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ABSTRACT

This thesis is a case study of the extent to which a series of factors influenced
development of the U.S. Army Target Acquisition Designation System/Pilot Night Vision
System (TADS/PNVS). This study is one of a series being prepared under an ongoing
research effort sponsored by Headquarters U.S. Army Material Command (AMC). These
studies will look at various weapon systems that participated in Operation Desert Storm
(ODS) and will study the effectiveness of their Development Strategies, for the purpose
of later comparing system effectiveness in ODS. The TADS/PNVS was developed for
the AH-64A Apache Helicopter, as a sighting system for the Hellfire missile system.
This case study focuses on the system’s three critical technologies, evaluates their
technical maturity at various stages versus Technology Readiness Levels, and analyzes
how that affected the later development and testing. The study also highlights funding
stability, user involvement, integrated product teams, and testing strategies. The thesis
focuses particular attention on testing, and whether testing of the TADS/PNVS system

was sufficient and timely during development.
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I.

A. PURPOSE

INTRODUCTION

The purpose of this thesis is to study the extent to which a series of factors

influenced development of the Target Acquisition Designation System/Pilot Night Vision

System (TADS/PNVS). The research findings and conclusions will be primarily based

upon answers to a questionnaire completed by the Government and Contractor Program

Managers (PM) or Deputy Program Managers (DPM) and their staffs, supplemented by

interviews with these individuals.
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B. BACKGROUND

The U.S. Army developed a variety of systems in the 1970s and 1980s, based on
experience gained in the Viet Nam War. Many of these systems did not see significant

actual combat usage until 1991, during Operation Desert Storm in Iraq.

The first shots of Operation Desert Storm were fired by AH-64A Apache
Helicopters (Task Force Normandy) on “January 17, 1991”. The TADS/PNVS was used
to acquire the targets. At first, they used the heat from the target to guide the missiles.
When a flash was distracting some missiles, they switched to optical guidance (From Hot

Air to Hellfire - James W. Bradin, © 1994).

The targets, two state-of-the-art Soviet-built radar sites, which threatened to give
early warning of the initiation of the air campaign, were simultaneously attacked at 2:38
am. The targets were completely destroyed. This allowed the allies to fly surreptitiously

right in and bomb Iraq (Bradin, 1994).

Originally, the Target Acquisition Designation System / Pilot Night Vision
System (TADS/PNVS) was conceived by The U.S. Army Missile Command (MICOM),
which initially led the developmental effort. It was subsequently transitioned to the
Apache Attack Helicopter Program Manager’s Office (AAH PMO). The U.S. Army
developed TADS as a sensor for the Hellfire missile system. TADS/PNVS was
developed in the 1970s and 1980s under control of the TADS Program office, which was
a part of the AAH Program Management Office.

C. RESEARCH QUESTIONS

1. Primary Question:

What was the simulation and testing strategy for the system, and did that strategy
adequately evaluate the system for its ultimate operational use?

2. Secondary Questions:

a. To what extent did the maturity (at project initiation) of the critical

technologies being integrated into the TADS/PNVS system influence the development?



b. How were the organizations that had developed these critical

technologies involved during system development?

c. To what extent was there user support and funding stability during

system development?

d. How effectively were (what we now call) integrated product teams

employed during development?

e. What was the key issue that the PM had to deal with during program

development and how was it dealt with?

D. SCOPE OF THE THESIS

The thesis will focus on TADS/PNVS development, will note how well it met its
cost, schedule, and performance goals, and will also touch briefly upon its successful use
in DESERT STORM. It will consider the critical technologies of TADS / PNVS and
whether they were effectively implemented in this system. The research method will be a

case study, developed by use of questionnaires and interviews.

This thesis explores the interrelationship of players such as users, Government
PMO, contractors, technology developers, and testers in carrying out the development,
production, and fielding of the system. In addition, factors such as the effective use of
integrated product teams, the maturity and production readiness of the critical
technologies, the role played by testing and simulation, the relationship between testing
and operational use, and the key issue faced during the program and its resolution are
examined. Project outcomes, in cost, schedule and performance in terms of Desert

Storm, are identified.

E. METHODOLOGY

Research approach consists of determining three TADS/PNVS Critical
Technologies in consultation with the TADS/PNVS technology community; sending
questionnaires out to current and former Government and Contractor Program Managers
and their staffs; then conducting interviews with them; and analyzing this data. 1 used a
tape-recorder attached to the telephone, when the interviewee consented to being
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recorded. Additionally, I analyzed the testing of these systems to determine if it were
adequate to prove the system's combat readiness. The results of the initial interviews
were written up and I determined where I had coverage or gaps in my data. I then
conducted follow-up interviews, or questioned alternate personnel, who filled in data
gaps. Next I used my overall understanding of the development to integrate the results
from all survey questionnaires into one composite response survey result, to be used for

the subsequent crosscutting analysis.

F. ORGANIZATION

Chapters II through VI discuss the secondary research questions, and Chapter VII
addresses the primary research question. In each chapter, I summarize the data collected
from the survey. I will introduce the data, and also mention briefly the way in which it

was acquired.

I analyzed the data, comparing responses to various questions, and between the
Government and contractor respondents, as well as advantages and disadvantages,
analyzing them in terms of the primary and secondary questions. Then I will discuss
lessons learned, and draw conclusions and make recommendations.

Chapter II: Mature Technologies: To what extent did the maturity (at project

initiation) of the critical technologies being integrated into the TADS/PNVS system

influence the development?

Chapter III: Development Organizations: How were the organizations that had
developed these critical technologies involved during system development?

Chapter IV: User Support and Funding Stability: To what extent was there

user support and funding stability during system development?

Chapter V: Integrated Product Teams: How effectively were (what we now

call) integrated product teams employed during development?

Chapter VI: Key Program Manager Issue: What was the key issue that the PM

had to deal with during program development and how was it dealt with?



Chapter VII: Primary Question — Simulation and Testing Strategy: What was

the simulation and testing strategy for the system, and did that strategy adequately

evaluate the system for its ultimate operational use?
In the back, there is a list of Acronyms and Definitions.

In Appendix A, I will provide the Composite Questionnaire Response. This will

be a composite of the Government and developer / contractor responses.

