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EXECUTIVE SUMMARY

For the purpose of this paper, technology transition is defined as:

The consideration or evaluation for use on weapon systems,
or the actual use on weapon systems of laboratory-developed
applied science, manufacturing techniques, or other weapon
knowledge.

The process of technology development and its transition into weapon
systems has taken place in a relatively unstructured environment during
the recent past. This lack of structure was condoned because of the
comparatively larger R&D budgets. Many technology deveiopments proceeded
without clear weapon system-related objectives. There was, consequently,

a high program mortality rate - technology results were not applicable,

therefore not used. Increasing the technology base in a shrinking budget

period necessitates imposing a formal structure on the development and
transition process so that available resources may be massed on those
tasks judged most worthy. This requires corporate Air Force agreement
and prioritization. (See Figure)

Based on an opinion survey of 11 US Air Force executives in weapons
acquisition, this paper has identified key points of disagreement and
proposes some recommendations for improving the technology transition
process. Three major points of controversy identified via the opinion

survey and suggested resolution processes are:

Controversy 1. There are differences in expectations of Air Force

executives within the research and development com-
munity concerning both the decisicn process for
allocating technology support and the nature of the
technology product.

ii
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Resolution: Charter an action agency which would develop "top-down"

Air Force policy and guidance representing executive
Jjudgment on the proper emphasis of the following six
factors.

21; opportunity gate emphasis.

2) acquisition iife cycle phase emphasis.
3) technology product emphasis.
4) 1level of integration complexity emphasis.
5) time emphasis.

{ (6) guidance mechanism.

The agency should include representation from the
technology developer, the headquarters (advocates and
budget programmers) and the aggregate user (product
divisions and operational commands). This guidance
should be tailored to each technology area and updated
annually.

Controversy 2. Opinion i3 divided into two strongly held positions

concerning the degree of confidence needed in both the
technology product's performance characteristics and
its projected unit-production-cost (design-to-cost).

Resolution: An office of primary responsibility should be named

to:

(1) Serve as a catalyst for formulating a compromise
or a position which would be directed concerning the
amount of testing/verification required of technology
data or hardware. )

(2) Establish development cost and/or projected unit-
production cost thresholds for applying scaled design-
to-cost or balanced design efforts on a technology
program,

Controversy 3. Opinion is divided into two strongly held positions
on the flexibility of the development process for
incorporating technology products.

Resolution: One is not suggested.

Implementing these recommendations will foster a US Air Force team
approach to technolegy development, and will increase the yield of the

technology base.
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SECTION I

INTRODUCTION

Because the quality of future weapons systems is determined by
the quality of the US technology base, the efficiency of technology
development and utilization is of major importance.] This effort
is based on an opinion survey taken on the subject. This survey
was limited by time and funds to considefing only technology trans-
ition as it relates to Air Force aircraft, with a bias to Avionics.
However, the basic issues can be related across Service and across
technology boundaries.

For the personal interviews, 11 executives at various levels
in the Air Force weapons acquisition community were chosen as the
representative sample of this population. (1-1])2 Twelve questions,

listed in Appendix A, were designed against a 45-minute appointment

and proved to be very successful in drawing out individual viewpoints.

These interviews were supplemented with information from recent
literature/briefings, some of which is so "fresh" that it has not yet

been published.

Isee Appendix B, ;éckground (Appendix C, Appendix D)

2This notation, [Number(s):Number(s)], will be used throughout the
report for sources of quotations and major references. The first
number set is the source(s) listed in the bibliography. The second
number set is the page(s) in the reference. Notations without page
number listing indicate interview sources in the bibliography.

el




|
%

The survey is based on opinions held in two key areas:

(1) What type of technology is desired and needed for
transitioning?

(2) What is the best, most effective transition mechanism?

For the purpose of this paper, technology transition is defined as:

The consideration or evaluation for use on weapon systems,
or the actual use on weapon systems of laboratory-developed
applied science, manufacturing techniques, or other weapon
knowledge.

The types of technology are:

(1) Data: Reports, analyses, ideas, design to specifications,
uild to specifications, consultation, tests, etc.

(2) Hardware: Components, i1ab concept demonstration bread-
boards, flight feasibility demonstration brass boards,
mil-spec-qualified hardware, etc.

Transition mechanisms are:

(1) Direct: Government developer to government user.

(2) Indirect: Government develops within industry--industry

transitions to government user.

The study determined that major issues in terms of discontinuities,
polarization of opinions, and expectation differences exist. In objec-
tively communicating these issues, the study proposes to aid the
development community in directing probiem-solving energies.

Polarized opinions are identified by a bimodal distribution; the
discontinuities are identified by the opinion statistical mean
(focused opinion) differing from the "real-world" situation; the
expectation differences (widely varying opinions) are identified by

a wide deviation. (37:17-40)
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SECTION II

SEARCH FOR AND ANALYSIS OF THE ISSUES

Type of Technology Issues

Two major controversies identified by this paper were found to
be associated with the first six interview questions and related

to the first of the two key areas; i.e., type of technology. Table II-1,

fqrmed from these six questions, c1eariy depicts an overview of the
opinion alignment. The "No Response" blocks indicate the questions
were not addressed for lack of time.

Note that the only tendency to agree related to question 4, "Should
laboratory programs be conducted in-house or through contracts?" A1l
respondents agree that the labs should be in-house oriented; the variance

is concerned with the degree of in-house owientation.'|

Regardless of
the individual's position on how much in-house is enough, there were
two general areas of agreement:

(1) Work only in areas of military interest, and

(2) Do not work in areas where technology is driven by non-DOD
forces.

