) for the Alr Force and the other services. Work on this
complex, which would have established a Soviet-style integrated air defense system (IADS) cen-
tered at the Utah Test and Tralning Range, died with the first round of post-cold-war program
cancellations in 1990.
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Source: AFFTC History Office.
Figure 2. Typical X—15 High-Speed Test Profile in the Early 1960s

As you mentioned, that started with what NASA developed as the
“High Range” for the X-15—linking the Ely, Nevada, site and Beatty,
Nevada, and on down to Edwards. When the X-15 program terminat-
ed, NASA turned Ely over to the Air Force, and the Air Force ran and
expanded it, with a link from Edwards over to the Pacific Missile Test
Center [headquartered at Point Mugu, California). It was expanded in
the late 1970s to support cruise missile testing [AGM-86A and AGM-
109] with a link from the Ely site to another site at Goshute, on the
Nevada-Utah border in the Goshute Indian Reservation, and then two
more sites on into Hill Air Force Base. This entire range was expand-
ed and renovated to support the first cruise missile testing. It later
supported low-level testing of the B-1 and B-2.

H: To me in the early 1980s, that was something that came as a real
surprise. In many ways the most interesting aspect of the cruise
missile program was not so much what was happening with the
cruise missile itself but the fact that the cruise missile program had
spawned the emergence of an interlinked range complex in the
southwest. It went literally from offshore in the Pacific Ocean all the
way into the Utah Test and Training Range. That had profound
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implications then for, as you have just said, expanding testing to
cover a wide range of other programs, strategic, tactical, training, or
whatever, or even to almost run a theaterwide air operation.

A: That's really the issue: Where do we go from here? The last big cat-
alyst for the interlinking, as you mentioned, was the cruise missile.
Simulation of theater operations in training will be next catalyst.

H: So the linking of the ranges, beginning in the late 1970s and into
the 1980s, gave you, in effect, the basis for what we have now—as
imperfectly as it may be—mnevertheless an interlinked series of
ranges in the southwest. The prospect now is perhaps several
orders of magnitude increase in efficiency in doing test operations.

A: Nothing has been done since the cruise missile testing to enhance
or exploit the interrange capability until very recently. There have
been a couple of catalysts. On the training side, the Navy and the Air
Force need to have compatible display and debriefing systems so that
they can fly air combat training missions from Fallon Naval Air
Station, Hill Air Force Base, and Nellis Air Force Base, using ranges
other than their home range. That's being worked on the training side.
The Army’s national training center at Fort Irwin [California] also
needs to be linked into this training net (see accompanying map).
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On the test side, there is a requirement to link ranges for tests
and joint exercises. If you look at the geography and topography,
you could have carrier-based operations in the offshore ranges.
Naval aviation strikes could be launched against targets at the
Nellis complex, Fallon, China Lake, or the Utah Test and Training
Range. Air Force operations could be from a number of training or
test ranges, depending upon the scenario. You could provide topog-
raphy, targets, and threats for a wide variety of combined exercises
and joint tests. That's been done to some extent for years with the
Red Flag and the Green Flag exercises, and joint warfare interoper-
ability demos. From a test perspective, for what we call joint tests,
we have looked at how we might better use today’s simulation tech-
nology to augment field tests. The challenge is to augment actual
test and training assets through simulation of additional threats.

H: Like an IADS [integrated air defense system)].

A: A dial-an-IADS capability—as examples, a North Korean scenario
or an Iraqi scenario. Pick a scenario and simulate the requisite
threats. The aircrews would not be able to tell the difference
between what actually existed on the range and what was being
uplinked from simulations.

H: One of the problems now we are beginning to see with Red Flag
[large-scale air exercises centered at Nellis since the mid-1970s] is
that, at least from the perspective of the airborne warning and con-
trol system (AWACS) people I've talked to, it's predictable. If you
have been there once or twice, you know what you can expect to see,
where it's going to come from, and what the threat magnitude will
be like, and after a while you begin to lose that edge that’s given to
you by encountering unexpected situations.

A: Absolutely.

H: You have the surrogate capability off the California coast of sub-
stituting for the Red Sea or the Persian Gulf and you could have a
Luke—UTTR operation that would emulate a King Khalid versus
Baghdad airfield complex scenario. As you said, you can dial in
whatever you wish,

A: That’s the direction technology is moving. There are a number of
impediments. The training people are concerned, and justifiably
so, about encroachments on the part of the test community.
Testing tends to out-prioritize training, so there are some organi-
zational and some cultural issues to work, as well as some techni-
cal ones. The utility of the so-called distributed interactive simula-
tions for training is relatively well understood. The value for testing,
particularly developmental, is more limited, and there are technical
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Air Launched Cruise Missile Competition: The Boeing AGM-86B (top)
and the General Dynamics-Convair AGM-109 (bottom). Testing them
required integrating several test ranges in the western United States.
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problems that must be solved. The same tools that are used for
training can be used to some extent to drive and refine require-
ments because you can do the force-on-force, many-on-many sce-
nario. Testing, at least in the developmental world, is a one-on-one
or a one-on-few activity. When you migrate to operational testing,
you sometimes get involved in a few-on-few scenario and occasion-
ally a many-on-many scenario. Only with some of these very large
joint exercises do you get the actual many-on-many joint scenarios
that you encounter in a warfighting situation.

H: What’s interesting, I think, is that historically we have seen test-
ing as distinct from training, as distinct from force structure issues,
as distinct from operational issues, and what you now have with the
distributed network like this is the ability to bring all of them syn-
ergistically together and to teach that person in Air Force Materiel
Command (AFMC), for example, that his concerns as a tester are
not all that dissimilar from the person in the new Air Education and
Training Command (AETC) or the person in the Air Combat
Command (ACC} who is trying to work together to resolve issues in
projecting military power or determining what system they want for
future combat.

A: There is an additional dimension. It also helps in the require-
ments definition and refinement process. One of the big problems
I've seen in the DAB [Defense Acquisition Board] reviews, is the
issue of requirements definition. These tools provide the capability
to link the requirements, tactics, and doctrine and to iterate them
back and forth to an extent that we've never been able to do in the
past. It's really a question of how you do that organizationally, how
you use the tools, and who is responsible for the development of the
tools.

The test community is the primary driver for high-fidelity range
instrumentation and high-fidelity models and simulations. The test
community must either take the lead or play a major role, but they
will have to expand their horizons. As you said, things are some-
what stovepiped now between test, training, and requirements def-
inition. We've got to get rid of some of those stovepipes and look
across them so that we are using the same tools where appropriate
to support all of these activities. During the previous attempts to
establish a comprehensive range in the 1970s and 1980s, interser-
vice cooperation was certainly not at the level it is today, nor were
the technologies available to facilitate interservice operations.

There has been a remarkable transformation in the last ten years
at ranges such as the White Sands Missile Range [New Mexico]. We
were both out there three weeks ago to give talks at the Inertial
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Guidance Symposium at Holloman Air Force Base. I consider the
White Sands complex the prototype of where I see the ranges going
in the United States. First, there is a combined interservice test and
training range. Cooperation exists between the Army, the Air Force,
the Navy, and the Defense Nuclear Agency [DNA]. The Defense
Nuclear Agency, in the northwest quadrant of the White Sands
reservation, has a sophisticated array of instrumented hardened
targets. That's where they did the above-ground large conventional
tests as surrogates for nuclear explosions. Instrumentation to mea-
sure shock and blast effects is available. The test complex supports
U.S. test activities and NATO as well. I was out there several months
ago for a large above-the-ground test; they allowed us to get rea-
sonably close. I don’t recall the exact overpressure where we stood,
but you could see the shock wave coming at you and feel the pres-
sure pulse as it passed by. It was like a schlieren photograph, the
- same thing you've seen on the desert from an airplane low-level
sonic boom.

B: They call that part of White Sands the Stallion Range.

A: Yes, the Stallion Range Area. They are currently building a large-
blast thermal simulator test bed. This is housed in a large building
which is now under construction. By the way, our OSD T&E office
cosponsored the facility. It was originally a CTEIP [central test and
evaluation investment program) funded activity, but because it was
primarily military construction, it was later moved to a DNA line.
You can systemically test shock and blast effects in a controlled
environment. It's analogous in some respects to a shock tunnel or
flow down tunnel but to look at destructive effects rather than to
acquire aerodynamic data.

The Army has accomplished its surface-to-air testing over the
years at White Sands: the Stinger, the man-portable Stinger, and
the Avenger, which is the Stinger mounted on a Humvee, the Hawk,
Patriot, and a variety of other weapons. There is a high plateau
there called North Oscura Peak. Aircraft can fly at low level and up
toward that peak to evaluate sensors in a lookdown clutter envi-
ronment.

In addition, there is the Air Force test activity at Holloman Air
Force Base. They have the target drones there and they also accom-
plish radar cross section measurements at the RATSCAT [radar tar-
get scatter] and RAMS [RATSCAT advanced measurement system]
facilities. The inertial [guidance] test facility is there as well. The Air
Force has used Holloman as a test and training facility for years.
Now, of course, the training activity for the F-117s is there. To the
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Missile Park at White Sands Missile Range, New Mexico, with Organ
Mountains in the background. . . . Conventional explosives used to
simulate blast effects by the Defense Nuclear Agency at White Sands’
Stallion Range in the early eighties. Note how the explosion dwarfs
the vehicles parked nearby.
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south, contiguous to White Sands, there is Fort Bliss, Texas, the
home of Army air defense since World War II.

It is also the site of two permanent German training activities in
the United States: The German air defense activity at Fort Bliss and
the transition or checkout in the F4 for the Germans now at
Holloman. A Navy captain is vice commander at White Sands. The
Navy has a ship site where they test surface-to-air and surface-to-
surface ship protection systems. In addition, there is a small NASA
facility there as well. In summary, I would characterize White Sands
as the prototype of the future in terms of a multipurpose, multi-
function, joint service test and training facility.

H: That point would have really surprised me before I had gone out
to White Sands. On that trip, I had a vacant morning and I was able
to get down to White Sands from Holloman and got a range tour. I
had always thought of White Sands as merely a missile range, but
it is a lot more than that.

A: Let me move on to another issue. Budget pressures and the need
to cut down on infrastructure costs is one driver for consolidation.
Another driver is technology.

Let me address the technology driver. Aircraft platforms have
migrated from what I would characterize as designs of the fifties and
sixties, which were largely independent hydromechanical subsys-
tems, which were mechanically or hydraulically linked to today’s
highly integrated systems. Many of the same sensors supply infor-
mation to all of the subsystems—flight control, fire control,
engine—through a data bus. So it’s a highly integrated platform and
that integration now includes the weapons. Designs went to con-
formable carriage to minimize drag or internal carriage for signa-
ture reduction purposes. Historically, we did a lot of the develop-
ment at the platform level and the weapons level separately. Those
activities were separate and distinct functions. The distinction is far
less clear today. The distinction between weapons, offensive and
defensive, and platform work is less pronounced than it was with
earlier generations of technology. That's one thing that will drive,
over time, systems to be tested as an entity.

Another factor is we've gone in the last twenty years from high
and fast to flying at relatively low level to evade detection. We need
the varied topography to test platforms and the terrain avoidance
systems. For all those reasons, I think we see a further migration of
test activities to the southwest.

There is another consolidation driver, the EW [electronic warfare]
area. We can no longer afford to upgrade all of the capabilities we
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now have. The issue becomes classified if we get into specifics. To
acquire either real or surrogate double-digit air defense threats is a
very expensive proposition. Suffice it to say that we are no longer
going to be able to afford upgrades at several locations.

H: And spread the cost burden around.

A: For all the above reasons, I see a migration of aircraft and
weapons test activities to the southwest. Probably the most emo-
tional component of the issue is the direction the Navy takes vis-a-
vis Pax River. My vision is that the high-performance aircraft will
migrate to the southwest. I am adamant on the point that it has to
be done in a way that protects the Navy’s equity. I think that can be
done by basing naval high-performance activities at China Lake.
That doesn’t mean the demise of Pax River by any stretch of the
imagination, far from it. I believe the Navy has come to this realiza-
tion and they are now integrating the Naval Air Warfare Center, the
lab function, at Pax River. They are moving NAVAIR [Naval Air
Systems Command] headquarters there [from Arlington, Virginial.

It’s a facility with a lot of capabilities and talented people. [Pax
River] will continue to prosper but in a slightly different role. It is
now the southeastern boundary of the greater Washington-
Baltimore metropolitan area and encroachment pressures will
increase. If you move the high-performance aircraft westward, then
you move the Navy test pilot school. I think the two test pilot
schools will be integrated, with command rotating between the Navy
and the Air Force. For the reasons I've already mentioned, most of
the Navy’s weapons testing is now done out at China Lake. I think
there will be a further migration of high-performance test activity.
It's going to be a traumatic move, but I think it will come about.*

H: Low-speed aircraft work would still be functional at Pax River. I
think you mentioned at one point VSTOL [vertical/short takeoff and
landing].

A: Antisubmarine warfare systems and VSTOL. One of the two can-
didate platforms under the joint advanced strike technology (JAST)
program is a short and vertical takeoff and landing platform. A
decision hasn’t been made, but that may well become one of the
platform technology demonstrators. It's going to be interesting to

*Although various studies, including the “Report on the Roles, Missions, and Functions of the
Armed Forces of the United States,” issued by the Chairman of the JCS in February 1993, have
recommended increased use of the ranges in the southwest, the Navy and the Maryland con-
gressional delegation have continued to resist the idea of removing any significant aircraft test-
ing capabilities from Patuxent.
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see where that test activity is undertaken, whether it's at Pax or
elsewhere.

Let me make another point. We have talked about the test com-
ponent. I want to address training. Test and training activity, at
least in the aviation business, has been integrated for years. Point
Mugu and Eglin are prime examples of that, where test and train-
ing activity is collocated. It coexists, as | mentioned earlier, at White
Sands. The name of the range in Utah is the Utah Test and Training
Range, although the reality is there is very little test activity there.
Less than 5 percent of the missions are test missions. The R-2508
airspace, which encompasses the Navy ranges at China Lake, is
shared by the Navy and the Air Force for testing. It is also used by
the Navy for training out of Lemoore NAS. Those offshore Pacific
missile ranges are used for test as well as training. So, in the avia-
tion area there is joint testing and training today.

In the training world there are incompatibilities between the Air
Force and Navy air combat maneuvering instrumentation. An air-
craft can't fly out of Fallon, as an example, against the Nellis range
and use the Fallon display and debriefing system. The Air Force and
the Navy ought to be able to fly on each other’s training ranges with
compatible instrumentation. The Air Force has two different train-
ing instrumentation systems. The one in Utah, a multilateration-
based system, the high accuracy multiple object tracking system
(HAMOTS), is compatible with the unique test system that is there.
It is incompatible with the training systems at Nellis and Fallon.
There is a need to achieve compatibility so that the Navy and the Air
Force high-performance aircraft out there can be flown on multiple
ranges for a variety of training experiences. There is an initiative to
make the next-generation air combat training system be compatible
and interoperable between the Air Force and the Navy.

One cultural problem is integrating the Army into this, starting
with the Army National Training Center at Fort Irwin [California).
The Army is very concerned about integrating test and training.
Their concern has to do with their ability to accomplish the training
objectives, being out prioritized by the test world. The Army has
resisted, to a greater degree than the other services, being integrat-
ed into a large test and training environment. I think it's inevitable
in the southwest. We're now beginning to look at electronically link-
ing the ranges. That was the tasking from Secretary of Defense Les
Aspin in April 1993. The test ranges are already linked. Linking the
test and training ranges facilitates acquiring test data as well as
training data. Our office sponsors joint tests. We now piggyback,
and have for years, many of the joint tests on the Red and Green
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Flag exercises at Nellis simply because all the assets are there, both
the Navy and the Air Force aircraft. The aircraft assets are there, so
you can extend a week or two for joint tests. The most recent one
was the joint air defense operation, joint engagement zone
[JADO/JEZ] test at Nellis.

Those activities, because they are so resource intensive, can sup-
ply a database in the future for test purposes as well as training. In
addition, the information can be used to verify and accredit simu-
lations. People say we need to train the way we fight; that’s certain-
ly true. I don't want to say the training exercises are unscripted free
play because there are a lot of constraints and to some extent they
are scripted, but to acquire test data, you may want to have a little
more scripting and instrumentation.

H: A more laboratory-type environment.

A: Yes, more of a laboratory environment, but having the instru-
mentation available so that you can capture the results and use
them to update the simulations that now exist in the various battle
labs. We are going to link things electronically for that reason.

I don'’t see, with a couple of exceptions which I will cite, a lot of
near-term potential for enhancing the initial developmental testing
because it's more of a one-on-one subsystem level activity. I think
the one area where you can is by integrating a digital simulation of
threats with the actual hardware we have on our open-air ranges.
You could better replicate a threat density. That's one that readily
comes to mind. In the other areas it’s difficult for me to see how the
linking will greatly facilitate testing at the developmental level. At
the operational level, I think it’s going to be a tremendous boon.
Also, I think as things migrate geographically for a wide variety of
reasons, some of which I've already discussed, it will make our
ranges more flexible and useful.

The Navy has moved in the direction of warfare centers. One of
the four warfare centers is the Air Warfare Center. The Navy vision
is a full-spectrum capability which collocates geographically the
labs, the test and evaluation function, and service engineering sup-
port. They've done that in the Air Warfare Center at Pax, the
Undersea Warfare Center at Newport, Rhode Island—they are
migrating from New London to Newport—and the Surface Warfare
Center.

In the case of the Naval Air Warfare Center, this includes labs, the
T&E function, and follow-on service engineering. Obviously, you
have collocated the technical base, but service engineering goes on
wherever the fleet is. So the activity is worldwide, but you've collo-
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cated the technical base. You don’t need to do all the testing there,
with today’s technology. As I mentioned, some of the Navy high-
angle-of-attack testing has been done at Edwards for years to take
advantage of the lake bed and airspace. It is an example of distrib-
uted testing but continuing to concentrate the analysis. I think
that’s a model that has increased potential with today’s data acqui-
sition and transmission technology.

Another opportunity that will come from electronic linking is
more immediate access by designers and program managers to
results. That's a mixed blessing because data will be more readily
accessible. I think, on balance, that will be good because there
won't be the time delays and the past penchant to massage the
information. I'm not saying that in a pejorative sense. Real-time
systems don't allow you to do the QA [quality assurance] before
other people have it. Back in the old days, people not only did a QA
check on the data but they were very reluctant to release data until
they did a lot of preliminary analysis. On one hand, people are going
to have more rapid access to data, but the downside is that people
who aren't trained in data reduction and analysis are going to be
faced with the situation where they are going to need some internal
analysis capability for the information to be made useful.

By the way, in the spring of 1993 Secretary of Defense Aspin
directed OSD and the services to streamline the T&E infrastructure.
The objective was to achieve management efficiencies by better inte-
gration of facilities. The results from that study are documented in
a briefing I gave.*

Improving Test Systems and Instrumentation

H: You have put the southwestern range complex into a much
broader context than merely just looking at “a few ranges down
there getting together.” Now we can see the real rationale behind it.
To a degree, we have really talked about this in some of the things
we have alluded to here, and it leads into it and that’s the efficacy
of T&E resources. Jack Krings used to complain when he was
Director of OT&E that investments in T&E resources had fallen far
behind that of the acquisition programs. Do you basically concur
with that view? Given the changes we've seen in the world, the end
of the cold war for example, do you think that’s still legitimate? In
your particular case, how have you addressed this issue? What
have you felt about it?

*See appendix H for “Test and Evaluation Facilities Fast Track Study.”
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A: Jack started an initiative to create a central investment fund so
that the OSD T&E offices could invest in major upgrades across the
ranges. He believed the ranges were falling behind and that the sys-
tems that we were attempting to test had capabilities that exceeded
our ability to measure and evaluate those capabilities. I certainly
agree with that, and I supported Jack in this effort. Mr. [Robert A.]
Taft [III] was the Deputy Secretary of Defense at the time. Jack was
successful in convincing Mr. Taft that we needed a central test
equipment line. Our office eventually became the repository of those
funds. I won't go into all the history, but what has evolved is that
there is roughly twenty million dollars of that fund that is used
annually for relatively short-term upgrades in the operational test
arena. The rest of it, about $100 million annually, goes for capital
investments in generic capabilities that support both developmen-
tal and operational test. I think it has been very successful.

Let me mention in my opinion a few of what I think are the major
successes of that endeavor. The first, of course, is the GPS [global
positioning system] range application systems. The seed money for
that came from OSD prior to the establishment of the central fund.
That effort has been managed very capably by Tom Hancock at
Eglin AFB over the years. It was a prototype of a generic investment
that impacted the entire test community. Some of the early pro-
grams that were funded by the central test line include the common
airborne instrumentation system (CAIS), which is an instrumenta-
tion system to be used by the majority of Army, Navy, and Air Force
aircraft. I say majority; there will be a 10 percent high end record-
ing requirement for a special system. This is a primary pulse code
modulation system. The Navy at Pax River manages the program.

H: So CAIS has basically replaced this earlier AFFTIS [Air Force
Flight Test Information System].

A: CAIS is an improved next-generation version of the AFFTIS and
is now being managed by the Navy at Pax River, with Air Force and
Army people participating. It's a joint program office in effect. CAIS
is now well along in the development. It’s a system designed to meet
high-performance fixed-wing aircraft requirements and rotary-wing
vehicles such as the Comanche. It will be used with it, the F-22,
and on the F-18E/F. It will be the mainstream instrumentation sys-
tem for aircraft flight testing for the next thirty or forty years. The
design is a modular building-block approach.

H: This is a major development. When you really think about it, you
are setting something up that’s going to be with you for almost half
a century. .

65




A CAREER IN T&E

What I find historically bothersome is that people fail to learn
these lessons. If you cut back on a system that’s immature when
you have the money and lose ten years, and then you try to develop
it in lean times, think of the problems you have made for yourself.

A: This is a particularly sensitive issue with me. We have learned so
many times that you don't want to develop an instrumentation sys-
tem at the same time you develop an aircraft, yet we have done that
time and time again. I can cite many programs. As an example, I
was involved as project engineer of the B-52H. That was the first
actual test program at the AFFTC to use a pulse duration modula-
tion instrumentation system. It was the first use of that type of sys-
tem by Boeing and the Air Force on a large aircraft. Not only was the
instrumentation system new but the pressure transducers were as
well. We had so many problems with the instrumentation system
that we had to revert to a backup old photo panel system to mea-
sure pressures. The pressure transducers were about half as big as
a coffee can. They were a high-volume transducer, or at least their
internal volume was high, and therefore there was a lot of lag.
Dynamic data in a B-52 isn’t all that dynamic. Still, the transduc-
ers were totally inadequate for transient measurements.

H: Totally behind what was happening developmentally.

A: Absolutely. We had to revert just to acquire the steady-state data.
We put a photo panel in parallel and with the long lines that you
needed for a photo panel, you can imagine running a pressure line
from an outboard modern engine on a B-52 to some central loca-
tion.

H: Some seventy or eighty feet.

A: Oh, yes. So the lag in that instrumentation was out of sight. The
instrumentation was unsatisfactory for defining non-steady-state
characteristics.

Back to the original point, I can name several programs where we
had similar experiences. Contractors would use their own unique
data acquisition system. The process of debugging the data acqui-
sition system went on for the first two years in the flight-test pro-
gram. It was totally unsatisfactory. Another problem in those days
was the need to reinstrument an airplane when it transferred from
Edwards to Eglin because of the lack of a common instrumentation
system. Air Force Systems Command headquarters became very
concerned, and that was the catalyst for the AFFTIS. You don't need
to have a total commonality, but there has to be common interfaces
so it is functionally compatible. More than one vendor can produce
components as long as there is a functional commonality. There are
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two or three prime producers of aircraft instrumentation, aside
from the various sensors, because there are numerous companies
producing sensors. You don’t want to be locked into the next thirty
years to any one company.

H: In a somewhat related way, the point you've just raised touches
on another one and that’s the whole national competitiveness issue.
With the drawdown, many of these smaller, specialized suppliers
may not any longer be out there, or if they are, they may not be able
to devote a significant effort to just one customer. You can find
yourself depending on a system that, all of a sudden, is nonsup-
portable; it's a tricky business.

A: Yes, it is.

N: Mr. Adolph, you made the point earlier that the CAIS system was
modular. Do you think that will enhance the ability to upgrade it as
new technology comes along? For example, Bob Webb at Eglin is
developing one thing he calls “peel-and-stick” technology, where
you can literally peel off and stick onto the skin of an airplane a sen-
sor of some kind.

A: Very definitely. By the way, Webb was the senior Eglin partici-
pant on the AFFTIS system. Modular components do two things.
First, as technology moves ahead, we'll be able to miniaturize indi-
vidual components without having to redesign the whole system.

C-17 room in the Ridley Range Control Facility at Edwards in 1993.
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Second, modular systems are readily expandable. If you have a dis-
tributed system and you test a big airplane like a B-2, the system
is modular and expandable so that you can locate and distribute
components throughout the platform.

It allows for design flexibility. It also allows us to have a depot
level of support infrastructure that cuts across all three services.
I'm going to touch on that later on in conjunction with the whole
test support infrastructure issue. In the past, we would have a pool
of instrumentation spares at every facility. You need some limited
change out capability close by because if you preflight the instru-
mentation and you find a problem, you can take it into your shop
and change out the defective component. You still need that quick-
reaction capability at each of the test locations. Depot level repair of
all these modules can and will be consolidated across the services
and you’ll have central supply. Again, back to this commercial prac-
tices business, you can ship things overnight commercially, cer-
tainly anywhere in the United States, so we don't need to lay in a

high level of spares at every test facility anymore. There is no need
to do that.

