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INTRODUCTION

Background

Desert Storm was one of the most remarkable military conflicts ever fought. Its uniqueness
is found in its one-sidedness: what could have been a protracted small war against an Iraqi
force of 600,000 troops was concluded in 17 days of ground combat, with only 36 troops lost
to enemy action. This was an historic triumph of training, organization, logistics and
technology. In the specific case of the US Army, a number of new military systems,
incorporating sophisticated technology, made their first significant battlefield appearance in
Desert Storm.

This research project focuses on the process that brought that technology to the battle field
in order to develop insights for planning and organizing for the continued generation of
technology-based systems. In this first decade of the 21* Century it is evident that the system
of defense laboratories, contractors and technology programs that produced Desert Storm’s
technology is being fundamentally changed. The end of the Cold War, the current focus on
the Global War on Terrorism, and the perceived absence of other significant military threats
to the security of the nation are, to some significant extent, resulting in the dismantling of the
organization and process of U.S. defense technology development that produced the success
of Desert Storm.

This work took advantage of a window of opportunity. Desert Storm is now distant enough
to allow perspective, and to enable the use of widely known information about technologies
that were previously classified. At the same time, its history is recent enough that the key
players in the development of this technology are still available to provide their recollections
and insights. New research can now examine the development of military systems used in
Desert Storm to provide insight into the keys to success and failure at that time, capturing
lessons that might inform the management of Army technology development in the future.

Case Study Methodology

Research Approach

As noted above, the basic intent of this research was to examine the history and processes
that had resulted in the introduction of a number of technology-based Army systems in time to
make a positive contribution to the outcome of Desert Storm. In order to be able to examine
as many different systems as possible within the constraints of the funding available for the
study, the authors proposed that a significant portion of the work would be performed using
“free labor”; experienced defense personnel enrolled in military and academic institutions
would execute the data collection portion of the research (as the subject for a thesis or
research paper). Each was to use a consistent framework for collecting and presenting data;
this framework, in the form of a “Case Study Checklist’-a research questionnaire, was
prepared by the authors. This approach, referred to sometimes as a “structured thesis,” has
been used successfully at MIT for many years. It leaves the student important latitude to
identify important issues not in the guiding structure, and the opportunity to reach
independent conclusions while still contributing to a unified research structure. This construct



intended to benefit from the maturity and experience of senior students who were already
familiar with defense processes and systems.

This planned student involvement approach was implemented with partial success in this
project. Research for one-third of the cases was carried out by students who matched the a
priori experience and background assumptions. Two of these students used their research on
this project as the basis of Masters theses which they wrote during their graduate study at the
Naval Postgraduate School, under collaborative arrangements with Postgraduate School
faculty developed by the authors. Research on another third of the cases was carried out by
graduate students at the University of Alabama in Huntsville who did not have previous
knowledge of defense processes and systems. One of the authors attempted to compensate for
this lack of background by providing a series of tutorial sessions on the defense acquisition
process and organizational relationships during the course of their work. Also, one of these
students researched three cases, over a two year period, and was able to use the acquisition
process experience he gained in developing the first case to advantage on the latter two cases.
The final third of the cases were researched by Professor Dan Sherman, of the University of
Alabama in Huntsville faculty; Dr. Sherman was knowledgeable of Army acquisition
processes and organizations from his prior research experience. Project resources originally
earmarked to support collaboration with faculty at a larger number of educational institutions
were reallocated to fund Dr. Sherman’s involvement.

In short, it proved more difficult than anticipated to find Army military or civilian students
enrolled in programs which required a research project, who could be interested, on a
voluntary basis, in participating in this effort. As a result, all 15 cases were researched by
individuals with ties of one sort or another to Huntsville, Alabama organizations, and (as will
be discussed) their choice of systems to research resulted in somewhat greater coverage of
missiles and aviation related systems.

Research Products

Each individual researching a system (case) carried out interviews using the structured
questionnaire with key participants from the government and contractor project management
teams which had been responsible for developing, producing and fielding that system. The
researcher was then responsible to synthesize two products, which he provided to the authors.
The first product was an “integrated” questionnaire that documented his view of the most
accurate answers to the questions, based on the more detailed interviews he had conducted,
and giving appropriate weight to the interviewee best situated to know “truth” in a particular
case. For example, in the event of disagreement in the individual responses to questions about
the functioning of the contractor’s design teams, researchers were instructed to give greater
weight to the views of the contractor program manager. The results of analysis of these
answers across the systems studied appear in volume I of this report.

The second product was a system case study, documenting in narrative form his insights on
the key issues discussed during the interviews. At a minimum, he was asked to discuss the
issues dealt with in the research questionnaire, but was encouraged to examine other issues in
which he had particular interest, or which had been raised by the interview subjects.
Development of this series of system case studies was intended to significantly increase the
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number available for use by defense acquisition students and educators. For several systems
(FOG-M, MLRS, PATRIOT ), these new case studies explored issues that were substantially
different from those contained in prior cases on the same systems, deepening the documentary
coverage for that particular system. The system case studies appear in the following chapters
of this volume (Volume II) of the report.

Research questionnaire

As was previously noted, use of a research questionnaire to guide the interviews was a
critical aspect of the research methodology. This questionnaire was designed by the authors to
provide coverage of a number of development process, organizational relationship, critical
technology maturity and other issues that either the authors’ prior experience or the
management literature suggested might be relevant to determining the relative success of
projects. Some questions that were in common with a research instrument successfully used
by one of the authors in a prior study of aerospace research projects. Table 1.1 contains a
listing of research questions incorporated into the questionnaire.

Question System Technology Questionnaire
Outcomes? X X 01-010
Production readiness? X Page 1, T3,H6, B4-B6, B8
Technology readiness? X X Page 1, T5-T7
Importance of technology X Page 1; T4
to prime?
Familiarity of prime with X Page 1; T2,T3
technology?
Role of gov’t S&T X X T8-T10, B11
organization? Page 1
Role of S&T organization X X Page 1
that developed technology? T8-T10
Timeline? X Page 1
Difficulties in integrating X T3, H3, B1, B4-B8
technology?
User support? (or role of X D18, F5-F6,W3-W5
user?)
Key Issue for PM? X 12
Timely problem disclosure? X D12, D16,D19
Requirements stability? X F7,W6,B13
Test approach used? X X V1-V15
IPT approach used? X H2,H4-HS5, D7, D9, D1, D13,
D14, D16, D19, F4
Proper staffing of IPT? X H3, D3-D6,D8, D10
Design to manufacturing X X F1-F3, F10-F13, W1-W2, W16-
linkage? w18
Funding stability? X H1,Dl11, B2
Design to supplier linkage? X X F20-F23, W26-W28, B10

Table 1.1 — Research Questions Examined



This list includes whether the question applies at the technology or system level because in
addition to questions about the system as a whole, a set of questions focused on the
component systems and technologies. The draft questionnaire was tested by four former Army
system project managers (whose former system responsibilities were not included in the
systems chosen for this research project). Their responses provided valuable suggestions for
clarifying the wording of a few of the questions, which was done in the final version, and they
found that completing the questionnaire could be done in about 30 to 45 minutes. The final
questionnaire is provided as an APPENDIX in Volume I of this report, and has been modified
by inserting the responses to the questions.

Systems Studied

As was earlier noted, the common feature of the system developments studied in this
research is that each system first was employed in a significant way on the battlefield in
Desert Storm. That, in turn, meant that for the most part development began on these systems
during the 1980s. It was the intent that the systems studied include examples from the broad
array of military systems for which the (original) research sponsor- The Army Materiel
Command (AMC)-had responsibility. To achieve that intent, the following process was used
to develop a list of candidate systems from which the researchers could select systems to
study:

1. Each Director of an AMC Research, Development and Engineering Center was asked to
nominate candidate systems from his commodity area (e.g. missiles, aviation,
communications) that met the criterion of having first been successfully used in a significant
way in Desert Storm. Each Director was also encouraged to discuss this question with project
managers that his organization supported, and include their input. Each was further asked to
nominate any systems which, in their judgment, would have been militarily useful in Desert
Storm, but had failed to complete development. (Note: this process resulted in relatively few
such failures being identified.)

2. The list of candidate systems that resulted was discussed with the AMC Deputy
Commander (who was a veteran of Desert Storm) and his civilian Senior Executive Service
deputy. Together they divided the approximately 40 candidate systems into two groups,
reflecting priority for research attention. The systems studied in this project were taken from
the first priority group.

3. As students were recruited to participate in developing case studies, they were initially
allowed to choose systems on a “first come, first served” basis. Presumably because the
students were affiliated with Huntsville, Alabama organizations, this approach resulted in
essentially complete coverage of the missiles and aviation-related systems. In order to
broaden the coverage, Dr. Sherman was requested to select one of the failure-to-complete-
development systems and two systems that were neither missiles nor aviation-related.
Because of the missile and aviation selections of the early participants, later participants were
also encouraged to select systems that broadened the coverage of the AMC commodity line.
Table 1.2 summarizes pertinent information about the systems that were selected for study in
this research project.
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System Researcher Commodity category
APACHE attack helicopter Ference Aviation
TADS/PNVS (target acquisition and Oelrich Aviation
designation/pilot’s night vision systems)
MLRS rocket system Sherman Missiles
ATACMS missile system Romanczuk Missiles
M40 chemical protective mask Ruocco Soldier support
Dismounted microclimate cooler Ruocco Soldier support
Note: Did not enter production
Mounted microclimate cooler Ruocco Soldier support
MS829-A1 armor—piercing kinetic energy Mitchell Ammunition
tank ammunition
FOG-M (fiber optic guided missile) Sherman Missiles
Note: Did not enter production
TOW-2A (Tube-launched missile) Vessels Missiles
AN/TAS 4 infrared night sight Granone Target acquisition
Joint Stars Ground Station Sherman Intelligence
Guardrail common sensor Sherman Intelligence
PAC-2 (PATRIOT anti-missile system) Sherman Missiles
HELLFIRE missile system Johansen Missiles

Table 1.2 — Systems studied
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APACHE ATTACK HELICOPTER (AH-64)

Edward W. Ference
COMANCHE Program Office
Redstone Arsenal, AL 35898
eference@comanche.redstone.army.mil

December 2002

This case study is one of a series developed under a research effort jointly funded by the
U.S. Army Materiel Command and the Aviation and Missile Research, Development and
Engineering Center. The information contained herein was originally included in a Naval
Postgraduate School thesis, written by the author, which was approved for public release.

Copyright © 2002 University of Alabama in Huntsville



Dateline: January 17, 1991 -- The largest military assault since D-Day began
rather unceremoniously as eight Apache Attack Helicopters are led out into the desert by
four Air Force MH-53J Pave Low Helicopters. Dubbed “Task Force Normandy”, their
mission, to open the door into Iraq, will signal the beginning of the Gulf War. This
mission would mark yet another milestone in the long history of Army aviation.

A. BRIEF HISTORY OF ARMY AVIATION
1. Balloon Corps

The Union Army established the first “aviation unit” in the 1860’s during the
Civil War. Dubbed the “Balloon Corps of the Army of the Potomac™, they used balloons
to place observers above the battlefield to track enemy movement. This gave the
commander a distinct advantage in this war of positioning. The Balloon Corps was later
placed under the Signal Corps for the remainder of the war. It appears that there was
considerable distrust for this new technology and the men who risked their lives to make
it work. The Balloon Corps was disbanded shortly after the end of the war. This marked
the first of several decisions to thwart Army Aviation in favor of ground troops.

Balloons were once again called into service in 1898 during the Spanish
American War. During the fighting, the first U.S. airman was shot down in combat as his
balloon was hit by enemy fire. Any hint of future Army aviation ended, as the balloons
once again disappeared from the inventory at war’s end.

Balloons have been used by the military since the turn of the century. They have
evolved from one-man observation posts to highly sophisticated surveillance platforms.
Balloons have also been used to drop ordnance in times of war. The use of balloons
marked the unofficial beginning of Army aviation. Throughout the early years, aviation
remained a fairly mundane communication asset in the Signal Corps. That was all to
change with the onset of World War 1.

2. Aircraft

On December 17, 1903, the first flight of a “heavier than air” craft took place at
Kitty Hawk, North Carolina. The Wright brothers succeeded where many had failed and
thus brought the world a little bit closer together. By August 1907, the Army
Aeronautical Division was established to promote the use of aircraft in the military. In
the fall of 1908, the Wright brothers build a heavier than air flying machine in response
to Signal Corps request for proposals. During initial flight tests, Lt. Selfridge became the
first aviation casualty, and the pilot, Orville Wright, sustained severe injuries, as the
plane they were riding in fell to the ground. Wilbur Wright quickly repaired the plane
and resumed flight-testing. He successfully demonstrated that the craft exceeded all
Army requirements and Wright Brothers aircraft soon entered military service.

As the fledgling aviation fleet began to evolve, a daring young Russian inventor,
Igor Sikorsky, was trying to prove his helicopter design. In 1909 Sikorsky got his craft
off the ground, marking the firs: flight of a counter rotating, twin-bladed helicopter. As
WWI approached, Sikorsky was forced to concentrate his efforts on large military
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aircraft. By 1914, he had created a four-engine aircraft capable of carrying one thousand
pound bombs for the Russian Army. Meanwhile, back in the U.S., Congress officially
created the Aviation Section within Signal Corps on July 18, 1914. Aircraft were
beginning to be used by the Allied forces in the war. By May 1918, Congress saw the
importance of aviation; through the Overman Act they formed the “Air Service”. This
removed aviation assets from the Signal Corps, giving aviators more control over their
own destiny. However, just as aviation needed most to increase the research and
development of this new technology, the war ended and defense funding was once again
severely cut.

As civil aviation boomed in the 1920’s and 1930’s, Army aviation tried to find
itself. In 1926 Congress established the Army Air Corps. The Air Corps spent the next
several years concentrating on large bombers; close air support was practically ignored.
Military doctrine at the time was that the next war would be fought on the ground and
from high in the air, and that air power was best used beyond the range of artillery.
Meanwhile, in May 1941, the first sustained flight of a Sikorsky V-300 helicopter took
place. This aroused the Air Corps interest in helicopters and on 20 April 1942, Sikorsky
delivered the first XR-4 helicopter to Army. The R-4 was the first mass produced
military helicopter. They were used for observation, reconnaissance, and medical
evacuation missions. An Army R-4B was the first to perform a military rescue behind
enemy lines on April 25, 1944 in Burma. Between 1942 through 1946, the Army Air
Force had purchased over 300 helicopters. However, combat usage of this unproven
technology remained rather limited.

Considerable changes hit the military when on 9 March 1942, Congress
established three separate and coequal commands: Army Ground Forces, Army Air
Forces, and Army Service Forces. This division of power was in its infancy as WW 11
raged on. Then in the 1947 the National Defense Act formally established the Air Force.
The military chiefs met to decide on their missions. These negotiations resulted in the
Army limiting their fixed wing assets to less than five thousand pounds, while the Air
Force would provide the necessary close air support. This historic event resulted in the
Army developing helicopter fleets to compensate for the loss of its fixed wing support.

The United States entered Korea with nearly the same sad state of readiness that
they took into WW II. The services had suffered from neglect because of severe
“downsizing” after the war. The Air Force was mainly equipped to fight a nuclear war
with heavy bombers. Once the few significant targets were eliminated in Korea, the
bombers had little impact. Helicopter use was relegated to search and rescue missions as
the Army did their part from the air. As the war raged on, Army H-13 helicopters, first
fielded in 1951, were retrofitted with stretchers on their landing skids to transport the
growing number of wounded to Mobile Army Surgical Hospitals (MASH). By war’s
end, over eighteen thousand wounded had been transported by H-13s. The civilian
version of the H-19 Chickasaw was the world’s first transport helicopter. Built by
Sikorsky, the H-19 could carry six litters and one medical attendant during Medevac
missions. With seating for twelve, the Chickasaw was also used as a troop transport,
utility carrier, and rescue helicopter. The success of the H-13 and H-19 in Korea helped
the Army leadership see the importance of the helicopter on the future battlefield.