The variance between "some" and "all" in-house is concerned with the
reason for doing the work; i.e., is it for:

(1) Engineering training and motivation?
(2) Technology base planning and coordination?

(3) Simulation/emulation (problem anticipation)?

(4) Hardware testing?

1The interviews were conducted with 2 non-attribution policy, and no
reference will be identified with an interview opinion.

3
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TABLE II-1
TYPE OF TECHNOLOGY
Question Gl Responses
A1l Levels Very
(Components, Limited
Sensors, Sub- (Components No
. systems) Limited only) Response
1. Labs should work at what
integration complexity 3 4 3 1
level?
Very No
Full Mil Spec Limited Limited Response
2. Design qualified at what 3 6 1 1
. level?
No

More D-T-C Some D-T-C None Response

3. Dollars for Design-to-Cost
versus more technology op- 1 5 4 1
tions?
Most Limited Very No
In-House In-House Limited Response
H 4. In-house versus contract? 5 4 0 2
5. How prioritize No Pricrities Prioritize by: Response
technology
programs? 2 *Top down--System Needs for Missions 1
*Synchronize with Future Force Struc-
ture 1
-Product Improve Today's System De-
velopments 1
‘Opportunity Gates for Threats/Appli-
cations/Voids 1
*Functional Categories Considering
Threat and Industry 1
*Military Interest/Needed Expertise/
Far-out Ideas with High Return on
Investment
*Near-term JSOP Emphasis
*Near-term Return on Investment
*Corporate Body Wisdom

In No
Conceptual Development Service Response

6. _Prioritize support for
different weapon system 3 2 2 4
Tife phases.
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The apparent opinion agreement does not correlate in all cases,

however, to the "real-world" situation. These responses, when com-
pared to actual situations, especially Avionics technologies, indi-
cate some current disagreement--thus a discontinuity exists. For
example, in the higher integration complexity tasks (components inte-
grated into sensors;‘sensors integrated into mission function sub-
systems), there is a definite lack of in-house, hands-on hardware capa-
bility. One reason for this lack is that the higher the integration
task complexity, the more costly the in-house facilities.

The other five questions are discussed within the previously
identified issue categories of expectation differences and polarized

opinions.

Expectation Differences

Question 1: At what level of technology integration complexity
should the Air Force technologist be working?

Question 5: Should technology efforts be prioritized? If so,
by what system? If not, how allocate decreasing
dollars?
Question 6: How would you prioritize laboratory thrusts between
(1) developing new concepts, (2) supporting systems
in development, and (3) improving inventory systems?
This particular set of questions surfaces one of the three major issue
areas identified by the survey. Its resulting frustrations are par-
ticularly noticed within the technology community (What to do? What
to do first?), and companion frustrations are observed in the systems

community (Labs need to solve real-world problems; labs are not

interested in my problems). In the commercial market, this problem is




reduced because the customer is clearly identified--he has the money.
(The user does not often have the money in the weapons acquisition

situation.) The DOD Laboratory Utilization Study proposes solving

the problem in this manner:

Recognizing that the primary responsibilities
for most materiel acquisition work rests with desig-
nated Program Managers, the laboratories should operate
their materiel acquisition work on an industrially funded
basis in a customer/supplier relationship with the ap-

propriate Program Managers.] The degree of their involve-
ment would ultimately be governed by the customers' satis-
faction with their contribution to his program. (13:30)

This represents a significant "strawman" for consideration and
debate. Some expressed opinions conflict with this proposed solution

in two noteworthy areas.

1. Is the Program Manager (PM) the "real" customer?

Or is he being employed by higher headquarters and the operations com-
mands to manage the building of a device because of his special skills
and contacts? Is he not the agent representing the "near-term" needs
of an aggregate customer? With the PM's "power of the purse" (last
sentence of the above quote) and his narrowed interest, the laboratories
would become directed to near-term problem-solving. The DOD study pro-
posed alleviating the ". . . laboratories being completely subjugated

to the Program Managers . . ." (13:30)‘ by requiring a technical assess-

ment annex (TAA) to accompany all decision coordination papers (DCPs).

]Undér]ining added.




Originally, the Tab-prepared TAA was intended to be independent of

the SPO, but recent indications are that the SPO would be responsible

for preparing it in concert with a lead laboratory. (30:1) Notice

in Table II-1 that only two responses to question #5 clearly advocated

a near-term emphasis on technical developments.

Finally, "what type technology" is a question not likely to be
answered because, at any point in time, the programs capable of
industrially funding a lab would represént a spectrum of near-term
interests--interests varying from conceptual option support through
product improvement support; from wanting components through wanting
major subsystems; from needing data to needing hardware. This leads

into the second area of opinion conflict: timeliness.

2. Will today's PM provide adequate guidance for developing the

technical base for the next generation of systems?

It would appear at the least very difficult, if not a practical im-
possibility, for a PM who typically must concentrate on this year's
and next year's problems to give effective guidance for the "creation
of options" to solve tactical, strategic, etc., problems which are
beyond his tenure. Even if this were conceded, equally serious is

the doubt that a program manager's orientation is the preferred orien-
tation from which to provide this guidance. Considering that it takes
the commercial industry 20 to 25 years to transition a technology, the

1

military goal of 7 to 10 years' makes the scheduling of lead time and

TBased on an interview reference.




the identification of the appropriate office-of-primary responsibility
(OPR) central concerns.