I want to expand on that thought. It applies not only to the air-
borne instrumentation but it applies to most of the other systems
that we use out there to support test facilities. We need to aggregate
depot level instrumentation and range system maintenance, aggre-
gating that across the services. That has been done for years with
instrumentation radars, the FPS-16s. There has been one support
contract. The system was built by the RCA Corporation and RCA
had a sole-source contract for a number of years. That contract was
later competed, as it should have been.

There’s legislation proposed this year—I don't know if it has made
it through all the wickets—that depot level maintenance of the elec-
tro-optical equipment be consolidated—that is, the optical trackers
we have at the ranges. I think that makes good sense. The mainte-
nance should be competed. Another area that should be aggregated
across the MRTFB [master range and test facility base] is upgrades
to mission control rooms. There have been at least three genera-
tions of upgrades. The first generation was the Grumman system,

which was developed under Navy auspices by Grumman at
Calverton.

H: This is the old automated test system, the ATS?

A: Yes, the ATS. It was later cloned at Pax and Edwards and a num-
ber of other places.
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H: That seemed to be a milestone system in its own way at that
time. ‘

A: Yes, it was. It was the first generation relatively automated real-
time system. There were a couple of other generations developed,
one of which was IFDAPS [integrated flight data acquisition and
processing system] developed at Edwards and later cloned at sever-
al other ranges. A later upgrade was developed for the self-con-
tained B-2 facility at Edwards. If you're displaying PCM [precision
countermeasures] data at Eglin, Pax, Edwards, Mugu, China Lake,
or White Sands, the displays that you use for time histories, pres-
sures, temperatures, rate data, are the same. Basically, it doesn’t
matter whether it's an aircraft or a missile. The government has
paid for a lot of those displays and display software over and over
again. There’s a move afoot now to use some commercial practices
in this area, and I think that can and should be done. The oversight
and the management of that is best done centrally so you can look
across the whole MRTFB. There is nothing unique about measuring
pressures and temperatures and rates using PCM systems.

I believe the acquisition of those kinds of systems should be cen-
trally managed. When I say centralized, I don't mean that you total-
ly do away with the organic capability at all the field ranges. You
need some limited capability there because there are minor ongoing
upgrades that are really worked in over the weekend or on evening
shifts. You need some in-place on-site capability to do that.

Let me mention a couple of other systems that we are developing.
The OSD office is funding a “Smart Munitions Test Suite” in con-
junction with the Army at White Sands to support the next genera-
tion of smart munitions testing. The upgrade will support testing of
munitions such as the Army’s brilliant antitank (BAT) submunition.
It became obvious during the initial test planning for the BAT that
the existing instrumentation was inadequate for testing wide area
smart submunitions—to be able to track a number of submunitions
simultaneously. This upgrade consists of modifying the multiple-
object tracking radars that now exist at White Sands, in addition to
some changes to electro-optical systems to give the required data.
This is another initiative that is being jointly funded, in this case by
the central test equipment line and the Army, to provide the next-
generation capability to evaluate smart submunitions.

Another one that comes to mind is the Aerial Cable Range
Facility, again at White Sands. The requirement for this facility grew
out of a facility that Sandia [National Laboratory] runs on the
Kirtland Air Force Base reservation at a place called Coyote Canyon.
At Kirtland targets are slid down the cable replicating helicopters
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and other targets. It was used extensively to test the Stinger missile,
including flare and other countermeasures effects. You can put
heaters on the target and duplicate the IR [infrared] signature of a
helicopter. You can also evaluate a wide variety of flares and see
how effective they are as countermeasures. Much of the develop-
ment of the Stinger reprogrammable microprocessor sensor was
accomplished using that facility. There are a couple of problems
with the Coyote Canyon facility. One is, depending on the trajecto-
ry of the missile fired at it, there is an area that is used for grazing
sheep behind it. So there are some limitations on firing directions
and trajectories. In addition, the facility can't handle high-speed
targets, and you don't have the variety of clutter backgrounds. As a
consequence of the limitations on the system, we undertook to
develop an improved system about four years ago. By the way, we
were out at Coyote Canyon one weekend; in one day you could fire
several shots under highly controlled conditions. It was remarkable,
the number of tests that you could fire relatively inexpensively
under a controlled environment. There is just no comparison to
shooting a droned aircraft. The fidelity isn’'t 100 percent, but it's
adequate for most types of development shots. As a consequence,
there is a facility that’s now being built at White Sands that pro-
vides a much more robust capability, both in terms of the speeds at
which the targets can go down the cable and in terms of a wide vari-
ety of clutter backgrounds. That facility cost is around twenty-five
million dollars, which can be amortized in the first year or two of
testing.

H: That's not much.

A: The White Sands system is a three-mile-long Kevlar cable sus-
pended across a canyon between two mountain peaks. It's the
longest unsupported cable span in the world. The cable can hold up
to 20,000 pounds. Captive vehicles can either be rocket propelled or
gravity accelerated. This facility is a remarkable engineering
achievement. Because this area is used quite a bit for low-level fly-
ing, the cable does not remain in the air all the time. When it's not
being used, it's lowered.

H: It rests across the desert floor?

A: Yes, so they can raise and lower the cable, which was an addi-
tional complication in construction, but it retains the flexibility to
use that airspace for a variety of other things. That airspace, by the
way, has been used over the years for sensor testing. As an exam-
ple, North Oscura Peak is a mesa or a plateau with a pronounced
escarpment on the southwest face. Ground-based radar sensors
have been mounted on the top of the plateau and target aircraft
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would fly up the valley. I was out there one time when they had New
Mexico Air National Guard A-7s flying up the valley and using ter-
rain masking. That area is used for those kinds of tests from time
to time, so you want to minimize obstructions.

H: Is there any deterioration of the cable when you are firing?

A: You can hit the cable, so they've already bought two cables.
Occasionally, the cable will require repair or replacement.

As a footnote to this facility, I think it illustrates a relatively inno-
vative alternative application to providing what I would call full-up
testing of either a platform or a weapon. In this case, full-up testing
of a weapon can be accomplished against surrogate platforms that
are relatively inexpensive but still have the requisite fidelity to
obtain the information you need to develop the sensor. Innovations
like this are particularly important in a fiscally constrained budget
environment. In addition, during the Stinger test, there was no way
that you could accomplish the numbers of tests that were required
to refine and fine-tune that sensor, using real helicopter targets.

H: The cost would eat them alive.

A: Yes and the quality of the data from a target that is destroyed is
often less. You lose some if not all diagnostic ability. The point is that
you need to fine-tune software-intensive systems. To do that you

A helicopter mock-up at the lower end of the Aerial Cable Range
Facility at White Sands Missile Range.
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would need a relatively large database and you need to test rapidly at
a variety of conditions to avoid stretching out the development.

H: What time period was this Stinger work taking place in?
A: In the early 1990s.

N: This test approach has a lot more flexibility than is immediately
apparent. I've used the cable out at Sandia to hoist a [Mark 82]
bomb up into position and then pull it down to impact beside a tank
to test fusing. So it can be used in a variety of different ways.

A: That's right, Doug. You hit on a good point. The Air Force used
the facility for testing the sensor-fused weapon [SFW-—an anti-
armor system that dispenses numerous self-guided projectiles over
a wide area]. In fact some of the tank hulks used as targets were still
there when | was there. They would slide the sensor-fused weapon
submunition down the cable, and then at the appropriate point
release it and let it do its trick against the target. These facilities will
continue to be a powerful tool.

H: So you had the sled hooked up to a cable which basically was
yanking the bomb down?

N: Right. So you ended up with a simulation of a vertical sled track,
if you will.

A: Let me expand on that point and comment on fuse testing. It has
always been a technical challenge, and it's becoming an even
greater challenge. There is a new fuse facility being built out at
China Lake. The acronym is MESA, measurement of electronic sim-
ulation something. It's under construction now and resembles a
hangar in appearance. The purpose of this facility is to test proxim-
ity fuses in an air-to-air environment, doing tests similar to that
talked about. You can evaluate proximity fuses against suspended
targets from various aspects. This is becoming a more challenging
technical problem as we go to low observable platforms, getting a
prox fuse to activate at the appropriate point. The probability of kill
is obviously a very strong function of the distance from the target
that the warhead detonates. The limitations on our instrumentation
are such that, for shots against drones, we may not know exactly
where the proximity fuse initiates relative to the target. You obtain
proximity fuse detonation from telemetry data on the fuse itself. You
then need to time correlate between that data and the optical data
relative to the platform. You can't refine the fuse from that kind of
data, so you need these facilities.

H: To get a rear quadrant definition and a front quadrant definition?
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A: Exactly, all of those. This facility is really unique. The capital
investment is coming from the Navy; it's another illustration of a
one-of-a-kind facility that we need as technology moves along. But
we can no longer afford to have multiple facilities, so one service is
going to develop it and it must be shared by all the services. By the
way, the DOD IG questioned the need for the MESA facility. We got
the issue resolved just in time to avoid construction delays.

Test and Evaluation Consolidation
and the Reliance Program

H: You were involved with many of the range matters we've been
talking about in connection with a major interservice effort known
as the T&E Reliance Program. To put these all in kind of a single
context here, we've a number of basic questions on the T&E
Reliance Program. How did it get started? Who were the major play-
ers? What were the options that people were looking at? What was
the role and function here of OSD? What was the role of the ser-
vices, and what ideas did they have? Who were the major competi-
tors in the field here? In your view of this and the progress to date
and future prospects, how did you see your role changing and evolv-
ing as chair of the defense T&E steering group?

A: Before I address the reliance question, let me take a minute to
give you some background on the origins of the defense T&E steer-
ing group. In the late 1980s the services did not have a clearly iden-
tified focal point for test and test resource matters. Jack Krings (the
first Director of Operational Test and Evaluation} and I urged the
services to identify a single point of contact to work with us. The
Army identified Walt Hollis (Deputy Under Secretary of the Army for
Operations Research) as their test focal point. Walt had a long and
impressive background in operations research and test. The Air
Force established the position of Director, Air Force Test and
Evaluation which was filled by Lt. Gen. Howard Leaf, USAF, Retired.
Because of his outstanding credentials, he was recognized through-
out the Air Force from the outset as the individual responsible for
test matters. The Navy’s designated focal point for test matters was
the Director, T&E and Technology Requirements; initially Vice
Admiral Guy Reynolds and later Rear Admiral Bill Houley. These
individuals were the service principals on the Defense Test and
Evaluation Steering Group (DTESG), which I chaired. Maj. Gen. Mal
O'Neill represented the Strategic Defense Initiative Organization
(SDIO) office, and Don Linger was the Defense Nuclear Agency point
of contact. The DTESG was the forum used to address and resolve
a myriad of test issues, including reliance. We reviewed and
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approved the recommendations from the various reliance study
panels. We also reviewed the services’ annual test investment strat-
egy and approved the OSD-funded CTEIP investments. DTESG
meetings were frequent, always lively, and sometimes contentious.
It was a pleasure to work with the caliber of people who were on the
DTESG.

With that as a background, I will address the genesis of reliance.
First, there was a consolidation activity which preceded reliance.
The previous administration’s Defense Management Review (DMR).
How did it get started? There was an effort that really preceded T&E
reliance. The previous administration’s DMR initiative was an effort
to improve the efficiency of the Defense Department. We started
with a DMR study of potential consolidations of T&E facilities. That
study preceded what came to be known as T&E reliance, but it real-
ly fed into it in many areas. The T&E reliance effort was initiated by
a later specific defense management review item that called for it.
The buzzword “reliance” came out of the science and technology
area; there was a science and technology reliance effort separate
from the T&E reliance initiative. It started with the DMR as well.

The major players were, of course, the services and the OSD
developmental test staff. The operational test staff didn't play in it
to any significant degree because the operational test organizations
in the services don't run any test facilities, with the exception that
the Army OT community runs [Fort] Hunter Liggett [in California).
The Defense Nuclear Agency played a significant role. It was desig-
nated as the lead for nuclear effects testing.

It turns out there are some forty-one nuclear effects facilities that
made the dollar threshold cut. Of those forty-one, just to give you
an example of the positive impact of reliance, a decision was made
to shut, over time, seventeen of those forty-one because of duplica-
tion and downsizing. One of those is the Trestle facility out at
Albuquerque.

B: That will make a lot of fire wood. [The trestle was a large raised
platform at Kirtland AFB, made without metal, used primarily to
test aircraft for electromagnetic pulse (EMP) effects as would be
generated by nuclear detonations.)

A: What were the options? If we look at areas for possible consoli-
dation candidates across the services—this is intuitively obvious,
but it illustrates the point—there is no argument about who should
test tanks or who should test submarines and surface ships. The
only area of significant duplication has to do with aviation, aircraft,
the weapons used on airplanes, and the weapons that shoot at air-
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planes. That's the area of overlap, and as a consequence, there is
duplication among the services in test infrastructure and facilities.
The repair depots are dealing with the same issues—excess capacity
for Air Force and Navy fixed-wing aircraft. There is also some over-
lap in the laboratory infrastructure.

The largest single capital investment in the test infrastructure
over the last several years and continuing into the future years is in
the aircraft electronic combat testing facilities. That's where the
major generic investments are being made in indoor facilities as well
as outdoor simulators. The most contentious issue relating to air-
craft that always shows up, of course, is high-performance aircraft
flight testing. The issue of whether it should be consolidated in the
southwest somewhere; it is not an argument of Pax River versus
Edwards per se.

H: Blue skies versus gray skies, open areas versus urbanized.

A: If you consider the airspace and ground impact footprints, VFR
[visual flight rules] weather requirements for developmental flight
testing, low-level flight testing over varied terrain, and urban
encroachment, you have to conclude that the Edwards/China Lake
complex is the better alternative. It must be done in a way that pre-
serve Navy equities. There was an article last year in the Washington
Post which discussed the growth of the greater Washington-
Baltimore metropolitan complex. The southeastern boundary of
that complex is the Pax River Naval Air Station. There is population
encroachment and there are also technology issues, one of which
has to do with the kinds of airplanes we’re building, both the Air
Force and the Navy. Next-generation Navy platforms are fundamen-
tally attack aircraft for land targets. That will require weapons sep-
aration testing, and you are going to fly over varied topography.
That has to be done out west somewhere.

H: In fact, it's funny because whenever you test in an urban envi-
ronment—and this is why the Navy left Anacostia in 1943 and went
to Pax River—you always have the danger of accidents in a heavily
populated area. Now that’s not the kind of thing that’s not going to
happen in the southwest. You're not going to have a guy on China
Lake or up on R-2508 going off and trashing a local community.

B: Maybe some old wild burro might get hit out in the desert.

A: That's the high-performance aircraft issue. The Air Force and
NASA both moved high-performance testing there years ago. If the
Navy's high-performance aircraft testing moves, a test pilot school
move would logically follow. I think the Air Force and the Navy agree
today that it could easily consolidate most elements of the test pilot
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training; they just don’t agree on where it needs to be done. I
believe that the move is inevitable, but it has to be done in a way
that preserves the Navy's equity. The way you do that is you build
the needed infrastructure and base the Navy air at China Lake.

That doesn’t mean closing Pax River by any stretch of the imagi-
nation. It still would accomplish the ASW [antisubmarine warfare]
and the carrier suitability testing, and Pax River is evolving into a
premier aircraft test support laboratory with the ACETEF [Air
Combat Environment T&E Facility] and EMI [electromagnetic inter-
ference] facilities. The bulk of the weapons work and threats—the
Echo Range—are out there at China Lake anyhow. Many of the
activities relating to today's weapons designs are already there.

Another area is the electronic warfare range test support area.
The issue there is one of cost. With the open-air threats, we can’t
afford to continue to upgrade numerous sites because we are talk-
ing fifty to a hundred million dollars for a simulator. There’s going
to be consolidation of open-air EW facilities. In the arena of the
related indoor facilities, we cannot afford to have unnecessary
duplication.

In the weapons test area, the White Sands complex has the best
physical facilities and instrumentation for surface-to-air testing.
Air-to-air testing is done at a variety of places: Eglin, White Sands,
China Lake, and Point Mugu. I don’t see much consolidation there
because what goes on at each of those places is somewhat unique.*
There is high capital investment in facilities and there’s little to be
gained by consolidation. In the air-to-air area I don't envision any
big changes in the near term. By the way, White Sands has the best
endgame scoring instrumentation for air-to-air testing as well.
China Lake has state-of-the-art fuse test facilities. For air-to-
ground testing, again, the same three locations. Because of smart
submunitions, the best instrumentation for endgame scoring has
evolved at White Sands brought about by the BAT submunition. It
is comprised of upgrades to the multiple object tracking radars and
upgrades to optical equipment. There is also a suite of instrumen-
tation operated by DNA at the Stallion Range to test hardened tar-
gets. Testing conventional munitions against hardened targets has
become more important since tactical nukes are no longer an
option. There are facilities to do that both at Eglin and out at White
Sands. I don’t envision any significant consolidation [of these].

So the major area of overlap is related to aviation.

*Among the base realignment and closure actions of 1995 was the transfer of most of the elec-
tromagnetic test environment (EMTE) threat simulator system from Eglin to Nellis.
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McDonnell Douglas F/A-18 Hornets over Patuxent River Naval Air
Station, Maryland (top), and China Lake Naval Air Station’s Electronic
Range (C-Site One) in California (botfom).
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Another issue is the amount of infrastructure either dedicated to
T&E or used to support T&E. The T&E reliance effort consisted of a
review of the following areas: threat simulators, airborne instru-
mentation, climatic test facilities, air breathing engines, test sup-
port aircraft, land vehicles, chem-bio effects, fixed-wing aircraft,
surface-to-air, air-to-surface, and surface-to-surface missiles,
nuclear weapons effects, targets, electronic warfare, eclectic guns,
and supersonic sled tracks. In each one of these areas, there now
exists a memorandum of agreement which basically defines an
investment strategy and a lead service. All capital investments of a
million dollars or over in new facilities in a given reliance test area
have to be coordinated. The objective is to cut down on future
investments and unnecessary duplication, so the impact will be
greatest in the future. The impact on consolidating existing facilities
has, with some notable exceptions, been very limited. The consoli-
dation study provided the information that led to the closure, as an
example, of the Naval Air Propulsion Test Center at Trenton [New
Jersey].

In summary reliance was not designed to close major test facili-
ties; reliance was designed to set up a process by which future cap-
ital investments in test facilities would be managed. That process is
now in existence. Its effectiveness will depend on the people imple-
menting the processes. To go back to the EC test process analogy,
there was a process defined, but part of the problem was that the
process was not followed. In retrospect I'm a bit disappointed by
what was accomplished as a result of the reliance effort. I think the
lead service concept is a step in the right direction, but that remains
to be seen, as I said earlier, as to how effective it will be. In retro-
spect you can’t accomplish much by getting people and expect them
to go back home with the message that “I made a recommendation
that we close our facility and consolidate.”

H: That's a very difficult thing.

A: You can accomplish very little from the field with a bottom-up
process when trying to consolidate. We set up a lead mechanism;
it's a small step. Again, in retrospect, a tremendous amount of effort
was put into reliance by a lot of people. The cost effectiveness of the
project probably wasn’t very high.

Turning to related issues, the T&E infrastructure activities fall
into three main categories. There's the test and evaluation itself,
which includes planning, test conduct, analysis, and reporting.
These functions must, in my view, remain with the parent service
acquiring the system. There must be an in-house government cadre
within each service that knows how to execute and evaluate devel-
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opmental and operational tests. You can't have that done by an out-
side agency.

Another major function of all of the test facilities is test support,
which includes operating and maintaining the ranges, running the
computers, data processing, and the real-time mission control
activities. That function needs government oversight, but can and,
in my view, should be contracted out to a large extent. The test sup-
port function is a mixed bag across the major ranges. On one end of
the spectrum is an almost total contract operation, Vandenberg
[AFB, California] and Tullahoma [site of Arnold AFB, Tennessee]
being two examples. The other end of the spectrum would be almost
a total in-house government civil service/military operation. In my
mind, most of the test support functions should be contracted out
for maximum efficiency and cost-effectiveness.

The third function that test facilities currently perform is invest-
ment management. This includes the functions associated with
planning, budgeting, and implementing infrastructure upgrades. If
you're going to control duplication and enhance interoperability, it's
essential to have centralized management of the major infrastruc-
ture upgrades. That’s one issue that I'm convinced is in need of a
major change and is naturally being resisted by the service field
activities. I've recommended that a joint program office be formed
that would do the following: (1) function as the acquisition office for
instrumentation, targets, and threat simulators; (2) manage RDT&E
support platforms investment (that is, aircraft and ships); (3) man-
age installed system and hardware-in-the-loop development and
procurement; (4) manage depot maintenance of common range
assets; (5) develop and maintain a range interlinking master plan,
and (6) provide instrumentation support to training.

A final function is to develop a modeling and simulation architec-
ture to support T&E. I believe the joint program office should support
the development of this modeling and simulation architecture.*

Interagency Testing

H: Which brings us up to an even broader if less-structured topic,
and that is interagency testing. We've touched on this also in previ-
ous interviews, and that is the relationship that we've seen DOD
have with other federal agencies, like NASA or the Department of
Energy, Federal Aviation Administration, Department of Commerce,
and CIA [Central Intelligence Agency].

*See also appendix 1.
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A: Let’s start with NASA because that's the easy one and one with
which I have the most familiarity, and I think it has been the most
productive. There's always been a close working relationship in
aircraft testing and the technology areas between NASA and the
Air Force. If you look at the pictures here on your wall—the X-1,
the X-2, and the X-3—the old NACA-Air Force relationship was
superb.

H: A partnership?

A: Yes. It was very, very close and continues to this day with the
AFTI-16 [advanced fighter technology integration demonstrator
adapted from an F-16 airframe]. The AFTI-111 [F-111 technology
demonstrator], which evaluated the mission adaptive wings, was
not as productive as the F-16 AFTI. There were a number of those
programs, joint ventures to evaluate aviation technologies. There
has been a very close working relationship both on the design of the
experiment and on the support infrastructure between the Air Force
and NASA-Dryden Center [at Edwards AFB]. It has worked very well
[and is expanding]. I'm not conversant with the level of cooperation
in space-related R&D.

There hasn’t been a comparable relationship with the FAA. Very
few issues have been worked on a joint basis. One that comes to
mind is in the area of hydroplaning during wet runway landings.
The FAA had done quite a bit of work but not on a high-performance
aircraft before, so we worked the joint program with the FAA. We
also did one—when I say “we,” I'm talking about the Air Force.
Edwards supported a program on sonic boom research, providing
the platforms, and we generally worked the flight profiles with NASA
and the FAA. As | recall, NASA was the lead. There have been some
commercial joint certification programs with the FAA, but there was
never the relationship between the FAA and the DOD test commu-
nity that exists with NASA.

N: One thought on interagency testing. One of the things that we
have in DOD and we take it largely for granted is the intellectual
property of the test and evaluation process. I recall someone giving
a speech on that, and he basically said within the FAA they don't
have a test culture. They don’t have a process, and it seems like in
many cases we could help transfer some of that.

H: That's a very good point.

B: That's sort of what happened with the NEXRAD [next-generation
weather radar], where the Departments of Commerce and
Transportation came to DOD to ask them to lead the operational
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tests of the new Doppler radar that we now see the imagery from on
television every night.*

A: I'll follow up on that. The FAA has a very limited involvement in
commercial aircraft testing, unlike the military services, which do a
comprehensive and complete evaluation. In the commercial world,
all of the developmental testing is done by a contractor. The FAA is
responsible for the certification program; most of that is executed
by the contractor with FAA oversight. It's fundamentally an over-
sight process, in contrast with the combined/joint test process typ-
ical of DOD.

H: I was struck by this going over some National Transportation
Safety Board reports on some aircraft accidents. The whole thrust
of the reports in some cases implied that the certification process
had been too casual in a couple of particular cases. You realized
just reading it how, in the commercial aviation world, we rely upon
the contractors in that certification process. In a way, it's like the
military services in the 1940s when they would leave so much in the
hands of the contractor until the very last minute. It's not encour-

aging.

Test Management Oversight

H: A problem that we've seen increasingly since the 1950s, particu-
larly as you've been dealing with programs that have major nation-
al significance or visibility, is the burden of test management over-
sight. More and more we've seen organizations that traditionally
were not actively part of the test community positioning themselves
to play an increasingly prominent role in testing, for example, con-
gressionally mandated test objectives for the C-17 to meet. What is
your view on dealing with that particular issue?

A: The basic answer is too much micromanagement. Examples
include congressional hooks on the C-17, the B-2, and the ASPJ
and other high-interest programs. There were twenty-some fiscal
year 1993 congressional hooks in the B-2 program that had to be
addressed to get funds released for fiscal year 1994. Most of those
hooks have to do with flight-test results. The Secretary of Defense
had to certify, in excruciating detail, that all of these hooks have
been met before the funds could be released. I think that level of
oversight is totally inappropriate.