G. BENEFITS OF THE STUDY

This research will study the issues and relationships associated with the
development of the TADS/PNVS. This case study is one of a series being prepared under
an ongoing research effort sponsored by Headquarters U.S. Army Material Command
(AMC). The U.S. Army Aviation and Missile Command (AMCOM) has contracted with
the University of Alabama in Huntsville to do this research, utilizing students. After the
Case Study research is completed, the Principal Investigators at UAH and Massachusetts
Institute of Technology (MIT) will do a crosscutting analysis to identify key factors
common to all the systems studied that can be used to guide future decision-making. The
case studies will be made available to the Defense System Management College (DSMC)
and the Naval Postgraduate School (NPS) to use in both teaching and research.
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II. MATURE TECHNOLOGIES

A. RESEARCH QUESTION

This chapter answers the research question, “To what extent did the maturity (at

project initiation) of the critical technologies being integrated into the TADS/PNVS

system influence the development?” This chapter will look at the maturity of the critical

technologies in terms of (1) project outcomes, (2) technology readiness, and (3) project

timeline. I will introduce the data, then analyze it, and finally draw conclusions.
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B. DATA

Data was acquired using questionnaires / survey and interviews. From all this
data, a combined survey was created (see Appendix A.) I extracted the data in this and

subsequent chapters from the combined survey.

In the survey, each question has a letter and number (i.e. T1) except for questions
on page 1. In the survey, the format is: question, then multiple-choice answers for some
questions, and possibly a blank for answers. When I extract information from the data, it
will always reference this numbering system, and give the question and the answer that
was chosen, not all possible choices (i.e. _X 4. All of the above.) Responses to questions

are in italics.

To better understand this data, I include the critical technologies:

T1.  Now identify one or more (up to 3) technologies that were incorporated
into the system you are studying. These technologies should be among those central to
the success of the system (critical).

Technology A | Line-of-Sight Stabilization

Technology B FLIR target acquisition

Technology C | Laser to sensor bore sight
Table 1. Critical Technologies

1. Outcomes?

This contains survey questions O1 through O9, Project Outcomes.

Project Outcomes

Ol. Project Acceptance. Was the SYSTEM accepted to be put into Production?
This is initial acceptance, not whether it actually ended up in production.
_X 3. Yes, the System was accepted for production
02. After the SYSTEM was accepted and was in Transition to Production, how
many additional changes in the designs and processes were later required before the
System was taken into full production? _X 1. Many serious changes
There was a large amount of work. TADS pointing angle accuracy was a
big problem. They had to work on getting a noise-free FLIR. And they needed to work
on consistency of Line-of-Sight (LOS) Stabilization — they made repeated changes to meet
this specification requirement. The delivery rate of 10, and then 12 per month
exacerbated the problem.



0O3. Did the SYSTEM go into full production?
_X 3. Yes, the System was put into full production.

O4. For each of the technologies A, B, and C above, to what extent was each used

in the System as it was produced?
Technology A B C

4. Yes, the technology was used as planned. 4.X 4.X 4. X

After the early stages of development, LOS stabilization never really became an
issue any more. FLIR acquisition ranges were met in the later stages of development and
were not a problem in the production hardware. Bore-sight performance continued to be
an issue into the early stages of production. The cost of the fixes were not major but took
a lot of time to work out. All three technologies were essential to the performance of the
TADS and thus had to be successfully used in the final system.

0O5. After the SYSTEM reached Transition to Production, did the project go to
Production as quickly as it should have? _X 2. One to six months

06. After the SYSTEM was actually in Production, how many additional
changes in designs and processes were required? _X_ 3. Minor changes

“Again, the contractor was incentivised to make reliability improvement changes
and under the warranty program could make changes to improve reliability and thereby
save the contractor (and ultimately the Government) money. Producibility changes were
also made mostly because of parts that were no longer available.”

08. Did the System Development program, as implemented, come in on budget?

_X 3. The project significantly exceeded budget.

“As stated above there were significant overruns to the development contracts.
The “Maturity phase contract with Martin Marietta started off at about 345M and ended
up at about twice that. However, TADS/PNVS was not a separate line item in the budget
but was just part of the AH-64 budget and this overrun was covered within the AH-64
budget.”

09. Did the System as it was implemented meet the project’s technical goals and
functional requirements? _X 1. The results met or exceeded technical goals.

09. (Note: there are two questions designated 09.) Did the System have
problems in the field under operational conditions in Desert Storm?
_X 3. No, the system was deployed and encountered no noticeable loss of
effectiveness.

2. Technology Readiness?

This contains survey questions TS5, T6 T7, and Page 1 (SP, D, and TP questions.)



Check (V) the best answer for each | Technology | Technology | Technology
technology. A B C
T5. When System planning and pre- 4 4 3
development began, technology TRL was:

T6. When System went into Development, 5 5 4
technology TRL was:

T7. When System reached Transition to 9 9 8
Production, technology TRL was:

Table 2.  Data for Questions T5, T6, and T7

TRL = Technology Readiness Level (TRL numbers are defined at the end of
Appendix A, Combined Survey)

When SP (System Planning phase) started, stabilization technology was not new
and had had many applications, but none to this difficult an application in a helicopter
flight environment. Likewise, due to the work on FLIR technology by NVL [U.S. Army
Night Vision Labs] there was a significant technology base to draw on; however, meeting
target detection and recognition requirements was a very difficult goal and integration of
a FLIR meeting these requirements into the stabilized turret was a real challenge. The
bore-sight problem was recognized as critical from the very beginning, but achieving a
bore-sight, which met accuracy requirements and remained stable over environmental
extremes proved very difficult and tenuous. Since bore-sight stability is impacted by
many factors in all sensors, bore-sighting components and the stabilized turret, it was not
possible to address bore-sight shortcomings until the entire TADS system was designed,
built, and tested for other areas of performance.

SP. In what organization was the primary work leading up to this point
accomplished? There were really three important organizations that contributed. The
ASH PM (Advanced Scout Helicopter) prior to being cancelled and the AAH PM were
the driving force for establishing and planning the program. The technology work was
being led by the MICOM G&C (Guidance and Control) lab and The Night Vision Lab
(NVL). Contractor S&T (Science and Technology) organizations were doing their own
work in response to the anticipated requirement for the ASH and AAH programs.

“The MICOM G&C lab was the developer of the Hellfire missile (concept) for
which the TADS acquires and designates targets. Major systems requirements such as
Total Pointing Error (TPE) for the laser designator were defined by the G&C lab based
on testing and simulations. They also did early work on the laser hardware that does the
designation. NVL was the developer of FLIR technology, which was used in the TADS
night sight and the PNVS. They were responsible for the development and eventually
production of the FLIR common modules, which are used in the TADS Night Sight.
Significant support was given by these labs and Frankfort Arsenal (fire control, optics) in
formulating requirements, evaluating proposals, and monitoring development progress.”