From the above discussion, one of the three major needs for

successfully transitioning technology is "top down" policy and guidance
which represents executive judgment on the proper emphasis for the fol-
lowing six-dimensional matrix:

(1) opportunity gate emphasis (Should technology programs be

aligned primarily to: force structures, missions, threats, functions,
technology areas?)

(2) acquisition life cycle phase emphasis (In what priority should

technology programs support: concept, validation, full-scale develop-
ment, production, deployment or disposal?)

(3) technology product emphasis (Should technology programs

primarily produce data or hardware?)

(4) Tlevel of integration complexity emphasis (In what priority or

to what degree should technology programs produce: materials, com-
ponents, devices, minor subsystems, sensors, major subsystems?)

(5) time emphasis (What time frame should technologists primarily

support: 1-2 years; 3-6 years; or 7-12 years from today?)

(6) guidance rechanism (OPR for formulating the previous 5 emphases

should be: program managers, planning staffs, operational commands,

standing committees).

In concluding the discussion on this set of expectation differences,
one respondent’'s observation that "AFSC's investment strategy concept

is a good first step" is most apprepriate. This concept censiders several
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of the dimensions but not all. In addition, the first AFSC implemen-
tation represented a higher headquarters assessment of "bottoms up"
proposals. This "bottoms up" method has an inherent time lag between
creation of technology proposals and a higher level review of their
appropriateness. Therefore, it will tend to cause untimely programs,
and it tends to create an attitude of "can't do anything right" at the
worker level. A more efficient, responsive approach which is also more
motivating is that of providing the technology developers with the
basic “top-down" gu{dance listed above.

The opinions in this area do not seem to be overly rigid and could

likely be brought into much closer agreement by the use of more "top-

down" guidance which communicates needs, available resources, and corporate

policy. An action agency should be designated/commissioned for the pur-
pose of developing that policy as it relates to each technology area.
The agency should include representation.from the technology developer;
the headquarters (advocates and budget programmers); and the aggregate
user (product divisions and operational commands). This ajency should

update and revise the guidance on an annual basis.

Polarized Opinions

Question 2: At what level should data/hardware be verified/qualified?

Question 3: Should technology funds be spent on design-to-cost (D-T-C)
design iterations or on providing more technology options?




This set of questions surfaces the second major issue area--polarized
opinions concerning the type of technology needed. .
' Question #2 is concerned with determining the level of technical
performance confidence desired in new technology. This question revealed
sharp differences and relatively strong opinions which fell into three
divisions:

* High confidence data/Full Mil-Spec qualified hardware

-- Get more for dollar by testing early.

Know wear spots and need do only necessary testing.

Do lots of testing in order to convince PMs of equipment's
low risk to their program.

* Feasibility/Functional performance demonstration
-- Provide more data than hardware.
-- Brassboard evaluated by experienced engineers and assessed
as an acceptable risk.
-- Show that it will work, it is air worthy, and it can be inte-
grated.

« No qualification testing

-- Combined environmental testing and reliability improvement
warranties should be enough for future equipment.

Since these a2re executive-level viewpoints, it would be very diffi-
cult to smooth over, to get a unanimous view, or to get an effective
majority decision. Therefore, compromise or legislation appears to
be the proper approach for this conflict resolution. An OPR should be
named to serve as a catalyst for compromise and for recommending a
position for legislation.

Question #3 was directed to determining the :orporate confidence
desired in a development for achieving a givzn unit-production-cost.

The opinions, which were not so strongly expressed as those of questicn

#2, %el] into two well-defined groups.

10

— N—— “J



* No D-T-C
-- D-T-C is a mistake in labs. Should work on options which
intrinsically have lower cost.
-- Must have some cost consciousness, but D-T-C is a mistake.

+ Some D-T-C

-- Must have cost sensitivity in technical options; i.e., cost
no greater than . . . .

-- Balanced design process which injects discipline is good.
Some funds should be allocated for this purpose.

-- Should be Tooking at lessons learned, maintenance approaches,
common parts, which reduce life cycle costs instead of pushing
performance.

" This issue could be decided by higher headquarters' establishing
development cost and/or projected unit-production cost thresholds for

applying an appropriately scaled D-T-C or balanced design effort.

TRANSITION MECHANISM ISSUES

In the second of the key areas, transition mechanism, there was

basic agreement on how technology should be used to form new weapon
systems. Only one area of major conflict appeared, and it seems to
be growing due to recent shifts in opinions. Table II-2 is formed

from the responses to Questions 7 through 11, and is an overview of

this area.

First, the Agreements:

Question 7: What is the best technology transition mechanism?

The responses were overwhelmingly in favor of the indirect method
(through industry) as the most effective/practical. A distinction is

made in this case between "best" and “"effective." "Best" is regarded as

1




TABLE II-2
TRANSITION MECHANISM

Question

“

10.

1n.

Best technology
transition mechanism?

Is government expertise
and lab credibility an
issue?

Better approach to de-
veloping US technology
base than labs?

See a way of effectively
disseminating government-
sponsored industry knowl-
edge?

Are program managers too
constrained to adequately
consider new technology?

Responses
No
Through Lab Combination Industry Response
0. 5 5 1
No
Yes Sometimes No Response
0 2 4 5
No
Yes Possibly No Response
0 0 7 4

--Maybe not best to.

--Real problem is peril of concentrated
sponsorship.

--Competition is a strong barrier.

No
Yes Maybe No Response
2 1 3 5

-
n




transitioning the most cost-effective combination of technologies for
"just good enough" accomplishment of a mission function. Often, licen-
sing fees, maintaining a competitive edge, decisions on sharing of team
profits, etc., cause less than the "best" technology combinations to be
structured as a system design. Therefore, "effective" is regarded as
the utilization of the fechno]ogy base in a responsive, innovative, ade-
quate fashion. The middle-of-the-road position is as follows:
-- Labs work with industry to develop technical options.