B. ATTACK HELICOPTERS:

The use of force from the air dates back to the Balloon Corps and its limited
attempts to arm aviators. With their growing fleet of large aircraft, the Air Force quickly
perfected aerial bombing techniques. The Boeing B-17 “Flying Fortress” ushered in the
use of an all around aerial attack with its various crew gun mounts and the ball-turret
mounted beneath the huge slow aircraft. Fighter aircraft were developed to help protect
the bombers. However, close air support was left largely to the different services and
usually heroic individual efforts. Backyard trial and error continued throughout WW I
and WW II as ingenious aviators and mechanics attempted to arm their aircraft for battle.

The Army Ground Forces Board at Ft. Bragg, North Carolina, documented the
first formal test of an armed helicopter on December 14, 1945. The purpose of the test
was to determine if a recoilless rifle could be mounted on a helicopter and fired in flight.
Test results show that when fired, the backpressure of the 7Smm rifle broke the Plexiglas
windscreen and slightly buckled the tail cone of the test aircraft. Due to the lack of an
adequate means of sighting the gun, the testing was halted. Helicopter armament was
brought to a standstill for the next several years as the fledgling helicopter industry grew.
Meanwhile, the Air Force continued to concentrate on fixed wing assets and preparations
for nuclear war.

The Army used lessons learned from the Korean conflict to boost their helicopter
transport fleet. When the Army entered Vietnam, the need for close air support quickly
became a priority. The entire helicopter fleet came under enemy fire; it wasn’t long
before the need for aerial defense was realized. The Army relied on its aging fleet of CH-
21 Shawnee tandem rotor helicopters as flying trucks. Dubbed the “flying banana”, this
was the first true multi-mission helicopter, utilizing wheels, skis or floats for different
terrains. Shawnee was the fourth of a line of tandem rotor helicopters designed by
Piasecki. The slow CH-21’s were sitting ducks for enemy fire; one was even rumored to
be have been brought down with a Viet Cong spear. The CH-21’s were soon outfitted
with guns in the doorways and on the skids. Several different gun experiments took place
in the early 1960°’s. Some Shawnees were equipped with movable nose guns. The Army
even attempted to mount a B-29 Superfortress ball-turret beneath a CH-21, but this
experiment was quickly discarded as the forces of the blast damaged the test aircraft. The
Shawnee remained the workhorse of the Army through the early years of Vietnam. Use

of the CH-21 ended with the arrival of the UH-1 Huey and the CH-47 Chinook on the
battlefield.
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Figure 1.  Test of .50 cal Guns on CH-21 Shawnee (1962)

Bell Helicopter’s UH-1 Iroquois was a result of an Army proposal request for a
general utility helicopter. Bell began development of the prototype in 1955 to meet the
Army specification. The “Huey” as it was called after its original model designation, the
HU-1, was essentially a stretched Bell model 47 Sioux with room for seven troops or
three stretchers in its cargo compartment behind the pilot. As Hueys entered service in
Vietnam they were first armed with two door guns.

7" URADAUK.IN M2 ARMAMENT SUBSYSTEM
tlaft and gt door meunted) (laft sida)

Figure 2. Huey Door Mounted Machine Gun

The CH-47 Chinook tandem rotor helicopter was developed in the late 1950’s in
order to meet increased demand for an all-weather heavy cargo carrier. The YCH-47A
made 1its initial flight on 21 September 1961 and was fielded to Vietnam in the mid
1960’s. In an experimental project, Boeing Vertol equipped four Chinooks with five
machine guns, two 20 mm cannons, two rocket launchers and a “chin-mounted” grenade
launcher. Designated “Guns-A-Go-Go” these heavily armored aircraft, each with a crew
of eight, entered service in late 1965. The aircraft proved highly effective clearing
landing zones and in assault missions. Each aircraft was capable of carrying a ton of
expendable munitions. However, they were difficult to maintain and following a number
of accidents, the effort was terminated in 1967 with the introduction of the AH-1 Cobra.
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Figure 3. Heavily Armed “Guns-a-Go-Go™ Chmook

As the war raged on in Vietnam, the Army realized the need to control its own
close air support. In June 1963, the Army issued a request for proposals for the
Advanced Aerial Fire Support System (AAFSS). A competition pitted the traditional
helicopter builders Sikorsky and Bell versus Lockheed, a newcomer to the helicopter
trade but with considerable fixed wing experience. Bell entered a scaled-down version of
its Iroquois Warrior. Another competitor was the Sikorsky S-66. The Sikorsky design
had a rotorprop tail rotor which could rotate on its axis 90° to act both as an anti-torque
rotor or as a pusher, thereby transforming the S-66 into a compound aircraft in cruising
flight. The Lockheed AH-56A Cheyenne won the competition.

On May 3, 1967, the first prototype YAH-56 Cheyenne rolled out of the
Lockheed facility. The futuristic design had exceeded Army expectations. The
Cheyenne had a single rigid four-bladed main rotor and anti-torque tail rotor, and a three-
bladed pusher. The radical design of the Cheyenne helped it to reach an astonishing

Figure 4. Cheyenne YAH-56
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speed of 256 miles per hour, over twice the top speed of a UH-1. The rigid-rotor
Cheyenne, with a crew of two, had a swiveling gunner's station linked to rotating belly
and nose turrets, and a laser range-finder tied to a fire control computer. It was armed
with a 30mm automatic gun in the belly turret and a 40mm grenade launcher or a
7.62mm Gatling machine gun in the chin-turret, TOW missiles, and 2.75 inch rocket
launchers. The turret guns were slaved to the pilot’s or copilot’s helmet sight, this
allowed either to aim and fire by simply turning his head. The age of the attack
helicopter had arrived. However, as requirements were added (“requirements creep”), the
Cheyenne became even more complex, expensive and worst of all, behind schedule.

The Army had an immediate need for firepower in Vietnam and the top brass were
impatient with the slow progress of the Cheyenne. By January 1965, the Army released a
proposal request for an interim Attack Helicopter, “escort gunship”. Three systems
competed for the contract, the Sikorsky Sea King, Kaman Seasprite and Bell Cobra. Bell
won the flyoff and by October 1967, the first Cobra missions were flown in Vietnam. As
the world’s first attack helicopter, the Cobra’s mission was direct fire support, armed
escort and reconnaissance. It was armed with a 40 mm grenade launcher, 7.62 mm
“minigun” and 2.75-inch rocket launchers. The Viet Cong named the Cobra “Whispering
Death”.

Figure 5. AH-1 Cobra Gun Ship

Stateside attention turned once again to the struggling Cheyenne program.
Rollout of Lockheed’s first prototype YAH-56 Cheyenne took place on May 3, 1967.
The Air Force saw the Cheyenne as a threat to its close air support anti-tank mission.
Secretary of the Air Force Harold Brown ordered the development of the A-10 Warthog
to meet that need. As the Cheyenne continued to have technical problems, the Cobra was
proving itself in battle. The Army soon realized that they would not win a turf war with
the Air Force. With the A-10 project in full swing, the Army decided that they wanted a
smaller, more agile Advanced Attack Helicopter (AAH) with a less complicated fire
control and navigation system. The Cheyenne contract was terminated in May 1969.
Through this period, the Army continued to desire fixed-wing close air support (CAS)
from the Air Force. To that end, it was, relatively easy for the two services to agree that
the attack helicopter did not perform CAS. Instead, it was an extension of organic
firepower, and the Air Force would continue to provide CAS with fixed-wing aircraft.
The two services agreed to consider the two types of aircraft as complementary rather
than duplicative. Since that time, there have been no serious disagreements over aviation
missions and functions between the Army and the Air Force. The new helicopter's



mission would eventually be filled by the AH-64 Apache Attack Helicopter.

C. APACHE ATTACK HELICOPTER

The McDonnell Douglas (formally Hughes) AH-64 Apache is a twin-engine rotary wing
aircraft, designed as a stable, manned aerial weapon system. With its two pilots and
sophisticated computers, the Apache is capable of defeating a wide range of targets,
including armored vehicles. It is capable of performing missions, day or night in adverse
weather conditions. Combined with the integrated Target Acquisition Designation Sight /
Pilot Night Vision Sensor (TADS/PNVS), the platform provides day and night
acquisition and designation of targets and hand-off capabilities in support of Hellfire and
other guided munitions. Aircraft armament includes the Hellfire anti-tank missile
system, 30mm automatic chain gun and 2.75” rockets. The platform has a full range of
aircraft survivability equipment with the ability to withstand hits from rounds up to
23mm in critical areas. Powered by two General Electric gas turbine engines, the Apache
can cruise at an airspeed of 145 mph with a flight endurance of over three hours. The
AH-64 can be carried in the C-5, C141 and C-17 transport aircraft. The Apache Attack
Helicopter contributes a highly mobile and effective firepower asset to the anti-armor
capability of the Army.

Figure 5. Apache AH-64
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Figure 6. Apache Armaments

D. DESERT STORM (REVISITED):

In the early moming of 17 January 1991, an Army aviator fired the first shot of
Operation Desert Storm from an Apache helicopter. Within a few minutes, two teams of
Apaches totally destroyed two Iraqi air defense radar stations, paving way for the air war
over Iraq.

During the 100-hour ground war, Army attack helicopters played their most
decisive role ever in combat. Whatever doubts remained regarding combat effectiveness
of attack helicopters were quickly dispelled. In addition to the attack role, helicopters
were used for air assault, reconnaissance, transportation, combat search and rescue, and
observation. Dozens of aviation units and several hundred helicopters of all types took
part in the Gulf War.

Helicopters, as well as most other types of equipment, were adversely affected by
sand and other environmental conditions; however, methods were devised to control the
damage and to maintain a high rate of combat readiness. Operation Desert Storm was the
first major military operation conducted on a largely electronic battlefield. Army
aviation amply demonstrated its effectiveness in this environment and also proved again
that it could “own the night” by carrying out many of its combat operations during
darkness.

The reason that the Apache strike force team included four Air Force MH-53J
Pave Low helicopters to help start the Gulf War was that the Apaches needed to follow
the Pave Lows across the desert due to the Apache’s lack of adequate navigation
equipment capable of traversing the flat, featureless Mid Eastern terrain. The Apache is a




system that continues to evolve; even today there are deficiencies and shortcomings that
are being addressed.

E. APACHE DEVELOPMENT SUMMARIZED:

1970 AAH work begun

January - August 1972: Marks Board formed, mission: To study requirements for an attack
helicopter (Chartered to: “Revalidate the Advanced Aerial Fire Support System Qualitative
Material Requirement”)

September 1972: AAH Material Need approved
November 1972: AAH RFP released

February 1973: RFP responded to by 5 companies
(Sikorsky, Boeing-Vertol, Bell Helicopter, Hughes, and Lockheed)

April 1973: AAH PMO stood-up (BG Samuel G. Cockerham, 1* PM)

June 1973: Down select to competitive development with Hughes and Bell Helicopter
September 1975: First flight, Bell’s YAH-63A & Hughes’ YAH-64A

April 1976: New AAH PM (MG Edward M. Browne, April 1976 — December 1982)
June 1976: Prototypes delivered to Army for flyoff

December 10, 1976: Down select to Hughes YAH-64A

June 1981: Operational Test (OT II) @ Hunter Liggett (Ft. Ord, CA)

FY 1982: Congress approves LRIP, $444.5 M Contract for 11 aircraft

November 1982: Hughes completes $300 M AAH production facility in Mesa, AZ
November 1982: $106 Million low rate production contract for 48 aircraft
September 30, 1983: First production aircraft complete

December 30, 1983: Hughes Helicopter Company sold to McDonnell Douglas Corp

Spring 1984: $841Million production contract for 112 aircraft

Table 1. APACHE Development Timeline

As previously noted, a sense of urgency came over the Army leadership following the
rise of the Air Force A-10 program and the demise of the Army’s Cheyenne program.
Combat development representatives of the troops in the field were on board early in the
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program and supported the program as it evolved. Once the Apache PM office was
established in April 1973, the PM kept in close contact with Training and Doctrine
Command (TRADOC) and user representatives during the remaining phases of the
project. That close working relationship helped user support to grow as the program
progressed toward production. As is usual with the military rotation cycle, there were
several changes in key user personnel during the program. Top leadership helped made
sure that these changes occurred early in development and between development and the
transition to production. Keeping key user personnel on board through major milestones
helped to minimize the effect of these inevitable changes. Table 1 summarizes the
program.

Initially, clear requirements helped to keep the program on course. The Advanced
Attack Helicopter (AAH) Mission Needs Statement (MNS) and operational requirements
were the result of a revalidation of the Advanced Aerial Fire Support System qualitative
material requirements that spawned the Cheyenne program. The new mission needs
statement (MNS) stipulated that the AAH would be in production by 1978. This put the
program on a tight schedule from the start. There were several new technologies on the
horizon that could not be integrated in time to meet the fielding date; the Hellfire missile
contained such technology. The PM worked closely with the user community to build a
program that would meet their needs (e.g., being able to fight a cold war battle in all
weather conditions) and still meet the first unit equipped (FUE) timeline.

It was said that the PM “ruled with an iron fist” as the system progressed through
development. This caused great consternation throughout the technical community, but
kept the program on course. Significant effort was spent on controlling the problem of
requirements creep. Although there were changes in system requirements as the program
evolved, such as the laser guided Hellfire missile added in February 1976, the close
working relationship between the user and PM office helped foster a mutual trust.
Significant requirement changes were kept to a minimum as the program progressed
through development and on into production. Many requirement changes were addressed
as preplanned product improvements after the system transitioned to production.

In spite of this restraint, the project significantly exceeded initial budget
estimates. Prior to approval of a large program by the Defense Acquisition Board
(DAB), the Office of the Secretary of Defense has the Cost Analysis Improvement Group
(CAIG) provide a per unit cost estimate. The CAIG is chartered to provide an
independent review of life-cycle cost estimates and to determine if additional analysis is
required. The CAIG’s flyaway unit cost estimate for the Apache was $1.7 million in
fiscal 1972 dollars

The program was slowed down, due to funding cuts. As the Carter administration
took the reins of Government in Washington in 1976, the Apache flyaway cost had
significantly increased. The new Secretary of Defense in the Carter Administration,
Harold Brown, formerly the Secretary of the Air Force, was specifically the one who
pushed for the A-10 that helped kill the Cheyenne program. Brown cut the Apache
budget by one half on the second week of the Carter Presidency. To make up for the
funding shortfall, the development program was stretched an additional ten months.
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There was often uncertainty about the future of project funding during the system
development stage. Flyaway costs hit $6.4 million in FY 1977 dollars. The 1978 DoD
appropriations bill contained only half the requested funding for the Apache; the program
was almost cancelle. Despite the cuts the program pressed on and the platform proved
itself during subsequent user testing. The high marks that the Apache received from the
test community helped greatly when the program moved for production approval. In
1982, Congress authorized $444.5 million for low rate initial production

F. CRITICAL TECHNOLOGIES:

AAH systems planning and pre-development work started in 1970, soon after the
Cheyenne contract was terminated. Government interviewees stated that they never even
changed offices; they went from working Cheyenne one day, to the AAH program the
next. As noted earlier, the Cheyenne had tried to push too far beyond the current state-of-
art technology; this caused serious cost over runs and schedule slips. The new AAH
program quickly set out to distance itself from the Cheyenne. Technology maturity was a
key factor in determining the capabilities needed for the new aircraft.