D. What was the Technology Readiness Level (refer to page 8) for the SYSTEM
on this date? Level 3: The system met the spec, but not consistently. They had proved
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that the gimbals would meet the LOS (Line-of-Sight) Stabilization. A prototype was built
in the proposal phase.

What was the nature of the Army Lab/Center’s involvement? (Engineering
support? Simulation or testing? Integration? Requirements interpretation?) G&C Lab,
NVL, and Frankfort Arsenal provided engineering support, simulation, and requirements
interpretation.

TP (Transition to Production). In what organization was the primary work in the
period from D to TP accomplished? Martin Marietta, Orlando, the Prime Contractor.
This work was done under a project management (PM) organization.

What was the nature of the Army Lab/Center’s involvement? (Engineering
support? Simulation or testing? Integration? Requirements interpretation?) MICOM
G&C, NVL, and Frankfort Arsenal continued to provide engineering support, simulation,
test witnessing, and requirements interpretation.

3. Timeline?

This covers survey questions on Page 1. The timeline data from page 1 is as
follows:

SP. What was the approximate starting date of systems planning and pre-
development work? This date is when planning work began on the integrated system.
The systems concept and applications had been formulated, but applications were still
speculative. There was no proof or detailed analysis to support the approach. SYSTEMS
PLANNING START DATE (SP): /1976 (mo/yr) [TRL2 at system level]

D. Date when Development started. Typically at this date, funding started for
system advanced or engineering development, a Government project office was formed
and Prime Contractor(s) selected. DEVELOPMENT START DATE (D): /1977
(mo/yr)

TP. Date of achieving “Transition to Production” when producible system
prototype has been demonstrated in an operational environment. Prototype is near
or at planned operational system, produced on small scale. TRANSITION TO
PRODUCTION (TP) DATE: /1980 (mo/yr) (TRL7 at system level)

Additional Timeline data is found in From Hot Air to Hellfire - James W. Bradin,
© 199%4.

Date Event
10 Dec 1976: | Down select to Hughes YAH-64A
FY 1982: Congress approves LRIP, $444.5 M Contract for 11 aircraft

Table 3. From Hot Air to Hellfire Timeline
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Further timeline data was found in “Selected Acquisition Report (SAR), 30

September 1992”, an annual report on the status of the AH-64 Apache Helicopter

development program.

Date

Event

22 June 1973

Competitive Phase I, Development Contracts awarded to Hughes
Helicopters and Bell Helicopters Textron, Inc

7 Dec 1976 DSARC approved AAH entry into full scale development (Phase II) and
Secretary of the Army selected Hughes Helicopters, Model YAH-64

10 Mar 1977 | TADS/PNVS directed for development, contracts awarded to Martin
Marietta and Northrop Corporation.

30 Jan 1981 | Army awarded Long Lead Time contract to MMOA (TADS/PNVS)

20 Feb 1981 | Army LLTI contract to Hughes (AH-64)

Jun-Aug Operational Test (OT II) was completed on time at Ft. Hunter-Ligett

1981

18 Nov 1981 | Army System Acquisition Review Council (ASARC) III was completed

26 Mar 1982 | DSARC III held, initial production of Apaches approved

April 1982 Production contracts awarded to Hughes, MMOA, and General Electric
(engines)

Early 1984 McDonnell Douglas acquired Hughes Helicopter

26 Jan 1984 | McDonnell Douglas Helicopter Company (MDHC) first production

aircraft (PVO1) rolled out

22 July 1986

Initial Operational Capability

Table 4.

Selected Acquisition Report (SAR) Timeline

Test Plan for TADS/PNVS Competitive Development

1 Dec 1979 | The TADS/PNVS competitive development test was conducted at Yuma
to Proving Grounds (YPGQG). It was a fly-off between the Martin Marietta
29 Feb 1980 | Corporation and Northrop Corporation TADS/PNVS advanced
prototypes, each mounted on AH-64 aircraft.
Table 5.  TADS/PNVS Competitive Development Timeline

C. ANALYSIS

This section will analyze the maturity of the critical technologies in terms of (1)

Outcomes, (2) Technology Readiness, and (3) Timeline.
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1. Outcomes?

The three critical technologies of the TADS/PNVS are: Laser to sensor bore-sight
(LSBS), Line-of-Sight Stabilization (LOSS), and Forward-looking Infra Red (FLIR)
Target Acquisition (FTA). The critical technologies were used as originally planned. All
three of the technologies were essential; TADS would not have worked without them.
LOS Stabilization was fixed in early development, FTA in later development. Bore
sighting wasn’t finalized until early production — a lot of time was needed, but not all that
much money.  Although the technologies were immature at the beginning of
development, the developer persevered and the system was eventually accepted for full

production.

Developing a system such as TADS/PNVS is a tremendous amount of work. This
work paid off and the system was very mature when it transitioned to production. A lot
of work had to be done to both get ready for production, and in the transition to
production and the early stages of production. Changes included work on pointing angle
accuracy, noise-free FLIR, and consistency of Line-of-Sight (LOS) Stabilization, which
required repeated changes. The required delivery rates of 10, and then 12 per month,

ramping up from 1 per month, increased the level of difficulty.

In going to production, the system only experienced a short delay of one to six
months. There were some minor changes during TP, in order for the system to meet or
improve performance. Similarly, there were some minor changes to the system while in
production, mostly to increase system reliability. The contractor had a financial incentive
to improve reliability (which eventually saves the Government money also.) They also

made producibility changes due to parts becoming obsolete.

There was a significant increase in development costs. The original TADS/PNVS
contract was for $45 million, and it ended up costing twice that amount. However, the
system met or exceeded technical performance goals. The system was deployed on the

AH-64A Apache Helicopter, and performed effectively in Operation Desert Storm.
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2. Technology Readiness?

When system planning and pre-development began, two of the three critical
technologies (Line-of-Sight Stabilization and FLIR target acquisition) had been verified
in breadboard form in a laboratory environment (Technology Readiness Level 4). LOSS
had never been tried on a helicopter — a high-vibration environment. The third
technology (Laser to sensor bore-sight (LSBS)) had only been verified by a combination
of laboratory work and analytical studies (TRL 3). Three groups did most of the
technical work: the MICOM Guidance and Control (G&C) lab, the US Army Night
Vision Lab (NVL), and contractor science and technology group. Additionally, Frankfort

Arsenal gave support in fire control and optics.