-- PMs work with labs in selecting and tailoring the appropriate
technology for their system.

-~ PMs go directly to industry because of industry's responsive-
ness and innovation. (Program offices need a company's commit-
ment for performance, integration, reliability and production
delivery.)

Some regarded the direct method (from labs to SPQs) as the "best"
method, but many practical drawbacks existed relating to adequacy of
testing, production status, and schedule risks.

Question 9: Is there a better approach to developing the US

technical base than the government laboratory
approach?

The response was unanimously "no". Several supportive comments
were:

-- Lab programs are strong signals for focusing Independent Research |
and Development (IR&D).

-- Labs can look across the industrial base.

-- Contractors are not too interested in service maintenance
realities.

-- Labs provide planning and coordination of the technical base
as it relates to the military need.

13




In addition, the DOD Laboratory Utilization Survey addressed this
issue in depth and also stated the same position for the same basic
reasons. (13:27)

Question 10: Do you see a way of effectively disseminating
goverrment-sponsored contractor knowledge?

The basic opinion is "no" for the three reasons cshown in Table II-2.
Cne very knowledgeable source said:
Competition is a strong barrier: Licensing fees and
. profit potential is as large a consideration as performance.

Design concepts are constrained by these 1iaisons as much
as by desired performance.

Selective/Scattered Discontinuity

Question 8: Are government engineering competence and 1ab
credibility issues?

A potential controversy which is not identified as a major issue
is the apparent difference between agreement that there is no issue and
the actual situation.

Some instances can be cited when proﬁram offices choose to use
industry for analysis, simulations or testing as opposed to commission-
ing laboratories. A statement like the previous sentence almost imme-
diately begins an argument betwen program office and laboratory pecple.
The purpose here is not to join the debate, but to identify an area
where opinion may not be in line with given situations.

The third major controversy identified by the study concerns the

issue category of "poiarized opinion" and evolves from:

14




Question 11: Is the program manager's charter too
limiting to allow adequate consideration
of new technology?
The polarization is rather sharp on the "no" side and represents
strong support for PM prime responsibility. The basic feeling is
= that there is nothing in a PM's charter to prevent his considering
and using any level of technology.

From the other viewpoint, events of-the recent past have stimulated
debate on the advisability of causing a program to "drive toward
seemingly inflexible goals"--particularly schedule goals.

Some comments supporting "yes" responses:

-- Maybe the "silo eﬁ"ect".I makes it difficult to cross-

fertilize between SPOs.

-- Relax some of the infiexible goals and use more front-
end financing for testing and change.

-- Loosen up schedules to allow cons1derat1on of attractive
options as they mature.
Very candidly, I am not comfortable enough with this issue to
propose an answer or an approach to an answer. It will only be

identified.

]The-"silo effect" is the strong vertical structuring of a particular
program.

15




SECTION III
CONCLUSTON
Discussion

The process of technology development and its transition into

weapon systems has functioned in a relatively unstructured environ-
ment. Because of comparatively larger R&D budgets during the recent
past, many technology developments were permitted to proceed without
clear weapon system related objectives--a shot gun1 approach. Conse-
quently, a high mortality rate-or non-use of technology results occurred.
(Fig 1a) :

In a period where real R&D budgets are shrinking, the high mortality

“"shot gun" approach, with its lack of return-on-investment, is a prime

area for review. In order to increase the efficiency of the techno-
logy transition process, it will be necessary to impose some formal
structure on the system to cause available resources to be massed on
selected target technologies. This will increase the technology base
yield by excluding unneeded Air Force developments. Effecting this
procedure will require corporate Air Force égreement and prioritiza-
tion. (Fig 1b)

To that end, this paper has identified the major points of controversy
concerned with technology transition and has proposed some structuring
of the (1) decision process for program fcrmulation and prioritization,

and (2) application of testing and design-to-cost requirements. The

summary of these findings and recommendations follows.

Tsee money put into many, many program which had, at their inception,
no apparent opportunity for inclusion in a needed or useful weapon sys-
tem. The idea was to put a great deal cf knowledge on the shelf "in
case it might be needed." Faith is placed in the "good ideas" forcing
their way out of the morass of deveiopments.
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FIGURE III-I
"SHOT-GUN" APPROACH
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Summary

Table III-1 summarizes the identification of opinion disagree-
ment by type/category of issue and by its association with either
(1) the planning and developing of the technical base, or (2) the

mechanism for utilizing that base for molding a total weapon system.

TABLE III-1

FINDING SUMMARY

ISSUE CATEGORY KEY AREAS
Transition
Type Technology Mechanism
- Expectation Differences * Integration
Complexity Task
Level
« Prioritization
Criteria
Polarized Opinion « Qualification * PMs Limited
Testing in Considering
« How Much D-T-C new Technology
Discontinuities * In-house vs. * Government
Contract* Expertise
Credibility*

*Scattered discontinuities
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There were no discontinuities identified as major controversies.
The two shown in the table (in-house vs. contract, government expertise
credibility) are not of a general nature; it can only be claimed that
the disagreement between the focus of opinion and the actual condition
exists in scattered/specific situations.
Therefore, three major controversies exist and they are identified,
along with the recommended resolution approach:
Controversy 1. There are differences in expectations of Air Force
executives within the research and development communi-
ty concerning both the decision process for allocating

technology support and the nature of the technology
product.