*Throughout the 1980s, AFOTEC led a tri-agency operational test team that included mem-
bers of the Department of Commerce's National Weather Service as well as the Department of
Transportation's FAA.
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There was a congressionally imposed requirement on the
AMRAAM [AIM-120 advanced medium-range air-to-air missile}]; I
don't recall the exact words, but in effect the Director of Operational
Testing had to certify that the AMRAAM met all suitability and effec-
tiveness criteria. Most systems don’t meet all the suitability and
effectiveness criteria. The whole review process within the Pentagon
is to make judgment calls about the adequacy of a system. What will
happen over time with this congressional micromanagement is—
and I've already seen the beginnings of this in some of the next-gen-
eration platforms—people will tend to water down design criteria to
make sure that each goal can be met in its entirety. When you do
that, you're not pushing technology. There is far too much micro-
management on the part of Congress—and some elements of OSD.
The services certainly say that there is too much micromanagement
on the part of OSD. There are too many agencies who are involved
in the oversight process right now; we need to cut back. There are
too many overseers and too few doers.

The role of OSD should be to assess a few macro-level measures
and to make judgments about those measures. The whole issue of
making technical judgments is discarded when you have inflexible
legislative requirements that lawyers must interpret. Technical
development is about setting a very high standard and trying to
push technology. After you get some insight as to what is cost effec-
tive, senior decision makers collectively reach a decision about what
constitutes acceptable performance. It's the classic “knee of the
curve” cost-effectiveness judgment call. That was true ten years
ago, and I think it's going to be even more important in today's envi-
ronment where there is a relatively ill-defined threat and many dif-
ferent scenarios. What we are really trying to do is to keep pushing
technology. People need the latitude to make judgment calls on how
much is enough. That's what the entire review process is about. You
need to keep setting very high standards during the initial require-
ments definition process. Decision makers have to continue to
revisit those requirements as the system evolves. When technical
wickets are translated into legislative requirements (that is, laws),
you don’t have any flexibility whatsoever.

H: Very quickly it becomes a judicial matter.
A: It does, absolutely.

B: I've got a couple of natural follow-up questions while you are
talking about Congress. You earlier mentioned the need for inte-
grating testing between the contractors and the government, but
you also alluded to legislation that Congress passed in 1986 that
doesn't allow the operational testers to have anything to do with the
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system contractors. What kind of progress and attempts has OSD
been trying to make to get relief from that legislation over the last
several years? Do you think there is any hope?

A: The so-called Section 800 panel effort looked at acquisition
reform. One small part of that effort is called a streamline test
statute. Elements of the proposed statute include: (a) allowing more
flexibility in the use of contractor-acquired test data to satisfy oper-
ational test requirements and (b) permitting the use of contractor
support where appropriate during testing. Your guess is as good as
mine on the chances for approval of the proposed changes. We've
gone too far in the direction of excluding the contractor from the
process. The contractor has to be involved and must have access to
the data. We've talked about integration laboratories and models
and simulations. You either develop two completely independent
sets of tools, which isn’t cost effective, or you develop one and allow
both the government and the contractor to use it. I think the oper-
ational test legislation was ill conceived. We've moved even further
in the direction of building walls between the user and the develop-
er. I would like to see that trend reversed; but in my view we won't
get back to where we were in the late seventies in the foreseeable
future.*

Electronic Combat Testing

H: Reflecting advances in technology, one of our greatest challenges
has been electronic combat [EC] testing. This, it seems to me in the
mid-eighties, first became highlighted by the problems we had with
the B-1B on defensive avionics. This led General Larry Welch, who
was then the Chief of Staff of the Air Force (CSAF), to say that the
EC testing process was broken and that we needed a major effort to
make it more systematic and predictable—more like flight testing.
What do you see from your vantage point as the major trends in the
evolution of EC testing? For example, recent progress, lessons
learned that were incorporated in the systems that went into Desert
Storm, lessons perhaps out of Desert Storm itself, and prospects for
the future.

A: We now have a very well-defined EC test process. The big chal-
lenge is to put enough discipline in the system to ensure that the

*On 22 March 1994 Coleen Preston, Deputy Under Secretary of Defense for Acquisition
Reform, appeared before a subcommittee of the Senate Governmental Affairs Committee to seek
legislative relief from the artificial segregation of developmental and operational test data, the
prohibition on using contractor personnel to support both OT&E and DT&E, and requirements
for wasteful live fire tests, See Defense Issues 9, no. 26, 1994, 1-4. As of early 1996, however, no
action had yet resulted.
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process that has been defined is really used. That process consists
of building brassboards and breadboards [readily modified proto-
type equipment], using indoor facilities to assist in the development
and evaluation of the system at the subsystem level and then, final-
ly, at the system level before you actually put the system in an air-
craft for flight-test purposes.

You alluded to the problems with the ALQ-161 on the B-1, and
there were a number of problems.* There was no integrated total
system simulation available. The ALQ-161 was developed by the AIL
division of Eaton in Long Island. They had no ground-based simu-
lation facility that was used in conjunction with the offensive avion-
ics suite, which was developed by Boeing in Seattle. That was one
dimension of the problem. Another dimension was that some of
the existing simulation capabilities weren't used in the develop-
ment, notably the REDCAP [real-time electromagnetic digitally
controlled analyzer-processor] facility at Buffalo, New York. There
wasn’t a disciplined use of the available tools to develop a system
and troubleshoot it before it got in flight test.

The EC test process that the Air Force has subsequently defined
uses indoor facilities in conjunction with flight test in a more sys-
tematic fashion. The process has been well defined and the tools are
available. It remains to be seen as to the extent to which they will
be used.

Let me talk a little bit about the ASPJ [airborne self-protection
jammer].**

One of the many problems with the ASPJ is that EC systems
don’t enjoy the high priority that platforms enjoy, so their develop-
ment is subject to perturbations in the budget process. As a conse-
quence, they become stretched out. The impact of technology
changes on EC systems is much more dramatic than they are in any
of the other areas. One of the problems that the ASPJ had was the
measures of effectiveness used to evaluate performance. The sys-
tem had to demonstrate that it was significantly better than its pre-
decessor Navy system, the ALQ-126. For some of the scenarios

*Critical deficiencies in the B-1B's ECM system did not become apparent until AFOTEC pub-
lished a preliminary operational readiness assessment in August 1986, just one month before
SAC declared initial operational capability as called for in the schedule announced when the
Reagan administration made the production decision in 1981.

**Although the Navy had to cancel the ASPJ program in 1990 after a spate of criticism and
bad publicity concerning its test program, the vulnerability of unprotected fighters over hostile
territory (demonstrated by the shootdown of Capt. Scott O'Grady's F-16 by Bosnian Serbs in
1995) led the rebirth of the ASPJ program.

84




ELECTRONIC COMBAT TESTING

flown, it was physically impossible to show the degree of improve-
ment required by the operational test criterion.

A problem we have with the testing of EW systems or electronic
countermeasures [ECM] systems is our inability to define clear
measures of effectiveness in measuring the performance. When you
are developing a platform, that's relatively straightforward, payload,
weight, range, speed, acceleration, the classical measures. When
you are developing a hard-kill weapon, you can define a CEP [cir-
cular error probable] or a level of lethality. It's relatively straightfor-
ward to define and usually fairly easy to measure in the develop-
ment and test process. EW systems are generally designed to “buy
time” for a weapon system; to get past a threat rather than destroy
it. As a consequence, it is extremely difficult to define measures of
merit. Systems effectiveness is far more scenario dependent than
many of the other systems.

This is Doug’s area of expertise, so I would like him to expand on
that a little bit. By the way, there was a recent excellent concept
briefing developed by [Dr.] Marion Williams [AFOTEC Technical
Director and Chief Scientist] on this issue. It had to do with the
process and was a very structured approach. It is a significant step
in the right direction.

N: We've talked about the B-1. I did an independent technical
review of the B-1 ECM system some time back, a test of the program
that at that time was foreseen. The basic question, Was adequate
testing projected? When I looked at it and looked at everything that
they then proposed to do—and that’s been three, maybe four years
ago—if they had done everything that they planned to do, it seemed
like the test program was adequate because they were then plan-
ning to take it into an anechoic chamber and ream the system out
end to end, do all those things that the EC test process now embod-
ies.* The EC test process is very thorough, it’s very scientific, and
it’s very affordable probably in the long run—in the sense that if we
can avoid these problems we have seen in the past, in the sum total
it will have been very affordable. To simply go out and fly hundreds,
literally, of test missions in the air and expect to be able to come
back and find the problems in these very complex, integrated, inter-
related systems is just not going to cut the mustard anymore.

H: It sounds like storming through a haystack trying to find the
needle that’s in there someplace; if your process is random, you're
probably not going to discover it.

*Budgetary pressures led to cancellation of original plans to fully test the B-1B in the
Benefield Anecholc Chamber at Edwards.
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N: That's a good analogy. One of the problems that we found in this
area more so than probably any other that I've been associated with
is collecting too many data points in the same region. In other
words, we were on a flat part of the curve and we didn't even realize
it. Perhaps we didn't have the rigor in our analysis to even realize it
if we had been able to, which we were able to, but we just didn't do
it. It's an area where you really need to do the modeling and the sim-
ulation in advance and incorporate that into the hardware in the
loop and the anechoic chamber type tests to smartly run through
those test points and learn what you really need to know.

H: What that would do is actually build in a false confidence, if you
will. You were accumulating all this data and not seeing any real
problems, and it was all tracking fairly closely, but it is repetition of
data coming within the same points of reference, if you will.

N: Right. As an example—and I'll stay away from the exact num-
bers—on ASPJ, it performed nominally well against certain threat
simulators up until end threats. It was almost as if when we hit N
plus one that was the breaking point. We didn’t know that until we
just happened to be able to put up a fairly dense environment dur-
ing a flight test and we saw that. That's the kind of thing that you
could have found easily in the lab test program.

A: To pick up on that point—the issue of threat density—there is no
way we could replicate in a flight-test scenario the densities that
might exist if we will still have the numbers of the threats in the for-
mer Soviet integrated air defense sector. There is certainly a contin-
uing place for flight test, but with EC systems, we simply must use
indoor tools and facilities to much greater extent than we have in
the past. Part of the problem is that we look upon these facilities as
test tools and they are to a degree, but they are also design tools. So
we've got to get the contractor in there early on with a breadboard
system. The government has to make them available to contractors
for design refinements and developmental use. In some cases these
facilities, because of the high capital investment required, are either
run by the government or in a GOCO fashion, in the case of the
REDCAP facility at Calspan-Buffalo and the AFEWES [Air Force
electronic warfare evaluation simulator] facility at Lockheed-Fort
Worth.* We have to make them available to the designer and must
develop an attitude that these are design as well as test tools. The
designer needs access to these facilities to develop the system.

*The 1995 Base Realignment and Closure Commisston decided to disestablish REDCAP (relo-
cating necessary equipment to Edwards AFB) but keep AFEWES in Fort Worth (overruling DOD’s
recommendation to move it to Edwards).
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Benefield Anechoic Facility at Edwards AFB (fop), with B—1B inside
(bottom).
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H: There was a real-world example in 1972 during Linebacker II
when we started operating B-52Gs briefly against North Vietnam'’s
air defense network. We found, largely because of the threat densi-
ty question, the self-protection system that they had was complete-
ly inadequate to handle the SA-2 threat, so the B-52Gs suffered
such disproportionate losses from the SA-2 that they were taken
out of the Linebacker II lineup and the war was continued through
its closure with Ds and Es and Fs. It was kind of a classic example
of the system having gotten all the way into operational service and
having indeed been in operational service for quite some time before
the full magnitude of its weaknesses were known. I throw that out
for what it's worth.

A: That's a good example. You just can't replicate that in a field test
environment. You need to replicate the density somehow in the
development process.

N: That brings up an interesting question. If it was the G-model,
then that was the more advanced model and yet it had less capa-
bility.

H: That's right. That is one thing that has always struck me. The G-
model—which one would expect to have the latest state of the art
capable of handling a far greater degree and sophistication of
threats than the earlier models—actually turned out to be quite the
opposite. That's one of the great ironies, I think.

N: And on the B-52 they had the luxury of electronic warfare offi-
cers (EWO), one or more, which could use all their intellect, with
just a few tools at their disposal. That's surprising, unless they had
gone to automation.

H: No, they did not. They actually had an EWO in the airplane. That
was very, very disconcerting, to say the least.

Software Testing and Human Factors
B: Speaking of automation, that's a good lead-in to software testing.

H: It sure is because we haven't really touched so far on the whole
issue of software. Pete, you and I were talking quite a while ago
about lines of code and the fact that one of the critical problems you
have in software development is the people and number of lines of
code that they are able to write each day. Looking at the lines of
code issue as it applies to aircraft, the F-4 had no lines of code in
it, the F-15A, I think, had sixty thousand lines of code, and the
g F-16E has something like 2.4 million, if memory serves me right.
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Since they are increasing almost exponentially both in weapons
systems and in C* [command, control, communications, and com-
puter systems], could you comment on the evolution of software
testing and some of the challenges that it has posed?

A: We were talking about the challenges of the avionics area earlier.
Most aircraft subsystems today have some programmable capabili-
ty and there are lots of examples. One example I like to use is fuel
control. When I first got involved in performance flight testing, the
fuel control was a hydromechanical device. If you wanted to change
the fuel schedule, it took several months because it meant chang-
ing cams or orifices and that was something that the manufacturer
had to do at its home facility. It took a significant amount of time to
change the nonsteady state operating line on an engine to get bet-
ter transient characteristics. Today, where there is the digital
engine electronic control (DEEC), you can literally do those kinds of
changes overnight. You've got a lot more flexibility, but at the same
time you've got a lot more possible combinations to evaluate.

This gets back to the point you made earlier; we need some dis-
cipline in the process. You need to do as much of that evaluation as
possible in a controlled environment before you actually put a soft-
ware-intensive subsystem on an airplane. There are a number of
dimensions. One is the reliability issue and another is regression
testing. We put together a small team to look at this subject about
four or five years ago. Two issues were raised by program managers
and program executive officers in the services: How much regres-
sion testing is needed when a system is upgraded to reevaluate
areas you had tested earlier? And how do you define a production-
representative system with the software-intensive system? If you
look at the OFP [operational flight program] software in an F-15,
F-16, or F-18, they are making a block change a year; sometimes
there is more than one.

H: Where do you freeze it?

A: Yes, where do you freeze it? The truth is it's an evolutionary
process to a much greater degree than with hardware and the old
hydromechanical systems, where you had rods, cables, and pulleys
going to flight controls and hydraulic systems.

H: You were literally mechanically locked into that system:.

A: And change was very difficult to come by, so that in itself was a
powerful driver toward getting so-called configuration management.
Configuration management discipline with software-intensive sys-
tems is much more important; it needs a lot more attention. That’s
one dimension of it on the individual subsystem. We have evolved
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from, say, an early F-16 to the F-16C and D and probably the
F-15E where we had what were called federated systems. You had
a data bus and there were some things that were common and you
were sharing aerodynamic data with various subsystems, but for
the most part you were still dealing with what I would call federat-
ed systems.

With the F-22, for the first time you move into—"integrated sys-
temns” is the buzzword. It drives the need for an overall architecture.
A central air data computer, as an example, has the capability to
process information for a flight control system, for the fire control
system, the engine, the EW system, or to share this processing
capability among several of the systems.

There is the architecture issue. If you will, it’s distributed data
processing. Doug can think of a more elegant word for it, but that's
what it really amounts to. You are doing processing on a couple of
relatively large computers on board, but you are distributing a lot of
these functions and so the whole architecture of the design needs
to be driven by building the flexibility in to accommodate all of the
subsystems. And it has to be done in a modular way because the
way the technology and capabilities are moving, you need to be able
to go in there on a modular fashion every couple or three years with
an upgrade. The design task is much more complex and much more
of an integrated function.

As an example, today’s flight controls—if you put enough control
power and responsiveness in the surfaces, you can make the air-
plane respond to any reasonable control model. You do all that elec-
tronically and provide the requisite redundancy and failure mode
effects analysis. There is a new crowd of engineering disciplines who
have to play in the design process. The technical requirements have
to be translated into a software architecture to make sure that you
are implementing it in a way to provide the requisite redundancy. If
you go from a federated system where you do your own failure mode
effects analysis at the subsystem level and then you hook it into
some bus somewhere, you've got to do a failure mode effects analy-
sis on the entire system. If you're sharing a sensor among several
functions or sharing an air data computer and you're processing
data for another subsystem using that processor, say fire control,
and you make an upgrade to the fire control data, what does that
do to the central processor? The kinds of skills you need to develop
and test a platform today have changed because we've gone to soft-
ware-intensive systems.

H: That's funny in a way because this is all done in the promise of
making a system more reliable, more useful to you, and it does that,
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but the price comes at greatly increased requirements for analytical
performance in the sense of analyzing and understanding what's
going on.

A: The F-22 PIO [pilot induced oscillation] is one example. On the
issue of PIO and stick force gradients, that entire database is on a
very specialized population of males; we don’t know that it won't
change with women. It may not, but the database is lacking,. I think
the interesting thing is that as much as we know about PIO—and I
can remember in the late sixties we used to have test workshops on
PIO and limit cycle testing. There was a lot of emphasis on ways to
ground test high gain and variable gain control systems to try to
ensure that you didn't end up having PIO. Again, surety, safety, and
reliability testing before you get airborne. Despite all of the sophis-
tication and all of those powerful analytical and laboratory tools,
there were PIO problems with the shuttle, the F-22, and the Swedes
had PIO problems with the Gripen [Saab JAS-39)].

H: This is very interesting. There are some problems that you can
narrow down but you never seem to get away from. Base drag is
one, in the aerodynamic sense. Base drag has always been a prob-
lem in terms of evaluating it and measuring it. I hadn't thought of
it until you mentioned it, but the PIO really is one of these endur-
ing problems.

A: Regarding the human interface, this gets back to another issue
with software-intensive cockpit display technology and information
synthesis. We need to take advantage of the tremendous computa-
tional capability to decrease the cockpit workload, the so-called
pilot’s associate programs. Today's technology might be able to
eliminate the need for a second person in strike aircraft, with
tremendous savings. That’s just one of the technical challenges for
the JAST development.

H: It's not just the person in the cockpit and the weight of the per-
son and all that, but it's the whole pipeline that produces that per-
son and that supports them.

A: This issue of human response is an area where our database is
really somewhat limited. As an example, the problem of G-induced
loss of consciousness. I'm getting off on a tangent, but although
that problem can be solved technically, the impediment is a cultur-
al issue. It's similar to the cultural issue ten or fifteen years ago
when aviators were against installing angle-of-attack limiting sys-
tems.
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H: That's very interesting. It sounds like it's a little bit off on a tan-
gent, but actually in many ways it's one of those so-called cultural
issues that have a major impact on the technology.

YF-22 advanced technology fighter.

N: That’s right. I think the fact that you have so much technology
now compounds the problem. If you get into a philosophical design
question, you could surely design a system that would require no
pilot and that would be fully automatic, using all the sensors and
data-processing algorithms, but you do require keeping a man in
the cockpit, so then you end up with a balance question. How much
automatic is enough? And then, given that I have certain automat-
ic controls, what is the cut off point that I allow manual override?
On the one hand, you're able to go very automatic, but you are self-
limiting just by the culture that you always have to preserve the
ability to override. How do you balance that out?

H: There are probably two extremes, and then there’s the whole
range in the middle. The two extremes are to man the airplane com-
pletely, and then on the other extreme a completely automated sys-
tem, the remotely piloted fighter or whatever one cares to call it.
Then in-between you have a whole range of options, many of which
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would be fighters of increasing complexity operating autonomous
systems, namely sophisticated air-to-air weapons. It would seem to
me that the further over you get toward an automated missile sys-
tem, the requirement for the platform to be a highly agile maneu-
vering fighter itself declines.

To use the example of a current fighter that has a very long-range
air-to-air weapon, presuming an F-14 was going after an antiship-
ping missile fired with its Phoenix missile, the F-14 does not need
to exploit its complete maneuver envelope to position itself to fire
that weapon. The weapon basically does it for you because of the
geometry of the intercept and the geometry of the positioning of the
two systems.

On this software testing, I think we've really gone through it as
we intended. One question we had talked about was proper baselin-
ing, and you discussed when to freeze the system and then the
dilemma that correcting one glitch oftentimes causes another.

A: It's the old issue of regression testing. Before we close out, anoth-
er issue I mentioned is that the program manager has to deal with
what constitutes a production-representative system? That some-
times becomes an issue and the antiquated way we do operational
testing. It became an issue on the AMRAAM, with some of the so-
called production-representative shots. Ideally, you would like to do
things during the latter stages of developmental testing on a pro-
duction-representative system. During development on software-
intensive systems, there are frequent software changes for a wide
variety of reasons. It is a system optimization process. How you
define production representative with software-intensive systems
becomes an issue. Because of the ease with which you can change
things, in the old days—going back to my fuel control analogy that
I started with—you might have 200 hours of data or 100 hours of
data with one fuel control configuration on an earlier generation
hydromechanical system. Today you may be tweaking and fine-tun-
ing the control on every flight, so you have a relatively small data-
base on a given configuration.

That whole issue of the size of database and how one goes about
defining production representative is relatively arbitrary in the
sense that somebody says after the fact that we made a change and
we're going to freeze the configuration. That defines for that block of
time what constitutes a production representative. You don’t have a
large base of developmental data on that configuration prior to the
time you make that decision. Our notion of how we go about things
has to change to accommodate today’s reality, the technologies we
are dealing with today. Unfortunately, bureaucratic change is a
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couple orders of magnitude behind technological advance, but I
guess that’s always been the case.

H: That's always the case, I'm afraid. And I'm not saying that with
the notion that one has to learn to live to accept that. That's a bat-
tle one has to continually wage, but the bureaucracy, as you know,
is a lot more difficult to move than the technology.

Post-Cold-War Implications

A: There’s a related issue that I touched upon earlier and I want to
amplify it a bit, as well as the stratification and artificial separation
of development from operational testing. The types of systems that
have been developed over the last several years, and will be more so
in the future, do not lend themselves to the highly segmented, pro-
tracted test programs that had once been the norm for major
weapon system acquisition.

First, one of the key milestone decisions related to test results
has to do with going beyond low-rate production. The concept of
going beyond low-rate production for the majority of the systems we
are dealing with today is not meaningful.

H: You will never have a high-rate F-22.

A: That’s right. The whole process will be geared to some minimum
level of production that sustains an industrial base and still has
some measure of efficiency. That concept of going beyond low rate
is certainly by far the exception rather than the rule. That's one
point.

The second point is illustrated by two programs that we're famil-
iar with, the F-15 and the F-16, both of which first flew, at least in
prototype form, back in the early seventies. There has been contin-
uous testing going on those two aircraft since they first flew. There
has been a continuous process of what is now referred to as a mul-
tistage improvement program. Within each one of the major block
upgrades, there may be several subblocks, so it's not just block
sixty or seventy. There are combinations and permutations in an
ongoing process. Within each one of those there are OFP software
upgrades that go on almost annually as well.

The whole concept of going through a protracted sequential test
program on a platform, and then the program ends, is no longer
appropriate. It's a continuous process today, and we've got to find
ways of doing that process more efficiently, not only from the test
execution point but from a developmental point of view as well. The
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acquisition review process is geared to a model that I don’t want to
say no longer exists, but it is the exception rather than the rule. It
will probably be applicable to something like a C-17, although even
there will be software upgrades that come along, but certainly not
for weapon systems where you are constantly upgrading attack or
strike weapons or sensors.

H: You might find that model appropriate for a smaller article that
you would be using in large numbers, like, for example, an inter-
service munition, but not for a major vehicle itself.

A: For the platform itself, it is inappropriate; we need to restructure
and rethink the process. I mentioned, and that’s what keyed me on
this, that bureaucracy always moves slower than technology.

H: Previously we were talking about the fact that the low-altitude
environment is now pretty much off limits to the attacker because
of the threats that you encounter there.

A: A man-portable Stinger, yes.

H: Eventually, the defenders are going to have the capability to go
to medium altitude. What this is going to do is force attackers (at
least nonstealthy ones) to start operating further back with preci-
sion standoff weaponry.

A: The notion of close air support in other than a permissive envi-
ronment, at least for a [fixed-wing] manned platform, is changing.
Close support will be accomplished with unmanned precision guid-
ed weapons launched from standoff platforms.

H: And the definition of close air support may be a helicopter gun-
ship over a ridge line, firing on something down here, using a lot of
terrain masking. The idea of it being an F-16 that’s going to come
in—you're going to just lose an airplane.

A: | saw this in the early nineties when we went to White Sands and
watched them shoot man-portable Stingers. You've got a $100,000
weapon that can hold a $50-million or a $100-million airplane at
risk—a high-leverage weapon.

H: The low-cost threat forcing a very high cost in accomplishing
defense. Somehow you think about a $50-million or $100-million
airplane and it’s flying around dispensing flares, and that's the best
you can come up with to try to defeat this? Then you think, what
happens with a very high contrast seeker?

A: And speed is not the answer.
H: And increasing the agility isn't.
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A: The fast mover is more at risk than the helicopter because the
helicopter can really use terrain masking. {At White Sands] they hit
the F-100 drones with impunity.

H: It's absolutely scary.
A: It's going to change the nature of air warfare.

H: And, of course, that changes the nature of test. I think the diffi-
culty has not been in testing to see if something works. It has been
in relating development testing to the operational world. The sce-
nario is critical.