By the time the system was in development, Laser to sensor bore-sight had been
verified completely in a laboratory environment, and the other two technologies had been
verified in a realistic, though simulated environment (TRL 5). This TRL indicates the
technologies were advanced enough for the development phase to start, but not yet ready
for fielding. They had built a prototype, and the system met the specification, though not
consistently. The U.S. Army’s contribution came from the G&C Lab, NVL, and
Frankfort Arsenal, which provided engineering support, simulation, and requirements

interpretation.

When the system reached the transition to production, the technologies were
considerably more advanced. An actual system had been tested, and the Laser to sensor
bore-sight had been qualified in test and demonstration. The technology was proven in
its final form. The other two technologies, in final form, had also been successfully
tested in a realistic operational environment. At this point the system was given the go-

ahead for production.

There were still some production reliability and manufacturability issues to work
out, but the essential system was ready. Bore-sight stability is affected by a number of
characteristics of all sensors, bore-sighting components, and the stabilized turret. This
makes doing the bore-sight design difficult until after the rest of the TADS system has
been designed, built and tested. During this phase, Martin Marietta did the primary work.
The PMO oversaw this effort, and G&C, NVL, and Frankfort Arsenal provided support.
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3. Timeline?

The following table is a timeline of the TADS/PNVS Program from Systems
Planning (SP), though Development (D), to the Transition to Production (TP). As you
can see from the table, the Technology Readiness Level (TRL) of the three critical

technologies gradually increased as the program progressed. [See definitions of TRL at

end of Appendix A, Combined Survey.]

Key Program Start Dates Year | Technology | Technology
A &B TRL C TRL
Systems Planning (SP) 1976 4 3
Development Start (D) 1977 5 4
Transition to Production (TP) | 1980 9 8

Table 6.  Program Timeline

The following timeline is compiled by merging these dates in with data from

other TADS documents (From Hot Air to Hellfire, Selected Acquisition Report (SAR),

and Test Plan for TADS/PNVS Competitive Development).
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Date Event Ref.
22 June 1973 | Competitive Phase I, Development Contracts awarded to Hughes | SAR
Helicopters and Bell Helicopters Textron, Inc
1976 Systems Planning (SP) Survey
7 Dec 1976 | DSARC approved AAH entry into full scale development (Phase II) | SAR
and Secretary of the Army selected Hughes Helicopters, Model
YAH-64
10 Dec 1976: | Down select to Hughes YAH-64A Bradin
10 Mar 1977 | TADS/PNVS directed for development, contracts awarded to Martin | SAR
Marietta and Northrop Corporation.
1977 Development Start (D) Survey
1 Dec 1979 | The TADS/PNVS competitive development test was conducted at | CD
to Yuma Proving Grounds (YPQG). It was a fly-off between the Martin | Test
29 Feb 1980 | Marietta Corporation and Northrop Corporation TADS/PNVS | Plan
advanced prototypes, each mounted on AH-64 aircraft.
1980 Transition to Production (TP) Survey
30Jan 1981 | Army awarded Long Lead Time contract to MMOA (TADS/PNVS) | SAR
20 Feb 1981 | Army LLTI contract to Hughes (AH-64) SAR
Jun-Aug Operational Test (OT II) was completed on time at Ft. Hunter-Ligett | SAR
1981
18 Nov 1981 | Army System Acquisition Review Council (ASARC) III was | SAR
completed
FY 1982 Congress approves LRIP, $444.5 M Contract for 11 aircraft Bradin
26 Mar 1982 | DSARC III held, initial production of Apaches approved SAR
April 1982 Production contracts awarded to Hughes, MMOA, and General | SAR
Electric (engines)
Early 1984 McDonnell Douglas acquired Hughes Helicopter SAR
26 Jan 1984 | McDonnell Douglas Helicopter Company (MDHC) first production | SAR
aircraft (PVO1) rolled out
22 July 1986 | Initial Operational Capability SAR

Table 7. Overall Program Timeline

D. CONCLUSIONS

This section will draw conclusions concerning the maturity of the critical

technologies.

sections.

1.

Conclusions concerning the timeline will be interspersed with other

Outcomes?

The critical technologies were all essential to the TADS/PNVS program: Laser to

sensor bore-sight (LSBS), Line-of-Sight Stabilization (LOSS), and Forward-looking Infra
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Red (FLIR) Target Acquisition (FTA). The TADS/PNVS was significantly beyond
existing technology, and there was a good deal or risk to overcome. The amount of work
required was greater than planned, but the developer and the PMO were able to complete

the development and deliver a functioning system.

This additional work effort carried over into the transition to production, and in
early production, but the reward was that they were at a fairly good level of readiness.
Operational Testing was completed on time at Fort Hunter-Ligett in June-August 1981.
Changes to the system were critical, to meet or improve performance, to increase system
reliability and to improve reliability, but did not delay system production very much. The
TADS/PNVS contract cost twice the amount originally contracted, from $45 million to
about $90 million; but the system met its technical objectives and performed well in

Operation Desert Storm.

2. Technology Readiness?

At the start of system planning (1976) and pre-development, the TADS/PNVS
critical technologies were verified at Technology Readiness Levels 3 or 4 (in a lab
environment or by analytical studies.) By the time the system was in development
(1977), this had advanced to TRL4 or TRLS5 (verified in realistic, though simulated
environment.) When the system reached the transition to production (1980), the critical
technologies were at TRLS (qualified in test and demonstration) or TRL9 (an actual

system had been tested.)

The TADS/PNVS transition to production phase was successful because the
system was at a sufficiently mature technology readiness level for the transition. A lot of
work was needed to meet remaining performance requirements and on manufacturability
and reliability, but most requirements already had been met at this point. The developer

and many Government labs contributed to the success of the TADS / PNVS system.
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E. RECOMMENDATIONS FOR FURTHER STUDY
1. Technology Maturation:

Study the various processes of technology maturation, including technology
developed for civilian industry, Research Development partnering development efforts by
Defense contractors, and technology developed specifically for a program. Study the

technical and financial processes, and the risk to overall project funding.

2. Technology Readiness:

Study technology readiness at the beginning, during, and after each of the major
wars of this century (World War I, World War II, Korean War, and the Viet Nam War)
and compare these readiness levels to those of Operation Desert Storm and the war in

Afghanistan.