Resolution: Charter an action agency to develop "top-down" policy
and guidance which represents executive judgment for
the proper emphasis of the following six factors.
This emphasis should be tailored to each technology
area.

(1) opportunity gate emphasis (Should technology
programs be aligned primarily to: force structures,
missions, threats, functions, technology areas?)

(2) acquisition 1ife cycle phase emphasis (In what
priority should technology programs support: concept,
validation, full-scale development, production, deploy-
ment or disposal?)

(3) technology product emphasis (Should technology
programs primarily produce data or hardware?)

(4) 1level of integration complexity emphasis (In what
priority or to what degree should technology programs
produce: materials, components. devices, minor sub-
systems, sensor, major subsystems?)

(5) time emphasis (What time frame should technologists
primarily support: 1-2 years; 3-6 years; 7-12 years
from today?)

(6) guidance mechanism (OPS for formulating the pre-
vious 5 enphases should be: program managers, pianning
staffs, operational commands, standing committees.)
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the agency should include representation from the tech-
nology developer, the headquarters (advocates and budget
programmers) and the aggregate user (product divisions
and operational commands). The guidance should be up-
dated annually.

Controversy 2. Opinion is divided into two strongly held positions

Resolution: An office of primary responsibility should be named

concerning the degree of confidence needed in both the
technology product's performance characteristics and
its projected unit-production-cost (design-to-cost).

to: X

(1) Serve as a catalyst for formulating a compromise
or a position which would be directed concerning the
amount of testing/verification required of technology
data or hardware.

(2) Establish development cost and/or projected unit-
production cost thresholds for applying scaled design-
to-cost or balanced design efforts on a technology
program.

Ccntroversy 3. There is polarized opinion on the flexibility of the |

development process for incorporating technology
products.

Resolution: One is not suggested.

Implementing these recommendations will foster a US Air Force team
approach to technology development, and will increase the yield of the
technology base.

Further study effort in this area could (1) expand the sample popu-
lation to missiles, ground equipment and weapons; or (2) expand the

sample to a multi-service orientation.
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APPENDIX A
INTERVIEW QUESTIONS

1. At what level of technology intergration complexity should
the Air Force technologists be working?

2. At what level should data/hardware be verified/qualified?

3. Should technology funds be spent to design-to-cost (D-T-C)
design iterations or on providing more technology options?

| 4. Should laboratory programs be conducted in-house or through
contractors?

5. Should technology efforts be prioritized? If so, by what
system? If not, how should decreasing doilars be allocated?

6. How would you prioritize laboratory thrusts between (1) develop-
ing new concepts, (2) supporting systems in development, and (3) improv-
ing inventory systems?

7. What is the best technology transition mechanism?

8. Are government engineering competence and lab credibility
issues?

9. Is there a better approach to developing the US technical base
than the government laboratory approach?

10. Do you see a way of effectively disseminating government-
sponsored contractor knowledge?

11. Is the program manager's charter too limiting to allow adequate
consideration of new technology?

12. Any other comment?
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APPENDIX B
OVERVIEW/NEED OF THE TECHNOLOGY BASE

Considering the given definition for technology, the following
series of excerpts are used to establish the need for effective
technology transition. Note first the size of the technology option

budget as given by the:

DOD Laboratory Utilization Study.

Research (6.1), Exploratory (6.2), and Advanced
Development (6.3) resources constitute over 35%
of DOD's RDT&E FY 77 budget--$3.88 biliion out

of $10.94 billion.! FY 75 DOD Laboratory person-
nel strength--56,741. (Appendix D)

A next logical question is, "With this level of resource input, what
is the US position compared to the USSR?" The following is a synopsis

of a limited, but important, evaluation staced by:

Dr. Malcolm R. Currie--DDR&E Statement to the 94th Congress.

0f 21 key technology areas (includes titanium
fabrication, welding, high-pressure physics, high-
energy lasers, anti-ship missiles, high-frequency
radio-wave propagation, and application of advanced
plasma physics), the USSR clearly leads in 8 areas
and has gained parity or shares a mixed lead in 3
other areas. (Appendix C)

The question of why better technology is needed is spoken to by the

Secretary of the Air Force:
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Air Force Authorization Request

As we face the specter of rapidly advancing tech-

nological challenge from our potential adversaries,

a continuing commitment to R&D programs oriented

toward essential technological acdvance will provide

%gg bgsis for a strong Air Force in the years ahead.
:8

Obviously, technclogy needs more money to achieve this advance-
ment. It appears that Congress is going to agree to additional monies
in FY 77, but the problem is not so easily solved. Dr. Allen and

Brigadier General Gerald Hendricks have made these observations on

(1) technology applicability, and (2) technology transitioning to

weapon systems.

DOD Laboratory Utilization Study.

DDR&E characterized US Air Force laboratories as
specializing in technology base problems, thereby
isolating them from Air Force problems. (13:xii)

AFSC Director of Science and Technology

Technology Transfer and Payoff

What is the Problem?

-Convincing people that a new idea, technique, speci-
fication, or design is understood, reliable, and
workable. (14:Slide 8)

Finally, consider the experience of a development which illustrates

the situation:

The Air Force Avionics Laboratory High Reliability Radio Story

--Two competitive contractors developed their prototype
model UHF radio and demonstrated 1185 and 785 hours

MTBF, respectively.

--The F-15 SPO refused a free supply of enough units for
their first set of test aircraft, and purchased APR-109's
(less MTFB/more expensive).