A: Earlier we talked about the importance of an iterative process to
better define and hone requirements and then use test measures of
effectiveness that are really related to requirements. We are no
longer dealing with a large, well-defined monolithic threat. In the
past, everybody had a Fulda Gap scenario* in their models and their
simulations. Today, we need a lot more flexibility to fine-tune
requirements. In constructing a wide variety of potential regional
scenarios, there is also the issue of surgical strike—and not only the
platforms and weapons but the off-board and onboard sensors to
provide targeting and command and control related information.
It's a much more complex test scenario, and testing is only one
dimension of it.

It also makes a much more complicated developmental program.
How do you evaluate a spectrum of potential threats and then carve
out from that spectrum a system that has flexibility to meet them?
There is a need to totally rethink the process from one end of the
spectrum—weapons of mass destruction and to the other end—a
limited group of terrorists.

H: A classic example is Rwanda-Burundi. One guy with a surface-

to-air missile changed the entire equation in that part of central
Africa.**

A: We've talked about the test scenarios and the models and the
simulations you used to hone requirements and test scenarios.
There is a need to use these tools as new situations arise through-
out the world. The Defense Department has begun to do this with
the regional scenarios. It's a new way of approaching acquisition.
We are not trying to keep up technologically with a very formidable,
well-defined opponent. What we're trying to do is bring technology

*The expected invasion route of Warsaw Pact forces into the southern part of West Germany.

**After a plane carrying the presidents of Rwanda and Burundi was shot down near Kigali,
the capital of Rwanda, on 6 April 1994, militant Rwandan Hutus began a massacre of the coun-
try's minority Tutsi population.
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to bear in a wide variety of situations, most of which would be lim-
ited in duration and of low or moderate intensity.

H: That's really kind of sad if you look at something like the B-2,
and you realize the capabilities it has, but in all honesty the expec-
tation of the B-2 actually going to war is pretty minimal. As much
as I admire what was achieved, it may be our last manned bomber—
our last big bomber.

B: Like much of what we've discussed, something from another era.
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ACC
ACETEF

AGM

AOA
APGC
AQ
ARDC
ARPA
ASD
ASPJ
ASTOVL

Glossary

Air Combat Command

Air Combat Environment Test and
Evaluation Facility

advanced concept technology demonstrator
Arnold Engineering Development Center
Air Education and Training Command

Air Force Base

Air Force electronic warfare evaluation
simulator

Air Force Flight Test Center

Air Force Flight Test Information System
Air Force Instruction

Air Force Logistics Command

Air Force Materiel Command

Air Force Operational Test and Evaluation
Center

Air Force Regulation

Air Force Systems Acquisition Review
Council

Air Force Systems Command

Air Force Test and Evaluation Center
advanced fighter technology integration
air-to-ground missile

advanced medium-range air-to-air missile
angle of attack

Air Proving Ground Command
Acquisition

Air Research and Development Command
Advanced Research Projects Agency
Aeronautical Systems Division

airborne self-protection jammer

advanced short takeoff and vertical landing
antisubmarine warfare
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ATF
ATS
AWACS

BAT

C4

CAIS
CEP
CFD
CIA
COG
COR
CSAF
CTEIP

DAB
DARPA
DCS
DEEC
DEM/VAL
DIA
DMR
DNA
DOD
DOT&E
DSARC
DT
DT&E
DTESG

EC

advanced tactical fighter
automated test system
airborne warning and control system

brilliant antitank {submunition)

command, control, communications, and
computers

common airborne instrumentation system
circular error probable

computational fluid dynamics

Central Intelligence Agency

center of gravity

Continental Operating Range

Chief of Staff, Air Force

central test and evaluation investment
program

Defense Acquisition Board

Defense Advanced Research Projects Agency
Deputy Chief of Staff

digital engine electronic control
demonstration and validation

Defense Intelligence Agency

Defense Management Review

Defense Nuclear Agency

Department of Defense

Director of Operational Test and Evaluation
Defense Systems Acquisition Review Council
development test

development test and evaluation

Defense Test and Evaluation Steering Group

electronic combat
electronic countermeasures
electronic combat test capability
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EMI
EMP
EMTE
EWO

FAA
GD
GOCO
GPS

HAMOTS
HIMAT

IADS
ICBM
IFAST
IFDAPS

1G
IOT&E
IRBM
ITTS

IWSM

JADO
JAST
JCS
JEZ
JPO
JSTARS

MAJCOM
MRTFB

NACA

GLOSSARY

electromagnetic interference
electromagnetic pulse
electromagnetic test environment
electronic warfare officer

Federal Aviation Administration
General Dynamics

government-owned, contractor-operated
global positioning system

high accuracy multiple object tracking system
highly maneuverable advanced technology

integrated air defense system
intercontinental ballistic missile
integration facility for avionics systems test

Integrated Flight Data Acquisition and
Processing System

inspector general
initial operational test and evaluation
intermediate range ballistic missile

instrumentation, targets, and threat
simulators

integrated weapon systems management

joint air defense operations

joint advanced strike technology

Joint Chiefs of Staff

joint engagement zone

Joint Program Office

joint surveillance target attack radar system

major command
master range and test facility base

National Advisory Committee for Aeronautics
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NASA

NATO
NAVAIR
NEXRAD

OER
OFP
OSD

OTA
OT&E

PCM
PIO

QA

RAMS
RATSCAT
R&D
RDT&E
REDCAP

SAC
SAE
SAF
SDIO
SFW
SPO
STOL

TAC
TFX
TSSAM

National Aeronautics and Space
Administration

North Atlantic Treaty Organization
Naval Air Systems Command
next-generation weather radar

officer evaluation report
operational flight program

Office of the Secretary of Defense
operational testing

Operational Test Agency
operational test and evaluation

precision countermeasures
pilot induced oscillation

quality assurance

RATSCAT advanced measurement system
radar target scatter

research and development

research, development, test, and evaluation

real-time electromagnetic digitally controlled
analyzer-processor

Strategic Air Command

service acquisition executive

Secretary of the Air Force

Strategic Defense Initiative Organization
sensor-fused weapon

system program office

short takeoff and landing

Tactical Air Command
tactical fighter experimental
tri-service stand-off attack missile
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WPAFB
WSPO

GLOSSARY

Tennessee Valley Authority

Utah Test and Training Range
visual flight rules

Wright-Patterson Air Force Base
Weapon System Project Office
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APPENDIX A

MINIMY2ING DEVELOPMENT PLIGHT TEST TIME AND COST IN THE U.3. AXR FORCE

Charles %R, adolph
Technical Director
Alr Forve Plight Teat Ceanter
Bdwards AFB, Califarnia 935235000

SUMMARY

Piight testing has uwadergone some major chasges in the past 20 years. The largest
single technical change, the need to svaluste software-inteusive systems, vesulted frow
advances is compster techpology, Test wanagement concepts have changed as wsll. Phese
changer weres driven in part by techsolegy snd in paxt by a need for the Air Porce to
bacowe mare invaoleed early in the test process. Poday's aviosios systems preseunt both a
gquantam Yeap in capahllity and & quantum jump in test requirements.  With worklead
growing both in magnitude and complexity, ihe challenge is to meet the increassd demands
rosteffectively and safely. Por softwars-intessive syatems, a ground-kssed simlstion
dedirated to the gupport ot whe Flight test program is esssntial. Thix paper sammuridws
today'a methods of opzration which are gesred to minfmizing developmant time and costs,
fha focus of thia process is os productivity--doing the right testing in the propes
sequence in the most ctficient and satest paseihile wanner.

IRTROBUCTION

The United States Alr Poree Flight Test Conter (APPIC) conducts xircraft development
fiight testa. Nearly every new Unkted States Als Porce sirplane in the psst 406 years
wag testod st Hdwsrds, a&s eere MASB's high speed flight research vehicles. The fdwards '’
Flight Test Rangs is uged te support thess £light tast programs. The Conter also
operates the Dtah Pest apd Traininsg Range, the Aly Foree’s largest overland ramge where
remotely-piloted cesearch and test vahicles, plus air and surfsce-laguched missilen, asve
tzated. Bdwsrds Alr Porce Base today is the hub 6t 2 tri-service test complex which
encompasaes  nseveral inlsnd and overvater ranges throughout the southwestera Unitsd
Siates.

The last 30 years have zeer dramatic changas in airveraft terhnolsgy and in the tosls
we uga in flight testing. Adgexaft Llight  eneveloges, however, have not changed
signiticantly in the paah thres decades. Fighter airersft wers appronching Mach 2 and
50,900 Leet 30 ywars age. Todsy, with a fevw notable exceptions. we are still dealing
with a 56,000 ft/dach 2 anvelope, However, thege have basn sigunificant improvemsats in
tiying qualities, and in subsonle thrust and Lift-limited snvetopes. U the lake 50's,
the 1960°s and the early 70's, ther: wers numerous new aerodynamic designs. In the
esrly 70's alone, first flights were wade oun the following aircrafty the P~15, ¥F~1§,
¥-17, 23, A-L0, YC-14, YC-18, and B-1. The 70's were ithe ers of coupetitive fly offs
as well (A-9 we A~lD, Pwl6 vg P«17, XO~14 v XO=~1%, AGM-86 vg AGM-109). (il the "M-A6
made ite first flight dn 1985, the most reomat first flight on & tutally new Alr Foros
gircratt ean the B-) which flew in 1374, Por the past tes years, flight Lesting st the
Air Foreo Filght Pest Centasxr has been vonfiiand to derivatives of exfcting aircratt,
primacily in the srea of avionics upgrades.

The most significant change, by far, in the laah 30 ysars, i’ the burgeoning uss of
software-~intensive syatems. In the past £ive years {a particular, the world of on~bosrd
conwputer technology Bar bean woving in wazimaw sfierhburnes.

Air Porce devzlopmoptal flight test managument concepts have undergonr a gimildar
avolutionsry process., ‘Fechpology has basn the catalyst for many of thess changuz, The
fiight teat and evalnation programs conducted on B.S, 3ir Porce airerafit tave gravitated
over the past two decades from what wers lavrgely independent, sequeptial test programs
conducted by the contractor, Air Porve develupment and operational test agescies, Lo
programs conduected on & conesrvent basis from a single bLest location, Edeards Alr ¥arce
Base.

fhe tneresse in software testing has resulted in s quantam Jump in worklosd., %he
best single measznre of worklosd ah the Alx Porce Flight Test Center iz hest flying
hours. The test wiorkload has ircrossed dramatically in recent years. 1In the gast 6
yeags, test flying hours tripled. Yo fiscal yeas (FY) 1980 about 1876 test hours wers
figen frow ¥dwards. I8 PY 1986, the nuwbexr was GO0C. The largest contributors to the
workload are the FP-1% and P-16 fighhars and R~) bhowber tasting. 7The test £iying hour
estimate for F¥ 1590 is 11,800. 7Thisz is firm, on~the-~books workload. Thare has slvays
begen o Slgnificsnt smount of wdditional test work that is net identified years in
advance. 1485 and 1986 wers Pdwarde! wosnt svccesstul years in tesms of flight satety.
More tegt hours than ever were flown without a singla Class A wishap. <&laas M mishaps
are accldents involeing the loss of a teat airevaft, a fatality, or more than $500,000
warth aof damsge.

109




A CAREER IN T&E

TEAT PROGRAM MAWAGEMERT

The cost and complexity of Loday's test aircrafb and ground suppost eguaipment, +
range data ecquisition equipwant, dats processing systems end test support (®¢hs
airaxatt, weve masor considaeratione in the congolidation of test sctivitien. ang
ingrediont, the need tor fncreassd eicibility by the customer duting Lhe develop
process, conbined with the prohibitive expenss of duplleative testing, Xed to whnt is
vefarred to in the Bepirtaeat of Defensze (DO0) as combined tosting.

Rir Forey implementation of thiz BOD policy emphesises conzolidatian ot test events
whorever practlesl, Oats frowm each teat svent ase made available to all apprepriate
ageoncies using hir Povee Systems Command factlivies and  caspabilitias, including
instrumentation, data processing and asslysis syatems, Lo the muximum exteont practicat.

The wenagemant concept ussd tor toedsy's air Porce Clight bLast programs §x referred
to 8¢ a Combinsd Test Force. It ia a sophisticated application af matrix msnage
principies, the typlcsl Corbined ‘test Yaree le compnsed of partteigants from the
dovelopment. orgsuizatior teontractorsl, huyer, using commands and supgorting comands.
The contractor contingent may involve a prime contractor aud subcontrachtors or as in the
cane of the B-1, a group of syvoriste contzactors (airtrame, engine, offensive and
dufenslve svionics) «ith the government a8 tha inteqrating contractor. & corprchevnaive
treatment of Comtined Test Force operations i3 countained $n refarence L. SaXient pninte
ar« gummarised below.

tu the Combinesd Test Porce spproach, test activities are combined to the wexzimuw
practical extent.

8. Porticipants sve housed in commen facllities.

to The test sirecalt arg jnatrumented Lo meet the pends of develeopmant. testing
tenntractor and Alr Forcel and operational teating.

o, A single vest glun isg developed whieh intagrates sad priorivizes test
vegquiremente.

d. Test vange raquivenssts aro identified,

e, Coubired aivcravws are uged for muat missions in woltiple place alrerasft. In
aingle seat sireraft, cither contractosr ov 3ir Foree develapmant pilots fly envalope
exgunsion misatona.

f. MAlreragt sve located st a siugle xits and asintained by an integrated
maintenance tenm,

3. ALl test dotd are includad ln a comron data base which js availakle £o a)l tean
mombers.

k. Analysig and regorting of the test resulis is accomplished by each organdzaticn
independently.

The mast aigeaitlcant. advantage Lo combined tosting ks the opportunity for an rcarly
and continuous look at the product by both the developmontal and operationgl military
commnities, There $8 nn substitute tor hands-on experience. Barly ipvolvement by
users provides an oppartunity to isnfluence the design where sppropriate to Jwprave the
misrion capability of the sirarsft ox syatem, Rusrly pirticipation in the test effoxt by
gilitary piloty, engineers and walatenanse prrsonnsl helps identify problavs before the
prosduction cvelte ss tao far along.

Anothes advantuge of combined teating (s the reduced time sud cost. Conmblined
testing virtually sliminates the Quplication which exlated in the past when each tester
ussed hin own facilitics and complated his own test and evalustion with 2itile or no
input from the other teaters. XL all tesm mombers participale in the planning oftore,
agrse with tue test approach ‘and instrumentation and dats eoliection mothods, there is
n veanon to duplicate teats.

Consnlidating »1) teat aircrast at 2 single location hayg distinct cost gfaving
benetfite, More flexibility in the wse of tue girersft g posstnle 1f they s
instrumentad cogrectly. Whan oue test sevies g dele ¢ another test can by schedulad
on the sawe sirerasft. As 3 resuld, tewer incrrumented aircvafl van accomplish the szme
amount of testing than lg possible if Lhe niveraft are at wore thar one test location.
Leer eupport ofuipment i3 reguired, which s parvicslarly eignificont ahen groand
sugport aguipment ig scarce,

For wilitsry test proyrams the iccation shoutd be A govessment facllity in most
instancea beczuac hanger, olfice and Xaborabory space will supgort succaszive prograns
with minimwn {uvestment aftsr the originsl outlay. Maxing capital ievestuents in
facilities that con be wsed again la aore cost effective than paying tor costracter
facilities that may only 14 uaed for » single program.
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Facilities and equipment such as instrumented vanges, mission control voows, duta
reduction fawilitizs and weapon delivery ranges will also support sevaral programs at
the same time. Range facilitles nevessary for evaluation of fighter and bomber adrcraft
such as aix-to-siv and alr-to-ground weapos delivery ranges, low~level and subersonice
routes, electronic combat ranges, and adequate restrictad sivspamae are only svallable at
government facilities. The disadvantages of shared uge of a test facility is that data
reduction equipaent, telsmetry, and gsnges st be abared.  This van vgeste scheduling
conflicts, but these probileme are wansgeablie.

Conducting combined tests at a3 government facility also offers the potential
advantage of averwight by an expesrienced flight test msnagement team.  The Flight Yest
Center applies the sxpertice gained frxom managing a variety of weapon systew tesh
efforts to improve test effectiveness and salety.

SAFETY ~ TEST RISK REDUCTION

There are two  fundamental objectives o any  test program~~to conduct  tests
efficiently and safely. The balance of this paper addresses test efficiency. It is
worthwhile to focus briczfly on safety as well., The Air Force development test safety
veenrd has Jwproved drawstically over the yeagss, More test hours were flown fn 1985 and
1384 at Bdwards than in any previcus year, without thae loxa of a test sirerafe. Pigure
1 summarizes the fighter alrcraft record over the gears. It is warthwhile to explore
the reasons Kor the improvewent in safety.

There are bagically two reasons: technoiogy and msnagement procedures. e lewetry
gives test personnel the ability to wopitor oritical pavameters in rveal time. 2ut
mondtoring ien‘t enough.,  The system munt be decigned to minimize recognition tiwe, Lo
identify the groper corrective action, and to initiate the attion. Rzcognition tiwe is
winimized by prominently dispglaying limit exceedsnves of ceritical parawetars, The
proper corrective actions must be dafined in asdvance with the test conductor gives the
responsibility for notifying the pilot immodiately, The akove desryibes the real time
element.  Of aove importasnce is the up-~front glaaning process.

Several yeers ajo, after severs! accideats and asar-accidents, s decision wiss ausde
at the ¥light Yest Center to establish a acpavate ssfety orgsafzation. The objective
wag to create & small organlzation with sowe degree of indepundence fzom the test
managers. The ovganization was and is stafted by axperienced pilots and enginsers who
are on rotational ssalgnments. They have curreat sypericnce and have » quaranteed
*return ticket* ta their parent functional organiszation, Cluilisn engineers ave given a
temporary promotion. The combinaticn of a rotatlonal assiguwent ang tewporary prowmotion
attracts highly guaslified (ndividosls.

Every test program undergosns o vigovous safety seview by profect persounel and
acpior supervinors which is chaived by people from the safety organizatism. 7The review
syshem brings to hear all expartiss, governwesnt and coatractog. ‘the review process
engures that critica) ronditions are spproasched incremgntally, in smadl steps.  The
safety track recosd la aignificantly imgroved in comparison with the past berause of a
canenrted effort to consider the eatire systew. With today's complex sirecsft, Lhere is
the potential for intarsction among subsystews. A systems approach is baken during the
safety veview by including peeple from a veristy of test disciplines in the review
process.  ds sn exawple, propulsion and Llying qualities experts arce iscluded in the
review of qun firing tests. Secondly, paople who have beer Involved bn tests of a gyiven
type €e.y.¢ flutter, bigh angle of attack) on a wide varisty of afroraft are a part of
the review process.

Tests sre categorized ag low visk, wediuw risk, or hasardousz based on the severity
of potentfal hazerds and probepility of occcurrence, Examples of tests which have
demanstrated higher than norwal risk include first flights, £light eavelope expansion,
flutter tosts, high angle of attack tesking, sejected takeotts, and tosts with axplosive
warheads.  Minlmizing procedures to grevent & mishap from occurring or to reduce the
consequences of 4 amishap are developed for esch teat hazasrd. A1l hxzacdous Lests ace
thoraughly reviewsd by the senfor stalf ard Plight Tesh Center Commsrder prior to
accomplishment., .

TODAY' S DEVELOPMENT AND PREY CRALLENGE - AVION(C SWSTEHE INVECRATION

The emphasia of this paper thus far has been on test managmznt issues. The focuzn
will now shift to the wuuber one tectwics] challenge facling the development and best
community -~ avionic systems inteqration.

An was aoted earlier, theve has besn s msvrked decreass in Lotally new acquisition
programs in the last decade (figure 2), Weapon systemg are hecoming fnareasingly
capakle, cowmplex, and costly, 80 it isn't aurprisisg that thers arz fewer starts, and
within each program, fewer nsits sve bought easch year. Upgrading fialded weapons
systems fs becoming the dominant means of foreoe modernization (roterence 2). This has
baes apparest to the development test cosmunity as the workload emphasis has shifted
from &ir vehicle envelope expasusion and airworthiness Lo subaystew upgrades.
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We umst  qot "ont jn front* of the subsysten devslopment process. fi.e., where
posrible, systems should ha developed before thay are incorporated during production,
The problen, a3 noted in veferenee 2, is that full-scale devalopuent of electronic
subrystema is often beguu well after the full-scals development of the plattorm in which
they wili be incorporated. Tae rvecommandnsd approach is to decoaple the develaogmunt of
the aircratt from that of the critical sgukaystems,; %o ag te allow the specessary “nead
srart.* Talns concept 13 being used vy the Air ¥orce, whera poaeibis, to develop
subsysteas in nn earlier veraion of the airtrame fn which ft will be tacorporated (..,
the ¥-1%, ¥-Llhi}. ‘The F-16 Advancad Pighter Technolouy prograr hus also baen uvsed to

evafuate an impressive arrvay of the techoologies for potential applicatinn te future
weagons gystems,

Cost-Bffectlive Testing of Software-lutensive Systeas

The softwars-intongive avionies of today presant boik o guantun leap in capability
and a2 guantum jump in teat gequirements.  These gystems hiave wade the taest fesk more
demasnding and cumplex. A high percentage of the test work we accomplished on a2irorafe
nsuch as the P-14%, P16, and B~l fs ticd to software. The thallonge for the designer,
tester and operator s o muxlwire the benefit foom the flexivility stforded by
aoltware~intensive systens, while abt the same time bring copteeffoctive, Our expericnce
sver the past several years has shown that we tend to groasly undereatimate the snount
of tlight testing necensary to fully develop softwure-intensive systems. ‘The number of
fllghte reqguized to develop and evalunte d softwsre-intensive systom iz often 2 to 4
times higher than the tritinl estimakesn.

Old~time [light Ctesters wiil wusually anpport. Lhe notion that tlight test ig the
yltinata proot that A  eystom  doex  indred porform as  designzd, But  with
goftware-intensive gysters, substantial gavings can be realived by troubleshonting and
resolving avionies problews on the gronnd ratuer than in flight, The Integration
Paclifity for Avinnie Systewn Testing at Bdwards APR has valideted the concapt,

ZAwxrdn APE hvionics Test Facility

The avicnics simulation capability at the AFFTC resides in the Integrstlon facllity
for Avicnic Systems Testiny (IFAST). The IFAST I8 an avionics test [acility tounsed in a
threec-stoty building containing four shielded test hays »snd a time-shaved central
computes aomplex. The facility is derigned to meet tha biggest challenge fn aviceniea
Drette  how to eatisfy incrceasingly comglex test requivewants wore effliciently. “%he
facitity 1x being uged to support the majoxr test prograws at Rdwards including the R-~),
F-15, and ®-l. 'fhe todloving ia a list ot a tew ot the applications of this facility
fn support cf these programs:

- Avionies cowponent tunctinnal {nteqration and checkout
~ Miasion software prepnvation

- Miasfon protile singlation prior to flight

Airborne test inatrumentistlon cheakeut

t

System maturation betore flight vesting

Crew tas! procedure preparation snd verification

Test mission sennitivity studiex and subsysten sjunlations

- Techniral order validation and veriticatton

The fsellity ds curzantly operating abt capecity. Conatruction of an &ddition wil) hogin
later thig yesr,

Histarically, the APPIC hax msintoined separate f£sciditieas for f£light control
aystem/(iylng qualities simnlation., fecaure of today's highly inteqgrated syatems, thess
svionfces and flight control developmrat and test wsctiviviea have tended to binend
together.  The APPTC plans s gradual mevger of thaze simulation farilitics.

Ground Pavility Cost Saviuge

7o evalnate the cost savinge potential of » ground test faclility, an assosszpent muat
be made of the goftware problems that will remalsn undetected until tha test phase.
Studies ard actual expertencs have shodn thist there are » reasonably predichable number
of fsults that are [ikely to occur in & systom with 2 given goftwave capacity. The
fasus of importance and interest for us az testers iz the pereentage of foulte that witl
vemain undetacted until the subsystew {8 resdy to undergo kesting. A& rigorous procedure
for eatimating the puwhexr of sotftware errors {s contained in refcrence 3.

Bging a ground-basnd avionics test system which nses sophisticated simulation
technigquen to exercise the Flignt softeare and then analyze the resulty, we may test
thiz goftware 2ofe effficlently and groatly seduce the L(light achodule. Rased on datx

from & nuember of programa, we would expect to discover 80 percent of the software ervers
on the gronad,
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Conts assoriated with typical currant gesaration programs are depicted in figure 3,
The cwst savings asseciated with decreasing the number of £lights by identifying
problems on the ground is shows fn figuce 4, Calenlstions ave asde in figura 4 based on
#n assumed saviags of 20 aircraft months {ses refsrence 3).

The vost savisgs and schedule compreasion are dcamstie.  In oar illuskration, the
cont. savings Ssotor is sbout 20 o l. Thiz dx & very conservatlve e and isg
based wr oy experience with today’s fighter sireraft. Other estimates are as high as
100 to 1 {refereace 4). The bottom line {5 that the test mansgers smst insurs bLhat
sdegquiste funds and perzonnsal resources ave ianvested In the simulation in time to hava 3t
up snd oporatisg ho cupport the test prograe.