3. Technology Readiness Level Measurement:

Study various methods used to measure technology readiness level, by whatever
names they are known, and how well each technique works to give the program manager

knowledge of the status of the program.

18



III. DEVELOPMENT ORGANIZATIONS

A. RESEARCH QUESTION

This chapter answers the secondary research question, “How were the
organizations that had developed these critical technologies involved during system
development?” This chapter will look at the involvement of the organizations that had
developed the critical technologies during system development, in terms of (1) the role of
S&T organization that developed technology, (2) role of Government S&T organization,
(3) difficulties in integrating technology, (4) production readiness, (5) importance of
technology to Prime Contractor, (6) familiarity of Prime with technology, and (7) timely

problem disclosure. I will list the data, then analyze it, and finally draw conclusions.
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Figure 2-1. General Arrangement (Sheet 2 of 2)

Figure 3.  General Arrangement page 2, fromTM 1-1520-251-10, Operator’s Manual for
Helicopter, Attack, AH-64D, Longbow Apache, 15 Dec 1998
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B. DATA

1. Role of S&T Organization that Developed Technology?
This covers survey questions T8, T9, T10, and Page 1. Page 1 data is listed in

Chapter I1.
T8. For each of the technologies A, B & C, | Technology | Technology | Technology
did an Army Laboratory or Center make a A B C

significant contribution to achieving any of
the above levels of technology readiness?

T8. Yes, it contributed to Readiness at

start of Planning/Pre-development. X
T9. Yes, it contributed to Readiness for
Development. X X
T10. Yes, it contributed to Readiness for
Transition to Production. X X

Table 8.  Data for Questions T8, T9, and T10

2. Role of Government S&T Organization?

This covers survey questions T8 through T10, B11, and Page 1. Page 1 data is
listed in Chapter II; and T8 through T10 are listed above in ‘2. Role of S&T organization
that developed technology?’

B11. Army Labs/Centers resisted project ideas or approaches. _X (No)

3. Difficulties in Integrating Technology?
This covers survey questions T3, H3, B1, and B4 through BS.

T3.  Production Impact: What was the impact of the technology on then
existing production processes?
(Answer for date you provided for Development start, D.)
Technology | A |B | C
1. Technology forced deep and serious production process change? | X | X
2. Technology caused significant production process change? X
Table 9.  Data for Question T3

This level was chosen because the contractor was not producing other systems
like this at the time. At the component level, production processes were not significantly
different and did not require much change; however, and the system and major
subsystem-level (FLIR, Day Sight, bore-sight) production acceptance test stations had to
be created to insure that delivered hardware was meeting system-level specifications.
Also, an effort was made to identify component tests and processes, which would reduce

20




the failures that would be seen at system-level and major subsystem-level acceptance
tests. These component tests were unique and different some of the times because they
were driven by system-level specifications, which were unique at this time to the
TADS/PNVS.

H3. Key Skills. This question asks about “key skills” essential to the success of
the project, defined as skills “that if they were not available at all, would have stopped
team progress at the point when they were needed.”

Were there any key skills not adequately represented on the team? _X No.

The design chief could draft people from other groups. It was as good as “DX
brick bat” priority, which same individual had later on, at least within the company in
Orlando. However, they didn’t have the microwave electronics hybrids design group,
nor the printed circuit layout design people on the project. Those were both functional
groups, and the TADS/PNVS group didn’t have enough work to justify keeping them on
their team. But they had as good of a priority with these groups as any other project in
the company in Orlando.

B1. It was harder than expected to take the risk out of the new technology.
Major effort
B4. A critical production issue was uncovered very late in the process. Minor

effort

B5. Management pressure pushed technology prematurely into production.
Minor effort
B6. There was a lack of acceptance standards for the new technology. Very minor

effort
B7. The technology was hard to scale up from lab & pilot tests. Significant effort

B8. Testing, quality control and/or acceptance took longer than planned.
Significant effort

4. Production Readiness?

This covers survey questions Page 1, T3, H6, B4, B5, B6, and B8. Page 1 data is
listed in Chapter II; T3, B4, B5, B6, and B8 are listed above in ‘4. Difficulties in
integrating technology?’

H6. Whose facilities were going to be the primary production site for the

application of the new technologies? _X_ 1. Prime contractor’s facilities 2. Both
Prime and supplier facilities 3. Supplier facilities

5. Importance of Technology to Prime?

This covers survey questions Page 1 and T4. Page 1 data is listed in Chapter II.
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Check (V) the best answer for each | Technology A | Technology | Technology
technology. B C

T4. Looking back at the Development start date, at that time how important were these
technologies to the Prime?

Prime was planning or had started | 2. X 2. X 2. X
follow-on uses of the technology.

Table 10.  Data for Question T4

6. Familiarity of Prime with Technology?

This covers survey questions Page 1, T2, and T3. Page 1 data is listed in Chapter
IT; and T3 is listed above in ‘4. Difficulties in integrating technology?’

T2.  How new was each technology to the Prime Contractor? For each
technology A, B, and C, was the technology:

Technology | A B C
1. New and unproven for the Prime Contractor? | X X
2. Technology had been used by Prime Contractor, but it was X
new to this kind of application?

Table 11.  Data for Question T2

7. Timely Problem Disclosure?

This covers survey questions D12, D16, and D19.

D12. The team was reluctant to share concerns with Government PM. 1 _X_
(Strongly disagree)

D16. Usually team knew right away where to get necessary outside help. 4 _X_
(Agree somewhat)

D19. The Government PM was reluctant to share problems with Army leaders. 1
_X_ (Strongly disagree)

C. ANALYSIS

This section will analyze the involvement of the organizations that had developed
the critical technologies during system development in terms of (1) role of S&T
organization that developed technology, (2) role of Government S&T organization, (3)
difficulties in integrating technology, (4) production readiness, (5) importance of
technology to Prime, (6) familiarity of Prime with technology, and (7) timely problem

disclosure.

22




1. Role of S&T Organization that Developed Technology?

The U.S. Army Night Vision Labs (NVL) was the original developer of the FLIR
technology used in the TADS night sight and the PNVS. They provided support to the
TADS/PNVS program from the very start of the System Planning phase, and they
continued to provide support through development and the Transition to Production

phase.

The MICOM Guidance and Control (G&C) Lab was involved in system
requirements for Total Pointing Error (TPE) for the laser designator, which is a
component of laser to sensor bore-sight. G&C labs did a lot of testing and simulation

work to develop these requirements and early work on the laser hardware.