The Apache program wanted to integrate several new technologies onto its
platform. These were highly sophisticated subsystems from as many as eight different
development projects, along with a number of subsystems developed by the prime
contractor and other suppliers. Among these technologies, three were considered to be
central to the success of the Apache system, that is, the program would have failed if
these technologies were not available for production. The first critical technology was
the Target Acquisition Designation System/Pilot Night Vision System (TADS/PNVS),
used to acquire targets in all battlefield conditions. The second was the avionics
computer systems; that is, the processors used to control the flow of information on the
platform. The third critical technology addressed is the avionics used to control aircraft

flight.

The (pre-development) systems planning stage of the program started with a
revalidation of the requirements. In fact, government interviewees noted that the
definition of the Advanced Attack Helicopter was constrained by what the Department of
the Army thought the helicopter industry was capable of producing. Great care was taken
to assure that the technologies were feasible prior to sending requests for proposals to
industry. The concept for the system itself was rather immature; the technology concept
and application had been formulated. However, the application was speculative and there
was no proof or detailed analysis to support the assumptions. Examples were still limited
to paper studies. At the subsystem level, the TADS/PNVS and computer systems needed
the most work as they were both relatively immature. Some parts of these systems were
taken off the critical path at the beginning of development, only to be added later as they
matured. The avionics system was relatively mature. Avionics system and subsystem
models and prototypes were demonstrated in a relevant environment. Representative
models and prototype systems, which were well beyond the breadboard stage, had been
tested in high fidelity laboratory environments and in simulated operational environment.

The Army labs at Communications and Electronics Command (CECOM), Missile
Command (MICOM, for the TADS), the Night Vision Lab and TRADOC accomplished
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the primary work performed in the period from system planning to development with
oversight from the Government program management team remaining from Cheyenne.
Much of the behind the scenes effort was done by competing contractors vying for the
replacement of the Lockheed Cheyenne. Five companies submitted proposals for the
AAH. They were: Sikorsky, Boeing-Vertol, Bell Helicopter, Hughes, and Lockheed.

The development program started in April 1973, as the AAH PMO was first
stood-up; BG Samuel G. Cockerham was the first PM. The first task of the new PMO
was to down-select the proposals received towards the end of the systems planning stage.
Hughes and Bell Helicopter were selected for competitive development. Each would
build prototypes that would compete in a “winner take all” fly-off for the production
contract. The new PMO had a lot of work to do in a very short period of time.

At the start of development, the overall system had progressed to the point that
components and/or breadboard validation had been done in a relevant environment.
Fidelity of breadboard technology was significantly increased. Basic components were
integrated with reasonably realistic supporting elements so the technology could be tested
in a simulated environment. Examples included “high fidelity” laboratory integration of
components. The production maturity for the system at this point was sufficient to
support the fabrication of prototypes with tools and processes used for producing very
low quantities. During development, the Army labs at CECOM were involved with
engineering support and requirements interpretation. However, in the case of the
TADS/PNVS, the Night Vision and Electro-Optic Lab, together with the MICOM’s
Guidance and Control Lab provided much of the expertise in this new technology.

The three critical technologies were in different levels of readiness at
development start. Suppliers were quickly trying to bring their subsystems up to maturity
levels that would support integration into the system. The TADS/PNVS and computer
systems had been through component and/or breadboard validation in a lab environment.
This was still relatively “low fidelity” compared to the eventual system. The avionics
systems were much more advanced, as many had been integrated into other platforms to
some degree. Avionics prototypes had been demonstrated in an operational environment
by use of test bed aircraft. These prototypes were near or at a planned operational
configuration.

Apache was transitioned to production in April 1982. At that point, a producible
system prototype had been demonstrated in an operational environment. The prototype
closely represented the planned operational system and was produced in low quantities
with tools and processes that were planned to be used in the production systems. Testing
procedures for components and subsystems were established. The two competing prime
contractors’ science and technology organizations accomplished the primary work in the
period from development to this point. Other organizations that had been involved in the
period included active support from component suppliers and the CECOM, MICOM and
Night Vision Labs. These Army labs provided engineering support, simulation and
testing

After the system was accepted and was in the transition to production phase,
significant changes in the designs and processes were later required before the system
was taken into full production. Each of the critical technologies was used as planned in
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the final system. After the system was actually in production, significant changes in
designs and processes were also required. However, the system as it was implemented
met or exceeded the project’s technical goals.

Interviewees noted that the system experienced some problems in the field under
operational conditions in Desert Storm. Sand and dust played a significant role in many
of the problems. These problems may well have resulted from the requirements not
reflecting the true field environment.

G: TEST STRATEGY

The test strategy for the Apache was divided into several phases. The initial
testing for Phase I of the program involved two competing contractor designs. As noted
earlier, Hughes Helicopter and Bell Helicopters were each awarded a contract in June of
1973 to proceed into development. The designs competed in a fly-off. The first flight for
both aircraft occurred in September 1975, followed by six months of contractor testing.
Prototype aircraft were delivered to the Army in June 1976 for evaluation. The Hughes
design won the competition and was awarded the phase II contract in December 1976.

The Apache program entered testing with the failure of the Cheyenne program
fresh on everyone’s mind. A failure modes and effects analysis was done on the system.
This analysis was performed early enough for the results to be used to establish the test
plan. The failure analysis also helped establish the critical test parameters for both the
system and key components.

Several organizations were involved in testing the various components that were
about to be integrated onto the Apache . Testing and simulations were performed first to
see if the individual components of the system worked. The prime contractor, component
suppliers and Army labs at both CECOM (Avionics) and MICOM (TADS), and the Night
Vision Lab (TADS/PNVS) performed the bulk of this testing with oversight from the
PMO.

The integrated components were tested working together in a controlled setting.
This testing takes the most time, as problems are found, fixed and the integrated assembly
1s retested. To reduce the cost of retest, simulations were also performed with the
components working together in a controlled setting. The prime contractor, suppliers and
to a limited degree, Army labs performed these simulations. A hardware-in-the-loop type
systems integration simulation laboratory was used to see if the individual components of
the system worked and to see if integrated components worked in a controlled setting.

As the system evolved, testing was performed on the components working
together in a realistic setting. The organizations that performed this testing included the
prime, suppliers and Army labs. Once all the bugs were worked out, the system was
turned over to the Government operational testers for their independent evaluations. The
Apache operational testing was performed by Army pilots and occurred from June to
August 1981 at Ft. Hunter Liggett. The Program Management Office kept a constant
vigil over the testing. To accomplish this, the Apache PMO established a field office at
the test area. This office kept the PM aware of what was going on at the test site, quickly
resolved problems and facilitated the flow of spare parts. This relationship helped the
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Apache program stay on course and get through operational testing on schedule and
within budget. The system soon advanced to Acquisition Milestone III and approval to
enter into production.

There were several environmental issues found when the Apaches were first
deployed. When they fought in a jungle, water intrusion was a major problem. During
the Gulf War, the fine sand particles caused new challenges.

H: APPROACH TO DEVELOPMENT/PROCESSES:

The project was not set up with a cross-functional IPT, that is, a project team
drawn from different parts of the organization with most of the skills needed for the
development. (The current trend in project organization is to form cross-functional
integrated product teams (IPT). This is used to assure that all aspects of process
integration are addressed. The Apache program development occurred during the 1970°s,
about 20 years prior to the use of the formal IPT process.) Instead the project team had
smaller technical cells, each concentrating their own specific piece of the program. The
contractor’s program management office had oversight of the cells and was responsible
for pulling all of the pieces together.

Nearly two thirds of the people on the contractor’s team were new employees and
thus had never even worked with others at Hughes until the Apache development. Attack
helicopter development was new to Hughes Helicopters. During the development stage
of the project, the contractor had just over one third of the people on the team collocated
in the same building. Few were collocated very close together, that is, on the same floor
of a building within a one-minute walk. However, most of the requisite key technical
skills were well represented on the team itself. Key members stayed with the team
through pre-production planning and testing.

The team leaders were skillful at getting necessary resources. Team leaders were
fairly effective at resolving technical disagreements during development. Turnover in
team membership was minimized. Team leaders sometimes needed management help to
resolve project team disagreements. Usually the team knew right away where to get
necessary outside help on those occasions when it was needed.

Formal reviews were conducted at key decision points. The primary goal of these
meetings was to pass high-level data among the key players and the Government. These
management project reviews were only minimally constructive. These reviews tended to
take away from the flow of the project as personnel spent extra time with the rigid
documentation requirements. Reviews for major weapon systems tend to attract large
numbers of participants. Meetings were sometimes unwieldy, frustrating and non-
productive.

Later in development team members started to go to the shop floor to meet about
related production processes. Planning meetings were held that included both design and
production people. Physical prototypes were passed around during these joint
discussions. Suppliers provided comments and suggestions on design choices as team
members showed and discussed physical models of new components with suppliers.
Design and production technicians explored choices together with computational models
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and analytical tools. They used test articles or pre-production hardware to discuss and
examine problem.  Just prior to the production transition phase, production
representatives participated regularly in development meetings. Team members also
began to meet regularly with production personnel out on the shop floor. Technical
professionals from production started to have unscheduled, informal joint conversations
about the project with design personnel. At that point, analytic engineering tools were

being used jointly by design and production. Prototypes and parts were being used
regularly in joint discussions.

‘ As the program was readied for production, it became evident that logistics skills
were lacking from the program. Realizing the deficiencies, a cross-functional working
arrangement was key for the transition into production. Logistics is traditionally pushed
off until the end of the program. This can have serious, long lasting effects on the user if
not addressed. Although the team leader was technically competent, he had little
experience in both design and production. By the time the program entered production, a
form of IPT approach was used to resolve problems. Project results benefited from the
team’s best ideas.

I: KEY ISSUE FACED BY PROJECT MANAGER:

Control of the production project was the biggest fundamental problem the PM
had to deal with in managing the overall program. Problems of control were basically the
external environment, i.e., the sheer number of agencies that were to be contended with
on a regular basis under the “team” approach. Like the internal organization, each had its
own special interest area(s) and each had some level of input and “veto” power. As an
example, meetings were inordinately large and therefore difficult to control. Decisions
that should have been made instantly were negotiated to death leaving cost and schedule
impacts to be resolved.

The PM controlled and dictated the R&D Program. Had he not dictated the R&D
program there would not be an AAH today. An example of this control was cited by one
of the Government interviewees. This occurred shortly after the initial production
contract was awarded to Hughes. At that time, Hughes Helicopters was headquartered in
Culver City, CA. Hughes management was looking for a site in the traditional California
manufacturing corridor to build a production facility. Fearing high labor costs due to
greater competition for skilled people, the Apache PM, General Browne ordered a cost-
analysis study of the area. It found that if Hughes located in this high cost area, the
personnel and manufacturing costs could reduce the total Apache buy nearly in half.
With strong urging from Army and DoD leadership, and a few political incentives,
Hughes chose Mesa, AZ to build their $300 million facility that would eventually employ
two thousand workers.

J: LESSONS LEARNED:
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User Representatives:

The Apache program survived in a difficult political climate because the Program
Manager and user representative worked closely together. It is really important to get the
user representatives on board early and it is most beneficial if the PM’s relationship
extends to form a close working relationship with the user community. Good user
support is crucial throughout the program, and including the user in all major reviews can
reinforce it. This relationship must be based on trust.

Requirements:

The Apache program manager kept requirements under control by working
together with the user. Requirements creep must be managed but can be kept in check if
stakeholders have a clear understanding of the evolutionary path of the system. With
most program developments, there are a lot of potential contractors who will try to sell
their systems to the user. The PM must be ready to manage the technological side of the
program to help the user sort through the “smoke and mirrors” that marketeers for these
organizations use to hype their wares.

Funding:

The Apache program experienced several funding fluctuations; the PM was ready
and dealt with each as it occurred. Funding stability is an issue in any large program
spread out over many years. People are constantly out to get your money. You need to
be on the lookout for internal suitors from your own service, those from other services
and outside forces from Congress. The slightest schedule slip or problem in a program
will bring its competitors to its doorstep ready to take funds that it no longer can
execute.

Technology:

The Apache program had several changes in technology throughout development.
They were able to track technology readiness in key areas and mitigate risk by moving
certain enhancements off the critical path. Technology readiness also played a vital role
when adding capabilities such as the Hellfire missile. The technology readiness status of
advanced systems must be clearly articulated to the user by the Government technical
experts to assure that the users requirements can be met. Technology readiness should be
evaluated throughout the program to assure that the system can stay on schedule.
Shortfalls in technology readiness can significantly impact the program.

Teaming:

The Apache program was developed before the advent of formal integrated
product teams (IPT). However, a form of IPT was used for early production. Until then,
the program was put together in smaller pieces, with teams concentrating solely on their
individual area. This caused delays in the schedule when key components were not ready
for system level testing. The IPT process should be utilized to ensure that all aspects of
the project are addressed. Good leadership and a clear vision are keys to a successful
IPT. Membership must be addressed early so that decision makers are consistently
present.

Testing:
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The Apache program manager made test readiness a primary goal. The test team
was properly staffed with the proper resources at their disposal. The test plan is an
important document that helps lay out the program schedule. By performing a Failure
Modes Effects and Criticality Analysis (FMECA) early, the Apache PM was able to use
the results to help build the test plan. This information also feeds into the Test
Evaluation Master Plan (TEMP) required for Milestone reviews. Testing on the Apache
followed a traditional approach of test-fix-test. The system had clear transitions from
development to operational testing. The test plan was modified as required by funding
and schedule slips. It’s the program manager’s job to make sure that the system is ready
for test. In the end, the fact that the system was able to demonstrate its operational
capability in real world environments helped save the program from cancellation.

Several operational problems were noted by the interviewees. It’s impractical to
test out every potential operational scenario. Unforeseen problems and systems
deficiencies are found nearly every time a new system is fielded.
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ATACMS — Mr. “Reach out and touch somebody”

“The soldiers of Desert Storm referred to ATACMS as AT&T,...for
“Reach out and touch somebody”"’

Introduction

This case study covers the development of the Army Tactical Missile System
(ATACMS). The early exploration and development work leading up to the
Engineering and Manufacturing Development (EMD) or Full Scale Development
(FSD) phase of the program is covered to capture essential technology growth that
preceded the formal start of the ATACMS program.

Revolutionary doctrinal shifts and emerging technologies brought about the
required mix of the proper ingredients for a successful acquisition program. The
exploratory and planning phases cover work in Army missile laboratories and
within the Defense Advanced Research Projects Agency (DARPA). Two major
technology demonstration programs explored many of the technologies and
concepts that develop into the ATACMS system. However, the overall
development history also includes two early attempts to formulate an acquisition
program for a missile system of this type.

The FSD phase will be covered in detail, exploring two technologies that were
critical to the success of the ATACMS program. The maturity of the three
technologies will be tracked based upon the assessment of government and
contractor program managers and others involved in the process. Several critical
issues experienced during the FSD phase will also be explored. These critical issues
serve as examples of how the program and the program managers for the
government and the prime contractor reacted to difficult issues and events that could
have impacted the successful development of the system.

Prelude to ATACMS

Doctrinal Transformation

The doctrinal transformation near the end of the Cold War and the support of the
Training and Doctrine Command (TRADOC) system manager (TSM) is an essential
aspect of this development program. The transition in thought that led the Army to
create and endorse the emergence of the AirLand Battle concept occurred at the
same time as the beginning technology demonstrations are taking shape in Army
laboratories. The doctrinal shift centered around the rejection of the previous belief
that early use of nuclear retaliation would be essential to repel an aggressive move
by the Warsaw Pact (WP) in Europe. This belief was held because of the numerical
superiority of the WP forces. However, following the victory of the numerically
inferior forces in Israel in the Yom Kippur (Arab-Israeli) war in 1973, the seeds of
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change started to germinate. The words of Gen. Donn Starry summarize nicely the
major new and radical principle that is at the heart of the AirLand Battle Doctrine.

“I realized that we had to delay and disrupt, deep into the enemy’s battle
area. The orderly advance of their follow-on echelon would have to be
stopped. We wouldn’t have to destroy them. It would be nice if we could.
But all we really had to do was prevent them from getting to the battle, so
they couldn’t overwhelm the defenders.”