It o not surprising that the problews associsted with the developwental. L£iight
testing of softvare-intensive wilitary systews are cowmwson to the development of curreat
generation commercial sivorsft. Referances & asd 6 documant the Bocing Comnerats)
Afyplane Company’s experience during the development of the 757 and 767. %he refenwnces
alse addresa Lhe dssue of growth in aemory reguirements for commsraisl applications.
Fhe sverage grawkh from coatract sesrd to certitication was & factor in a¥cess of 2.0.
Sevirral of the summary gtatements from the Soring experisnce are gepeated below hacsuse
they are directly applicsble to ous recent expsyience.(5)

“Hardwarz should provide adeguate reserve capavity for inevitable
grovtl in softwage.” ’

*Changes are » way of life in Jigital avionics~~puat be allowed
for ip progyram schedules and plans from outaet.®

*3imulatorg/simulations are absolutsly essential to development. of
avionice eguipment--for early definition of reguirements, testiung
of deslgn concepts and validation of finel designs. Simvlations
rust he started early, maintained particularly early in flight
test, and be as representative of sirplass/engine dynawics as
practicelly possible at a1l tines.¥

ha conrlusion lg obvious: for software-inteusive systems a ground-based simulation
dedicated to the gupport of the £light test program is essential. %he eost-savings
potentiol mandstes that the simulation plauning te qiven » level of attention comparable
to the flight test planning. The use ot the simulation must be planned fov evarly on and
lntegrsted fnto the f£light test program, data veduction wsnd spares support. The
simuluation wust be 38 representative of the airplane as is practical.

The paynfis from the use of a simulation facllity to support avionics fLesting are
summar ized bolow:

~ ‘threc-fourths of softwaze problems are resolvable on the ground st a fractiocn of
the vost of flight.

- B veduction in test tlying hours which translates into a reduction of vest
costs and an acececlevation of test schedules.

- fthe costly and lnetticfent £ly~fix-~Fly approach is minimized.

~ Geound testing is wore efficient because the experiwent. iz controlled,
rapetition of test conditlons i rapld, simple.

~ Flight test time is used move affectively by laslating/keying on risk areas
and swnxtes profite planning.

~ Flight test safety for digital control systems iz enhanced.
CONCLUSTON

In conclusion, thess are exciting tiwes at Bdwards Air Force Base., Test workload
bas grown drametically in the past gix years asnd is projected to increase in the fobnra.
Combined testing has proven to be s viable test management concept. It eliminstes
duplication, reduess et time and  cost, and provides for wearlier wilitary
participation. BAirceragt £light test emphasis has shifted oves the past ten yesrs from
afrworthiness/agrodynsmics testisng to avionics subsystem test and integration. Advances
in weapons system techavlogy have had other signiffcant impacts on the test process.
‘faday's test aircraft requirs the nge of a yround-based simulation which is dedicated to
the support of the flight test progrsm. ¥light fest challenges of the futurs laciude
the need for continnsd lwprovewsnt in avionic systems test efficiency, snd increased
ampb:nia on the uss of simnlators and other ground test facilities to supplement flight
testing.,

113




A CAREER IN T&E

REFPEKENCES

1. EKeansdy, Peter D.s Combined Test Force Operations at the Adr FPorce Flight %ast
Center, AXAM Paper 8G-9739, AIAR/SFTE Third Plighit Testing Conference, April 2--4, 1986.

2. Hhich, Bichasl and Dews, Hdmundp Iwproving the Military Acquisition Process, Lessons
Prom Rsnd Research, Rand Publiicatfon R-3373-AR/RC, February 1986,

3. Adolph, Charles sud Montgomsry, Phillip; Cost-Pffective Testing of Boftware
Software-Intunaive Systema, SFTE Sixteenth Annual Symposium, July 29 ~ August 2, 1985.

;é 7:oeh». Barry W.3 Softwsre Buginmering - As tt Xs, September 1978, TRW Report
~79~03.,

5. McBlroy, John J.3 The Engindering #light Siimulator: A Resovrce Besentlal to Flight
Managument, System Developwent and Certitication, XBRE Paper, 1983, CH
1R839-0/83/000D-0020.

6., Sutcliffe, Peter L.s Lessona Learned in the Development of the 757/767 Plight
Hanagement Gystem Bquipment, XERE Papar, 1983, CH 1839~0/83-0000-0107.

114




PIGUTER/ATTACK TEST AIRCRAPT

APPENDIX A

TEST
ALRCRAFT ALRCREYY FiReT eRST TEST
eYOE LOST FEAGHT PLIGHTS HOURS
#-15 ¢ JuL 12 9, 40% 33,2004
Fe16 [ vER 74 13,900% 17,300
ALl 1 MAY 72 2,310 3y 480%%
a7 0
P-4 1
¥l 4 DEC 64
1953 ~ S0new IHLTIAL
THBT PERTOD

¥F, £~100A 3 NAY 53 8/%3 - 12754
Fe1Bi8 2 SEP 54 /54 ~ LATH 56
Y-, ¥-1023 2 o 53 30753 - 5/5%
RF~, YE~, £-104A i1 ¥EE 54 %/58 - WID S8
YP-, F~1858 1 oCr 55 10/55 ~ 3/60
FISYITTN 2 B %6 12756 - 6753

*3S GI* JAY 87

*RPHUOBEH 1977 REEEROM APPEC HUPRORYY

303

35, TRT-RELATED,

SOME DID NOT OCCUR AT BDWARDE

FIGURE 1

NEW U.S. ALK FORCE FIGHTERS, 1940s-1890sucb

DBCADE FPEGHTERS BEVELOPED
1940 ?~47, P~S1, P~%%, P~Gl, F~B0, F~B4, P86, P-89, W~04
19508 ¢-100, P-101, K-3102, #-104, €105, P-106
149605 F-4, F~101
1970is ¥~14, F~14
1980s
ATP (DEVELQPMENT PLANNED)
19904

APHIE PIGURE EXCLUOES FLGHTERS THAT ENTERED PULL-BCALE
DEVRLOPMEND BUT PHAT WERE NOT PROCURBD POR INVENTORY; 1T
THEREPORE UNDRKSTATES THE RUMBEK OF NEW BTARTE FUNDED I¥ ThRE
1940z AND 19%0s.

DEKTLRACTED RROM TABLE 2, REFPERENCE 2.

FIGUHE 2
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TYPICAL TEST PROCRAM COST DATA

TEST PLIGHT TEST ALHCRART PLIGHT TEST PIXED | PROGHAMMABLE

FREQUENCY OPERATIONS COST SUPPORT COST CAPACYYLY
AIRCRART (FLIGHTS/MONTH) ($1000/HOUR) (51000 MONTH) (1000 WORDS)
CURRENT
GENERATION 16 15 81,500 300 ~ 700
FIGHTER
CURRENT
GENERATION 5 s0 $5,000 600 ~ HOD
BOMARER
NEXT
GENERATION 10 30 $2.400 1,000
¥IGHTER

FIGURE 3

COST BAVINGE ~ TYPTCAL PIGHTER

TOTAL BAVINGE:

COSY OF FLIGBYS:

(250 FLIGHTS) (1.29 MRS/FLT) (§1%5,000/BR) »

LESE COBT OF SIMULATION:

(250 PLIGHTS) () HR/¥LT) ($4,000/HR) .

$3,6

WET SAVINGS FROM HEDUCED PLIGHTS:

(20 AXRCRAET MONTHE) (81,500,000/MONTH)

87,500 + $30,000,000

$ 4,687,500

$30,000,000

$33,687,500

PIGUKE 4
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Mr, Chairman and Members of the Committee:

I an Charles Adelph, the Deputy Director of Defense Research
and Engineering for Test and Evaluation. I appreciate the
opportunity to appear before you today to discuss the role of
development test and evaluation in acquisition decision~making.

In preparation for tcday's hearing, the committee proposed
five questions dealing with various aspects of acquisition
decision making. At this time, I will provide a brief response
to several of those questions. Dr. Duncan and Mr. Krings have
already provided ahswers to some of the guestions.

First, let me address the overall scope of Development Test
and Evaluation (DT&E).

DIrLE is an on~going process involved throughout most
acquisition programs. DTAE helps to determine the readiness of
technologies for application, to resolve design gquestions, and ‘to
measure progress of the design in overcoming development
challenges. DTLE is of primary importance in conducting testing
that determines if the development system meets the technical
requirements of the contractual develcpment specification. But,
the scope of DT&E is much broader than technical specifications;
fundamentally, DT&E, like OT&E, is concerned with the acquisition
of quality systems. Therefore, we evaluate the results of our
technical testing, not only against technical specifications, but
also to provide information from which early insights regarding
potential operational effectiveness and suitability may be drawn.
Further, we share the results of development testing with Mr.
Krings and his staff so that he can independently evaluate the
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rasults of tschnical testing in forming his early cperatiocnal
assessaents,

My office establishes the overall policies for the conduct
of DTEE and ravievs the implementing pelicles and procedures
{ssusd by the Sexvices, In additien, we oversse the
DTLZ on major as wall as designatad acquisition prograzs,

The principal oversight machanisza we exzploy are:

*  The Test and Evaluation Mastar Plan (TEMP)

*  Field visits by nyssl? and xmy staff to view seluctad
tasting

® Systan test reports from the developmant test and
evaluation agencies within the Services

* and formal and informal briefings from the develcpment
test and evaluation agencies and the Service developer.

We participate in the preparation and conduct
of each progran Milestone raviev by the Defense Acquisition Board
(DAB) structurs. Befors each milestone review, we hold a
specific Tast and Evaluation raview, generally several days to a
fav Weeks prior to the formal DAB Coxmittee raviaw.

Yor a producticn decision raview, we ensurs that virtually
all DTLE on the basic systam will have been cozplated: that any
aajor deficiencies will have bean identified, corrected, and
zetasted, IZ the reviev is prior to a low-rate productiocn
decision, it is acceptabls to have scme DTEE incomplets. But for
a full=rate preduction revisw, DTGE on the basic system should
have baexn completed successfully.
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At the Test and Ivaluation briefing, we specifically addrass,
with the developing Servica, any arsas vhazrs unrasclved 74X
concearns remain. For sach Milestone, including the preduction
decision, I report to the Defanse Acquisition Board structurs on
the scope of tha DP4E that has been aczomplished and on the
principal findings from that tasting. TFinally, as nesded, the
Director of Dafenss Ressarch and Inginssring raprasants any
unresolved DT&E cencerns at tha formal Defanse Acquisitioen Board
raview,

2. Ona of your guestions was what is done if/whan
nilestones ars not met?

At sach progran milestone, e.g., entry into Mull-Scale
Davalopment, approval for Full-Rate Production, ete., the
developing agency is reguired to detall a variety of .critical
‘cost, scheduls, and performance thresholds tied to the program
milestonas. Test thresholds are specified in greater detail in
the Test and EZvaluaticn Mastar Plan (TEMP), which is updatad to
snsura currancy and completsness pricr to each Milaestone raview,

The Tast and Ivaluation Master Plan details specific
davelopmant objactives and performancs thrasholds (oriteria) that
must be achisved prier to entry into dedicated cperational
testing as wall as the oritical technical thresholds against
which test progress will be neasuzred st each futurs milestene.

The fact that a progzan thrashold is excesded, or a required
threshold is not met at n progran milestons, dees not, in itself,
necessarily warrant prograz cancellation or restructurs, It does
require a careful, senior level exanination of the significance
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of the shortfall to the operational effectiveness, suitability,
cost and schedule of the system. No arbitrary rigid criteria
can, or should, be substituted for carefully reasoned judgments.
I ensure that the scope of development testing and the results
from that testing are fully considerad as part of the DAB
process.

3. Another cquestion was what is being done to reduce risk
to a minimum?

From the point or view of test and evaluation, the best tool
we have for raducing risk is early, detailed test planning,
execution, and reporting.

Thorough development testing requires early planning
attention. The development tester has to understand the
operational requirements, the threat, and the cperational
environments in which the resulting system will be used. The
tester must understand the relationship between the required
operational characteristics and the technical characteristics
that are critical to achieving the operational performance.
Finally, he must understand where the technical hurdles lie, for
this provides focus for the testing. Aftar this thorough
ﬁnderstanding is gained, the development tester must then
identify the resources he needs to conduct meaningful development
testing. He must ingure that the developing system and its
interfaces to other elements are tested throughout its
performance envelope, across the operational enviromments, and in
the presence of appropriate surrogate threats. The final result

is that thorough development testing takes resources =~ funding,
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time, and qualified pecple. These will only be present when
needed if thorough early planning is accomplished.

The key tool for ensuring this early attention to T&E
planning is the Test and Evaluation Master Plan (TEMP). The TEMP
is written by the developing Service. It must be approved
Jointly by Mr. Krings and myself before any testing can begin.

Clearly, oﬁe of the primary purposaes of any testing is to
determina if unexpected results are produced. CQnsequeﬁtly,'
there is always some risk assouiated with any test involving high
technology systems. Early planning, allocation of sufficient
resources, and a structured component, subsystem, full-up systen
test approach are key to reducing development test risks to a
rinimunm.

4. You also asked when/how can concurrency be justified?

It should be noted that some concurrency, with its attendant
risks is the norm in most development programs. Some types of
concurrency are necessary attributes in a well-structured
program. .For.éxample, a program should not proceed serially from
a development phasé that focuses only on design, to a
production phase that addresses producibility and cost, to a
support phase that suffers the life~cycle consequences of the
earlier phases. 1Instead, we expect a form of concurrency
throughout each development phase =- a concurrency that
integrates the concerns and considerations of future phases into
the activities of the on-going phase.

The type of concurrency that is of concern is that of entry
into high rate production before activities normally associated

with Full-Scale Development or Test and Evaluation on the basic
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system have been completed., The decision to proceed with a
concurrent program of this type is an acquisition decision., Test
considerations are only one aspect that must be considered in
such a decision.

The primary factor that would justify approving and
proceeding with 2 highly concurrent program is the urgency cof the
military requirement and the technological risks involved.
However, I believe that the full scope of the issues that are
involved are best and properly addressed from the perspective.of
the Under Secretary for Acquisition, rather than limiting it to a
test perspective.
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Mr, Chairman,

{am Pete Adolph, the gzlputy Director of Defense Research and Engineerin
(Testand Evuluauon{: | appraciate the opportunity to participate in this Defense Test
and Evaluation Panel.

Test and evaluation lupdpom the acquisition process by providing the capability
to support weapon system an mhnolo'gy developments, to verify the achievament
of performance thrasholds, and to determine operationsi effectiveness and suitabllity.
Thae T&E infrastructure must be rasponsive to the nggngau needs of the following
communities: sclence and technology, research and development, weapons
acquisition, operational test, and prod'uct improvement.

S*stom Test and Evaluation (T&E) is a large activity involving aimost 60,000
psople, Including contractor personnef at our TRE facilities, Our budgets aggregate to
about six billion doliars per yesr when the costs raimbursed by our customars are
considered. The funding is included in many program elements approved b‘y this
committes each year, Our facilities have a raplacemant cost of about 25 bitlion dollars.
The Isnd devoted to TRE activities encompasses about 14 million acres, which is over
S50 percent of total DoD land area. The major T&E facilities sre scatterad throughout
the United States and in the Atlantic and Pacific Ocaan areas. This large snterprise
axists primarily to support afl phases of acquisition for U.S. weapon systems, although
wa also provide TRE services for other Executive Departments and Agencies such as
NASA, DOE, and tha Coast Guard. in addition, we perform s small amount of TRE for
U.s. allies. in total, the DoD T&E establishment supports several thoussand T&E
projects each year.

My &gb is to provide developmental test oversight for the Department of
Defense. meomibllmn indude Iookl.? to the out?mn to determine futurs
requiremants and snsuring that we hava adequste facilities and squipmant to setisfy
future T&E neads. Our staff works with alf three Services to ansure that the highest

rlority needs of the Departmaent are addrassed first and that duplication among the
rvicas is avoided. Oversight extends to all major DoD T&E facilities, sxcept nuciear
waspons test facilities, snd includes operation, maintenance, improvement, and
ernization, it also includes targets and threst simulators for T&E, the Live Fire Test
Program, and several auxilisry programs dealing with joint test and f’anlgn
comparative testing.

The T&E infrastructure must be capable of meeting current and future ThE
challenges by enabling the DoD T&E community t0 assess the complex and
svolutionary technologies being engineered into todsy’'s weapon systems. Our goals
to accomplish this are summarized below,

& Responsive managemaent of DoD-wide T&E Capablility Base
® A secure, safe test environmant

o Consistency and commonality of test methodelogy

® Improved tast sfficiency end effectiveness

@ Transportable instrumentation

# Interoperability and commonality of instrumantation, targets, and threat
systems

o improved threat scanario definition

® An aggressive T&E uchno’l‘?y development program

© Environmental clean-up and monitoring compliance

@ Minimize impact from encroachment

® Foreign cooperation in TRE
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{ will discuss some of the above objectives in more detail after i outline the T&E
oversight mechanism we now have in place. It's the Defense Test snd Evaluation
Steering Group (DTESG), a standing body that addresses corporate Defense T&E
resource matters in response to Defense Management Review Decision (DMRD) 922.
A similar steering group coordinates Defense laboratory programs. | am a member of

that group as well so as to avoid unnecessary duplication of capabilities between the
T&E and laboratory communities.

The DTESG also addresses T&E requirements that result from science and
technology programs. Members include the Service senlor T&E executives, who are
here today, as well as members and advisors from other appropriate 0SD staff, .
Defense Agencies, and the $Di program. We review the major issues related to
oversight of the T&E establishment. Qver the past three years this group and its
predecessor organization have been involved in all major decisions effecting T&E
resources and policy. One of the key activities of this group has been the apgroval of
gﬁorities for the Central T&E Investment Program, which is managed at the 0SD level,

ut executed by the services.

A major DMRD effortis our initiative to prevent unnecessary duplication of T&E
facilities. Itdesignates a lead service or develops interservice cooperative agreements.
This initiative has been dubbed the “T&E Reliance Process.” (A similar processis
underway as a part of the laboratory consolidation effort) There are four broad T&E
rellance categories: service-unique, lead-service, cooperative, and competitive.
Numerous reliance areas have been identified for study. The list includes land
vehides, air breathing engines, chemical and biological effects testing, air-to-air, air-
to-ground, and ground-to-air weapons testing, electronic guns, fixed-wing aircraft,
and electronic warfare testing. The reliance process will also address support
capabilities and facilities, such as ground and aerial targets, anechoic chambers, radar
cross-section facilities, and T&E support aircraft.

By the end of 1991, joint OSD/Service teams will develop reliance arrangements
for each of these areas. The Service Joint Commanders Group (Test and Evaluation)
will make recommendations to the DTESG. Upon approval by the Director of Defense
Research and Engineering, the Services will execute the agreed-to plan in each major
area to implement new test fadility and capability surport arrangements. Budget
adjustments and amendments resulting from the reliance studies will be folded into
the FY 94/95 submits as appropriate. We plan to indude proposed program-specific
investments by program managers in our oversight process as well as generic
improvement and modernization projects funded by the Services and 050.

_ Asyou may recall, from 1985-87 we conducted an extensive analysis of our
ability to support test and evaluation. What we saw caused us some concern. From
1980 to 1985, ROT&E funds for Advanced Development and Engineering
Development, a category that drives T&E’s near to mid-term requirements, had grown
90 percent in real terms while T&E funding had remained ulativela flat. Our facilities
had an average age of 35 years. Our investment rate in those facifities was about one-
fourth that of private industry. in addition, Congress had become critical of T&E for
our weapon systems. A large number of new or more complex technologies were
prﬂected to be incorporated into our weapon systems such as stealth, kinetic energy
and directed energy, smart munitions, space systems, and complex electronic warfare
systems. These new technologies needed to be reviewed to determine if we were
posturing our facilities to adequately test them. Security upgrades were needed to
protect technical data and satisfy special access program requirements.
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Environmental monitoring and clean-up requirements were increasing and potential
encroachments on land, ses, and air demanded increased vigilance. Finally, test
facility maintenance and repair was falling behind in the areas of electrical power,
butldi?’g repairs, water distribution systems, road repairs, and ather infrastructure
upgrades.

As a result of the FY85-87 review, we modified our management approach. We
established a joint OSD/Service review group to set priorities across the Services. The
Joint Logistics Commanders were included in our planning process. We called our T&E
and weapons development gersonnel together to identify future T&E requirements.
We identified more than 15 billion doliars in new requirements over the next 15 years.
These requirements were prioritized, and we built a program to support about one-
half of these new investments. Much of this was incorporated into central OSD lines
to fund high priority frojects that would benefit more than one Service or projects
that were too costly for a single Service to fund within its available resources.

Unfortunately, we were not able to persuade the Co?%ress to approve these
programs. These investments have been reduced to about 50% of our original plan,
Congress reduced overall T&E funding about 16% in each of the past two years. We
have experienced even more severe indirect cuts as a consequence of the year!
Congressional reductions, DoD makes negative adjustments to the out-year tail that
3?es along with a Congressional reduction in a current year. Over the rasttwo years,

¢ reduction to the FY90 to FY93 TAE program has amounted to $2 billion (about
:g‘%) to T&E while the total RDT&E account - excluding SDI and T&E - was reduced only

The impact of these reductions will result in further aging of our facilities and
more costly testing because we are not using the latest test support technology.
Reductions also mean delays in the time when we can better test new weapon system
technologies. This does not necessarily mean that we will not be able to test our
weapon systems adeqluately. butit does mean we will not be able to test as
effectively or efficiently. We solicit your support to fully fund our FY-92 budget
request to reverse the trend set over the past few years.

The DoD infrastructure reductions planned for the next several years will not
result in a significant decrease in T&E workload. Reductions in quantities of new
weapon systems do not materially alter the amount of testing required. Even
cancellations of new systems will not significantly decrease our T&E workload,
because subsystem up%rades will be made to existing systems to &rolong their utility.
Upgrades fall into two basic categories, the first is one which avoids obsolescence
through a technology upqrade. he second is a service-life extension program (SLEP),
which may or may notinclude a uchnology upsrade. An oxam:rle of an ongoing
technolozy upgrade is the F-16C/D Multi-Staged improvement %?nm (MSIP).
Systematic upgrades are made to weaponry, communications, navigation, and
defensive sensors in a staged approach. The program significantly changes the
characteristics of the F-16 operational f‘l’isht program so re, as well as adding
several hardware enhancements. By adding capsbility in stages, it allows potentiaf
improvements to be rigorously tested in development without delaying other
capabilities that have successfully met the requirements.

HistoticailY. weapon systems have evolved over time, and advances in
technology may lead to Pre-Planned Product improvements (P31). These improve-
ments vary from minor software efficiency changes to a2 major enhancement of the
weapon system enhancements. Some of the new technical concepts, as wail as the
more technically challenging improvements will require prototyping prior to fielding.
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Another challenge we face is how to accommodate environmentaf clean-up and
monitoring requirements, induding dean-up of contaminated sites, disposal of
hazardous waste, dean air and water, endangered species, noise, wetlands, etc. Over
the past 8 years, the number of pages of federal lcg‘isla_ﬁon inthese areas has
inceased from about 1,000 to approximately 10,000 pages. State and local
regulations have seen similar increases. ‘Differences integulations among the states
limit our ability to develop common a_lpproach_es for ali aur fadlities, which are spread
throughout the United States. Since T&E facilities occupy over half of DoD land, we
are impacted heavily'b‘tho new emphasis on the environment. We own about haif of
the land but have a higher percentage of the environmental challengés because of our
space-launch facilities and chemical/biological test fadlities.’ All the exotic fuels and
other materials show up first at test facilities. We strongly supportinitiatives in the
environmental area and we are making every possible effort to ram and budget
for these requirements. We are taking a positive approach to addressing the myriad
of environmental issues. Solutions will require intensive effort, patience, and an
inaease in funding. Unfortunately, Congress tends to level-fund our infrastructure
accounts, which are a ?rlma'ry source of environmental complianceé funds. We need
the full cooperation of the Congress to meet the anvironmental chaflenge.

Let me move on to the subject of Test and Evaluation process improvements.
Under Dr. Duncan’s leadership, and with the cooperation'of the Services and the OSD
acquisition community, we have made significant improvements in the T&E process.
The T&E process improvement initiative has focused on five major areas; (1)
Improving the stability of the test program planning, iz) improving the resolition of
issues between the OSD T&E offices and the Services, (3) improved test facility and
resource planning, (4) improving test methodology and finally, (5) improving
communications between the TAE offices and the Services.:Dr. Duncan has
addressed severat of these. 1 will expand on two areas; threat definition whichisa

major factor in program stability and resource planning, and test methodology
improvements. :

One of the issues raised by several Program Executive Officers (PEOQ’s) and
Program Managers (PM's) was that the test community sometimes made a unilateral
interpretation of the threat to be used for testing. New procedures have been
implemented that provide for more systematic definition of the threatand . -
interpretation of scenarios for test purposes. in the early stages of test plan
development, a meeting will be held to define the threat for test purposes. A Defense
Intelligence Agency (Dli) threat assessment will be the basis for threat scenario
development.” The meeting will address targets, countermeasures, scenarios, doctrine
and tactics employment, and the degree to which models and simulations will be
used. A significant new threat will be addressed in a program review called by either
the service or OSD. Resource requirements for testing major new threats will also be
addressed as necessary at Defense Acquisition Board program reviews. We are also
dealing with the issue of evolving threats in our program reviews.