--Why? The APR-109 was in production; had more testing;
was backed by a contractor; had a lower delivery schedule
risk.
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It would be easy to lapse into a fault-finding mode, but there

are situations and conditions on both sides of the develovment "fence"
which cause this type of unfortunate story, and one purpose cof this
paper is to examine objectively these conditions and identify the
central issues for management attention.

The fo]]owing four basic points are derived from the excerpts
and depict the overview/need for technology base transition:

(1) Technology base resources are a very large portion of

the total allocated development resources.

(2) The US has a marginal technology base advantage over
the USSR.

(3) Ultimate military systems superiority is derived from
a superior technical base.

(4) There exist situations and conditions which are limit-
ing the effective molding of the US technical base into
the best possible weapon systems.
The excerpts are representative of a large number of sources which
make the same four points, and represent the current development com-
munity motivation to identify and eliminate the inhibitors of effective

technology transition.
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TECHNOLOGY

High-pressure physics

Integrated-circuit
fabrication

Welding .

Computers

Titanium fabrication

High-yield nuclear weapons

High bypass-ratio turbofans

High frequency radio-wave
propagation

Air-to-Air missiles
Numerically controlled
machine tools

Avionics

Magneto-hydrodynamic
power generation

Composite materials

Aerodynamics

’

APPENDIX C (12:11-21)

STATUS

USSR leads; major investment in equip-
ment, investment in programs of
intrinsic scientific interest and

- speculative military applications.

USSR leads, with an extensive basic
research program leading to many
innovations.

U.S. leads, especially in civil;
commercial fields.

USSR has a strong lead.

Parity--USSR has made several unique
developments.

U.S. leads.

USSR appears to have a strong,leéd
in several application areas.

U.S. has a strong lead; no foreseeable
USSR counterpart to some systems.

U.S. leads; USSR designs around needs.

U.S. has a strong lead in radars for
surveillance, bombing, and air-to-
air combat.

USSR leads.

U.S. leads; Soviets are making a
strong effort to catch up.

Mixed; U.S. leads in use of computers
for design and simulation, but
Soviets have developed unusual low-
altitude configurations.
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TECHNOLOGY

Inertial instrumentation

Anti-ship missiles

K » Chemical warfare
Satellite-borne sensor
technology

High-energy lasers

Artillery technology

Precision guided weapons

C-2

STATUS

U.S. leads; technology is maturing
and any significant lead is
diminishing.

USSR leads in deployed systems.
USSR lead is stable.

U.S. leads.

U.S. has strong and increasing lead

in areas where comparisons are-
possible.

Uncertéin; USSR has large program
involving approaches not being
pursued by the U.S.

USSR leads in many areas.




APPENDIX D (12:Appendfx)-
RDTEE PROGRAM BY BUDGET CATEGORY

($ M1LioNs)

CATEGORY FY 1975 FY 1976 FY 19TQ  FY 1977 FY 1978
Research 300.6 ° 329.7 82.8 383.4 441.9
Exploratory Dev 1,083.8 1,184.4 302.4  1,342.4 1,506.0
Advanced Dev 1,704.6 1,930.3 542.6  2,155.7 2,842.8
Engineering Dev 2,938.2  3,531.4 827.0  4,241.2 4.202.4
Mgt & Support 1,186.6 1,256.9 334.0  1,386.4 1,422.7
Oper Sys Dev 1,422.0 1,295.4  308.4  1,433.2 1,486.9

TOTAL RDTSE 8,635.8 9,528.1 2,397.2 10,942.3 11,902.7

RDT&E BY TYPE OF PERFORMER
($ MILLIONS)

PERFORMER FY 1975 FY 1976 FY 197Q FY 1977 FY 1978

Industry 5,810.1 6,546.8- 1,630.6 7,846.9 g, 6712.4
Government In-House  2,436.6 2,580.5 667.6 2,661.4 2,723.6

Federal Contract

Research Centers 192.9 202.4 50.3 221.7 233.6
(FCRC)
Universities 196.2 198.4 48.7 212.3 233.1
TOTAL RDT&E 8,635.8 9,528.1 2,397.2 10,942.3 11,902.7
3
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e ™ T
RDTRE PROGRAM BY MISSION AREA

($ MILLIONS)
MISSION AREA FY 1975 FY 1976 FY 19TQ FY 1977 FY 1978
Tactical 2,985.9 '3,36l1.4 831.6 4,227.7 4,720.9
Strategic 2,135.3 2,341.9 582.1 2,406.3 2,360.3
Defensewide Sys - 659.0 710.7 169.6 765.9 917.1
Technology Base - 1,397.9 1,537.8 393.7 1,765.7 1,998.9
Management & Spt 1,202.7 1,276.4 339.1 1,416.1 1,460.9
Adv Tech Dev 255.0 299.9 81.1 360.6 444.6
TOTAL RDT&E 8,635.8 9,528.1 2,397.2 10,942.3 11,902.7

RDT&E PROGRAM BY COMPONENT

($ MILLIONS)
DEPARTMENT FY 1975 FY 1976 FY 19TQ FY 1977 FY 1978
Army 1,769.6 1,974.9 . 512.7 2,386.2 2,572.7
Navy 3,051.6 3,317.2 826.1 3,925.2  4,325.7
Air Force 3,298.9 3,606.6 906.9 3,924.6 4,208.2
Defense Agencies 515.7 629.4 151.5 706.3 796.1
TOTAL RDT&E 8,635.8 9,528.1 2,397.2 10,942.3 11,902.7
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RDT&E PROGRAM BY BUDGET ACTIVITY