Martin Marietta Corporation Science and Technology organizations were doing
their own work in response to the anticipated requirement for the ASH and AAH

programs. They needed to develop the technology and to create a manufacturing plan.

2. Role of Government S&T Organization?

In addition to the involvement listed above, Frankfort Arsenal, as well as U.S.
Army Night Vision Labs (NVL) and MICOM Guidance and Control (G&C) Lab, gave
significant support in fire control and optics in developing requirements, evaluating
proposals and monitoring development progress. These labs were quite open to

requirements changes and other project ideas.

Army labs contributed to readiness at the start of the planning phase for FLIR
target acquisition. They continued to provide readiness support for the three critical

technologies throughout development and the transition to production phases.

3. Difficulties in Integrating Technology?

The contractor had to make serious changes in their production process for two of
the three most critical technologies (LOSS and FLIR Target Acquisition) and significant

changes for the third (Laser to sensor bore-sight). The contractor, Martin-Marietta, was
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not then producing similar systems. Components were similar, but new types of system

tests had to be developed in order to guarantee meeting system specifications.

Using a novel testing philosophy to find system faults earlier, some requirements
were flowed down to lower level modules and components to eliminate failures earlier in
the process. These tests were often unique because they were driven by system-level

requirements.

The TADS / PNVS was a critical contract for Martin-Marietta, and the upper
management put a high priority on it. They provided personnel in adequate numbers with
the skills needed for the project. Some specialties were from functional groups that gave
the TADS/PNVS group a high priority, but didn’t transfer personnel — because their full

time services were not necessary.

Various risk factors caused the program major difficulties. For example, taking
the risk out of the new technologies was a major effort. Also, significant effort was
needed both to scale the technology up from lab and pilot tests and to run tests
successfully. However, only minor effort was needed to deal with critical production
issues, with management pressure pushing technology too quickly into production, and

with the lack of acceptance standards for the new technologies.

4. Production Readiness?

Because the Prime Contractor’s facility was the planned production site, there was
no need to transfer the technology to a new facility, with the consequent learning curve.
A sizable portion of the development was done by the Prime Contractor, so they already

had a lot of experience with these technologies.

The TADS/PNVS was ready for production. Some of the risk factors (listed in
paragraph 4 above) such as scaling technology and running tests successfully, slowed the
program down and took considerable effort to overcome. However, other factors

required only minor effort.

The three critical technologies forced significant or even serious production

process changes, however these changes were not all unexpected since the developer was
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also the production company. Some of these changes did cause some delay (about 6
months) in production. Components were similar to other production systems, but the
system was not. The system-level tests forced them to try to reduce failures by instituting

unusual component tests to catch system failures earlier.

5. Importance of Technology to Prime?

At the time of the start of Development, the Prime was planning or had actually
started follow-on uses of all three critical technologies: Line-of-Sight Stabilization
(LOSS), FLIR target acquisition (FTA), and Laser to sensor bore-sight (LSBS). Martin
Marietta did have some follow-on contracts that made use of this technology (e.g. U.S.
Air Force LANTIRN). Many problems had to be overcome to get the TADS / PNVS
operational; but the knowledge gained helped the Prime establish itself in this technology

and gain a foothold in a profitable market.

6. Familiarity of Prime with Technology?

The Laser to sensor bore-sight and Line-of-Sight (LOS) Stabilization were new
and unproven technologies for the Prime Contractor, Martin Marietta. They had used
FLIR target acquisition, but they were new to this kind of application. The contractor

struggled quite a bit in getting this technology working.

Technology forced deep and serious production process changes for both
stabilization and bore sighting. FLIR target acquisition required significant production
process changes. Production acceptance test stations for these technologies were created
to test hardware to the system-level specifications. They tried to identify component tests
and processes that would catch both system-level failures and major subsystem failures.
The component-level tests were unique in that they were developed to find system-level

failures.
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7. Timely Problem Disclosure?

When there were problems, usually the development team knew immediately
where to get outside help. The development team was open about sharing concerns with
the Government PM, and the PM shared problems with Army leaders. This open
communications helped the Government stay informed and fix problems before they
became too big. Any problems the team couldn’t handle directly, or with help they could

get, the Army was in a position to know about the problem and take steps to resolve it.

D. CONCLUSIONS

This section draws conclusions concerning the involvement of the organizations

that had developed these critical technologies during system development.

1. Role of S&T Organization that Developed Technology?

The U.S. Army Night Vision Labs (NVL), the MICOM Guidance and Control
(G&C) Lab, and Martin Marietta Corporation Science and Technology organizations, all
of which developed important TADS/PNVS technology, were actively supporting the

program with reviews and additional lab work.

2. Role of Government S&T Organization?

Additionally, Frankfort Arsenal gave further technical support. These labs gave
assistance in the areas of requirements changes and they were open to other project ideas

throughout the development and transition to production phases.

3. Difficulties in Integrating Technology?

Martin Marietta made significant changes to accommodate production of
TADS/PNVS, in their process and in new, more stringent component tests. TADS/PNVS
was able to get most of the personnel they needed permanently on their team, and high

priority for some functional specialties that were needed for only part of the time.
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Major effort was needed to take the risk out of the new technologies, although the
project team was eventually successful; and significant effort was needed both to scale
the technology up from lab and pilot tests and to run tests successfully. However, only

minor effort was needed to deal with other development and production problems.

4. Production Readiness?

The Prime Contractor was ready for production, since they also participated in
development. Some technological risk factors took some time and effort to overcome,
but nothing out of the ordinary. There were production process changes required by the
three critical technologies, but delays were minimal — about six months. System-level

testing also caused some additional production readiness problems.

5. Importance of Technology to Prime?

The critical technologies in the system were of great value to the developer, both
for TADS/PNVS contracts, and for other follow-on contracts. The problems that the

Prime overcame established it in a profitable market.

6. Familiarity of Prime with Technology?

The critical technologies of the TADS/PNVS system were mostly new to the
developer at the start of the program, causing some struggle to master these technologies.
FLIR target acquisition had been used before, but in a dissimilar application. This high
technology also forced production changes to their factory. In addition, Martin-Marietta

adopted new subsystem and component testing to ferret out system-level problems.