The OSD TAE offices and the DIA co-sponsored a conference in Aptil to address

how scenarios are used in aquisition. The objective wasto | ve the
connectivity in threat definition among acquisition documents (e.g., Mission Need
Statement), System Threat Report (STAR), Cost and QOperational =

Effectiveness Analysis (COEA), Test and Evaluation Mastér Test Plan, and Test Plans

gh the use of consistent scenario definitions. The conference was a definite step
forward in an effort to reach dosure in this area. :
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Now let me move on to the area of test methodology improvements. One of
the major issues we will continue to address in the future s improvementin the
efficiency and effectiveness of the test process. A high priority area is electronic
warfare (EW) testing., An OSD/Service EW test capability study was recently initiated.
The study will define the future EW T&E capabilities required to support the
ac?:‘s‘ivsition of major weapon systems within realistic fiscal constraints, Live fire and
software testing were two areas recommended by program managers and PEQ’s for
methodology and/or policy reviews. The Army’s assessment methodology for combat
vehicle vulnerability was reviewed in 1989 by the National Research Coundil. A similar
review of aircraft live fire test methodology is in the planning stages, with completion
anticipated in 1991. Two issues relating to softwarc policy were identified. The firstis
a definition of what constitutes production representative software for operational
test purposes. The second is what role the Service and OSD T&E communities should
play in the frequent software up%rades that many systems undergo, sometimes
annually. These two issues have been addressed by a Service/OSD team, and Dr.
Duncan and | recently signed out draft software test guidelines for Service review.

The GAO recently assessed our efforts (GAO report B-241231, Sept 28, 1990)
“Improvements are being made in the Department of Defense’s Test Planning.” The
following are the Results in Brief from that report:

DoD has focused a great deal of attention on improving test planning

ﬁ‘mcesses and has made several improvements in Test and Evaluation

fo'a'stelj Plan (TEMP) guidance. More specifically, our review indicated the
owing:

® The military services have each instituted simifar TEMP and test
{anning processes in accordance with Office of the Secretary of Defense

fosm uidance,

® DoD has adequately identified the key weaknesses and strengths of

the TEMP and test planning processes,

® DoD actions address histarical weaknesses and, if properly

implemented, should significantly improve the timeliness and quality of

TEMPs and the test planning processes.

in conclusion, the Department of Defense is well into the detailed planning to
reduce the cost of operating T&E activities by consolidating future investments and
areas of responsibility. Efforts are also under way to improve the effidency of the test
grocess. These combined initiatives are designed to posture the T&E community to
etter meet the challenges of the 1990°s. We need the support of Congress to ensure
that the required test fadlity upgrades are made in a timely manner.
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DEPARTMENT OF DEFENSE

STATEMENT BY
CHARLES E. ADOLPH
TO THE
SUBCOMMITTEE ON DE?BNOS’! %DUS'I‘RY AND TECHNOLOGY
COMMITTEE ON ARMED SERVICES

UNITED STATES SENATE

MAY 21, 1991

Mr. Chairman, members of the committes, ladies and
gentlemen., I am Pete Adolph. I have been designated by the
Secretary of Defense to perform the duties of the Director,
Defanse Rasearch and Engineering (DDR&E), until a Director is
appointed. With me is Ray Sieswert, Acting Deputy Director,
Defense Research and Engineering, for Research and Advanced
Technology. Also taestifying this moxrning are Geaorge Singlay,
Deputy Assistant Secretary of the Army for Research and
Technology! Genie McBurnett, Principal Deputy Assistant Secretary
of the Navy for Ressarch, Development, and Acquisition; and
Brigadisr General Pat Condon, Deputy Assistant Secretary of the
Alr Force for Management Policy and Program Integration. He is
here today in his capacity as Acting Director of Science and
Technology for the Air Force. 1I'm pleased to be here with my
colleagues to testify on our current initiatives to strengthen
the technology base, to streamline the managemsnt of the
Department of Dsfensse (DoD) laboratories, and to reduce the cost

of conducting businass.
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Much of the work we are doing falls under the aegis of the
Defense Management Review (DMR), which requires us to seek ways
in which the Department of Defense can perform ita vital national
sacurity mission more efficiently. We are making steady
progress. I am pleased by the high level of coordination and
cooperation betwaen the Office of the Secretary of Defense (OSD)
and the Services in working these initiatives. We are here
together today to report on our progress and continue our

dialogue with you.

As evidenced by the success of Desert Storm, the Department
has been correct in basing its strategy for national defense on
developing superior technology. We will continue our commitment
to provide our soldiers, sailors, airmen, and marines with
superior technology as our national security policy adapts to the
dramatic changes taking place in the world. Our strategy for
defense technology includes fostering those conditions essential
to maintaining our qualitative superiority in deterrence and
warfighting capabilities. As a result, we have a heightened need
for a coherent, integrated, stable, and strong research,
developnent, test, and evaluation (RDT&E) program; one that links
technological leadership to military needs. A critically
important ingredient is the DoD in-house laboratory systen.

In response to the requirement for a more corporate, unified

approach to management of RDT&E, the DDR&E has established two
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steering groups, one for test and evaluation (T&E), which I
chair, and one for science and technology (5&T), which Ray
Siewert chalrs. These two steering groups will ba able to advise
the DDR&E in a more cohesive manner on resource and policy

matters.

The laboratory system falls under the purview of the S&T
Steering Group, which will advise the DDR&E on integrating
Service and Defense Agency technology objectives, infrastructure
problems, and investment strategies. I mention this steering
gfoup this morning because, on behalf of the DDR&E, it will
oversee our major laboratory management initiatives, including
laboratory restructuring, the Laboratory Demonstration Program,

and Project Reliance.

I want to take a moment to describe the Tri-Service Reliance
effort because it exemplifies the teamwork I talked about
earlier. Although Reliance focuses on both S&T and T&E, I will

concentrate my remarks on the S&T portion.

Reliance is a major DMR effort being conducted by the
Services and OSD to enhance the effectiveness and productivity of
our facility investments and in-house work, eliminate unwarranted
duplication and unnecessary overlap, connect related technology
efforts, and refocus investments to strengthen and modernize our

facilities -~ all the while preserving the Services' unique,
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migssion-essential capabilities. The intent is to build on the
strengths inherent in each Service's system for the benefit of
everyone and to foster inter-departmental reliance when that
makes sense. We have thoroughly reviewed our laboratories and
identified various programs, first by assigning them to 28
technology areas and then to several operational categories:
programs unigue to one Service, coordinated programs, joint
efforts, collocation, consolidation, and competition. Having
done this, we are now reorganizing away from coordination -~ the
weakest and least productive alternative -- and toward the other
options. The DDRLE reviews all Reliance strategy and
implementation plans and makes recommendations to the Under
Secretary of Defense for Acquisition. I will not elaborate
further on Reliance since the Service representatives who
spearheaded this tremendous and productive effort are here with

me and will address specifics in their presentations.

The Defense Technology and Test Action Plan, which presents
the specific actions and milestones necessary for the RDT&E .
comrunity to effect the cost reductions and increases in
efficiency directed by DMR 922, will be signed out soon by the
Deputy Secretary of Defense. It includes actions and milestones
for investment planning, for workload measures, and for

implementation of Project Reliance decisions,
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Consolidation, conversion, and realignment of the Defense
laboratory system have been the subject of intense study in the
Department and the Services since the summer of 1989, Stimulated
by the recommendations of the 1988 Report of the Secretary's
Commission on Base Realignment and Closure, the Secretary's
Defense Management Review, and other reports such as those from
the Office of Technology Assessment, the Department conducted
expansive and systematic studies of the near~ and long~term
savings that we could achieve through consolidations and closure
of Defense laboratories. The Deputy Secretary of Defense
established the DMR Laboratory Consolidation Working Group in the
fall of 1989 to develop recommenéations. This 0SD/Tri~Service
working group studied management alternatives such as government-
owned/contractor-operated facilities (GOCOt!s), employee~owned
contractor operations, government corporations, and hybrids of
various options in addition to closures, congolidations, and
realignments. These studies were in the final stages when, in
Senate Report 101-384 on the National Defense Authorization Act
for Fiscal Year 1991, Congress directed the Secretary to
establish a Commission on Laboratory Consolidation and Conversion
with the charter to review the health and effectiveness of
defense laboratories, using DMR studies as a starting point, and
to make recommendations on the means to improve the operation of

these laboratories.
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This Federal Advisory Commission has initiated its review of

ways to improve the operations of the laboratories.

In selecting the Commission members, the Secretary chose
three DoD laboratory directors who had played an active role in
the DMR studies, the Director of DARPA, executives from the
pepartment of Energy and the National Institute of Standards and
Technology, the vice presidents for research at Bell Labs and
IBM, the director of Los Alamos Laboratory, and other equally
qualified scientists and engineers. These individuals have
brought an outstanding breadth of expertise and experience to
review the Services' laboratory consolidation plans and other

means of improving the operations of the Defense laboratories.

The Commission’s first two meetings consisted primarily of
information gathering and policy discussions. This is an
important process. They have been briefed in detail by the
Services on their consolidation plans and on Project Reliance.
The base closure office in OSD has briefed the Commission on the
Secretary's proposal to the Base Closure and Realignment
Commission. They were briefed on the Laboratory Demonstration
Program, and they have interviewed staff from the House Armed
Bervices Committee and the Congressional Research Service to make
sure they are accurately responding to the intent of Congress.
Additionally, the Commission has invited a staff member of the

Senate Armed Services Committee to meet with them later this
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week. The Commission members have a well~defined meeting
schedule, are addressing their duties systematically, and fully
expect to meet the mandated 30 September, 1991, reporting date to

the Secretary of Defense.

Let me turn now to the Laboratory Demonstration Program.
The Department of Defense laboratory system has an enviable
record of tachnological accomplishments. Nevertheless, for too
long bureaucratic iﬁpediments have hampered the Defense
laboratories' ability to compete in the labor‘market for high-
caliber scientists and engineers. The effectiveness of their
research efforts has been reduced because of inadequate

facilities and equipment and other management inefficiencies.

I want to briefly review some of what has transpired in the
last two years. Through Senate Report 101~81 on the Natiocnal
Defense Authorization Act for Fiscal Year 1990 and 1991, Congress
endorsed recommendations of the 1987 Defense Science Board study
and directed the Department to implement a Laboratory

Demonstration Program.

Oon November 20, 1989, Deputy Secretary of Defense Donald J.
Atwood initiated this program. In his authorizing letter he
stated, "Recent studies conducted by the Defense Science Board
and validated by the DDR&E Interagency Task Force have shown that
the preductivity and effectiveness of DoD laboratories can be
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significantly improved by implementing specific changes in
procedurss involving personnsl managsment, research related
contracting, facilities refurbishment, and management authority

of technical directors.®

The Department has taken a five-level approach for 1)
implementing changes at the laboratory level; 2) implementing
changes that are within the authority of the Services and Defanse
Agencies; 3) implementing changes that are within the authority
of DoD; 4) negotiating with other government agencies (e.g., the
Office of Personnel Management) to secure increased authority
within existing law; and 5) when no other recourss is avallable,

seeking legislative changes.

Participation in the DMR Lakboratory Damonstration Program
was granted to those Defenss laboratories nominated by the
Services and the Defense Nuclear Agency and approved by the Under
Secretary of Defense for Acquisition. Collectively, and prior to
recently proposed restructuring plans, the Demonstration
Laboratories employed approximately a gquarter of DoD scientists
and engineers (8&E's), including approximately 21 percent of Army
B&E's, 31 percent of Navy B8&E's, and 12 percent of Air Force
S84E's. These laboratories repressnt a broad speotrum of fha
nission areas, science and technology strengths, laboratory
sizes, workforce profiles, R&D programs, and financial and

managsnent arrangements that characterize the DoD laboratory
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systen as a whols. As a group, they represent an effactive

cross~section of essential in-house laboratory capability.

I would like to highlight sone of our principal areas of

concern and briefly illustrate some of our accomplishnents.

our paxgonnel management initiatives seex acquisition of
direct hiring authority for all positions: acquisition,
development, and retention of S&T positions; implementation of
special salary and pay-banding schedules; delegation of increased
personnel authority to base commanders; recruitment and retention
bonuses; and non-career appointments for retired distinguished
senior experts. Some accomplishments to date include: The Office
of Personnel Management (OPM) delegated increassd local hiring
authority to DoD in Juns 1590, We have heen abla to hirs 59 new
PhD's since then. OPM has alsc authorized 27 additional science
and technology positions; and autcmated classification systens
are operating at selected inatallations. These and other
contanplated actions will help the Department develop a pesrsonnel
climate that will restore our competitiveness in recruiting and
retaining the most talented S&R's.

Sontracting and procuramant initiatives have been put in
place to reduce complex and time-consuming procurement methods in
contracting for R&D nupp;ioo and sexvices; to increass the small

purchase threshold to accoumodate unique, one-of-a~kind R&D
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purchases; and to increase the small purchase competition
threshold to significantly reduce procurement acquisition lead
times. A seemingly innocuous measure, the delegated use of VISA
credit cards to S&E's for small purchases, reduced the average
lead time from 100 days to 6 days while ensuring adequate
management control, We believe these measures, together with
other proposed measures, will give us streamlined procurement
procedures that will eliminate excessive and burdensome

management controls of the past.

Major facilities modernization initiatives will increase the
effectiveness of resources targeted at improving the laboratory
infrastructure. We want to give laboratory directors the ability
to use scarce resources efficiently and establish a process to
create and sustain modern facilities suitable for the conduct of

state-of-the~art research and development.

Management authority initiatjives seek delegation of
increased authority to laboratory directors to control essential
support activities in a manner similar to that practiced under
the separate~profit-center concept of the private sector; longer
tenure for laboratory directors; fewer reporting levels;
increased contracting authority for laboratory directors covering
services, products, and facilities; and discretionary R&D funding
for laboratory directors for enhanced in-house independent

research and exploratory development with after~the-fact annual
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performance reviews. Accomplishments to date are noteworthy:

The Navy has delegated contracting authority for an unlimited
amount to its laboratory directors; the Army's Laboratory Command
has provided its laboratory directors with increased direct
control over critical administrative support services; Air Force
laboratories have cut the average acquisition lead time in half
for some types of equipment and services; and the Defense Nuclear
Agency has provided incrbased management authority to its
laboratory director in contracting and technical publications.
These measures are designed to vest Defense laboratory directors
with levels of authority commensurate with their

responsibilities.

A draft legislative proposal, the RoD Laboratory
Revitalization Demonstration Act of 1991, has been prepared and
is undergoing formal coordination within the Department. This
will request legislative authority to demonstrate new and
innovative approaches to managing and operating DoD laboratories.
The ideas that improve laboratory operations will be exported to

other Dol laboratories that are not a part of the demonstration.

As a final note on laboratory demonstration, I would like to
address the criteria we are using to evaluate various reforms.
In his letter of November 20, 1989, the Deputy Secretary tasked
the Services and Defense Nuclear Agency to identify those

parameters that are especially important to their particular
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operations and missions that could be used as "measures of
success." The selected indicators were reviewed and refined by
the OSD lLaboratory Demonstration Program Working Group and will
be used to track the progress of the Services and Defense Nuclear
Agency. However, I need to caution that using such indicators as
"measures"” may not always reflect the actual health or
improvement in any one laboratory or in the aggregate of
demonstration laboratories. The current measures are only a

start; we will refine them as needed.

In summary, we have made a determined effort to strengthen
our management of the Department'’s lahoratory system through an
integrated, corporate approach that provides policy direction and
continuity from the DDR&E and the S&T steering group. The DDR&E
is also ensuring that the many initiatives we have undertaken are
coordinated toward a common purpose. I anticipate that we will
see an increasing awmount of inter-Service collaboration, both in
our efforts to orqanize and operate the laboratory system more
efficiently and in the day-to~day conduct of laboratory work.
Because of DMR 922 and the wany in-house efforts it has
initiated, the development of proposals for base realignment and
closure, the guidance we expect from the Advisory Commission, and
the many and varied successes and proposals of the Laboratory
Demonstration Program, we are making real progress in addressing
the complex and abiding problems that hamper the laboratory

systen today. The result will be a wore efficient and effective
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laboratory system, one that allows this nation to maintain and
strangthen the technological edge that has been -- and will

remain =~ a vital part of our national security strategy.
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COMMITTEE ON ENERGY AND COMMERCE
UNITED STATES HOUSE OF REPRESENTATIVES
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Good morning. I am pleased to be able to appear before
your Subcommittee in order to describe the rols of research and
development (Ra&D) within the Department of Defense (DoD) as it

relates to domestic technology transfer.

The Department conducts an aggressive Re¢D program to
maintain U.S. defense capabilitiea at the leading-edge of
technology so that our sclentists, engineers, and the
manufacturing community can design and produce military weapon
systems at the highest level of efficiency and effectiveness. A
key element of U.5. defense strategy is to conduct RuD for the
purpose of maintalning weapons superiority. This longstanding

~strategy pays off as we have recently seen.

The DoD Ri¢D program is carried out by industry,
universities, National Laboratories, Service laboratories, and
other organizations such as the National Institutes of Standards
and Technology. The private sector performs about 75 percent of
DoD's ReD. We routinely organize teams within
industry,universities and other laboratories including our own

and other Government activities.
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Before explaining the overall basis of DoD's domestic
technology transfer activities it is important to establish some
facts about the Department's R&D funding. In FY 1991, we fund
basic research at about $1 billion, and exploratory development
{applied research) at about $2.4 billion. The development
portion of the budget is $33.2 billion and includes design,
engineering, testing and evaluation of weapon systems and

equipment.

The DoD RDT&E program emphasis is on development to
accomplish our principal purpose -- new and effective technology
in military hardware. DoD is unique among federal agencies in
the emphasis on systems development. This approach reflects the
Administration policy to limit direct Federal support for
development to specific Defense areas where there is a clear
Pederal Government mission. 1In other areas, product development

is appropriately supported by the private sector.

DoD plays a modest role in Federally supported research,
providing about 4 percent of the total Federal support for basic
research and about 17 percent of Federal funding for applied
research. DoD is dominant in PFederal support for development,
accounting for about 80 percent of the total Federal development

expenditure,

Much of the Department's R&D is so-called dual use

technology, applicable to both Defense and commercial
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reguirements. Basic sclentific knowledge (as oppésed to DoD
application to weapons) ls often not classified. Therafore most

of cur technelogy is available to the private sector.

While some companies receiving DoD R&D support concentrate
their sales in the defense sector, others are active in both
defense and commercial arenas, e.y9., General Electric {(GE),
General Motors (GM), Ford, Boeing, Texas Instruments (TI),
Westinghouse, Xerox, and others. Dual use technology developed

for DoD by industry inevitably affects both their defense and
commercial products. ZThe uge of the private gsector to perform
geverament is a most effective means for rapid and efficient
domestic technoiogy transfer.

The Department’s policies in implementing the domestic
technology transfer program are pertinent, The program is based
upon the Stevenson-Wydler Technclogy Innovation Act of 1980 and
the President’s Executive Order 12591 on "PFacilitating Access to
Science and Technology" of April 10, 1987. We are currently
working with other departments, through the Federal Acquisition
Regulatory Council and in other forums, to improve our
implementation of the Executive Order concerning Rights to
Technical Data and Recoupment of Non-recurring Costs. These

efforts will further enhance domestic technoiogy transfer. The
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Federal Technology Transfer Act of 1986 incorporated major
amendments. The Department's current policy directive
impleméntu the provisions of thoge statutes and the Executive

Order.

The Federal Technology Tranafer Act grants direct statutory
authority to the Departments of Army, Navy, and Air Force to
execute the programs. Congistent with that authority and
Departmental guidance, the Military Departments define the
technology transfer program within their organizational

framework. The principle elements of the DoD program are:

1, A full-time equivalent position for an Office of
Research and Technology Application (ORTA) at each laboratory
with at least 200 scientific, engineering, and technical

personnel.

2. An active patenting and licensing program. 1In FY 1990,
DoD laboratories received 574 patent awards and submitted an
additional 790 patent applications. The DoD patenting and
patent licensing facilitates the transfer of technology by
allowing us to convey the commercial rights to the private
sector through license arrangements, Since contractors conduct
most of the DoD R&D program, the full innovative impact of DoD-
funded R&D is much greater than the above figures. 1In this
regard, our procurement contracts permit contractors to patent,

license, and commercially market technoloéy they initially
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develop at government expense subject to reservation by the
Government of a nonexclusive, ixrevocable( paid~up license for

Government use of the invention.

3. Recognization of individual inventors. Inventors have
bott a strong professional and personal interest in seeing their
inventions used in A& broad and expeditious manner. In addition
they share in the royalties (20%) for commercially licensed
inventions. A4lsc, the Services provide monetary and
professional excellence awards for significant contributions to

domestic technology transfer.

4. Documentation of R&D results. We collect, anncunce,
and release for public purchase, Dol technical reports through
the National Technical Information Service (NTIS) at the
Department of Commerce, In FY 1990, DoD provided NTIS over

15,000 unrestricted technical reports,

5. Access to DoD laboratory expertise. We have developed
a database to refer ingquiries from the domestic sector to
appropriate experts in DoD laboratories, This interaction

increases the potential for commercializing technologies.
6. Listing of DoD patents. We include our patents and

licensing contacts in the annual catalog of Federal patents

issued by the NTIS.
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7. Promoting local laboratory contacts. DoD laboratories
directly lnteract with economic development groups at regional,

state, and local levels,

8. Engaging in cooperative research and development
agreements (CRDA’s). Within DoD, 152 CRDA's are in place and an
additional 70 are in negotiation at this time. fThey encompass a
range of technical areas and include state and local
governments, the private sector and university participants.

The DoD has no significant problems in implementing the
provisions embodied in the Federal statutes or Executive Order

12591 in this area.

An important element in understanding the technology
transfer process is the realization that there is no single
technique that will ensure success. Creating an awareness of
the opportunities to commercialize the fruits of Government R&D

is & multi-faceted marketing effort.

DoD uses a variety of techniques to facilitate its half of
this marketplace equation. Our ORTA's strive to make the non-
Federal sector aware of both the capabilities of their
labcratories and their technical products (R&D results). Also
the Pederal Laboratory Consortium is an excellent vehicle for

interaction at the local, regional and national level,
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In addition, the Department: provides input to databases
and directories: hests conferences, demonstrations, open houses
and exhibits; promotes publicatien in technical literature,
rewsiettars, and the media; and does target mailings to

porential commercial interests.

Any successful effort to push Government technclogy to the
comnmerxcial marketplace reguires industry to shape technology
into commercial products by applying their design,

manufacturing, distribution, and sales expertise.

Az indicated earlier, contractors perform the majority of
Dob's RaD. Technology advances developed to meet DoD mission
needs routinely result in corgllary commercial activities. Past
spin-~affs to the commercial sector from high risk dual use
research supported by DoD have played a major role in U.S.
economic stresgth., In the computer industry, DoD supported
gfforts have led to computer time sharing, coﬁputer graphics
used in computer aided design and blotechnology, and computsr

aided instruction.

pebd has supported materials science in areas such as
ceranics and ceramic composites, microelectronics materials,
meral alloys and rapid solidification, and advanced polymers.
Modern materials coming out of DoD research are found in diesel
and gasoline powered automobiles, sporting goods, medical

prosgthetic implanté. and many other products of 0.8, companies.
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Commercial application of Defense RiD is an ongoing
process. Racent research conducted by the Navy in synthetic red
blood cells shows great promise., The goal of assuring a supply
of diseane frew blood cells is of great significance, both from

a military and civilian perspsctive.

in addition to the gensral approaches to technology
transfer discussed previously, we would like to mention some
specific DoD outreach efforts. One is the Navy's Domestic
Technology Transfer Pact Sheet. This monthly publication
describes recent technical innovations and explores their
commercial application potential in a newsletter format. With
over 8,000 {mostly private sector) subscribers for this monthly
bulletin, {t provides a medium to disseminate technologies with

commercial potential.

Through 1its civil works authority, the Corps of Engineers
sought and recelived Congressional approval to engége in cost
shared cooperative ReD for construction purposes. As the
Federal Government's executive agent, the Corps is one of the
largest purchasers of general purpose commercial type
construction in the U.8. As concluded in a study by the
National Research Council of the National Academles of Scisence
and Engineering in late 1986, the U.8. construction industry is
in the bottom tier (0.39 percent of revenuss) of U.8. ReD

investment for mature industries.
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This Army effort identified as the "Construction
Productivity Advancement Research® program provides for up to 50
percent cost sharing of projects. In the three years since its
inception, the Corps has funded 37 proposals with a committment
of $9.6 million of Pederal funds and $19.3 million in non~
FPederal funds. The Corps has received proposals from & mix of
large and small businesses, universities and colleges, state and
local governments, and trade assoclations. They cover a wide
range of applications including hardware, machinery, robotics,

materials, and software,

The most significant problem we have experlenced to datae is
being addressed in legislation introduced as H.R. 191,
“Technology Transfer Improvements Act of 1991". This would
permit the Federal Goverament to copyright computer software
created or developed by the Government as part of a CRDA,
Software is one of our national competitive strengths. The
ability to copyright and license software will give the private
sector time needed to commercialize our software and develop the
required user documentation, Without this protection of their
invesgtment, the private sector elects not to uss our valuable

asset,
The Depariment of Defense recognizes that national security

is closely tied to economic strength, We beliesve that

investment in DoD R&D has provided an excellent retuen for the
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nation. The DoD domestic technology transfer program continues
to grow by all measures. We will continue to nurture cur

efforrs in this area which is vital to our naticnal security.
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A CAREER IN T&E

PEDZRAL ADVIBORY COMMIBEION
ON CONSOLIDARION AMD CONVERSXOM OF
DEYENSE RESSARCK AMD DEVELORPMENT LABORATORIES

BXRCURIVE BUNMHARY

Public Law 161~510 established the Federal advisory Comsisnsion
on Consolidation and Conversion of Pefense Research and Devalopnent
Laborastories to study the pepartment of Defense (DoDB) laboratory
system and provide recompendations to the Secretary of Defense on
the feasibility and desivabllity of varlous means to improve the
oparation of the Dod laboratories. Amony tha meanst the Commismgilon
was directed to study ware: (1} conversion of some or all of the
Dol laborateries to Government-dOwned, Contractor-tperated labora-
tories, (2) mission and/or function maditication of some or all of
the laboratories, and (3) conszolidation or clozurg of sgome or si)
of the laboratories,

The DoD operates & large and complex laboratory systen. The
DoD laboratories (42 Army, 20 Navy, and 4 pir Force) spend approxi~
gately §6.5 billion annually and employ nearly 60,0080 people, of
whon over 26,000 are sciontists and enginsers. The boD laboratory
systen has evolved over the past 130 years. Each Sorvice's system
in different and iz a product of its historical origins, culture,
and method of systems mcquisition. Several laboratories arc embed-
ded in larger organisations. 2 signiticant nusbar of the laborato-
ries are relatively small and geographically isolated.