BUDGET ACTIVITY

Military Sciences
Acft & Rel Equip
Msle & Rel Equip
Astronautics

Ships & Sm Craft
Ord Cmbt Veh Rel Eq
Other Equipment

Mgt & Support

TOTAL RDT&E

FY 1975 FY 1976 FY 197¢  FY 1977 FY 1978
411.9 448.9 114.3 524.0 594.6
1,626.9 1,940.1 447.7  2,273.4  2,480.5
2,107.0 2,279.4 569.0  2,552.9 2,604.1
527.7 583.6 134.1 599.7 769.3
666.2 595.4 162.6 750.8 824.4
471.1 $56.2  166.8 753.0 792.9
1,857.2  2,098.9 527.6  2,352.4 2,668.5
967.8 1,025.6 275.1  1,136.1 1,168.4
8,635.8 9,528.1 2,397.2 10,942.3 11,902.7
D-3

st




gzve'ol viol

Teer'L ‘A3QA 'SAS
TVNOILVYH3dO

v9se’L 1H0ddNsS
: ANV LNIWIOVNVI

%L61
'A3Q "AQY .
o %ETL
A3d
AHOLVHO1dX3

¢9

MHYOM 40 3dAL A8
139anNg 4L Ad 3B1aY

ey ‘A3a ONIYIINIONS ; %L 8E . Q&.N_..
L'S51°Z ‘A3d G3IONVAQY A3d .UZthmZ_GZm dNsS Qm_._/_w\ NYIN

vZvE'L "A3Q AHOLVHO1dX3
v'€8e HOWV3SaY
(SNOITTIW) %L°EL
‘'dNS '"H3dO

99

%S°€
HOYV3S3y
L9

D=




£Zr6'olL viol

9°09¢ ‘A3Q "HO3L ‘ACY
LoLy'L 140ddns
ANV INIW3IDVNVIN %9°8E
L'soL'L AD0T0NHI31 2ISVE JHVY4HVYM TVIILIOVL

6°S9L SW3I1SAS 3AIM-3ISN343Q

£'90vC SINILSAS Ji1931VHLS

Lreee'ys JHVIHVM TVIILOVL
(SNOITTIW)

c'9/1'9 "Il
%ZC'9L
‘HO34 OIsva

D-&

%6°CL
'ddNS ANV
‘LWNOW

%0°22
"LSAS J1931Vv4lS

%E’E
veg "3l
.- A3Q 'HO3l "AQV..

V3V NOISSIN Ag
135dNAa 4L Ad 383104




£°2p6 ‘01 TvioOL

g°c1e S3IILISHIAINN

L°122 (S.0424)
SH3LN3ID HOHV3S3Y
1OVHLINOD TVvH3a3d

w #.ﬁww .N 3 ISNOH-NI "LAO0D %L 1L
: 6°9%8 ¢ |
¥8 "L AHLSNANI AHLSNANI
(SNOITTIN)

%€ ve
"AAOD

D-6

£ %0°z
(Q3LVINILST) HINHO4H3d A9
139adng ZZ Ad 3BLaY

S.0404




BIBLINGRAPHY

INTERVIEUS

‘Charvonia, Dr. David A. Interview at Pentagon, Washington, D.C.,

22 March 1976.
Dr. Charvonia is currently serving as Special Assistant
to the Deputy Director for Research and Advanced Tech-
nology (DDR&E[RAT]). He is concerned with overall invest-
ment strategy and related policy for the DOD technology
base program and other special assignments.

Ziernicki, Robert, Colonel, USAF. Interview at Pentagon, Washington,
D.C., 22 March 1976.
Colonel Ziernicki is Chief of the Avionics Division within
the R&D Directorate of Acquisition and Development (RDPV).
His responsibilities relate to the technical base develop-
ment and procurement of avionic systems.

Mirman, Irvin. Interview at AFSC Headquarters, 13 April 1976.
As Special Assistant to the Commander for Special Projects,
Mr. Mirman has been uniquely involved with many key projects
which span the weapon acquisition spectrum.

Hendricks, Gerald, Brigadier General, USAF. Interview at Andrews
AFB, Maryland, 15 March 1976.
General Hendricks is Director of Science and Technology
for AFSC. He has direct command authority and is responsible
for all AFSC research, exploratory and advanced development
programs.

Copperthite, Colonel; Colonel Linton, Lieutenant Colonel Stenger,
Lieutenant Colonel Edwards, and Captain Zumwalt. Interview at
Andrews AFB, Maryland, 19 March 1976.

This joint interview with directorate chiefs or their repre-
sentatives from within the Deputy Chief of Staff, Systems
(DCS/Systems) function conveyed the needs of the large
systems develcpers.

Rhodes, George, Lieutenant General, USAF. Interview at USAF Logistics
Command Headquarters, 29 March 1976.
General Rhodes is Vice Commander of Air Force Logistics
Command.

Kennedy, Robert, Colonel, USAF. Interview at Wright-Patterson AFB,
Ohio, 29 March 1976.
Colonel Kennedy is the Assistant Deputy Chief of Staff
for Acquisition and Logistics, which directs and controls
AFLC program managers for logistics Tocated in AFSC program
offices.




10.

11.

12.

13.

14.

15.

16.
17.

Stewart, James T., Lieutenant General, USAF. Interview at Wright-
Patterson AFB, Ohio, 29 March 1976.
General Stewart is Commander, Aeronautical Systems Division,
Air Force Systems Command. The Division is responsible for
developing and buying all Air Force aircraft, engines and
atmospheric missiles.

Marshall, James H., Brigadier General, USAF. Interview at Wright-
Patterson AFB, Ohio, 29 March 1976.
General Marshall is currently the Deputy for Engincering,
Aeronautical Systems Division.