7. Timely Problem Disclosure?

Problems were freely reported from developer to Government PM, and from PM
to Army leaders. This open communications helped the Government stay informed and
fix problems before they became too big. If a problem occurred which was outside team

members’ capabilities, the team was always able to get outside help.
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Development Organizations: In summary, both Government agencies and the

developer contributed greatly to the success of the TADS / PNVS program. Significant
effort was needed to develop the system, in some cases major effort. Significant effort
also was needed for production readiness. But the new technology field of TADS/PNVS
was a strong motivator to Martin Marietta. The critical technologies were mostly new to
the developer, but their effort paid off. And any problems they encountered were freely
reported by the developer to the PMO, and by the PMO to Army higher headquarters,

which allowed additional resources to be used to head off some potential problems.

E. RECOMMENDATIONS FOR FURTHER STUDY
1. Market Share Over Time:

Examine the market share that Martin-Marietta Corporation, now Lockheed

Martin Corporation, enjoyed with the three critical technologies over time.

2. Technology Buy-In:

Examine how some companies buy into certain technologies, by buying a
company in the field or by bidding below cost on a contract, and whether the venture was
financially successful for the company in the long run. Also, examine the effect on their

customer(s) of using 'novices' in this technical area.

3. Science and Technology Role:

Examine scientific groups in various companies, and how they contribute to

developing financially successful products.

28



IV. USER SUPPORT AND FUNDING STABILITY

A. RESEARCH QUESTION

This chapter answers the research question, “To what extent was there user
support and funding stability during system development?” This chapter will cover the
extent of user support and funding stability during system development in terms of (1)
user support (or role of user), (2) requirements stability, and (3) funding stability. I will

introduce the data, then analyze it, and finally draw conclusions.

Figure 4. TADS Sighting System Image, from TM 1-1520-251-10, Operator’s Manual for
Helicopter, Attack, AH-64D Longbow Apache, 15 Dec 1998

B. DATA

1. User Support? (Or Role of User?)
This covers survey questions D18, F5, F6, W3, W4, and W5.

D18. There was a lot of contact with TRADOC* during the project. Strongly Agree
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*By TRADOC here and elsewhere, we mean Training & Doctrine Command and/or other

appropriate user representatives.

How often did the following occur during Development?

Questions F5-F7 use the following

possible answers:

Never

Once
or
Twice

Several
times

Many
Times

Don’t
know
N/A

F5. Did TRADOC /other user organizations show strong support? Many Times

F6. Were there changes in key TRADOC or other user personnel? Once or Twice

Please check (v') all stages when the activity occurred.

SP

D

TP

Selection

Development

Transition

Early

Middle

Later

(Never) (DK/

N/A)

W3. When was the TRADOC
consulted on project questions?

X

X

X

X X

W4. When was there change in
key TRADOC / user
representatives?

W5. When did TRADOC / other
users show strong support?

W6. When was there change in
the system requirements?

Table 12.  Data for Questions W3, W4, W5, and W7
“The TRADOC Systems Manager and other military personnel changed about

every three years... However, [ don’t think this was ever a problem. ”

2. Requirements Stability?

This covers survey questions F7, W6, and B13. W6 is listed above with W3, W4,

and W5 for legibility.

How often did the following occur during Development?
F7. Were there changes in system requirements (e.g., threat)? Never

Did this problem come up during this project?

B13. Threat definition or other requirements changed during the project. _X_ No
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3. Funding Stability?

This covers survey questions H1, D11, and B2.

HI. At some point, was the project either (slowed down or stopped and
restarted)? _X 3. Neither

The TADS/PNVS program was originally part of the ASH (Advanced Scout
Helicopter) program, which was cancelled. This happened prior to 1977, the start of SP
phase. AAH (Apache AH 64 PMO) was already involved when ASH left the program, as
was MICOM. AAH and MICOM support of TADS/PNVS continued on, after ASH left the
program.

DI11. There was often uncertainty about the future of project funding. Strongly
agree

B2. Cutbacks in project resources forced changes/compromises. Very minor

effort

C. ANALYSIS

This section analyzes the data, comparing the two individual responses, as well as
advantages and disadvantages, analyzing them in terms of the primary and secondary
questions. This section will analyze the extent there was user support and funding
stability during system development in terms of (1) User support? (Or role of user?), (2)

Requirements stability, and (3) Funding stability.

1. User Support? (Or Role of User?)

The TADS/PNVS Program Office had a lot of contact with the Training &
Doctrine Command (TRADOC) during development. TRADOC is the primary interface
to the users. TRADOC frequently showed strong support of the project. Occasionally,
there were changes in key TRADOC personnel, approximately every three years, but this

never affected the program much.

TRADOC was consulted on project questions throughout the program, from
earliest systems planning, through development, and into the transition to production.
And TRADOC responded by showing strong support for the TADS/PNVS program

throughout the same period.
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2. Requirements Stability?

The system-level requirements were very stable during development. The threat
definitions (detail requirements) that the TADS/PNVS was required to counter were
stable, as well. Requirements changes in the development period can radically change
the design. Sometimes the contractor has to get extra money or time to effect these

changes.

3. Funding Stability?
Project funding was frequently uncertain. The project required almost twice the

contracted amount, and the extra money had to be provided by the AAH Program

Manager.

The project usually had all the resources needed for development. Occasionally,
some minor effort was needed to make changes or compromises because of resource

shortages.

Although the Advanced Scout Helicopter (ASH) program, which was leading the
TADS /PNVS program, was cancelled, the AAH (Apache AH-64 PMO) was already
involved as was MICOM. There was really no affect on the program, other than a change
in leadership. Also, instead of needing to meet the demands of two PMOs, the developer

now only had to satisfy one, which lowered the technical risk.

D. CONCLUSIONS ON USER SUPPORT AND FUNDING STABILITY

This section will draw conclusions concerning the extent there was user support

and funding stability during system development.

1. User Support? (Or Role of User?)

The Training & Doctrine Command (TRADOC) provided strong support to the
TADS/PNVS Program Office during development. TRADOC was consulted on the

program, and provided worthy user representation.
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2. Requirements Stability?

TADS/PNVS program had good requirements stability at the system level and

stable threat definitions.

3. Funding Stability?

Funding was quite unstable on the TADS/PNVS program. However, they usually
had most of the resources they needed when funding was stable. Although the Advanced
Scout Helicopter (ASH) program was cancelled, this affected neither program funding,

nor program continuity.

E. RECOMMENDATIONS FOR FURTHER STUDY
1. Funding Stability and Program Effectiveness:

Study various programs with good and poor funding histories, and how the

program has been effective in developing a useful product.