In undertaking its task, the Commission pgtarted with the
fundarenta) fssues concerning the laboratories: ¥hy does the DaD
have in-house leboratories? What are their primary functions? wWhat
I8 their current level of effectiveness? What are the atkributes
of an effective laboratory? How best oan these attributes bz
achiieved within the current enviromnment? Is conversion to Govern-
ment-Owned, Contractor-Operated necessary and/or feaslble?

wWith a consensus on these fundamentel issues, the Commission
focused on the efficacy of tha Services' laboratory reorganization
plans and other opportunities for iwproving the productivity and
effectiveness of DoD laboratories. Additionally, the Commission
sponsorad an indepandent asgezssont of the methodology and data that
the Services used in evaluating the costs and savings asgociated
with implementing their laboratory reorganization plans.

B8~1
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APPENDIX F

PRINCIPAL FINDINGE AHD RECQUNENDATIONS

PINOINGS

%. The mission of the Defense lasboratoriass ik to provide the
technical expertise to enable the Services to be srart buyers
and ussys of new and improved weapons systems and suppory
capabliities,

2. The functionsy provided by the Dol ladoratoriss are en
essential part of the acguisition process. Pedicated srganiza~
tions free from commerclal pressure are vequired to provide
these functiong.

3. The Services operate laboratories that span the range from
those with broad cesearch, developnent, and engineering respon~
sibilities to those focused on sclence and technelogy. %he
Army and Navy oparate both types of laboratories, while the Air
Poree operates the lattexr type. The laboratory typese within
each Service ars a function of that Sarvice's weapons systems
acguisition strueture, fThere is he need o forse the Servics
laboratory systens into a single model.

4, While the Services ave making progress, there is the reed
te imprave the effectivenats of the DoD laboratories.

5, The following attributes are essential to achieving high
quatity and effectivenass:

Cleay and substantive mission

Critical mags of assigned vork

A highly competent and dedicated woxrk force
Inspired, empowered, highly gnalified leadership
State-of~the~art facilities and squipment
Effentive two-way relationship with customrars
Strong foundaticn in research

Hanagerent authority and flexibilivy

Btrong linkage to universities, industry, andé other
Government laboratories.

PDOODODDDL OO

6. Restructuring the in-house laboratory system is not only
ezpgential te achisve cost reductions, it alzo should be used
as a wajor opportunity te improve effectiveness.

7 In ygenexal, the Bervices' cost and =mavings estimates
associated with their laboratory resrganization plans are in

B8-2

167




A CAREER IN T&E

accordance with established proceduras for base closures and
ars reoascnable.

8, The restructuring of the laboratories, as proposad by the
Ssrvices, could result in work-force turbulence, loss of key
technical personnel, and disruption of oritical ressarch and
dsvalopmant activities, tharefors requiring spacial) attention,

9. Strong advocacy on bahalf of the laboratories at Service
headquarters and in the Office of the Secratary of Dafense is
nasded to ensurs the sffectivensss of the laboratories,

10. The wffectivenass of the DoD laboratories suffers from
regulatory and policy impediments to the authority and flexi-
bility of the individual laboratory directors,

11. DoD~wide comeitment to laboratory mandgement excellsnce,
high~lavel advocacy, and removal of obstacles to sanagement
autharity and flexibility will provids an environmsent for

greatly isproving the productivity and stfectiveness of ths
lukboratories.

12. %he Laberatory Demonstration Program and ths recently
enacted Fedaral Employees Pay Comparability Act contain many
of the provisions nesded to enhance organic managemont flexi~
bility.

13. Conversion of some or all of the laboratories to Covern~
ment-Owned, Contractor-Opsrated organizations could improve
their effactivensss. However, £ixing the problem organically
is preferabla to such s conversion,

14, The recently initiated intersurvics project Reliance
oftars considerable potential for strengthening the sffective-
ness, productivity, and cohesiveness of Dol science and tech~
nology.

15. Many of the cbssetvations in this report hbave been made
pumarons times in the past, but have not baen acted upon. The

planned laboratory rastructuxing and realignmant ef'tort affords
a unique opportunity to achieve significant improvements.

8-3
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To materially f{mprove the Defasnse laboratory oyaten,
‘Conmmission recomssnds the following:

APPENDIX F

the

i. The pxapoud Arny und Navy laboratory consolidations and
realignments should begin in Jansary 19932, -The Army should
delay implenentation of the nicroslestronice funstion at
Adelphi, ¥arylsnd, and construction of the facility ta house
the gunction until the couplistion of the study in recommsnda~
tion 7. The Air Forces should continue lmplemantation of ite
labogatory consolidation plan. All servics plans should be
inplosentsd so as to wininmize disruption during the trensition

to a4 new strocturs.

2. ‘The smct.ry of Dafense should diract the Ssrvices to

inplemant all the provisions of the lLabardtory mon-txatlcn
rrogram without delay, sxtend the program to all DD laborata-
rian, and seask legislative action reguired to complete the
Laboratory Deamonstration Program initiatives, including the

puarsonnel-ralated actions.

3. The Ssoretary of Defense should instruct the Bsrvices to
delegate the anchorities provided under the Pederal Exployees
Pay Comparability Act immediately to the individual laboratory

airectors,

4, The Banretary of Dafense should dirsct sach Service to
sstablish a high~level sdvocats who will report to the Service
Assistant Secretary lavel) and who will ba accountabie tor the

sftectiveness of its laboxatories.

5, The Services should strengthen the aslection process for
laboratory direators, emphasizing technology and vechnology-
ranagenent fualifications. Thees positions. shonld be for a

minisur tern of 4 years,

6. Each laboratory should establish an advisory committee of
outside expertu te review periodically the status of the
laboxatory end its work, and make recommendations to the

direstor.

7. An indapendently appointed review group should asssss the
sdvantages and disadvantsges of a single microslectronics
research facility for ai) thrae Bervices, If a single fapility
is & viable solution, consideration should be given to a

Government-Ownad, Contragtor-tperated laboratory.

E8-4

169




A CAREER IN T&E

8. The Services shonld continue to lnplement Project Reliance
and the Diractor, Defense Research and Engineering should
review the implenentation of Reliance agresmonts pericdically
to ensure that there i{s no unwarranted duplication and that
optimun resource utilization is achieved.

g, The Director, Defense Research angd Enginesring should
ensure through pericdic reviews that the recommendations
contained in thig report are being implemented. In addition,
the Diractor should review tha status of the individual Service
laboratory consolidations and realignments at least sewmi-
annually to snsure that they ars baing scconplished to maxisize
effectiveness and minimize disruption to personnal and ongoing
technical programs.

BERVICE-SPECIFIC FINDINGE AMD RECOMMERDATIONS

ARKY ~ FINDINGS

1. The Army‘s proposed laboratory consolfdation and razlign-
ment should result in 8 more effective laboratory structure:
eight streamlined Research, Development, and Engineering
Centers within the commodity commandz and the Combat Matarial
Rusearch Laboratory. The Commission supports this proposied
consolidation.

2. Strong leadership at the Conbat Materiel Research Labor-

atory is crucial to that laboratory's successfu) etartup and
long-term success.

3. %The Combat Materiel Research Laboratory and the Research,
Developnent, and Engineering Center technnlogy base activities
must interact with and support each other to achleve waxlmum
effectiveness. High-level leadership must oversee and manage
an active cooparative effort.

4. High-level leadership must institute active neasures to
gaintain the connectivity between the Combat Materiel Research
Laboratary and the Army user community,

5, The effectiveness of the laboratories can be improved by

significantly inpcreasing their connectivity to the acquinition
process.

ES~5
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€. An underpinning research program within sack Research,
Devsliopment, and Engineering Center is important to its suc-
cens. :

7. The laxge capltal investaent planned for a new AYRy micyo
elettronics research facility at the Conbat Materisl Ressarch
Laboratory way not be warranted,

8., The Aray's plan to ensure rasponsivaness of the Combat
Matarisl Regsarch Laboratory science and technology progran to
the Research, Development, and BEngineering Centers through a
Board of Directors is sound. -

5. The Army's plan to allocate a subatantial part of its €,3%
budget to in~house laboratary Ilsdapendent tresesyceh at the
Research, Develcpaent, and Enginemaring Centers wiil ensure
bazie ressarch programs in support of their miszians.

- RECOMMENDATIONS
he Army shouid:

1. Appoint a stromg civilian director for tha Combat Maveriel
Regearch Laboratory 2s soon as possible. Tha naw diractor must
be given extensive authority to form Combat Materisl Research
Laboratory divisions for maximum effectiveness and to recruit
Conbat Materiel Research laboratory division leaders. 7This
director should be a scientist or enginesr with staturse as a
research and development leader and administrator.

2. Rold the Assistant Secretary of the dymy for Resaarch,
Developrent, and Acquisition reszponsible for appointing snd
rating each of the Researsh, Development, and Enginesring
Center directors and the director of the Combat Materiel
Researeh Laboratory.

3. Use all possible incentives to ainimize turbulence, loss
of key personnsl, and disruption of criticsl ressarch ang
developnant programs.  These incentives include retention
bonuges, relocation services and assistance, placement servicw
a8, and time flexinliity.

4. Defar the capital investment for an Army microsigetronics
research facility at the Combat Hatariel Rezearch Laboratory
pending the cutcome of principal recormendation 7.

E8-~%
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mvy

8. 1Implement proceduras for the Combat Materiel Research
Laborstory and the Rasearch, Davelopmant, and Enginearing
Canters to evaluute and interact with each other's programs and
with the tser.

6. Include all Army Research, Davelopment, and Bngineering
Canters and laboratories in the Laboratory bemonstration
Pragran.

~ FINDINGS

1. The Ravy's proposed laboratory consolidution and realign-
mant wikl result in an organigational structure that includes
& rango of functions from mscience and technology to depot
support within sach of four major Waval Warfare Centers (Air,
surface, Underses, snd Command and Control), sach of which has
one or xore research and development elaments embedded within
it. 7This ovarall structurs provides glsxibility for changs in
the face of uncertain future budgets and problemss. The Commis~

sion supports thae warfars canter concept with the following
reservations:

a. Thorae is risk that the research and developmant alementa
of the varfare centers vill lose their ildentity as labo-
ratoriss in the planned structura.

b. A high~level official respansidble for laboratory effec~
tivaness is not identitied in the plan,

2. The Favy's plannsd personns)l relocations (approximately
4300) present & particular ¢haliengs to minimize work-force
turbulence, loss of key personnel, and disruption of eritical
research ardt devealopsent prograns.

« RBCONNRUDATIONS

The Navy should:

1, Modify tha plan to identify the research and developmant
slepent or slexents within sach warfare center as Navy ke~
search, Davelopoent, and Enginearing Laboratories. These
activities will be DoD laboratories, as will the realigneda

Waval Resoarch Laboratory and ths Navy medical laboratories.
tach of these laboratories should be led by a scientist or

£87
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enginear with wtaturs as a ressarch and development technics)
BATAZET .

2. Uss 4ll possibla incentives to minimize turbulance, loss
of key personnel, and disruption of eritical ressarch and
davelopment programs. Thess lncentives inoclude retention
bonuses, relocation services and usistnnc-, piscemant mer-
vices, and time flexibilicy..

3. Include each Navy Research, Development, and Engineering
Laboratory within each warfars center along with the Naval
Regearch Laboratory snd the Navy medical laboratories in the
Laboratory Demonstration Program. Consistent with the Labora-
tory Damonstration Program, these laboratories, including the
Rava)l Research Lahoratory, should have thely own organic
Bupport.

AIR FORCE - PINDINGS
The Comalssion £inds:

The Alr Force Laboratory Consolidation Plan will inprova
the overall effsctiveness of the Alr force laboratory mystem.
That plan, already partially implemented, provides for the
following:

a4, Organisational consolidation of 14 laboratoriems inte four
laboratories that align with and reside in the Afr Forca
Systens Command's four product diviasions.

Bb. Gradual geographical nigration of the elements sesociated
with each laboratory to that jaboratory’s haadqwartam
location.

c. A Tachnology Bxecutive Officer who provides integrated
science and technology investnent strategy guidance to
the four laboratories and serves as « dsdicated Air Force
lakoratory systan sdvooste.

4. Strony ewmphasis on technnlegy transition and support of
the weapons systems acquisition process: through diract

reporting of laboratory cmandern/diracean to’ their
product division conmanders.
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AIR PORCE -~ RECOMNENDATIONS
The Alr Parce should:

1. Continue implementation of the Air Porce Laboratory Cansole
idation Plan.

2. Uze all possibls incentives to minimize turbulencs, loss
of key perzonnel, and dicruption of critical research and
development programs, These incentives include retention
bonuses, ralacation servicas and assistance, placement
services, and tinme tlexibility.

3. Continue to improve the connectivity between the laboratory

structure and the acqguisition elements of the product divi-
sions.

4. Include all Alir Force laboratorie=z in the Laboratory
Demonstration Program.
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APPENDIX G

-1

TEST AND EVALUATION CHALLENGES IN THE NINETIES

Charles E. Adolph
Director, Test and Evaluation Office
of the Secretary of Defense
Room 3E1060
The Pentagon
Washington DC 20301-3110
United States

INTRODUCTION
Good morning ladies and gentlemen. It is
ap e with you teday. I'm

her
pleased to have the opportunity to spsak
to you.

The Flight Mechanics Panel devotes a
synposium to flight testing every 3-4
years. Many of you attended the last one
at Edwards Air Force Base, California in
October 1988. No one could have
anticipated the drasatic changes that have
taken place in the world since we last net
to discuss flight testing. The Warsav
Pact is gone. The Soviet Union no longer
exists. Germany is reunited. The United
States has been involved in two limited
contlicta. We are drawing down the
Dafense establishment in the United States
to reflect the new world situation. I
want to briefly discuss the Department of
Defansa plans for restructuring, because
they have a major i{mpact on the weapon
systen acquisition and test community.

Revised Acguisition Approach

Lat ae start with a few excerpts from
Secretary of Defense Dick Cheney’s news
briafing at the Pentagon on January 31 of
this year when he summarized DoD
restructuring and budget plans.

Pigure one graphically depicts the change
in tunding for the DoD. The cumulative
decline from 1985-1997 is 37 percent. The
rate of real decline, which is often
referrad to in the Pentzgon as the 'glide
slops®, is 4 percent per year.

At the sane news briefing, Mr. Atwood, the
Daputy Secretary of Defense, noted that
“We are no longer bheing chased by the
Soviets in tha development of new
technology. We have weapons that have
proven thansslves to be the finest in the
world. And we don’t have to get into
production on new ones just bacause ve'rs
chasing sonecne or thay‘ra chasing us.*

In view of changes in the world situation
and tight constraints on defense
resources, the United States is reducing
the size of its armed forces and revising
our approach to defense acquisition. We
will place greater emphasis on tachnology
demonstration. Wa can now afford to take
time to develop and evaluate technologies
thoroughly before procesding to
production. We will decide to produce and
field a systen only after we minimize
technical, production, and operational

risks and verify the absclute need for
rod fon of a pon system. We will
also enphasize the insertion of proven
technologies into existing weapon systems
over producing new weapon systems, when
hccgnoloqy insertion can meet operational
needs.

In summary, the salient features of the
revised lpirOlch to acquisition are:
(1) ncreasing research on advanced
technologles;

(2) .increasing development and
avaluation of demonstrators;

{3} incorporating advanced
technologies into existing weapon
systems only under the following
conditions:
(a) we have thoroughly tested
the technology and associated
subsystems; .
{b) we have a substantive need
for improved psrformance or
reliablility; and
{c) the incorporation or
retrofit program is cost-
affective; and

(4) producing new wsapon systems
using advanced technology only under
the following conditions:
(a) we have thoroughly tested
and proven the technology and
associated subsystems;
(b) we have signiticantly
minimized the technical,
production, and operational
risks;
(c) the production program is
cost-effective; and
(d) we have verified an
absolute need for a new weapon
systen.

Under the ravised approach, we will
produce less. Rather, DoD will enphasize
systen upgrades, incorporating
technological innovations that have been
proven and developed. We will enphasite
sound development and carefully managed
risk reduction over accelerated
developnent and haaty fielding.
Maintaining a technolegical advantage will
continue to be a priority; however, we can
reduce the quantity of new weapon systens
we produce. Dr. Vic Reis, Director of
Defense Research and Engineering dascribed
the strate for sciencs and technology in
the following way in his testimony this
March before the House Appropriations
Conrittee: "“The core of this strategy has
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these primary slements; sustaining and
applying the explosion in information
technology, involving the usar early and
continuously, and demonstrating the
technology extensively and realistically.®

To better manage science and technology
sfforts, DoD is establishing a Defense
Technology Board, which is chaired by the
Director, Defense Research and
Engineering. The Director, with the
advice of the board, will focus science
and technology efforts and establish broaad
policy. This will help us maintain a
strong defense technology base and avoid
major costs associated with prematurs
systems development.

I am a member of the Technology Board and
the DoD test and evaluation community will
participate in the science and technology
working groups to ensure that we are
posturing our test facilities to
rigorously evaluate the new technologies
to be incorporated in weapon systems and
subsystenms,

AIRCRAPT DEVELOPNENT AND TEST CHALLENGES
FOR THE 199%0's

Nov that you have some insight into the
restructuring that is underway within our
Department of Defense and our revised
approach to weapon system acquisition, I
want to move on to a discussion of the
ajrcraft design and test challenges which
lie ahead. Tha issues have bacome
increasingly complex over the past 30
years. In the 50’s, the airplane
community assumed that flying faster and
higher was better. 1In the 60’s, excess
thrust or energy - maneuverability came
into vogue as the primary measure of
merit. We also began to pay increasing
attention to improving lift-limited
perforrance and to providing more benign
high-angle-of-attack characteristics.
Flying high detracted from survivability
in wost situations; sc we emphasized
operating effectively in a low-level,
terrain-following, high-dynamic-pressure
environment.

In the 80's, signature reduction came into
vogue as the primary means of improving
survivability., In the U.S. we also began
to pay far more attention to reducing the
vulnerabllity of ajrcraft. We now take a
methodical systems approach to designing
in and testing for survivability.

survivability: Improving the 0dds

We all know that the probability ot
survival in mathematical terms is one
minus the product of susceptibility times
vulnerability, or one minus the
probability of a hit times the probability
of a kill given a hit. 8imply stated,
survivability focuses on the tactical and
technical means to lower the risk of baing
killed,

Susceptibility reduction measures require
a design that balances agility and
signature reduction while incorporating an
electronic warfare suite for warning and
deception, electronic countermeasures,
combined with threat suppression weapons

and elaectronic tachniques. Vulnerability
raduction is now a major design
consideration. Damage tolerance
(redundancy) and resistance (hardening)
area designed in from the outsat.

What are the implications of this highly
integrated systems approach to
survivability design for the aircraft test
community? Simply stated, it has made our
task much more complex. Evaluating
survivability is emarging as our most
challenging task.

Any wall-executed test program is a
product of good up-front planning.
Unfortunately, combat survivability
requirements tend to be relagated to lower
priority in the competition for funds and
other test resources since survivability
information is usually not needed to
demonstrate initial system operation.
Although developmental and operational
testing address the components of
survivability to some axtent, wa need a
more systematic and quantifiable approach.
Often, because of funding and other
constraints, we can’t subject some
survivability features to actual tests.
Henca, we must establish modeling,
sinulation, and analysis techniques early
in our planning to supplement tasting.

Vulnerability is the more easily
quantified term. Prom live fire testing
and detailed simulations, we can estimate
the probability of a kill given a hit.

Not everyone would agree that the
estimates are valid, but at least there is
agreement on the approach. We can assess
damage tolerance, damage resistance,
personnel protection and battlefield
damage repair.

I would now like to move on to a
discuseion of susceptibility. The task of
weasuring susceptibility is far more
complex than measuring vulnerability or
lethality. Many factors are involved in
lowering susceptibility. Signature
raeduction teachniques are currently baing
emphasized in the design of most aircraft.
This involves various types of signature
reduction including infrared, electro-
optical, acoustical, and physical size.
Ipoprovements in agility, countermeasures,
threat warning, threat suppression,
terrain masking, and employment tactics
also lower suscaptibility. I might note
that low obsaervable technologies have
created a new set of challenges for the
test community; the abllity to measure the
signature characteristics of the vehicle
without altering those characteristics.

For susceptibility, numerous factors are
difficult to properly quantify and vary
from scenario to scenario. For exanmpls,
the susceptibility of an aircraft to a
specific threat system is a function of
many factors, including the number of
aircraft in the raid, radar and
ications support jamming, defense
suppression, jinking maneuvers, and so
forth. Seldom can we include all these
factors in a test because of the
availability of assets, cost, and the
complexity of discerning just what
happened in the field test of a very
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complex scenario. Simulation is often
used in conjunction with field testing to
assess the above factors. However, the
campaign-level simulations needed to
accomplish these analyses require
improvement.

Testers must define those factors that
impact on susceptibjility of a system--
speed, altitude, terrain-following ana
electronic countermeasures, and compare
them to user requirements. As an example,
does flying 200 knots faster iwprove
survivability more than flying 100 feet
lover? The correct approach is tor the
user, developer, and tester to agree sarly
in the requirements definition process to
the parameters which most directly
influence survivability and also to
establish criteria for each of the
parameters that, if met, would ensure an
adequate level of survivability.

Threat Definition

Threat definition is obviously a sensitive
subject, from a political as well as a
security perspective. We have given
considerable attention to the threat to be
used for design and test purposes. One of
the issues raised was that the test
community sometimes .iakes a unilateral
interpraetation of the threat to be used
for testing. In the early stages of
design and test plan development, we need
to address the basis for threat scenario
development, to include targets,
countermeasures, scenarios, doctrine, and
tactics employment, as well as the degree
to :hich models and simulations will be
used.

We all know that the threat is not
constant. It continues to evolve, and,
occasionally, new technologies may be
introduced which were not known when the
weapon system requirements documents were
defined. In addition, our khowledge of
the threat improves with time. This
demands a disciplined process to update
threat scenarios. Both short-term and
long-term projections of the anticipated
threat are needed. Until recently, our
major threat was clearly the former Soviet
Union and the Warsaw Pact countries.
Today’s environment, while less
threatening, is also less clear. We have
lese predictable regional threats. Both
allies and adversaries may have a mix of
so-called blue, grey, and red weapons.

Weapons System Performance Envelope

I would like to briefly discuss, on a
philosophical level, testing in the
context of weapon system performance
envelopes and relate this to the threat
scenario issue. One of the functions of
davelopmental testing is to expand and
define the system performance envelope.
The T&E community is sometimes accused of
having a preoccupation with testing at the
fringes of the envelope. The implication
is that we testers try to set up scenarios
vhere the system is likely to fail.

My philosophy on this issue has evelved to
something like this: oOnce the envelope is
defined, operational testers should insure

APPENDIX G

that the aystem works very well and
reliably in the heart of the requirements
envelope. Note that I used heart of the
requirements envelope rather than the
heart of the performance envelops. The
heart of the requirements envelops takes
into consideration the scenario that is
most likely as wall as the middle of the
system performance envelope. Operational
taesters should also assess performance at
the fringes of the envelope but not become
preoccupied with that area. Some
degradation can be expectad at the
fringes. By the way, testing at the
fringes of the envelope is generally
extremaly resource-intensive and
expensive. Now let me relate this
discussion to threat scenarios.

At the heart of the threat envelope are
the highly probablae, operationally
realistic threats against which wve test
our weapon systems. There are other, less
probable, threats at the fringes of the
envelope. These are the threats and
technologies that could show up and
against which our weapon systems should be
tested, such as exotic electronic
countermeasures. We must develop a
process that tests our weapon systems at
the fringes of the test envelope without
judging the results too cr.tically.
Certainly, tast and evaluation using these
threats must not ba viewed as a pass/fail
final exam. At the same time, we must not
bury our heads in the sand and ignore the
threats on the fringes or hope thay will
not be frielded by the time our weapon
systemsg are fielded.