The AirLand battle as doctrine was molded by a number of people while it was
being created and by still many others to the current day. However, several
individuals and their ideas and beliefs influenced the doctrine more than others.
Gen. Starry and Gen. Don Morelli’. are the primary people who are given credit
with moving the doctrine from point papers into an approved formal doctrine.
However, some parts of this doctrine draw heavily from the works of Col. John A.
Boyd“. The overall concept of his Observe, Orient, Decide, Act (OODA) loop is a
part of the definitions which form the main tenets of the Airland battle. These
tenets are; Initiative — setting or changing the terms of battle by action, Agility —
the ability of friendly forces to act faster than the enemy, Depth — Extension of
operations in space, time and resources, Synchronization — arrangement of
battlefield activities in time, space and purpose to produce maximized combat
power at the decisive point. Depth is described as “engagement of enemy units not
yet in contact to disrupt the enemy timetable, complicate command and control and
frustrate his plans, thus weakening his grasp on the initiative”> The emergence of
this doctrine and the ramifications on both the Army and the Air Force helped to
shape almost all of the acquisition programs during the next twenty years.

The AirLand battle doctrine helps to provide the structural foundation for the
program that becomes ATACMS. Airland battle as discussed emerged as Army
doctrine and it had a counterpart in the North Atlantic Treaty Organization (NATO).
In NATO, a broad mission concept emerged and contained a subset called, Follow
on Forces Attack (FOFA). Starry discussed and summarized his message for
AirLand battle with these four elements;

Attacking deep is essential to winning

Attacking deep and the close-fight are inseparable

The extended battlefield concept is the keystone of force modernization

We can begin today to practice, learn and refine the extended battlefield concept.®



Early Technology Demonstrations

SIG-D

SIG-D is the acronym for the Simplified Inertial Guidance Demonstrator
program. This program was sponsored and guided by the Army Missile Research
and Development Command (MICOM) and the Army Missile
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Figure 1 — The T-22 Missile used for SIG-D
and later Assault Breaker (OAW&ST,1980)

Laboratory and was conducted to demonstrate the emerging technologies in
guidance, propulsion and control.” Three test missiles were fired based upon an
updated propulsion system moving away from the Lance liquid fueled engines
toward a solid rocket motor that was built from modified Lance components. These
motors followed from experience gained on the
“Greener Pastures” program that had been
terminated and the motors put in storage.® The
SIG-D missiles were assembled with motors that
utilized Polybutadiene Ammonium Nitrate
(PAN) propellant because it was low risk and the
main purpose was to prove out the guidance
package.’ Figure 1'" shows the layout of

the missile that had the exact diameter of the
existing Lance systems and was dubbed T-22.
The SIG-D missile tests were also used to explore
the use of simplified inertial guidance systems, from Figure 2 - One of three SIG-D
which the program derives its name. flight tests
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This guidance system used a Honeywell H-700 digital ring-laser-gyro (RLG).
The program also explored pneumatic and hydraulic options for the control
actuation system (CAS), drawing on technology that had previously only been
utilized in small missile applications.

This program is important because it allowed the eventual prime contractor to
test and integrate several of the emerging potential technologies into a
demonstration missile and collect data to support the simulation efforts that were
underway to support both Lance follow on efforts and the ongoing Assault Breaker
efforts. It is also important because the data and knowledge gained in SIG-D could
be utilized in detailed simulations being created to design and optimize this type of
system. These simulations and a large number of critical steps in the design and
assembly process were conducted in the Army Missile Laboratory.

The three tests during the SIG-D program provided invaluable data to support the
guidance technique and the use of the RLG. An October 1980 issue of Aviation
Week & Space Technology issues shows one of the SIG-D test impacts with the
missile missing the target stake by only one missile length. The accuracy of the first
SIG-D was also reported for a 64 kilometer flight to be within 25 meters of the
target aim point.'!  This accuracy is not only suitable for submunition application
but also for dispersion of conventional bomblets. Interestingly, it is also accurate
enough to engage many types of targets without the reliance on a target update. The
SIG-D program provided for testing of key elements and integration into a workable
prototype that not only achieved success in meeting the objectives of the SIG-D
program, but allowed for the development of a key piece of the Assault Breaker
testing and architecture. Figure 2 shows the launch of one of the test missiles.'?
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Figure 3 — Assault Breaker: Ground-launched version



Assault Breaker

The previous discussion reviewed the concept of FOFA and AirLand Battle in a
generic sense. However, before being seriously entertained by NATO and DOD,
several innovative studies and efforts explored key elements and ideas necessary to
move this approach forward. The previously mentioned DSB summer study in
1976, started the ball rolling with a review of available technologies to improve
conventional forces. In 1978, the U.S. Defense Advanced Research Projects Agency
(DARPA) started the technology demonstration program dubbed “Assault Breaker”.
This program called for weapons to attack enemy formations moving up to the
forward edge of the battle area.”” DARPA combined several emerging
technologies and concepts into a “system of systems” to attack and kill multiple
mobile hard targets at standoff ranges with a single delivery system. Figure 3"
shows an overview of the system concept. The effort not only sought to
revolutionize the attack of large armor movements but also the development
timeline by briefing interested parties in early April of 1978 and receiving proposals
in early May. Continuing the rapid pace, the evaluation activity concluded a mere
12 weeks later with selection of the various teams for each of the key technology
requirements.”’ . As the discussion of the Assault Breaker effort will make clear,
DARPA pursued a rapid-paced, aggressive schedule to demonstrate the concepts
and technologies required for attacking armor and other high value targets, with
conventional means(non-nuclear) at extreme ranges.

Technologies explored included Synthetic Aperture Radar (SAR) with Moving
Target Indication (MTI) capability (e.g. PaveMover), intelligence fusion (beta
project) and terminally guided submunitions (TGSM). For this system concept to
work a missile “bus” would have to carry the TGSMs to a basket over the target
array or arrays. The basic building blocks for the TGSMs, the missile bus, and
advances in SAR technologies were advancing in the basic and applied research
efforts of both Army and Air Force research laboratories. The concept shown in
Figure 3 uses many systems in a complex sequence to achieve the results intended.
The first step is for an airborne radar to orbit behind the forward edge of the battle
area and search a designated area with the Pave Mover system (1). The data is then
transmitted to a ground station (2) to allow for targets to be analyzed and designated
(3) and for a battlefield commander to decide the priority of each designated
target.(4) A missile is launched at the target and tracked by the radar while the
radar still follows the position of the intended target(5) allowing the missile to fly
toward the designated dispense point for its payload(6). In the case of moving
targets the radar updates its data(7) and sends an update to the missile in flight(8).
At the dispense point the missile releases the payload of submunitions(9). In the
endgame, the submunitions activate and track (10) and target autonomously
maneuver to a position to destroy the target with a conventional warhead.(11). e

- T-16:

The T-16 was based upon the Patriot missile and used the same solid fuel rocket
motor. The guidance system was comprised of a high quality inertial navigation
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system (INS). For stationary targets the INS guided the missile all the way to the
intended target. However, for moving targets a guidance update was required from
the Pave Mover radar system. This allowed for course correction based upon target
motion and small accumulating guidance errors. The guidance system of the T-16
included a stellar inertial system that provides midcourse guidance by utilizing a
star-fix update. The star INS used a two gimbal configuration to focus energy from
the selected star onto a 50 element square scanning array ''. Several errors are
corrected or improved using this star fix. They include azimuth errors and both
updates for altitude and velocity errors.

T-22:

The T-22 was essentially a variation of the missile used in the demonstration
program pursued by the Army Missile Laboratory to test emerging guidance
technologies. The details of the elements of this missile have been covered in the
section on SIG-D. The T-22 propellant was changed to match the propellant
utilized in the Vought Multiple Launch Rocket System (MLRS)."® The missile,
designated T-22 during SIG-D, utilized a low cost Hydroxy-terminated
polybutadiene (HTPB)19 propellant. The basic layout and guidance package was
the same as that for the SIG-D program. Six test flights were planned with four fully
executed using the T-22 configuration. Several of the tests were planned to utilize
live submunitions which were under a parallel development effort. Towards the end
of the program cost limitations curtailed several planned tests. The T-22 utilized in
the test phase of Assault Breaker allowed for a guidance update to be received from
the airborne sensor platforms.

By the end of 1982, with the 14 flight tests complete, the question of transition to

a full scale engineering development effort became the focus of the Office of the
Secretary of Defense (OSD), DARPA, and the Army/Air Force. By many accounts
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Figure 4 — Demonstration program timelines



the concept demonstrations carried out under this program demonstrated the ability
of each of the components of the overall system to progress to the next step of
engineering development. However, the transition of this concept to fully funded
programs and to the eventual Army efforts that create ATACMS was a complex and
intriguing mix of competing requirements, interactions between competing forces in
each service and between the services, and the changing world threat environment.

Early Acquisition Programs

CSWS & JTACMS

This section will cover the early efforts at defining requirements by both the Air
Force and the Army and the eventual handoff to a Project office that could oversee
the program to deployment.

The early efforts begin with the termination of the Lance Project Office in
March of 1980. A follow on effort, named the Corps Support Weapon System
(CSWS), focused on the nuclear role of Lance but had provisions for enhanced
chemical/biological elements. By March of 1981, with growing concern on the part
of DOD that two services were attempting to develop overlapping capability and too
many similar weapons, the CSWS effort was redirected into then MICOM’s Army
Missile Laboratory, System Development Office. About the same time the new
office assumed a role in the Assault Breaker effort and brought the management of
both efforts together.’ Figure 5 depicts the timeline of the efforts that can be seen
in hindsight to be the concept exploration and demonstration phases related to
ATACMS. The Assault Breaker and SIG-D efforts have been reviewed and the
developments of several technologies and system concepts have been explored and
demonstrated which showed clearly the feasibility of the concept for conventional
attack of massed armor. The CSWS effort should be viewed as the Army attempt to
meet their need for a Lance replacement with an expanded
capability set. It also had the goal of meeting the Lance missions with equipment
that was easier to maintain and utilized less manpower resources. This concept
included scatterable mines, terminally guided submunitions and submissiles,
chemical/biological and tactical nuclear warheads. Indeed, the early desired range
would have been more than 200 kilometers.”' Also, with the CSWS, the Army had
a system concept under review and therefore had a mechanism to support the
Assault Breaker testing during this timeframe. It is important to remember that the
CSWS program began just before the doctrinal changes that were discussed at the
beginning of the paper. As the world was changing rapidly in this time period, so
was the doctrine and therefore the material development needs and requirements of
all of the services.



Early Requirements

In mid 1982, DOD directed the Air Force and the Army to combine efforts and
produce a common missile system. This effort combined the Air Force’s
Conventional Standoff Weapon (CSW) program and the Army’s CSWS to form a
Joint Project Office. After a year of negotiations and planning, the JTACMS Joint
Project Office was established in March of 1983. Col. James Lincoln became the
Program Manager with an Air Force Deputy P.M. Assault Breaker was completed
and available for transition to full scale development during this period. However
the CSWS requirements, which were defined in a mission element needs statement
and approved by DoD in April 1981, could not be fully achieved with the current
architecture of the Assault Breaker program. Several concepts to meet the CSWS
and JTACMs requirements were two stage missile systems drawing on
modifications to fielded systems in the Army. The previously described T-16 and
T-22 were modifications of Patriot and Lance. Other concepts were based upon
modifying the Pershing booster and the Nike Ajax booster, or a cruise missile
concept put forward by the Boeing Corporation that had experience with several
other cruise missile efforts that were in design or production.”> The marriage of
these programs and the question of the transition to full scale engineering
development of an “Assault Breaker” type system complicated each service’s
attempt to continue their separate development of munitions to meet their stated
requirements for interdiction (Air Force) and the emerging “Deep Battle”. The Air
Force itself had diverse requirements brought forward by the Tactical Air Command
(TAC) and the Strategic Air Command (SAC). The Strategic side of the house had
similar targets and requirements to those that led the Army to the CSWS efforts.
However, the Tactical Air Command needed to kill or suppress enemy air defenses
(SEAD) at typically shorter ranges than those envisioned by the Strategic Air
Command or the Army. Beyond the range and threat requirements were form and
fit constraints. The targets of interest in general were similar but the emphasis that
each service put on the targets and the underlying need to engage these targets was
still quite different. The Army put a priority on Command, Control, and
Communications/Intelligence (C3I) with air defense assets following closely and
then maneuver forces. The Air Force primarily was interested in SEAD targets,
with anti-armor a distant second and C31 after the other two.”* On the strategic side,
a common rotary launcher was being designed and the larger 22 inch diameter of
the T-22 would lead to both a redesign effort and to a reduced number of rounds
carried. Similar concerns for the 16 inch T-16 missile were based upon the missile
length and the ability of that diameter missile to carry sufficient cargo or warhead.”*
The Air Force requirements and interests, including the necessary air launch,
resulted in length and weight requirements that are different from Army size and
weight concerns for a surface launched weapon of this type. With the many
successes of the Assault Breaker demonstrations there was an interest in both
Congress and the DOD for the missile selected to utilize either the T-16 or the T-22.
This “suggestion” was even included by the House-Senate conferees, of the 1984
defense authorization bill, limiting the missile component to using the T-16 or the
T-22 design. Congress hoped to push the services toward an early start for an




engineering development effort.”’ The Air Force resisted the ballistic missile
solution and still favored a standoff weapon tightly coupled to an air launch.?

Mixed Requirements and Direction

The JTACMS effort awarded three firm-fixed price contracts for pre-full-scale
development to Vought Corporation, Boeing Aerospace, and Martin Marietta in the
middle of 1983. The awards were funded by the Air Force and the Army equally.
At about this time the Initial Operational Capability (I0C) of the Multiple Launch
Rocket System (MLRS) and the M270 Launcher occurred during 1983. In late
January 1984, the three competing contractors each finish the firm-fixed price
review of the capabilities and requirements match of their proposed system and
requirements for the JTACMS system. At about this same time, the Department of
the Army adds to the requirements that this mission should be filled by an extended
range MLRS. In aseries of agreements during 1984 the Army and Air Force
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Figure 5 — An Overview of the Development Timeline

describe their future relationship and the method to achieve success using
optimized technologies in the employment of AirLand battle concepts. Gen.
Charles A. Gabriel, USAF Chief of Staff, and Gen. John A. Wickham Jr., U.S.
Army Chief of Staff, signed a memo covering agreements on 31 separate points.
This memo is later dubbed the “31 Initiatives” and covered many topics beyond
JTACMS? 2. The two services agreed to coordinate and be responsible for
particular roles and missions. In this agreement the Air Force gained cognizance
over the JTACMS efforts and would pursue a cruise missile. This development
effort was then quickly classified. The classification led to speculation in the open
literature that this may have been because the design hoped to make use of low
observable technology or stealth technology. This speculation is later proved to be
very astute. Also at this time, the Air Force had another classified project for an
‘advanced cruise missile’ under development by General Dynamics.”’ The
development of highly classified technology in one service led to some of the chaos
in developing a joint weapon to meet the needs of both services. In fact according
to Dr. Billy Tidwell who was the deputy program manager during JTACMS and
Acting Program Manager for a short period, the Army was “blindsided” by the Air
Force. Apparently only a few people had detailed knowledge of the effort to
include Gen. Shoffner at TRADOC.*® This program and the heavily classified
program’s achievements help to bring about the split between the Army and the Air
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Force in defining one system to achieve all of the objectives that each service
desired. The residual JTACMS (Joint Tactical Cruise Missile System) development
effort in the Air Force would emphasize a weapon with a range greater than 350
kilometers. With this range required, even a very high quality inertial sensor with a
guidance update from a sensor element would have difficulty hitting reliably most
targets without an onboard terminal seeker or other expensive update techniques.
The cost of this approach eventually forced termination of this program and several
others with the same focus during the next decade. By the end of August 1984 the
Air Force officially ended its participation in the non-cruise missile portion of the
JTACMS.”'  Soon thereafter, DOD authorized a separate project to provide an
interim cost effective capability to engage deep targets. One key constraint to the
design choices reviewed and studied in planning this project was the burden in cost
and manpower of fielding launch systems and ground support equipment to be used.
In fact, Dr Tidwell recalls that the needed force structure requirements helped to
eliminate many of the other system concepts. By choosing the Vought concept, the
force structure used will be the MLRS launchers, soldiers and support. This project
at first utilized the designation JTACMS-Army but was later modified to Army-
TACMS. The path from the end of Assault Breaker to the agreements in 1984 and
early 1985 were shaped by a number of factors and events both inside each service
and in the world. One key element that fueled the requirements process was the
results of studies that indicated that interdiction or “deep battle” would prolong the
battle, and save manned aircraft in the process. Several studies have names such as
“Battle King”,’> however, many other studies explored different aspect of the
approaches postulated and affected the decisions in the services and in OSD. This
type of study result is critical to systems in this stage of development and helped to
solidify the necessary support for JTACMS and then ATACMS. The Ft. Sill
community and thus the “field Army” become an unwavering advocate for the
system.