2. Requirements Stability and Program Effectiveness:

Study various programs with good and poor requirements stability, and how the

program has been effective in developing a useful product.

3. User Support and Program Effectiveness:

Study various programs with good and poor user support, and how the program

has been effective in developing a useful product.
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V. INTEGRATED PRODUCT TEAMS

A. RESEARCH QUESTION

This chapter answers the research question, “How effectively were (what we now
call) integrated product teams (IPT) employed during development?” This chapter will
look at the effectiveness of IPTs in terms of (1) IPT approach used, (2) Proper staffing of
IPT, (3) Design to manufacturing linkage, and (4) Design to supplier linkage. 1 will

introduce the data, then analyze it, and finally draw conclusions.

WMAST MOUNTED ASSEMELY [§

LOW-POWER RADIO W
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Fiqure 4-1. Siaght Subsystem

Figure 5.  TADS/PNVS Sight Subsystem, from TM 1-1520-251-10, Operator’s Manual for
Helicopter, Attack, AH-64D, Longbow Apache, 15 Dec 1998
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B. DATA

1. IPT Approach Used?

This covers survey questions H2, H4, H5, D1, D7, D9, D13, D14, D16, D19, and
F4.

H2. Was the project set up as a cross-functional integrated product team (IPT), a
project team drawn from different parts of the contractor’s organization with most of the
skills needed for the development? Yes.

If YES, was it: _X 1. Set up by management, with different functions &
departments tasked to provide team members.

In the interview, the government respondent goes on to explain that they did not
call them IPTs then, but they were essentially the same thing.
“This concept of an integrated product team (IPT), really came more into vogue

about or after the time we first went into production. At that time there was a big
emphasis to bring in production people, logistics, and so forth in the very early stages of
the design program. In the early stages of the TADS PNVS program, we did have those
people involved.

We did not call it IPT and they didn’t organize it that much, but there were
reliability, logistics, maintenance, and production requirements. In the beginning of the
program in 1977, when they did this initial primary design with seven different
contractors and then the fly-off, there was much heavier emphasis ... on the performance
aspects of TADS/PNVS, because it is something that no one had ever done before, so the

rest of (the program) doesn't matter if you cannot do the performance part.”

H4.  During the Development stage of the project, how many people on the
team were collocated very close together? (On the same floor of a building within a one-

minute walk.) _X 2. Most (2/3rds or more)
H4a. Including the above, how many people on the team were collocated
in the same building? X 2. Most (2/3rds or more)

Most were in the same building, about 90%, and the rest were in another building
in the same city.

H5. How many people on the team involved in the Development stage had
worked before with others on the project? _X 2. Most (2/3rds or more)

Team Participants & Communications during Development (D1-D19)

Here are some statements about the people on the project during the System
Development stage. Please circle a number to indicate your level of agreement or
disagreement that each statement is a description of team processes on this project.
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DI1. The team leader was good at resolving technical disagreements. Strongly
Agree

D7. Team meetings were sometimes frustrating and non-productive. Neither
agree nor disagree

D9. Project results did not take advantage of the team’s best ideas. Disagree
somewhat

D13. Management project reviews were constructive & helpful. Agree somewhat

D14. Formal reviews were conducted at key decision points. Strongly Agree

D16. Usually team knew right away where to get necessary outside help. Agree
somewhat

D19. The Government PM was reluctant to share problems with Army leaders.
Strongly Disagree

How often did team members do the following during Development?
F4. Needed management help to resolve project team disagreements? _X (Once
or Twice)

2. Proper Staffing of IPT?

This covers survey questions H3, D3 through D6, D8, and D10. H3 data is in
Chapter I1I.

D3. There was a lot of turnover in team membership. Disagree somewhat

D4. The team leader had both design & production experience. Neither agree nor
disagree. Developer team leader had excellent design experience; but production
experience was associated with smaller systems.

DS5. The team leader had very high technical competence. Strongly agree

D6. Some key technical skills were not represented on the team itself. Disagree
somewhat

DS. Professionals were split across too many different tasks & teams. Neither
agree nor disagree

D10. Key members continued through pre-production planning and testing. Agree
somewhat

3. Design to Manufacturing Linkage?

This covers survey questions F1, F2, F3, F10 through F13, W1, W2, W16, W17,
and W18.

Questions F1 through F13 use the following responses:
Never | Once or | Several | Many | Don’t know
Twice times Times | Not Applicable
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F1. Went to the shop floor to meet about related production processes. Many

Times

F2. Asked for supplier comments & suggestions on design choices. Several times
F3. Showed & discussed physical models of new components with suppliers.

Once or Twice

F10. Passed around physical prototypes during joint discussions. Many Times

F11. Held planning meetings that included both design & production people.

Once or Twice

F12. Explored choices together with computational models or analytic tools.
Never The Manufacturing engineers reviewed prints all throughout the project, but
they didn’t use computational models or analytic tools. Computer tools didn’t exist at the
time, and they didn’t have any manufacturing analytical tools — 1970s and early 1980s.

F13. Had test articles or pre-production parts to discuss and examine jointly.

Once or Twice

Please check (v') all stages when the activity occurred.

SpP D TP
Selection Development Transition
Early | Middle | Later (Never) (DK/
N/A)

W1. When did production X X
representatives participate
regularly?
W2. When did team members X X

meet with production on shop
floor?

Table 13.  Data for Questions W1 and W2

Relationship & Activities between Engineering Design & Production/Program

These questions are different because they focus only on joint meetings or
discussions that included both DESIGN personnel and people from PRODUCTION
and/or PROGRAM people concerned with production.
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Please check (v') all stages when the activity occurred.

SP

D

TP

Selection

Development

Transition

Early | Middle | Later

(Never)

(DK/
N/A)

W16. When did the team &
technical professionals from
Production have unscheduled &
informal joint conversations
about the project?

X | X X

W17. When were analytic
engineering tools used jointly by
Design and Production to
explore options together?

W18. When were prototypes and
parts used in joint discussions?

X

X

Table 14.  Data for Questions W16, W17, and W18

4. Design to Supplier Linkage?

This covers survey questions F20 through F23, W26, W27, W28, and B10.

SHARED DESIGN-SUPPLIER ACTIVITIES during System Development. Now

only count joint meetings or discussions that included personnel from both DESIGN and

SUPPLIERS.

Questions F20 through F23 use the following responses:

Never | Once or | Several
Twice times

Many
Times

Don’t know
Not Applicable

F20. Passed around physical pr