Trenholm, Jack. Interview at Wright-Patterson AFB, Ohio, 29 March
1976.
Mr. Trenholm is the B-1 Svstem Program Office Technical
Director.

Krause, James, Colonel, USAF. Inferview at Wright-Patterson AFB,
Ohio, 29 March 1976.
Colonel Krause is Commander/Deputy Director, Air Force
Avionics Laboratory.

OTHER REFERENCES

Currie, Malcolm R. (DDR&E). "The DOD Program of RDT&E, FY 1977,"
statement to the 94th Congress, Second Session, 3 February 1976.

Allen, John L. (DDR&E[R&AT]), Rodney E. Grantham (Naval Surface
Weapons Center) and Donald B. Nichols (Naval Surface Weapons
Center). "The DOD Laboratory Utilization Study," Final Report,
28 April 1975.

Hendricks, Gerald, Brigadier General, USAF (Director of Science
and Technology, AFSC). Briefing (address) to the Air Force
Systems Command Commanders Conference, Wright-Patterson AFB,
Ohio, 8-9 March 1976. 35 pp.

Jones, David C., General, USAF (US Air Force Chief of Staff).
AFRP 190-2, "Air Force Chief of Staff's FY 1977 Posture State-
ment," March, 1976. pp. 24-25.

ODDR&E Management Analysis Report 70-1.
Technology Transfer Team, Air Force Systems and Resources Manage-

ment Action Group (AF/SRMAG). ("Technology Transfer Talking
Paper," unpublished draft, December, 1975).

The Technology Transfer Team was formed under the Acquisition
Panel of the "Systems" Task effort and investigated the
impact of Air Force laboratory-sponsored efforts on Air

Force weapon systems development. The majority of the
Acquisition Panel's management proposals were not officially
published in the AF/SRMAG report, but will be handled through
the Air Force Systems Command.




18.

19.

20.

21.

22.

23.

24,

25.

a »

27.

280

Technology Transfer Team, Air Force Systems and Resources Manage-
ment Action Group (AF/SRMAG). (“Technology Transfer Proposal
to Improve Planning Guidance," unpublished draft, 4 December
1975, 4. pp.)

See Item #17.

Technology Transfer Team, Air Force Systems and Resources Manage-
ment Action Group (AF/SRMAG). ("Technology Transfer Proposal
to Improve Laboratory Management," unpublished draft, 4 December
1975, 10 pp.)
See Item #17.

Technologgy Transfer Team, Air Force Systems and Resources Manage-
ment Action Group (AF/SRMAG). ("Technology Transfer Management
Proposal to Improve Laboratory/Product Division Interaction,"
unpublished draft, 4 December 1975).

See Item #17.

Air Force Study Report on Proposed DDR&E Technical Assessment
Annex (TAA). "Conclusions," Section X, p. 44.

Department of Defense Directive 5000.1, “Acquisition of Major
Defense Systems," Department of Defense, Washington, D.C.,
22 December 1975.

AFSCP 800-3, "A Guide for Program Management, Headquarters, Air
Force Systems Command, May, 1971.

Kennedy, Robert W., Lieutenant Colonel, USAF. "Technology
Transition Policy," letter dated 28 May 1970.

Bethel, Howard E., Major, USAF. "“An Overview of DOD Policy for
Administration of Independent Research and Development,"
Defense Systems Management School, Fort Belvoir, Virginia,
May, 1975, 110 pp.

Richardson, John H. (Senior Vice President, Operations, Hughes
Aircraft Company). Remarks to the Defense Systems Manage-
ment School, March, 1976.

Kennedy, Robert, Colonel, USAF. "Syonics--the Total Product,"
unpublished paper, July, 1971.

Ziernicki, Robert, Colonel, USAF. Avionics Development and
Acquisition Strategy Briefing, February, 1976, 54 pp.




|
R |
|
|

29.

30.

31.
2.
33.
34.

35.

36.

37.

Currie, Malcolm R. (DDR&E). "Laboratory Role in the Services'
Technical Planning and Systems Acquisition Processes,"
letter to Assistant Secretaries of Military Departments (R&D),
24 February 1976.

Currie, Malcolm R. (DDR&E). "The DOD Program of RDT&E, FY 76,"
Statement before the House Armed Services Cornmittee, 94th
Congress, 1st Session, 21 February 1975.

Evans, William J., General, USAF (Commander, Air Force Systems
Command). "Air Force Systems Command Annual Report," 1975.

Air Force Systems Command Laboratary Capabilities Brochure, US
Air Force Systems Command, October, 1975.

"Technology Transition," US Air Force Systems Command, Aeronautical
Systems Division/Wright Aeronautical Laboratories briefing to
US Air Force Svstems Command, February, 1976, 12 pp.

Hendricks, Gerald K., Brigadier General, US Air Force (Director
of Science and Technology, AFSC), "Prioritization of Laboratory
Techinol: 'v Needs," letter to AFSC Product Division Vice Commanders,
5 January 1976.

Reed, Thomas C. (Secretary of The Air Force). "Secretary of the
Air Force's Authorization Request," AFRP 190-2, March, 1976.

"Introduction to Military Program Management," Logistics Manage-
ment Institute, Washington, D.C,, March, 1971.
This document was sponsored by a past Secretary of Defense,
Mr. David Packard. It is used as a primary Defense Systems
Management School reference.

Clelland, Richard C.; deCani, John S.; Brown, Francis E. Business
Statistics with Business Applications, John Wiley & Sons, Inc.,
New York, 1973.