ATACMS - System Development

After the turbulent 1983 and 1984 period, with the requirements issues handled
through agreements with other services and the needs expressed by DOD and
Congress for a system which should utilize technology demonstrated in the Assault
Breaker technology demonstration projects, ATACMS emerged and the Army
quickly moved to begin a full scale development (FSD) effort. Following the
November 1984 joint statement that reiterated the need for this type of weapon, the
Army Materiel Command in January 1985, approved an essential document that
describes the need and required functionality. This document is known as a ROC,
short for Required Operational Capabilities. The Director of Combat
Developments (DCD) at Ft. Sill, Oklahoma prepared the document. Ft. Sill is also
the location of the Army’s Field Artillery School and Center. Ft. Sill continued to
be a strong advocate of the need for ATACMS.” Col. Thomas Kunhart took over
the Program Manager duties from Dr. Tidwell who has served as acting Program
Manager until Col. Kunhart could formally transition to this role. John Triac
became the first ATACMS TRADOC System Manager (TSM). In this role, either
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he or Col. Kunhart attended any meeting about ATACMS for the next five years.34
The stability of having both a Program Manager and a TSM together for almost all
of the EMD program and the good working relationship that developed is certainly
one key feature in the development process of ATACMS. The Department of the
Army also approved the ATACMS ROC in the middle of May, 1985.>° The next
month, June 1985, the Army issued a Request for Proposal (RFP) to develop a
missile for second echelon attack. A key design element was the necessity of
utilization of a modified MLRS launcher and the ability of the missile to be
contained in the standard MLRS launch pod. This part of the acquisition was a
limited competition for the firms that had participated in the Pre-FSD contracts. The
second part of the acquisition is to be a sole source, non-competitive, award to the
current manufacturer of the MLRS system, Vought / LTV. This route was justified
by the fact that the manufacturer of the MLRS launcher would be the only company
that could provide the necessary skill for integration of a new missile into the
overall system.*® >’ With the choice of LTV as the Prime contractor the government
insured that the critical technologies were both important to the Prime contractor
and that LTV had the needed experience and familiarity with critical technologies.
This of course was brought about through the previously described efforts and the
interactions with the lead government Science and Technology laboratory. (AML or
Missile Research Development and Engineering Center) Groups that had a
significant effect on the eventual system pushed several other requirements. The
first was that the system should be self-contained and not rely on in flight updates
from an airborme asset or the planned global positioning system (GPS). This
requirement was made possible by the accuracy of the simplified inertial guidance
technique and the use of the Ring Laser Gyro proved in Assault Breaker and SIG-D.
Yet, this requirement moved the system one more leap forward away from the early
overall Assault Breaker conception. Also, Gen. Thurman, the Vice Chief of Staff of
the Army, required that there should be no visual distinction between which
launchers had ATACMS and which launchers had the MLRS rockets loaded.”® The
concept behind this requirement is to make targeting of the higher value ATACMs
more difficult for opposing forces because now ATACMS could be dispersed
throughout the units that fire MLRS. Vought/LTV ended up teaming with Martin
Marietta’s Orlando division after Martin Marietta decided not to tender a bid. The
Martin portion in this team would focus on the smart submunition warheads and
parts of the guidance elements that they expected to become a major follow-on
effort. Since smart submunition warheads were not part of the system fielded at the
time of Desert Storm, they will not be covered in this case study. Boeing originally
did not proceed with a bid. Later, Boeing decided to submit a bid and had to ask for
relief from the original due data for the proposals.*®

In order to provide support and fully define the agreed-upon division of efforts,
the Vice Chiefs of Staff of the Army and Air Force issued a joint memo, in July
1985, that describes support for a weapon to provide a near term capability for U.S.
and European requirements. This memo also makes clear that the Army system will
be fired from a modified MLRS launcher and that the Air Force will be the lead
service on a joint tactical cruise missile.
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Proposal receipt was closely followed by the decisions of the Army and Defense
System Acquisition Review Councils decisions in December 1985 (ASARC) and
February 1986 (DSARC). These decisions cleared the way for a system to move
into full scale development. MICOM announced the award of two contracts to LTV
Aerospace and Defense (LTV), for both the missile and launch pod container and
the sole source award for integration and support equipment. The awards took place
on the 26" and 27" of March 1986 respective1y4°. The missile and launch pod
contract was for 180.3 million dollars, and 83.0 million dollars was awarded for the
required integration into the MLRS launch vehicle. This firm fixed price contract
included an incentive of up to 6.5 million dollars if certain unit costs for production
are maintained. The contract limited the production at price of each missile to
$250,000. This price did not include the APAM (anti-personnel, anti-materiel)
warheads that were to be government furnished.*! ** In addition, the first 1000
production missiles negotiated for were to be produced for a fixed price. This type
of fixed price effort shifts most of the risk to the contractor, who if they are to
remain in business, must be able to meet this challenge without major setbacks in
the development or with early production issues. LTV also must make the
investment in the machinery and tooling required for production.

Key Technologies

This section will cover two key technologies that were successfully integrated
during the ATACMS development. Each of these technologies will be explored
along with the essential differences to current technologies and approaches used in
other system that perform this same function.

Ring Laser Gyro

The Ring Laser Gyro (RLG) that found its way into ATACMS can be traced
directly to the developments that were flown and tested in the SIG-D demonstration
program. The RLG is an example of an optical type of gyroscope. Gyroscopes
generally are used to provide information about the movement and orientation of an
object. Utilizing various materials non-optical, wheeled designs use the
measurement of forces relative to a spinning element to compute movement and
rotation of a body. These designs typically involve a large number of mechanical
components that must be designed, manufactured and maintained with great
precision. Two advantages of RLG’s are said to be:

1. “The device is much more tolerant of high vibration and g loads (up to 30 g’s in

boost phase) which lead to biases and inaccuracies drifts for conventional gyros”

2. “The RLG sensor has no problem in accommodating the high angular rates
associated with strapdown units for small missiles” 4’

The RLG was being used in laboratory environments and being explored for
related systems when the system planning and pre-development work was started.
However, by the time the system started FSD, the RLG technology had working
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prototypes tested in a relevant environment. The FSD effort brought this technology
to a flight qualified design which had been tested as part of a larger system.

Strapdown/Simplified Inertial Guidance

A “Strapdown” guidance unit eliminated several elements of previous guidance
devices such as a stabilized inertial platform and the gimbals,and torquers that are
required for the inertial platform. This setup allows for the accelerometers and
needed gimbals to be strapped or mounted to the missile body. Therefore this type
of device can handle the launch environment and will not suffer losses of preciston
that would be found in other devices used in this role.*

This guidance architecture, while it makes use of the RLG covered in the
previous sections, also covers the computers and the other system elements that use
data from RLGs and other sensors. The inertial guidance system utilized is a
Honeywell H700-A3 system. It was derived from similar designs in commercial
aircraft but had several modifications for military use. The system uses a digital
computer to analyze and process the data from the RLG. This computer is also used
to perform the functions needed for navigation, guidance, and the missile autopilot.
This architecture makes use of the transformation in digital devices that was surging
in the commercial computer world at this very same time. The guidance system
and the technologies used in the guidance architecture achieved similar maturity to
that described for the RLG in the preceding section.

Testing Phases, DTI, DTII, & Initial Operational Test and Evaluation (IOTE)

The schedule for development test (DT) and initial operational testing can be
seen in Figure 6. The test efforts were assisted with Hardware in the Loop (HWIL)
efforts in parallel between the Missile Research Development and Engineering
Center (MRDEC) and the contractor facility at Grand Prarie, Texas. Several
challenges were handled during this phase of development. The testing began after
the critical design review in the middle of 1987. The first DT test took place 24
months after program start. Several issues were explored during the next 27 (25
planned) test firings. This effort built upon successful developments during SIG-D
and Assault Breaker. However, these are typical issues which this type of
developmental testing is designed to find and engineer solutions before the final
production design is achieved. The first of these is to show that the bomblets can
achieve the appropriate shape in the target area. To achieve a useful dispense
pattern for the bomblets, the missile must be spun at high speeds and the skin of the
warhead section removed, which does not seem to be a difficult technology,
however it offered some technical hurdles that had to be overcome. This area is an
example of a seemingly simple technical integration task that can quickly grow into
a much larger issue for a program in development if it is not handled well.
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However, in the case of ATACMs, the Project Office and the Prime contractor
quickly solved and tested critical elements necessary to continue with the test
program. The extra test in DT1 was caused by the contractor not meeting a test
objective in one of the final DT1 test events stemming from a safe and arm fuse
failure.*’ Test failure investigations were typically handled by using small ad-hoc
red teams consisting of senior technical experts from the Army Missile Laboratory.
Utilizing this approach the root cause of the failure was quickly determined.*® The
system schedule was compressed by using a phased test schedule that included low
rate initial production. (LRIP) The lessons learned in building test assets was
captured and utilized both in production planning and in effort conducted for the
project by the Product Assurance Directorate (PAD) of the MRDEC. This
approach, with key elements of the Prime utilizing the assistance of government
experts, helps to feed into the linkage of the system design with the readiness for
production and critical manufacturing technologies. Both GAO and Congress have
expressed concern on this program and many others that LRIP decisions become
defacto production decisions and in many cases all of the planned test events are
still in process. However, as Col. Kunhart stated in 1988, “If you follow that
philosophy, then it’s a normal toe-to-heel, five year development program, and
that’s not what they asked us to put together... they wanted a four year program.™’
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Figure 6 — The ATACMS development chronology and key system dates
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Subcontractor Problems

With the contractor phase of development testing nearing the conclusion of the
original ten planned test shots, a major challenge and potential setback happened.
The original subcontractor for the Control Actuation System (CAS) suffered from
significant changes in financial position and also experienceda large turnover in
management and technical staff. The subcontractor, Singer, went out of business.
The loss of a primary subcontractor on this compressed schedule effort could have
resulted in major schedule slips and significant cost impact. In this case, with a firm
fixed price contract, and a 36 month warrantee from the prime contractor, the
government can designate the subcontractor loss to the program as “Low Risk”.
However, this issue is not as simple for LTV. They scrambled to review other
suitable vendors and selected Simmonds Precision Motion Control, which is a
division of Hercules. This issue was deemed so important to the contractor that the
Program Manger for LTV, Mr. Bud Laughlin, moved physically, for the next six
months, to the Simmonds plant in New Jersey to oversee the efforts and to help
solve any issues as they develop. In fact, Mr. Laughlin believes this issue to be the
major hurdle that was surmounted to deliver ATACMS on time and within budget.
With a new subcontractor on board and with hands on management the new vendor
ramped up and the test schedule was adjusted to phase in the new items. The new
CAS design was cut in half way through the Developmental Test schedule. This
tremendous effort by the Prime contractor exemplifies the type of management that
LTV utilized with each and every one of the contractors on ATACMS.

Launcher Issues

The integration contract was being carried out in parallel with the missile system
development efforts. A number of technical challenges had to be overcome to
modify the existing MLRS capable launcher to be able to fire the ATACMS. One
interesting area was an essential part of the fire control system that utilized
“firmware”. The use of software designed into the system on various chips
necessitated work around software solutions in order to gain the needed
functionality. Despite the software and other integration effort required, LTV rolled
out the “Deep Attack” (ATACMS) launchers in July of 1989. According to Col.
Dave Matthews, who took over from Col. Kunhart in Aprnl, 1990, the software
challenges were critical to fielding a capable system. Assault Breaker testing again
allowed for testing of items needed for a successful overall system. In order for the
launch unit to properly.initialize the missiles guidance section, the launcher must
also have an Inertial Navigation System (INS) that is accurate enough to minimize
error in targeting coordinates that will arrive from another reference point. Early
prototypes were tested in Assault Breaker. The early Deep Fires launcher design
would utilize a non-optical INS for this purpose. The technical issues, which LTV
and the subcontractors hired for this integration effort had to address, involved
modifying or working around decisions in both hardware and software that had been
made to allow the launcher to fire rockets to a much shorter distance (MLRS). The
difficult issue of important software elements design/test/deployment and the
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integration of the missile system with the launcher were somewhat underestimated
by both the Prime contractor and the ATACMS project office.

Lethality Issues

During IOTE (Live Fire) and at a critical time in system development, before the
full rate production decision reviews, a major issue arose for Col. Matthews and the
ATACM team. Fourteen days before the final milestone decision and Defense
Acquisition Board (DAB) review, a prominent figure in the Pentagon review cycle
brought up a “bombshell” that to some appeared to be an ambush. The Director of
the Live Fire Test Office raised concerns from his analysts at the Institute for
Defense Analysis (IDA) concerning the lethality of the systems main payload of
M74 bomblets. These bomblets had evolved from BLU-63 and other bomblets from
the Vietnam era and had been loaded into conventionally armed LANCE missiles.
The question hinged around the exact effects of the tungsten fragments created by
the exploding bomblets against the primary targets of the ATACMS system. One of
the primary targets that the system was to be designed and tested to defeat was the
SA-12, Surface to Air missile system. The analysts believed that the small tungsten
fragments would vaporize and fail to hurt critical electronic parts inside of the
system. The Live Fire official pushed for empirical data to demonstrate the
effectiveness of the systems. Since the DAB review was scheduled within the next
few weeks there was not time to provide a set of tests that would lead to “empirical”
data without months of delay. This delay might have been palatable in most
systems, however, because of a contract option negotiated at program award more
than four years earlier, delay beyond the 1* of November, 1990 would allow LTV to
renegotiate the price of the first production missiles. A review of the facts around
the bomblets’ abilities found that minimal analysis had been done and was cursory
at best. However, without money budgeted for this effort and the time constraints
involved the program faced a significant challenge.*® *°

A decision was made to pull together a quick demonstration test of the
effectiveness of the system’s bomblets to successfully damage surrogate parts after
passing through panels of material set up to approximate the skin of the threat
vehicles. Col. Matthews had to cajole (LTV) to purchase many of the materials for
this test because the process that was available in the Army at the time would not
have met the deadline. The Army Materiel Systems Analysis Agency (AMSAA),
the primary operations research organization in the Army, verified the layout of the
panels and components against the descriptions available of the threat vehicle. The
only place in the country that had a method to spin the bomblets to the required
rotation rate for the arming process to happen was at the Milan Ammunition plant.
In order to lessen the chances of failing to obtain the needed data, a parallel test
event was planned for the White Sands Missile Range (WSMR), however, without
the machine for spinning the bomblets a less acceptable method of initiating the
bomblets had to be used. This method, using a detonator instead of the fuze inside
the spheres, could be viewed as a modification that could effect the data gathered.
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Both sets of tests were accomplished and pictures and other documentation was
collected to attempt to demonstrate the ability to defeat the required targets. >’ *®

Col. Matthews also succeeded in having his boss, the Program Executive Officer
for Tactical Missiles, convince senior management in LTV to extend for five days
the pre-negotiated option in order to accommodate the review that ended up on the
schedule for November 2, 1990. This review was set one day after the contract
option was originally set to expire. After reviewing the pictorial results from the
test events hastily planned and executed, the Live Fire group’s objections were
withdrawn as long as a commitment was made to fully characterize the effects in a
follow on effort. This challenge to the program culminated in a successful review
by the DAB on November, 2 and award of a full-rate production (FRP) contract on

November 5, 1990. This contract was for 318 missiles at a price of 126.3 million
dollars®’ 38

War imminent

Just prior to the events leading up to the DAB process described in the preceding
section, Kuwait on the 2™ of August 1990 was invaded by their neighbor to the
north, Iraq. The United States responded with operation Desert Shield as it built a
coalition of forces to throw Iraq out of Kuwait. A decision was made to field
ATACMS early by utilizing the IOTE unit, the 6/27" Field Artillery Battalion in
August of 1990. One complete battery moved to Altus Air Force base and was
airlifted by C-5’s to the Gulf. The soldiers went over on other aircraft and the
equipment was shipped over on naval vessels. The Battalion was originally put
under the XVII Airborne, with Battery A later being moved under the control of the
VII Corps. At this time, only 20 ATACMS had been delivered to the Army.*! Of
the three batteries that were deployed only two could fire ATACMS and had
Version 6 of the fire control software. In September the LRIP contract that was then
underway, was accelerated to provide for more missiles to be available for use
should they be required in the developing situation. The following January the
contract was altered again to push the delivery of more missiles to the Gulf. This
accelerated schedule forced the prime contractor to use a production process that
“inspected in quality” during manufacturing to ensure that the missile produced
were reliable missiles.