We all know fi.m past experience that our
airplane platforms of the future will be
in service for 30 years or more. Design
modularity and increased attention te
life-cycle costs are essential; subsystem
upgrades and planned product improvements
will be a way of life. It is alsc
important to recognize that we actually
obtain as much if not more new information
when a system fails a test as we do when
it succeeds. During the development
process, we expect failures. That’s what
development is all about.

Testing Software~Intensive Systems

Let’s move on now to what I consider to be
another challenge facing the military test
community in the next 20 years - the
efficient evaluation of software-intensive
systems. Integration and checkout of
software-intensive systems is the one cost
and schedule risk area associated with
most of today’s development and test
programs -~ whether aircraft, surface
shipa, submarines, missiles such as tha
advanced medium range air-to-air missile,
and stinger reprogrammabls micropracessor
missile or over-the-horizon radars.

The software-intensive systems of today,
present both a quantum leap in capability
and a quantum jump in test requirements.

A high percentage of the test work
accomplished on aircraft such ag the F-14,
F-15, F~16, F-18, B-1 and B-2 is tied to
software-intensive systems. Almost
two-third’s of the flight testing on these
ajircraft is related to avionics. The
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challenge for the designar, evaluator, and
oparator is to gut the highest benefit
from the flexibility afforded
softwvare~-intansive systems, vhile at the
sane time being cost-effactive.

Bxperience over tha past several years has
shown that wa tend to grossly
undsrestimate the amount of testing
necessary to fully develep
softvare-intenaive systems. As an
sxapple, the number of test flights
required to develop and evaluate a
softvara-intensive systea is often two to
four times higher than the initial
estimate. Our estimate of test
requirenents ia much poorer today than it
was 20 years ago with hydro-mechanical
systens.

Ground Simulation Facilities

We also nesd to pay more attention to
systen integration. On a programmatic
lavel, we need to aake greater use of
simulators to support both the devslopment
and test process. Using simulation
tacilities to support aircraft avionics
testing can give us tremandous payoffs.
Lat ma cita some examples: ’

- We can resolve three-fourths of
our software problems on thi
ground at a fraction of the cost
of flight.

- ¥We can reduce flying hours which
translates into reduced test
costs and accelerated tast
schedules.

- The costly and inefficient
2ly-tix-fly approach is
ninimized.

- Ground testing is more efficient
because the experiment is
controlled, and repetition of
test conditions is rapid and
simple. We can work the problem
3 shifts a day, 7 days a veek,
it necessary.

- We use flight test time mors
effectively by isolating/keying
on risk areas and smarter
profile planning.

Rleotronic Warfare Systems

I will now move on to a particularly
troublesone set of softwvare-intensive
subsyateus. PFlight and ground testing of
electronic wvarfare (EW) systems lis
beconing increasingly complex and more
time-consuming. Our test facilities have
evolved around developing aircraft and
hard-kill weapons. We need significant
improvesments in our EW test capabilities.
We nesd better indoor,
hardware-in-the-loop test facilities to
develop and evaluate the effectiveness of
EW aystess. We also nesd improved ground
test and flight test range capabilities.

The complexity of today’s veapon systems
has increased the number of test modass,
conditions, and parameters to the point
vhere tlight testing against simulated
anvironments on outdcor ranges alone is

insufticient. As our technology moves on
into the realm of integrated avionics with
situation-adaptable processing, we have no
alternative but to find vays to test
smarter, cheaper, and more efficiently.

¥We are challenged to create realiatic
threat situations that include the density
and complexity of the whols electronic
order of battle.

To mest this challenge we are beginning to
use full-scale hardware-in-the~loop
simulation facilities. Electronic combat
test facilities will ultimately allow us
to insert a new aircraft into a full
forca=on~force combat snvironment without
leaving the ground. One such facllity is
the U.8. Navy’s Air Combat Evaluation Test
and Evaluation Facility located at the
Patuxent River Naval Alr station. This
facility consists of a tactical aircraft-
aized anschoic chamber, an electronic
varfars integrated syatems test
laboratory, a closed-loocp ile threat
simulator, and a motion-based full-visual
san~in-the-loop cockpit simulator. All of
thess s lations, when tied together,
provide a very high degree of coabat
fidelity that ia aifficult if not
imposeible to duplicate in flignht.

K¥odeling and Simulation

I have used the words simulation or
simulation facility several times today.
Over the past several years, wa have used
models and simulations increasingly to
support the test and evaluation pro
We can expect such use to continue-
indesd, increase--in the future. There is
enormous potantial for the prudent us
models and simulations to hoth mitigate
sone of the shortconings of the test and
evaluation process and to reduce the risk
©of developing new weapon systems. In the
current budget anvironment, the potential '
to help us teat smarter, evaluate nors
eonplctolx, and bring down the cost of
doing buainess make models and simulations
essential tools for the T(E community. I
am not going to discuss all the :
applications of modeling and simulation to
our business, but I do wish to make one
point with respsct to them: wmodels and
simulations are TLE resources and need to
be treated as such!

This means that, first of all, we must
recognize that validated, standardized
nodels and simulations are long-term
capital investments in our test and
evaluation capability juet as laboratories
and ranges are. As such, we must plan
ahead carefully for their development and
employnent, wa must ensure that they are
properly opsrated and maintained and we
must fund their support accordingly. The
most difficult task is deciding where and
vhen to use models and sizulations.

In the use of models and simulations, as
in all aspects of test and evaluation,
credibility is the moat essential
characteristic. The credibility of a
model or simulation cannot be’ considered
separately from its application to a
specific problem, the validity of its data
inputs, and the qualitications of those
executing the simulation and interprating
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the results. The TLE community needs to
place the same kind of high priority on
the quality of its models and simulations
as it does on its other tools of the
trade. The models and simulations to be
used in support of a specific weapon
system need to be identified early on,
validated, and accredited for the specific
application. As an example, accreditation
for use in sensitivity analyses does not
necessarily imply accreditation for other
purposes.,

And just as we seek to harness technology
to constantly improve our instrumentation,
measurement, and data processing
capabilities to support test and
evaluation, we must also exploit emerging
technologies in the area of simulation.
There is dynamic growth in the computing
and networking areas, software structures,
module and database interfaces, and
languages. We nead to take advantage of
all the available advances to most
effectively capitalize on the powerful
potential of models and simulations.

We have a majcr initiative within the
Department of Defense to make better use
of models and simulations. A Defense
Modeling and Simulation office was
recently established to provide oversight
to the process. Test and svaluation is
one of five panels.

We must reduce the proliferation of models
and simulations used to support
development and testing. There is an
inverse correlation between numbers of
models/simulations and their credibility.
The more often a model or simulation is
used for valid and accredited purposes,
the better its credibility. Additionally,
we are either maintaining, or worse,
failing to maintain far too many models at
too great a price. W can accomplish this
reduction in part by use of standard
architectures and protocols -- thus
promoting interoperability and reducing
the desire to construct specialized,
stand-alone models. We can also reduce
the proliferation through information
sharing. Models and simulations should
be tools to make us more effective and
efficient in our primary business, test
and evaluation. These tools will do a
better job for us if we also manage their
use efficiently and effectively!

Increased Emphasis on Evaluation and
Evaluation Tools

A major challenge and cultural change that
the test community must deal with is the
need to place more emphasis and thought on
the evaluation process. We have talked
about Test and Evaluation (T&E); the
emphasis in the past has been test, in
today’s world it needs to be gvaluation.

The test community must work much more
closely with the organizations that define
the weapon system requirements and
associated threats. As I discussed
earlier, we must develop threat and
scenarios and use them to define critical
and measurable technical performance
parameters and operational measures of
effectiveness. These must include
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quantifiable survivability criteria.
Models and simulation tools are essential
to augment field test results. Our
objective is to provide more effactive and
efficient evaluation by using a suite of
tools that include modeling, simulation,
and ground test facilities for subsystem
and system-lavel testing to augment flight
testing. We perform Cost and Operational
Effectiveness Analysis (COEAs) on U.S.
weapon systems to assist in determining
whether new weapon system or system
upgrades offer sufficient military
benefits to be worth the cost. Test and
evaluation aids decisicnmakers by
verifying that systems have attained their
technical performance specifications and
objectives and are operationally effactive
and suitable for their intended use.

Our acquisition policy mandates that a
linkage axist betwean COEAs and test and
avaluation. To judge whather an
alternative is worthwhile, we must first
determine what it takes to make a
difference. Measures of sffactiveness are
defined to measure operational
capabilities 'in terms of engagement or
battle outcomes. Measures of performance,
such as speed, ars related to the measures
of effectiveness such that the effect of a
change in the measure of performance can
be related to a change in the measure of
effactiveness. We develop measures of
effectiveness to a level of specificity
such that a system’s effectiveness during
developmental and operational testing can
be assessed with the same effectiveness
criteria as used in the cost and
operational effectiveness analysis. This
pernits us to further refine the analysis
to reassess cost effectiveness compared to
alternatives in the event that
performance, as determined during testing,
indicates a significant drop in
effectiveness (i.e., to or below a
threshold) compared to the levels assumed
in the initial analysis. A comprehensive
test and evaluation program is an
essential part of an operational
affectiveness analysis. Test results give
credence to the key assumptions and
estimates that were made in earlier cost
and operational effectiveness analyses.

Mext Generation Aircraft

I would like to get my crysial ball out
and take a look at the future. You all
know that there will be fewer platforms
and weapons. In the late 50‘s, the
1960’s, and the early 70’s, there were
numerous new aerodynamic designs. In the
sarly 70’s alone, we made first flights on
numerous aircraft. The number of totally
new aircraft designs has decreased
dramatically in the past 10 years, and
there may be no major new tactical and
strategic designs in the U.S. beyond the
B-2, F-22, and AX for the next 20 years.
As I mentioned earlier, "stealth® will be
designed into most systems. Signature
reductions may include physical sizae,
acoustical, as well as the more common and
infrared RF. Stealthy aircraft carrx
their weapons internally, which implies
fewer weapons and weapons types. This
means that there will be less integration
testing per type of store and that
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requires more rigorous analysis.

Advanced guidance and control technologies
provide for more precise maneuvering of
platforms. One trend in aircraft design
is ever increasing reliance on integrated
automatic control. This can have a
profound effect on test requirements
because the way the aircraft is flown can
be significantly altered through minor
moditications of the flight control
system. The incorporation of ¥carefres
maneuvering® will increase the test
requirements close to max load factor.
Advanced guidance tachnologies, combined
with an increasingly lethal battlefield
air defense environment, have been the
driving forces behind the development of
precision guided stand-oft weapons.

Alrcraft of the future will have more
highly integrated modular avionics and
electronic warfare suites. We will have
fewer teast programs in the year 2000 but
these prograns will require fewer but more
sophisticated test capabilities. Higher
performance vehicles and weapons also
drive requirements for more airspace and
faster movement through the afrspace, as
wall as larger impact footprint areas.

CONCLUBION

In conclusion, these are exciting times
for the test and evaluation community.
Alrcragt systems and aircraft test
programs have.become highly integrated,
increasing our technical and management
challenges. The changing world situation
and fiscal snvironment of the 1950's
presents unprecedsnted changes and a level
of turbulence that will not subside in the
next year or two. The software-intensive
systems of today require new and
innovative technical and test management
approaches. There is a need for greater
use of simulators and other
hardware-in-the~loop ground test
tfacilities to accelerate the integration
and checkout of softwars-intensive
systems. Eloctronic warfare systems
testing will place even greater demands on
the use of computer models, simulations,
and other indoor and ground test
facilities. Finally, we nust bear in mind
that we in the test community are the
disciplining factor in the acquisition
process. It’s up to us to snsure that
veapons systems meet both design and
operational requirements.
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APPENDIX I

TEST AND EVALUATION
REFLECTIONS AND RECOMMENDATIONS

Charles E. Adolph

Abstract

This paper reviews some changes that have
occurred over the past several years in Test and
Evaluation (T&E) policy and procedures. The suthor
makes several recommendations for legislative
changes and policy and procedural impr t

L_Introduction

The last several years have been the most
dynamic for the Department of Defense since WWIIL
The mid-late 1980s saw the end of the Reagan
buildup, the demisc of the Soviet Union and the
Warsaw Pact, and the end of the cold war. Today's
cnvu-onmcnl is dynamic, complex and to a large

predictable. The tion policy is in
need of reform to provide more ﬂexlblhty and better
align it with the times. Secondly, there is a need to
make test and cvaluation process improvements. I
will address both issues as they relate to aircraft.

IL_Policy Changes
A. _Legislative Changes
As part of the ition reform p X

changes have been recommended to the existing test

A st lined" test statute has been
proposed which will, if enacted, allow more
flexibility in structuring tests without compromising
the integrity of the process. The proposed statute
retains the general rule that operational and live fire
testing must occur before going beyond low-rate
production.  However, the proposal gives the
Secretary of Defense the authority to modify
operational and live fire testing when unreasonably
expensive or impractical or when it would be

y b of the acquisition strategy for
the system. A prohibition on system contractor
involvement would be relaxed with Secretary of
Defense assurance that the integrity of the test would

cwmonmwcﬁm,z Adolph. Published by the Amaricas Inatitse of
jca, {nc. with permisi
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not be compromised. The Test and Evaluation
Master Plan would define the anticipated contractor
involvement. There would be no restrictions on
support contractors unless they are affiliated with the
system contractor.

Text Relationshi

There is widespread recognition within the
T&E community that legislative and process
impro arc nceded. A review made during
1993 identified three of the most pressing issues that
were addressed at an International Test and.
Evaluation Association T&E Workshop in November
1993. The three issues identified were: harmonizing
developmental and operational testing; improving the
correlation between requirements and test criteria;
and, internetting test and training ranges and
simulations. The first two issues are addressed
below.

Over the last 15-20 years, developmental
testing (DT) and operational testing (OT) have
become increasingly stratified. This stratification is
a major (but by no means the only) contributor to an
increasingly protracted and inefficient weapons
system developmental process. The rigid DT/OT
stovepipes that have evolved are, for the most part,
artificial. Barriers, real and percecived, discourage
cooperation and in some instances prohibit it. The
vast majority of test objectives provide developmental
insights as well as operationally relevant information.
The stovepxpes are also counterproductlve fostering *
P data bases, and
uolated dcvelopment and use of models, simulations,
and data pr g. The legislation that d the
office of the Director, Operational Test and
Evaluation in the Office of the Secretary of Defense
has exacerbated the problem, as have the lcgislative
prohibitions on contractor support. A streamlined test
statute is included in the DoD acquisition reform

1 nt
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package. The proposed statute is a step in the right
direction. Tt will provide more flexibility in
structuring tests and in the use of contractor support
without compromising the integrity of the process.

The increasing politicization of the process
creates additional incfficiencies; numerous legislated
test “hooks," require annual restructuring of test
programs.  The definition of what constitutes
operational testing has become broader, today's
operational effectiveness criteria typically include a
large number of technical characteristics.

Given where we are today, particularly in
view of the current fiscal environment, it's time for
the pendulum to swing in the other dircction. My
specific recommendations follow.  We should
continue to have separate DT and OT t

preliminary  assessment of suitability and
effectiveness. The integrated product team concept
should be expanded to include the developmental and
operational test community.

The correlation between system design
requirements and test criteria nceds to be improved.
The overall objective is enhanced consistency among
requirements documents, the cost and operational
effectiveness analysts (COEA), the program bascline,
the test and evaluation master plan (TEMP), and test-
related criteria. For every program, there should be
[ f tion matrix" that links these documents.

but totally integrated planning and largely integrated
use of test support tools and test conduct. This
includes integrated contractor, government DT and
OT use of models, digital and hardware-in-the-loop
simulations, and test data reduction. This can readily
be done without compromising the integrity of the
p , while simul ly realizing significant
efficiencies. My friends in the Air Force might assert
that many clements of what I have described are
already taking place within the Air Force's Combined
DT/OT Test Force (CTF). 1 would argue that the
CTF is a small step in the right direction, but doesn't
go far enough. Some elements of the support
infrastructure are consolidated within a typical CTF,
but the govemment DT community is narrowly
focused on what they have defined as developmental
objectives. The developmental test ity in all
the Services pays little, if any, attention to operational
test criteria. This is one of the major problems with
the way we currently do business. We need to *front
load" the development and test process to be more
operationally oriented. The Service DT and OT
communitics should develop an integrated evaluation
plan for each system. Testing should be almost
totally integrated, except a very limited period of
dedicated OT&E. In addition, the government
acquisition community needs to pay more attention to
evaluation, and not use such a high percentage of its
declining resources on detailed test planning, and test
conduct. The manufacturer is responsible for
executing most el of the devel process.

DT should be expanded to include a
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Test scenarios and threat arrays must be defined in a
manner that is consistent with programmatic
documentation. There should be constraints on the
test community's latitude to "invent® test criteria to
insure consistency with uscr-validated requircments.
The contro! volume of the evaluation (not necesserily
the test) needs to be limited to the system undergoing
testing. Where practicable, test results should be
used to validate the performance assumptions
underlying the COEA.

B. Modeling and Simulation

We use simulations extensively today in
support of system dcvelopment and test and
evaluation. Simulations and models arc used at the
subsystern level, in standalone, engineering-level
simulations as well as for mission-leve! t
What is needed in the future is not necessarily more
simulation but more effective use of simulation tools
to improve the development process and to
supplement and focus tests and evaluation. Morc
effective use will also facilitate reaching agreement
on basic system requirements. It will also improve
performance definition, which in turn leads to testable
and traccable measures of effectiveness and measures
of performance. Better use of simulation tools will
focus in of test on critical test
parameters, issues, and criteria. Finally, simulations
can be valuable in test planning and for test
rehearsals. To accomplish these objectives we need
to better plan for the use of models and simulations
(M&S), to address the validation and verification




issue at the outset, to mitigate the risk associated with
using imperfect simulation tools, and to invest in
M&S technology. An integrated approach to M&S
must be developed. There is a need to build on the
credibility offered by hardware in the loop, system
software in the loop, and man in the loop
simulations. We also need to plan for efficiency; as
an example, plan to use engincering simulators as the
basis for system training simulators,

The solution to simulation validation
problems lies, at least in part, in standardizing
architectures, methods and procedures to the extent
practical, an in using test results to validate models.
This has been accomplished very effectively by the
air defe threat simulation community. Hardware
in the loop, software in the loop, and man in the loop
simulation can be used to help in the validation
process, progressing from component to subsystem to
system to mission-level simulations, There is
obviously risk iated with ive reli on
M&S that do not adequately represent the system or
its environment. This risk can be mitigated by using
test data at every level in the validation.

There is also a need to refine, maintain and
make available those simulations having wide
applicability; as an example, air defense threat digital

imulations. In y, improved use of
simulation will improve the efficiency of the
developmental process and decrease, but not eliminate
subsystem and system-level testing.

C._Software-Intensive Systems

Another challenge facing the aircraft test
community is the efficient evaluation of software-
intensive systems. Integration and checkout of
software-intensive systems are cost and schedule risk
areas associated with most of today's development
and test programs - aircraft, missiles, surface ships
and submarines. The software-intensive systems of
today present a quantum leap in capability as well as
a quantum jump in test requirements. Almost two-
thirds of the flight testing on today's aircraft is related
to avionics. The challenge for the designer, evaluator
and operator is to get the highest benefit from the
flexibility afforded by these systems, while at the
same time being cost-effective. Experience over the
last several years shows that we tend to grossly
underestimate the testing necessary to fully develop

213

APPENDIX I

software-intensive systems. The testing required is
often two to four times higher than the initial
estimate. Our ability to plan a test program is much
poorer today than it was twenty years ago when we
were dealing primarily with hydro-mechanical
systems.

One of the most vexing issues related to
testing sofiwarc-intensive systems is defining test
criteria: measures of performance, effectiveness, and
reliability. Because of the ease of making changes,
the definition of what constitutes 8 production-
representative system is far from straightforward.
Regressi ing requir are difficult to define.
Test methodology for software intensive subsystems
needs to be given far more attention in the test
planning process.

. Wea ce Enve

I would like to bricfly discuss testing in the
context of the aircraft performance envelope. A
function of developmental testing is to define and
expand the envelope. The T&E community is
sometimes accused of having a preoccupation with
testing at the fringes of the envelope. There are
occasional implications that we testers establish
scenarios where the system is likely to fail.

My philosophy on this issue has evolved to
something like this: Once the envelope is defined,
operational testers should ensure that the system
works very well and reliably in the heart of the
requirements envelope. Note that I said the heart of
the requirements envelope; not the heart of the
performance envelope. We should concentrate on
most likely operational scenarios. Testers should also
assess performance at the fringes of the performance
envelope without becoming preoccupied with that
area. Some degradation should be expected. By the
way, testing at the fringes of the envelope is
generally ext ly resource-intensive and expensive.

E.__Test Program Infrastructure

There are several issues to keep in mind
when planning for the test program infrastructure.
The first is the number of test support sites.
Historically, many aircraft test programs have been
conducted from multiple locations; some programs
have been conducted primarily, if not exclusively,
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from a single sitc. The pro: and cons of both

hes have been debated over the years, as has
the degree of integr of and
government test and test support personnel. The

Army, Navy and Air Force all use slightly different
approaches. In today's relource-comtnincd
env t afford to ily
fragment te:t expemse and the test support
infrastructure.  Site selection criteria include test
support infrastructure, flexibility to plan and execute
the test program, and weather, particularly for high
performance aircraft.

With the real-time data transmission
capability that exists today, a real-time dsta link to
the design team is highly desirable, particularly in the
early stages of the program. Contractors should have
the maximum flexibility and autonomy to execute the
development effort. The government's role in
development i is primarily ovemght and evaluation,
not test Devel 1 and operational
testing should be almost loully integrated, as was
discussed earlier. The fixed cost of the test support
infrastructure is a larger cost driver than the per-flight
support cost. Among other things, this implies that
the support infrastructure should be geared to a multi-
shift, six to seven days per week operation during the
early stages of development. This is the nom for

and maintain several test sites, at the expense of not
having & critical mass at any one site early in the
program.

E._Next Generation Aireraf

1 would like to look into my crystal ball to
determine what lies ahead for military aircraft
development and testing. You all know that there
will be fewer platforms and weapons. In the late 50s,
the 60s and early 70s, there were many new aircraft
designs. In the early 70s alone there were first flights
on numerous new aircraft.  The numbcr of new

ft designs has d ddr ly in the past
IS years, and there won't be any major new tacticsl,
strategic, or cargo aircraft reach the engineering
model development stage for the next ten years at
Teast.

Let's take a look at the direction technology
is headed in sircralt and aircrait subsystem design.
The number one design criterion at the system level
and for every subsystem will be "sffordability,” which
has been the overlooked "ility” for the past twenty
years. Affordability needs continuing emphasis in
every technology ares, both the cost of acquisition
and the cost of ownership. "Stealth® will be designed
into most systems. Signature reduction will be
incorporated into physical size as well as the more

1 certifi prog! and for the highly
successful competitive fly-offs and d ation-
validation programs (dem-vals). These programs

typically clear a complete flight envelope in a year or
less.

A related issue is contractor teaming, which
is the norm today in aircraft dcve!opmenl prognms
The F-22 and the V-22 feature i

infrared and RF signatures. Stealthy aircraft
carsy their weapons internally or conformally, which
implies fewer weap and pon types. This
means less integration testing per type of store. Air
vehicle designs will also incorporste lift/drag
improvements more electric subsystems, and
reducuons in slmctunl weight through the use of

q
ad

and tesming is likely for the Join Advunced Strike
Technology (JAST) development efforts. In Europe,
co-dcvelopment consortiums have been the norm for
military developments (e.g., the Tomado) as well as
commercial ventures (c.g., the Airbus). These multi-
orgenizational and multinations! programs present
additional technical and 8! tchall
challenge is balancing test efficiency with lhe desire
for each service, contractor organization or country,
to maintain currency by partizipating in the test
process. Tlm must be lccompllshcd without
ion of test ) and test
support mfrutructure One of the many p

designs and low cost composite
materials. Nexl generation propulsion systems will
have significantly improved thrust-weight ratios and
thrust-fuel speclﬁcs There is - :uperb government-
industry  prop progr with
well-defined goals. It isa modcl lechnology effort.
Human system interface enh ts will includ
improved helmet displays. Pilots’ associste
technologies offcr the potential of reducmg crew size
with a corresp. d in acq n and life
Flmlly. the data base on human

cycle costs.
interfaces is based almost exclusively on men. There
is an urgent requirement to expand the data base to
- 1114,

with the V-22 test program was the attempt to opernle
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The greatest challenge is in the area of
avionics since avionics subsystems' costs are
approaching 50 percent of the total aircraft cost.
Avionics developments are rapidly evolvmg and
diverse, influenced by technology de in
electronics in many sectors, govemment mdustry,
academia and foreign manufacturers. There is often
a blurred boundary between technology development
and engineering applications. The process can be
characterized as evolutionary development; as an
example there are often annual operating flight
system software upgrades. There are extensive and
complex interfaces distributed on-board and off-
board, including aircraft-aircraft links, ground and
satellite links.

Summary

In summary, the turbulence that exists today
is not likely to subside in the foreseeable future. The
acquisition community, which includes test and
evaluation, must adjust and adapt to these turbulent
‘times. Test and evaluation remains the disciplining
factor in the acquisition process. We must seek out
ways of exerting that discipline in a more cost-
effective and efficient manner.
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