Gulf War success

First Firing

Shortly after Hellfire missiles fired by Apache helicopters changed “Desert
Shield” into “Desert Storm”, the ATACMS capable MLRS fire units were moving
across the desert on the first night of the Air war. The first target, previously
unknown, was detected by unspecified means and identified as an SA-2 surface to
air missile site. Since the international air tasking order system had proved
cumbersome, ATACMS was tasked with removing this threat. Because the units
were on the move and had not fully integrated into the VII corps, the battalion
commander and the soldiers on the fire unit ended up exchanging “the names of the
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commanders’ kids” before all parties were confident that this was a real tasking
order. This was the first of several early difficulties in responding to the tasking.
Every ten kilometers or so the position and azimuth determining system (PADS)
had to be rezero’d to insure quality reference for the fire control software. The next
difficulty was, “How to clear airspace?” Since the system could achieve up to about
132 kilometers and would be fired to about 100,000 feet to reach that range, a
considerable amount of airspace could be reached. Apparently, the mechanisms to
do this had not been established in the rush to bring this asset into operational use.
The unit moved more than three times before launching a missile at the intended
target. The software and the airspace clearance problems forced the system to go
through a scenario that had not been encountered or planned for in training and the
IOTE shots. The software problem kept this fire unit from putting a second missile
on this target. In order to be sure that the SA-2 site was fully destroyed a second
launcher ran the same mission in parallel. This launcher put an additional two
missiles on the target and completed the first use of ATACMS in combat on January
18™ 1991°%. Col. Matthews indicated that it is unlikely that the system at the time of
fielding would have been as successful if it had gone to a new group of soldiers who
had little familiarity with the system. However, because of the experience gained
by this group during the IOT& E phase and the real life experience of launching
during Desert Storm, the software difficulties were handled and the missiles were
launched at several types of targets during the rest of the conflict. Several SAM
sites were targeted and destroyed. Other targets successfully engaged included,
logistical sites, artillery and rocket battery positions and tactical bridges. The
requirement to notify the U.S. Air Force before firing reportedly added two to three
hours to the typical one hour time that was generally required to engage a target.5 ?

Spectacular Success

In all 32 missiles were fired during the remaining period of “Desert Storm”.
Many sources indicate that there was a 100% reliability of the system in these
thirty-two firings. This reliability was attributed to the 100% inspection of the first
production missiles. Later as LTV focused on process improvements, quality was
brought about through the entire manufacturing process and not inspected into it.
The production success was also made possible because the system prime contractor
made use of the supplier relationships gained and the production skill and
knowledge gained on the MLRS program. However, it was later learned by a
chance encounter between a person who had performed Explosive Ordinance
Demolition (EOD) work and Col. Matthews, that one of the missiles that was
successfully fired had in fact been found unexploded and was later rendered safe.
Since, records were kept of the EOD work, this data was mailed to Col. Matthews
and the missile was tracked to the production lot. Since two missiles were fired at
most targets, the system still engaged all targets with 100 percent success.
However, one missile of the thirty-two fired during this period experienced a motor
burn through. This important data helped the program in tracking the potential
causes for this type of failure mechanism.>* Many people involved in the combat
utilization expressed positive opinions of the system and according to LTG Thomas
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J. Kelly, who served as Director of Operations for the Joint Chiefs of Staff(JCS),
ATACMS, “was spectacularly successful”.. and it really delivered”*’

Summary

This case study has looked at the emerging doctrine, early technology and
system experiments, system requirements, novel and important technological
advances, and wartime success of the Army Tactical Missile System (ATACMS).
The system development process delivered a militarily useful product to the hands
of the men and women of the United States Army. The delays and missteps along
the way can mainly be attributed to divergent requirements and interests of other
actors outside of the Army. This serpentine development route must be viewed in
light of the changing world situation and the doctrinal changes that were taking
place at the same time as the technologies and systems concepts were emerging.
However, as the data from Desert Storm indicates, ATACMS delivered a reliable,
effective, and evolutionary conventional semi-ballistic guided weapon to be used
meeting the many challenges involved in fighting under the Airland battle doctrine.
In doing this and doing this well, the ATACMS system was poised to fulfill the
revolution in conventional attack that was envisioned at the beginning of the Assault
Breaker efforts. However, there are still technical challenges ahead to meet the

promise of an all-weather, countermeasure resistant, clutter resistant, deep armor
killer.

Program Management

It is hard to tribute the success of any system to the technologies and the
processes alone without regard to the people who manage, create, and innovate.
This system had many fine people who contributed to the overall success. Dr. Bill
Tidwell participated in the early concept trade studies and served as acting Program
Manager as JTACMS transitioned into ATACMS. He also served as the Deputy
Program manager early in the ATAMCS development. Many factors point to the
team created by Col. Kunhart and the relationships that were put in place with the
TRADOC System Manager, Mr. John Triac. The relationship of Col. Kunhart with
Mr. Triac helped to ensure that the system would have both the support of the
eventual users, but also demonstrated that the user’s input was a valuable and
essential element 1n this successful acquisition program. Also, their relationship to
the contractor lead Mr. Laughlin created an atmosphere fundamental to the
successful development of the ATACMS system. The project office and the prime
contractor jointly worked to put the proper people together to solve problems. This
type of teamwork and collaboration is the hallmark of successful integrated product
teams (IPT’s) Col. Kunhart indicated that the project office worked as a “large
happy family” with many non-technical staff being encouraged to attend test firings
at WSRM to hel) foster the team spirit. Success later in the project timeline was
linked directly to the efforts in gaining the production decision and to the Desert
Storm usage that occurred with Col. Matthews in a leadership role. Col. Matthews
and the Deputy Program Manager at the time, Mr. Don Barker, helped maintain and
move forward the ATACMS system development. The real success is most likely
found in the many people in both the ATACMS project office and at the LTV who
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came to work and did the best job they could on the challenge of the day. Good
management can create an environment for success but the people working in that
environment are critical to success.

Firm Fixed Price- DoD Enterprise concept

The utilization of a firm fixed price contract in the full scale development effort
in many ways was probably more influential in overall program success than the
efforts to streamline the system acquisition process with reforms such as the DOD
Enterprise system. This is where the Assault Breaker and the SIG-D programs must
be given due credit. Without these demonstration programs and the time gained
while the joint requirements were being pursued, it is unlikely that a Prime
contractor would have been willing to sign up to a firm fixed price development
effort. This is true even though the ring laser gyro and the other technologies were
very important and familiar to the Prime contractor. The early testing and
simulation work was a critical factor in the eventual contract method. Both
government Program Managers cited this contracting method as a primary source of
overall system success. Col Kunhart notes that the DoD enterprise status of the
ATACMS system allowed for the reduction of official OSD reviews. However, in
order to skip several of these reviews an enormous amount of paperwork still had to
be prepared to comply with the regulations. The Army had not, at the time,
embraced the concepts that were enacted in the Enterprise program and therefore
most Army mandated reviews were conducted. Mr. Laughlin indicated that the
effects of the Enterprise program were much less evident on the contractor side. He
believes strongly that the firm fixed price nature of the effort allowed Vought to
manage the program for success. Any firm fixed agreement where the contractor
brings in the system “on time and the contractor makes a profit” is a successful
system.

Bridge to the Future — Evolutionary Acquisition of a System of Systems

This story is only the beginning in the attempt to create a revolution in military
affairs by living out the doctrine in the AirLand battle and the concepts of FOFA.
The story of the ATACMS system is not complete without a look at the pre-planned
product improvements(P3I). The ATACMS designed, built, fielded, and battle
proven in this case study was designed to allow upgrades to payload and guidance
to fully live out the potential of the ‘Deep Battle” concept. As this case is written,
testing is ongoing on several new payloads and uses for the ATACMS family of
munitions. The uses include precision guided submunitions of several types which
will add to the targets that the system can successfully engage. Diverse launch
platforms to include ships, submarines, and strategic bombers also add to the ability
of the system to affect any future conflict. This case demonstrates that the
acquisition process can lead to the development of mature technologies, and
successfully integrate and deliver them into weapon systems able to change the way
future commanders can achieve victory.
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Fiber Optic Guided Missile (FOG-M)'

During the 1960’s and 1970’s the former Soviet Union amassed large numbers of
military personnel and equipment in Eastern Europe. Central to the Soviet offensive
military strategy was the use of the tank. By the 1970°s they had fielded more than
50,000 main battle tanks. U.S. military planners hypothesized scenarios in which the
enemy would attack in narrow fronts with significant depth and massed firepower. It was
posited that Warsaw Pact forces might lead with as many as 600 tanks against a U.S.
division followed by subsequent waves of armored units. During this timeframe the
Soviets had significantly modernized the capability of their tanks. The T-64, T-70, and T-
72 tanks were faster and had superior armor than their predecessors. In addition, during
this period they expanded and modernized their arsenal of artillery, aircraft, and other
conventional weapons. In particular, they had increased the production and fielding of
Mi-8 and Mi-24 helicopter gunships to be used in direct support of ground forces.

The Need for Innovative Weapons and the Emergence of a Product Champion

It was within this context of a massive Soviet buildup that the need became
preeminent for innovative weapons to combat the superior numbers of Soviet tanks and
other conventional weapons. During the early 1970’s a young physicist, William
McCorkle, with the Army Missile Command’s Research, Development and Engineering
Center (RDEC) developed a radically innovative concept for a new anti-tank weapon.
McCorkle, who was already an accomplished physicist, had been experimenting with
new technologies associated with remotely piloted vehicles. These pilotless drone
aircraft, which were equipped with miniature television cameras and transmitters, could
be used for reconnaissance and other military applications. McCorkle believed that
systems could be developed which were equipped with warheads that could be used as
anti-tank weapons. He called his concept the Fiber Optic Guided Missile or FOG-M
because of its utilization of emerging fiber optic technology for guidance and control.

William McCorkle seemed to possess all the traits characteristic of the classic
product champion. He was technically brilliant, persistent, unafraid of setbacks or
temporary failures, and exhibited a level of dedication and focus that is necessary for any
radical innovation to succeed given the many obstacles that inevitably must be overcome.
His initial work on this concept not only included creatively managing his time at work in
the laboratory, but countless hours in his workshop at home. By the late 1970’s he began

his quest to obtain the necessary support from the Army and Congress for the
development of this radical new weapon system.

A Weapon System with Unique Capabilities

The missile that William McCorkle envisioned would be designed to engage
tanks, other armored vehicles, high value ground targets (such as command, control, and
communication centers), and possibly helicopters beyond the line of sight of the operator.
The range was unknown at the time of concept inception, but he hoped to achieve a range
that would be between 10 and 20 kilometers. This range would be well beyond the
maximum range of tank main guns or direct fire anti-tank missiles. The system would
consist of a gunner’s station with between 6 and 16 missiles mounted on a High Mobility
Multipurpose Wheeled Vehicle (HMMWYV). The missiles would be launched toward a
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target area based on forward intelligence information. After missile launch, the operator
would be able to intervene at any time to lock on and engage detected targets. The
operator would view the flight path and the target via a small TV camera equipped with a
zoom lens mounted in the nose of the missile. Data would be transmitted to the operator’s
console by fiber optic cable that would unspool from the missile itself. Simultaneously,
guidance commands would be transmitted to the missile on the same optical fiber from
the ground computer located in the gunner station. After being vertically launched, the
missile would cruise at low altitude below cloud ceilings as shown in Figures 1 and 2.
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This missile had a number of potential advantages. By controlling the missile
from the ground, most of the expensive hardware needed for guidance and image
processing would be reused rather than destroyed with each missile. While original
estimates for the cost of each missile (with daytime capability only) ran in the $20,000
range, the missile actually had the potential to be quite cost effective. This is because the
accuracy would allow for the use of fewer missiles to be used to destroy a target. Thus,
the total number of missiles required would be less, resulting in overall reduced
expenditures. FOG-M also operated from a concealed position. This would serve to
protect the operators from direct fire. Because it had non-line of sight capability, the
operators could locate and destroy targets behind hills and other barriers that other
missiles or artillery could not detect and destroy. This was perhaps the most critical and
unique capability of the system.

There were other potential advantages. Because the guidance data was transmitted
through the fiber optic wire, enemy electronic countermeasures would be inoperative.
Furthermore, the issue of available space on the radio frequency spectrum would never be
problematic since the FOG-M had its own self-contained propagation medium. FOG-M’s
lethality was enhanced by the fact that it would not attack the frontal armor of a tank.
Rather, it would be launched vertically, flatten out to a level flight path, and then dive at a
steep angle toward the top of the tank. This, ostensibly, is where the armor is weak. In
addition, because of FOG-M’s ability to recognize targets, the probability of fratricide
would be significantly reduced. Finally, this recognition ability also allowed for the
simultaneous capability to perform reconnaissance.

The Product Champion Encounters Resistance

In his classic study of product champions, Donald Schon of MIT cites numerous
examples of successful radical innovations where the product champion encounters
continuous, and often relentless, resistance to his innovative concept. There are many
reasons for resistance to radical new ideas and McCorkle found this to be true with FOG-
M. In the late 1970’s, in his first major attempt to obtain development funds, McCorkle
briefed Army Deputy Chief of Staff for Research, Development and Acquisition, Lt.
General Donald Keith on FOG-M. Keith was somewhat less than enthusiastic. He cited
concerns such as range, whether the quality of the image would be sustained over the
entire range, target acquisition, and the fact that the initial concept did not include night
or adverse weather capabilities.

Dr. McCorkle was not discouraged by the lack of support from Lt. General Keith.
His next strategy to obtain funding was to visit the various commanding generals at
several Army centers in order to obtain their support. He first sought the support of the
Armor center at Fort Knox. This seemed logical since FOG-M was an anti-tank weapon.
However, he met with a general lack of support because the Armor Center was
committed to combating the Soviet tank threat with the M1A1 tank with tougher armor
and an improved cannon. He found that the Armor Center was committed to allocating
research and development funds to acquiring a more lethal tank cannon, and any other
efforts would be seen as diverting resources from that priority.

Next, McCorkle attempted to solicit the support of the Artillery Center at Fort
Sill. The Artillery Center, however, saw FOG-M as a weapon that was somewhat foreign
to traditional artillery. During this timeframe, they were committed to developing the
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artillery shell known as the Copperhead that was essentially a laser guided anti-tank
round. Thus, there was a lack of support from the Artillery Center as well. To make
matters worse, the Artillery thought that FOG-M should be an anti-aircraft weapon.
Furthermore, air defenders thought that it should be an anti-armor weapon, and the
Infantry believed that FOG-M should belong in the Artillery. This was a weapon with
tremendous tactical potential, but did not fit neatly into one of the Army branches. The
result was that it was believed to have potential, but could not get the full support of any
single Army branch.

In spite of this general lack of support, by 1979 FOG-M was receiving limited
funding from the MICOM Research, Development and Engineering Center using what is
known as 6.2 discretionary R&D funding. The FOG-M effort was structured to allow
phase-in and testing of technology advances as they became available from other 6.2
funded efforts. In November 1980, Dr. McCorkle was named director of MICOM’s
Research, Development and Engineering Center. This was a positive development
because it would allow him greater access to discretionary funds that could be used for
FOG-M development. Nonetheless, these resources were comparatively meager given the
level of funding which would be required to develop a major weapon system such as
FOG-M.

The Product Champion Obtains Executive Sponsorship

In Schon’s research on new product development, he found that invariably, in
large scale product development efforts, if the product champion was not able to obtain a
high level executive sponsorship, the product died. In 1982, FOG-M’s fate was
influenced in a very positive way. That year, Undersecretary of the Army, James
Ambrose, became convinced that FOG-M had significant potential as an anti-tank
weapon. In addition, that same year Anthony Battista, the top staff member on the House
Armed Services Committee’s research and development subcommittee, became
convinced of the weapon’s potential. This high level sponsorship was instrumental in
securing the necessary funds to begin serious development in the RDEC laboratories.

Dr. Paul Jacobs of the Guidance and Control Directorate assumed the role of
program manager and worked closely with McCorkle on the development effort. Jacobs
created what can only be described as a classic skunkworks in the laboratory. He put
together a team that consisted of individuals from all of the RDEC labs in order to
develop a FOG-M prototype. With no prime contractor, but numerous contractors with
limited tasks working side by side with RDEC engineers in the lab, and minimal
administrative overhead and control, work progressed at an accelerated pace. In 1982
alone, the team completed the detailed investigations and systems analysis required to
define the FOG-M concept that would be developed and tested in the following two
years. Specific accomplishments included the design and fabrication of prototype folding
wing systems for the vertically launched missile, the definition of the imaging seeker
requirements through captive flight tests, target array/system performance analyses, and
acquisition experiments, the completion of parallel designs for the motor and control
system, and guidance schemes in preparation for hardware tests.




The Laboratory Achieves a Huge Success

With the increased funding support, by 1983 the FOG-M program achieved the
status of a 6.3A Technology Demonstration Program. To make the skunkworks operate
with maximum efficiency and flexibility in terms of personnel assignments, Paul Jacobs
employed a matrix structure. Various individuals were assigned responsibility for specific
components with flexible staffing arrangements whereby proportions of individuals’ time
were assigned from the various laboratory directorates. Jacobs bootlegged support from
others such as administrative support personnel.

By the end of 1983, after six successful development tests, the launcher and test
vehicle were certified for flight evaluation by AVRADCOM. By the end of 1984, the
aimer had been designed, built, and tested. The aimer function was to aim the test rounds
to aid in data reduction. The aimer was the first of its kind and allowed for external,
automatic aiming by being attached to the missile. During 1984 a cost efficient control
system for FOG-M was developed and demonstrated in hardware-in-the-loop simulations
and four flight tests. This in-house laboratory development was the result of a well
coordinated team effort among actuator hardware designers and control systems analysis
and modeling engineers.

Because one of the major objections to FOG-M had been the issue of night and
adverse weather operation, in 1984 seven fixed-price contracts were awarded to allow
laboratory and field evaluation of industry infrared sensor concepts applicable to a low
cost seeker for FOG-M. In addition to the hardware evaluation, each of the contractors
performed a study to support their concept as a low cost solution for an infrared sensor.

The System Engineering and Production Directorate provided hardware
fabrication and integration support. The Propulsion Directorate developed flight weight
motors with a minimum signature solid propellant booster and a low rate composite solid
sustainer. A liquid propellant sustainer was also designed, tested, and delivered for flight
testing. Propulsion parametric analysis and design concepts were prepared for a 10
kilometer range system demonstration. Four man-in-the-loop flight test rounds
successfully demonstrated the propulsion system by the end of 1984. During the flight
tests two alternative launch concepts were demonstrated. These included a solid motor
eject with wing deployment, and boost ignition in flight and boost from the launcher with
predeployed wings. The protection of the optical fiber during missile launch from an
enclosed launch pod was also demonstrated. Finally, by the end of 1984, the initial FOG-
M rate stabilized vidicon seeker and the first three 10 kilometer fiber optic links were
procured and tested for the first guided flight tests.

During 1985, the Structures Directorate continued its effort at minimizing the
launcher packaging volume and weight. A new air transportable launcher containing 12
missiles was developed for the HMMWYV. This system would be vertically erected on the
bed of the HMMWYV using onboard hydraulics. The vertical launching of missiles would
enable greater packaging density on carrier vehicles and would permit gunners to operate
from concealed positions, improving crew and launcher survivability.

During 1985, the Advanced Sensors Directorate continued its efforts toward the
development of a low cost infrared seeker. This sensor would provide the full 24 hour
and degraded environment operational capabilities. Based on the contractor findings
initiated in 1984, the team investigated the infrared imaging concepts offering the
greatest potential cost advantage. Work began on the design and fabrication of three
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seekers that used a focal-plane array sensor. Another development included an expanded
data link capability that eliminated much of the onboard control electronics.

During this same year, the Guidance and Control Directorate completed
integration and testing of the multitarget handoff correlator for midcourse guidance. This
device had important utility when multiple targets existed in a single geographic location.
In this case, the references used to guide the first missile automatically guided subsequent
missiles to the target area. Under these conditions several missiles guided from a single
gunner’s station could be in flight simultaneously. Consequently, the human operator
could not manually perform multiple tasks. However, since the correlator could be shared
between several missiles, the automatic mode could achieve this multiple missile senario.

Concurrently, an automatic system for winding the optical fiber on a special spool
was designed. The baseline system consisted of a mandrel on which the fiber was wound,
a lead screw which would advance to the rotating mandrel, a control system for
maintaining prescribed winding tension and a microprocessor system for controlling the
total system’s operation. :

By mid 1985, multiple man-in-the-loop flight tests had been conducted. These
tests demonstrated automatic fire control and launch, vertical launch from a canister,
automatic cruise at low altitude, control by the operator to maneuver the missile
trajectory manually during the cruise mode, operator detection of the target, lock-on and
terminal engagement of a moving tank target, and the utility of the digital multimode
target tracker. Then on June 1, 1985, the FOG-M prototype achieved its first successful
hit on a moving target. In an incredibly brief two year period, the skunkworks operation
of the MICOM RDEC labs had achieved a stunning success. At this point the history of
FOG-M, under the leadership of William McCorkle and Paul Jacobs, read like a chapter
out of Peters’ and Waterman’s best seller, In Search of Excellence.

The Non-Line of Sight Project Office is Created

An unexpected event occurred in 1985 that had important implications for FOG-
M. Defense Secretary Casper Weinberger made the decision to cancel the Army Air
Defense Center’s DIVAD anti-helicopter gun that was also known as Sgt. York. The
program had been over budget, behind schedule, and had experienced performance
problems. This created an opportunity for FOG-M, not as an anti-tank weapon, but as an
anti-helicopter weapon.

In November 1985, McCorkle conducted a test in which an Army corporal was
given minimal training and then successfully hit a helicopter parked behind a hill ten
kilometers away. In a second test, a helicopter moving at 100 kilometers per hour was
destroyed. These tests captured the attention of Major General Don Infante of the Air
Defense Center at Fort Bliss because nothing else in the inventory had the potential to hit
a helicopter utilizing a “pop up” tactic behind a hill. This also caught the attention of a
number of high level Pentagon officials, including Defense Secretary Weinberger. FOG-
M was repositioned from being an anti-tank weapon to being an anti-helicopter weapon,
and the decision was made to accelerate FOG-M development and to conduct the Initial
Operational Evaluation.

In December 1986, the Under Secretary of the Army for Acquisition designated
FOG-M as the Non-Line of Sight (NLOS) system for the Forward Area Air Defense
System. In July 1987, COL Oleh Koropey was named Project Manager of the NLOS



Project Office, and George Williams was named Deputy Project Manager. George
Williams was replaced by Jerry Dooley in late 1988 when Williams was named Fire
Support Deputy PEO. The NLOS Required Operational Capabilities (ROC) document
was approved in October 1987.

The full scale development request for proposals (RFP) was released in
November 1987 and amended in February 1988. Two teams of defense contractors bid on
the project, Martin Marietta and Raytheon, and Boeing and Hughes. The full scale
development contract was awarded to Boeing and Hughes in December 1988. On paper,
Boeing and Hughes were to split the work equally. Boeing was responsible for the
ground equipment and Hughes was responsible for the missile. The Boeing Hughes bid
was $131 million and this low cost bid resulted in the contract award. However, a project
office cost and operational effectiveness analysis (COEA) conducted that same year
estimated over double the cost for the full scale development phase. This would represent
the seeds of trouble to come.

In 1988 NLOS had been budgeted at a level of $63 million. By 1989 budgetary
resources allocated to the program totaled $144.2 million. By the end of 1989 the total
staffing of the NLOS Project Office was up to 72 civilian and two military personnel. The
NLOS Project Office worked with RDEC in the technology transfer of FOG-M
engineering data to the Boeing Hughes team. The Technology Transfer Steering
Committee consisted of the Project Manager, PEO, test, prime contractor and user
representatives. The project manager at Hughes was George Haynes and the project
manager at Boeing was Alex Henshaw.

Simultaneously, the NLOS Project Office supported the RDEC Technical Risk
Reduction (TRR) program. TRR was mandated by Congress and was designed to
demonstrate complementary designs and hardware, incorporating knowledge from the lab
R&D into the full scale development phase design in an effort to reduce technical, cost,
and schedule risk. The TRR program was designed to provide assistance in the highest
risk areas where RDEC expertise was available. Contributions made in the components
area were on imaging infrared seekers, variable speed low signature propulsion, high
payout speed fiber optic data link, more accurate midcourse navigation, alternate warhead
designs, and automatic target cuing tracking. In the system area, contributions were made
on aerodynamic design, wind tunnel evaluations, software development, system
integration, and flight testing.

In the effort to coordinate the TRR activity, Koropey and Dooley initiated the
Cost Reduction Working Group in April 1989. While Hughes made more effective use of
the RDEC data, Boeing preferred to take an approach whereby they would, in the
estimation of Dooley and McCorkle, invent their own version of FOG-M with the
consequent patent advantages. Hughes’ engineers were noticeably upset with Boeing’s
approach. Paul Jacobs hypothesized that this was not only motivated by patent
advantages, but was also a case of the NIH, or “not invented here” syndrome. Boeing’s
view of the situation, however, was different. Robert Foss, Boeing Marketing Manager
for Tactical Missiles, observed that the Boeing team felt they were taking an appropriate
approach and that Hughes was being uncooperative by attempting to position themselves
advantageously for the forthcoming production contract. Jim Daniel, Boeing FOG-M
chief engineer, maintained that the military specifications imposed by the NLOS project
office were excessive and required the significant design changes. In any case, the failure
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to take full advantage of the development accomplished by engineers in the RDEC labs
was also a seed of serious trouble soon to come.

Just as full scale development was beginning to progress, an ominous setback
occurred. This was the Presidential Budget Directive #104 in December 1988 that deleted
approximately $77 million from the NLOS procurement funding for FY 90/91. This
event would have a serious impact on the program schedule. To make matters worse, by
the end of 1989, Boeing’s progress on the ground equipment was beginning to slip
seriously behind schedule. Jerry Dooley believed this was due, in part, to the fact that
Boeing had assigned a team to FOG-M that had just completed work on the large Air
Force B2 Bomber contract. The team was accustomed to working on much larger Air
Force projects, and this contributed to a disproportionately large allocation of time during
the first year to activities other than design and testing. In the late 1980°s, Boeing had not
yet developed a strong base of expertise in smaller missile systems. This would develop
to a greater extent in the 1990’s. Tom Jarrell, Boeing Deputy Project Manager for FOG-
M, and Bob Foss agreed that insufficient familiarity with several of the emerging
technologies involved in the system proved to be problematic. For example, Jarrell
observed that problems like the stability of the fiber optic bobbin device in storage
through temperature and humidity cycles proved to be significant technical challenges.
Jim Daniel, Boeing FOG-M chief engineer, also observed difficulty with the stability on
the infrared seeker. Problems such as this contributed to the slow pace of progress. In
addition, as previously noted, Jim Daniel believed that the military specifications
articulated by the NLOS project office were excessive. Numerous specifications, such as
survivability in an environment of nuclear exchange, added development cost and
schedule time.

By September 1989, the Initial Operational Evaluation had been completed. This
involved captive flight, missile firings, and Force Development Test and Experimentation
phases. The follow on Extended User Employment test began in June 1989 with a series
of single and dual missile firings at White Sands Missile Range and concluded in June
1990. In spite of this progress, in December 1989, all NLOS procurement funding was
deleted from the President’s budget submission. Procurement funding was then restored
via the Program Objective Memorandum building process. At this point funding stability
was becoming increasingly problematic.

In 1990 the full scale development contract experienced significant cost overruns.
These overruns were attributed largely to Boeing and Hughes unrealistically low bid for
the full scale development contract. At this point, cost containment measures were
formulated by the NLOS project office in conjunction with the contractors. The initial
cost containment efforts were consolidated and incorporated into an engineering change
proposal document designed to baseline the contract into a more realistic target cost and
insure that future overruns would be reduced. Cost containment measures included the
decision to produce only the NLOS light fire unit mounted on a HMMWYV chassis, which
would be delivered to both heavy and light divisions. At this point, the project office
planned to follow the full scale development contract with a maturation modification
contract. This contractual instrument would be designed to accommodate required system
testing not provided for in the initial full scale development contract. It also provided for
contractual coverage for FY93-94 necessitated by the production funding delay.




Thus, by September 1990, the In-Process Review approved the restructured
$630.8 million baseline for the NLOS program. In addition, by the end of 1990 the Initial
Operational Evaluation and the Extended User Evaluation testing programs produced a
58% success rate with the IOE type missiles. In the operational testing military personnel
engaged moving and hovering helicopters, and moving and stationary tanks that were out
of the line of sight of the firing unit. These tests extended to distances of 10 kilometers.
By the end of that same year, critical design reviews had been conducted for 69% of the
system principal components.

The Boeing Hughes Contract is Cancelled

Despite the IOE success and the significant progress that had been made, by late
1990 the cost overrun issue was receiving high level Pentagon attention. Then a decision
that was disastrous for the program occurred at the time of the Gulf War in January 1991.
Army Acquisition Executive Stephen Conver made the decision to terminate the Boeing
Hughes contract. During this time period the Department of Defense had been under
increasing pressure from Congress and the public to reduce cost overruns in weapons
procurement. Mike Kelly, a former Hughes engineering manager, hypothesized that
Conver wanted to make an example. The perspective of the NLOS project office was
similar. Jerry Dooley observed, “It turned out that FOG-M was sitting in the wrong place
at the wrong time, because he was looking for an example, and there we were, with our
estimates showing us way over [budget]”. Conver explicitly stated that the reason for the
cancellation was excessive cost growth. However, Dooley, McCorkle, and Jacobs posited
that this was actually a secondary reason. The primary reason may have been the
prioritization of other systems over FOG-M based on the assumption that multiple threat
scenarios could be countered with an alternative deployment of systems, or possibly the
acquisition of another missile system developed by the Israelis that Conver favored. In
any case, whether or not this decision was optimal has been the subject of some
controversy.

Lesson 1: A Flaw in the Acquisition Strategy can have Serious Consequences

The acquisition strategy of the NLOS project office was very similar to that of
many other systems in development during the late 1980’s. The full scale development
effort was a cost plus incentive fee contract awarded to the Boeing Hughes team. The
contract was to extend for 43 months. The design to unit cost provisions carried an award
fee based on an evaluation that was to be conducted after limited production buy 1 (LP1).
This would be followed later by a second evaluation of LP2 and LP3. The limited
production buys would be sole source contracts to the full scale development team. Both
of the contractor team members would be required to produce the system under a firm
fixed price follow on limited production contract. Furthermore, both team members
would be required to be qualified for full scale production prior to any FSP award.
Following the completion of full scale development, the two team members (Boeing and
Hughes) would then compete for the full scale production contract. This contract was to
be a firm fixed price contract. Figure 3 presents a summarization of the planned
milestones based on this acquisition strategy at the time of the start of full scale
development.

10



FY88 | FY89 | FY90 | FY91 | FY92 | FY93 {FY94 [FY95 | FY96 |FY97
PROGRAM mAn acAn MK NAI DARN
MILESTONES AE A
ViR
RD&E CENTER
PROOF OF PRINCIPLE} svstau H
RESEARCH e,
1.2 ]
T
LESSONS
LEARNED
EXTBOED USER
| BOAOYNENT
DEVELOPMENT uu
PROGRAM
I $SYSTEM DEVELOPMENT ml SYSTEM QUAL L
5 N
| | |
‘/\/m‘ ouvipeL | suvape wuna.]
LOW RATE INITIAL melN | wol{Bwe [Bom
PRODUCTION 0PTION 0PTION 0PTION
m
ol | wA
FOTAEL
TEST & EVALUATION | ] D
L3
0| Tum| s
Acmu ]
vt " nmna.l UY2DE
FULL SCALE Wiy wnfy ey
PRODUCTION
(COMPETITIVE) -
. N mr | ovioe | avaoe
w1 el g i

Figure 3 — NLOS acquisition strategy

A cost plus incentive fee contract can work well in a number of contexts. For
example, when Boeing was competing against Vought for the large Multiple Launch
Rocket System (MLRS) production contract, Boeing’s behavior was radically different.
This was because the production contract was so large (significantly larger than FOG-M),
and Boeing and Vought were competing during full scale development on the basis of
technical performance and cost effectiveness. In the case of FOG-M, the incentives were
different. First, the incentive in the contract was not significant compared to the income
that could be generated by escalating costs. Paul Jacobs observed that the main reason
Boeing was not making full use of the engineering development that had been completed
in the lab was because the incentives were inadvertently structured to generate more cost
in order to maximize income.. There was simply insufficient incentive to fully utilize the
technology developed by RDEC engineers. The financial incentives favored maximizing
hours of engineering design work, and in essence, reinventing FOG-M. Furthermore, cost
overruns had become common in many large defense contracts in the late 1980’s, and
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Boeing management simply did not believe the government would ever cancel the
contract.

One approach to counter this problem would have been to create a series of
critical milestones with evaluative testing. Such testing would include component level
testing, and other design evaluations, in addition to actual flight testing later in the
schedule. Failure the meet schedule, cost, and technical performance objectives at each
critical milestone would then result in significant financial penalties and/or withholding
of significant incentives. At each critical point a go/no go decision, or the option to
cancel would be available. One can only speculate, but instituting such controls in the
areas of schedule, cost, and technical performance may have been beneficial.

Another fundamental error occurred during the Boeing Hughes selection process.
The Boeing Hughes team bid $131 million for the full scale development contract. Their
strategy was, ostensibly, to come in low with the full understanding that cost overruns
would be inevitable later. The NLOS project office had conducted it’s own cost estimates
including detailed risk analyses. Their own estimates were well over double the Boeing
Hughes bid, in the range of $343 million. What appeared to be the rational decision at the
time was made. The contract was awarded to the low cost bidder. Unfortunately, this
decision had serious implications later. By signing the contract at $131 million, cost
overruns were inevitable. In a high visibility program like NLOS, the magnitude of the
overruns which began to materialize two years into the full scale development program
were simply too large to avoid the scrutiny of Congress, GAO, and high level Pentagon
officials. The resulting cancellation was a devastating setback to the program.

Paul Jacobs observed that another potential issue with the acquisition strategy
was the fact that Boeing and Hughes were teamed for the full scale engineering
development phase. However, at the conclusion of this phase they were to compete for
the production contract. This arrangement would not create conditions conducive to full
cooperation and collaborative sharing of technical knowledge. Rather, there would be a
significant incentive to be cautious regarding the sharing of any unessential information
in order to create an advantage for the forthcoming production competition. From Jacobs’
vantage point, the level of cooperation between Boeing and Hughes was weak during the
full scale development. Both Ken Matkovich from Hughes, and Bob Foss from Boeing
agreed that cooperation was less than ideal.

A final issue with the acquisition is associated with the selection process. Hughes
had an excellent base of experience and expertise relevant to the technologies involved in
FOG-M. Boeing, as noted earlier, in the timeframe of the late 1980°s had yet to develop a
high level of internal expertise with some of the technologies associated with small
missiles. According to Jacobs, they lacked a high level of expertise in a number of the
key areas. Jim Daniel noted that Boeing had moved a number of people from Seattle who
were accustomed to working with other technologies on large aircraft. As a consequence,
the learning curve was greater. Therefore, while the technology readiness level may have
been relatively high based on the RDEC development work, the actual readiness level
was not as high at Boeing. Based on these observations, one might conclude that the
proposed staffing for the effort may not have been sufficiently scrutinized in the selection
decision process. This also may have contributed to the schedule slippage during the first
year of full scale development.
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Lesson 2: Integration and Control Could Have Been Improved through Modes of
Organizational Design

It has been established that the integration of the engineering development
completed in the RDEC labs and the work of the contractors was less than optimal. As
noted previously, the contract itself did not facilitate integration between the contractors
and the lab. The effort on the part of the NLOS project office to initiate the Technology
Risk Reduction program and the creation of the Technology Transfer Steering Committee
were very useful devices. However, even though they were necessary, they were not
sufficient to achieve the required level of integration, or technology transfer from the lab
to the contractors. A more profound organizational design solution was needed.

In the research literature on organizational design, this type of problem is
commonly addressed with the creation of cross organizational teams. These teams exist
under many different labels such as design-build teams, platform teams, integrated
product development teams, etc. In the case of FOG-M, the full scale development
contract itself would have needed to specify in detail the structure of these teams which
would consist of contractor engineers, RDEC laboratory engineers who participated in
the early development, and project office personnel. RDEC laboratory personnel would
not perform management functions, but would either be collocated with contractor
personnel to perform the actual technical work or be allocated specific tasks. Detailed
specification of how funding would be allocated among the various participants would be
a necessary part of the contract. This approach has worked effectively in other programs
such as the joint effort between Vought, the MLRS project office, and the RDEC labs in
developing a guided version MLRS. What cannot be overemphasized, however, is that
the financial model articulated in the contract must promote collaboration rather than
create a profit incentive to not collaborate.

The concept of integrated product development teams emerged in the 1990’s. Jim
Daniel, Boeing chief engineer on FOG-M, believed that in the 1988-90 timeframe the
coordination between Boeing and the government could have benefited significantly from
such teams. In the subsequent work on EFOG-M, between 1994 and 1999, with Raytheon
as the prime contractor, integrated product development teams were utilized. This was
actually one of the first major Army contracts in which integrated product development
teams were employed. In this application, teams were created that consisted of both
government and contractor personnel. For the fire unit-platoon leader’s vehicle, there
were teams for the equipment bay, the vehicle mod/launcher, the cab equipment, and the
system software. For the missile, there were teams for the seeker section, propulsion, the
warhead section, the missile airframe and canister, the aft section, and the data link. For
system engineering, integration and test, there were teams for system design, system
simulation, system integration/test, and command, control, and communications. Had
such a concept been implemented during the Boeing Hughes contract, technology transfer
between the lab and the contractors would have been facilitated. However, it is important
to note, as Jim Daniel observed, that the performance of such teams is always a function
of the quality of the participants in terms of their technical skills and their willingness to
cooperate. Hence, the optimal form of organizational design is only a necessary, but not a
sufficient condition for high levels of cross organizational integration.
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Lesson 3: The Central Problem in FOG-M Development was Unsustained User
Support Due to Suboptimization Resulting in Funding Difficulties

From the very beginning FOG-M encountered problems with user support. This
was a problem for William McCorkle, the project managers, and the deputy project
managers, both government and contractor. This was a weapon that by all indications
could have effectively served the Infantry, the Artillery, or Air Defense. This was
because the weapon had an uncommon degree of versatility in potential military
applications. However, the Infantry had a very traditional viewpoint, thinking in terms of
direct contact with the enemy within a range of roughly four kilometers. FOG-M was to
be deployed at greater distances and destroy enemy targets remotely. Thus, while the
system could have been potentially very useful to the Infantry, their culture was
characterized by traditional (as opposed to futuristic) thinking. This may be why the
Infantry viewed FOG-M as something foreign to their mission.

In a similar way, the Artillery viewed FOG-M as a weapon that would be
deployed in ways that did not fit with their traditional mission. Furthermore, they had
prioritized other weapons and were committed to those development and production
programs. Consequently, the Artillery viewed FOG-M as a weapon that belonged in Air
Defense. In the late 1980’s, following the cancellation of the DIVAD program, Air
Defense did give a high level of support to the FOG-M program. However, this support
was limited to a period of time in the late 1980’s and early 1990’s. With the cancellation
of the full scale development contract with Boeing and Hughes, a multiyear window of
opportunity was lost.

One reason FOG-M had difficulty attracting support from one of the Army
branches is that it was not a basic upgrade or replacement for an existing system that was
becoming obsolete. Therefore, it had no established constituency. One might conclude
that a major contributing factor to the support problem was that the Army suffers from an
organizational structure deficiency sometimes referred to as “stovepipes”. Here the
stovepipes are the Infantry, Armor, Air Defense, Field Artillery, etc. FOG-M was a
radical new innovation that simply did not fit “neatly” into one of those stovepipes.
However, this weapon had such potential lethality and versatility that in the wider sphere
of battle planning it could have tremendous utility. Thus, it appears that this is a case of
the problem that the management literature refers to as suboptimization. Each branch is
individually maximizing based on their decision criteria, but the combined outcome is
suboptimal.

One way the problem of support might have been approached is through what
the management literature on overcoming resistance to innovative change labels “joint
diagnosis”. This concept has its basis in the social psychological literature on persuasion
and attitude change. The basic concept is to refrain from proposing a technological
solution and then attempting to sell that solution to a potential customer. Rather, one
engages the customer in a process of joint diagnosis (of needs or requirements) and then
jointly works toward the development of a weapon concept to address the threat. Through
an iterative process that would involve projected cost comparisons with other weapons, a
joint solution might emerge. In this way the customer sees the solution as, at least in part,
his solution, resulting in a greater level of “buy in” or commitment. Since the mid 1990’s,
RDEC has instituted annual meetings with TRADOC representatives for discussions that
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could facilitate such a process. Unfortunately, this was not in place during the 1980’s and
early 1990’s when it might have benefited FOG-M.

Since FOG-M was competing against other systems for resources, it may have
been beneficial earlier in the program to utilize cost effectiveness data more extensively
to make the case for FOG-M development funding. Such analyses would be subject to
greater error at early stages because the data would be incomplete. However, while the
cost per missile was expensive, the accuracy in testing was so high that the number of
missiles utilized in combat, when compared to other weapons, would be predictably low.
Thus, overall cost effectiveness was a major potential benefit of FOG-M. The absence of
data, however, made it more difficult to convince decision makers of the merits of this
system based on cost and operational effectiveness criteria.

During the 1990’s, several U.S. allies developed and fielded systems based on the
FOG-M concept. These included Japan, Israel, Sweden, and a combined French, German,
and Italian program. This, in and of itself, is evidence of the viability of the system. This
development suggested another avenue by which FOG-M may have acquired resource
and political support during the 1980’s and early 1990’s. A joint venture or strategic
partnership with one or more of our allies would have increased the potential base of
financial resources and also increased the political support for the system. An example of
where this strategy worked very well was the development of MLRS during the early
1980’s with the U.K., West Germany, and France. Given the ostensible international
interest in a missile system with FOG-M’s capabilities, a well timed strategic partnership
may have succeeded in providing the necessary resources to accelerate development.

A final issue regarding adequacy of funding support is fundamental to large scale
engineering projects in general. The annual budgeting cycle works well for almost all
federal agencies. In the case of large scale engineering projects in the Department of
Defense, this budgeting system does not work well. This is because the very nature of
large scale multiyear engineering projects requires sound project planning and rational
financial planning over the multiyear schedule of the project. In industry, while annual
budgeting is the norm, long term financial planning is instituted without the continuous
threat of funding perturbations based on politicized decision making processes. Under the
existing governmental system, annual funding threats and perturbations are endemic.
From the perspective of sound engineering project management, the current system of
funding large scale defense projects is in need of reform.

Lesson 4: Changing Requirements has Adverse Consequences for the Development
Schedule and Costs

By the mid 1980’s, the work in the RDEC labs had been so successful that FOG-
M was well on its way toward the completion of engineering development. However, a
combination of factors in the years following, with the creation of the NLOS project
office, the cancellation of the contract, and the subsequent restart of the program, resulted
in escalating costs and schedule delays. Decisions were implemented to give the system
both TV and imaging infrared seekers, changing the propulsion system from a solid
propellant rocket to a variable speed mini-turbine engine, increasing the range
requirements to 20 kilometers, increasing the weight of the warhead which changed the
specifications for the missile, developing two versions (light and heavy) for the
HMMWYV and the M993 tracked vehicle, developing the capability of guiding two
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missiles simultaneously, and approving the later combined arms version that would be
capable of destroying both tanks and rotary wing aircraft. The combined effects of these
and other requirements changes had very real consequences for costs and schedule. When
the RDEC lab prototype was completed, the technology readiness level was
comparatively high on most components. However, with the increased requirements
specified in the NLOS Required Operational Capabilities document of October 1987, the
technology readiness level was reduced.

Paul Jacobs attributed the problem of “requirements creep” to the shifting of
support bases over time and the short position tenures of high level military decision
makers. According to Jacobs, the proclivity of military decision makers to institute
requirements changes is always based on good intentions. But the net effects on schedule
and cost are often underestimated. According to Jacobs, the problem is compounded by
the fact that proposed requirements changes are often accompanied by funding
uncertainties. A failure to accept the proposed requirement change may result in loss of
funding. This continuous threat to funding influences technical decision making in a way
that increases technological risk.

Clearly, what was needed was an Operational Requirements Document that
specified requirements at a high level of technology readiness and saved upgraded
capabilities that involved less mature technologies for future preplanned product
improvements. This is of course what the NLOS project office sought. However, the need
to secure funding served as an impetus to increase technological risk. This resulted in
prolonged development and escalated costs.

Epilogue: The Enhanced Fiber Optic Guided Missile (EFOG-M)

Following the cancellation of the Boeing Hughes contract, during the period of
the Gulf War, an NLOS Task Force was commissioned to review the Army’s
requirements for a non-line of sight capability. In March 1991, the NLOS Task Force,
TRADOC representatives, and the AAE agreed on a basic set of NLOS capabilities.
These included both an anti-tank (Infantry) and anti-helicopter (Air Defense)
requirement. In July 1991, an ASARC meeting resulted in the approval of the NLOS
Combined Arms (NLOS-CA) program. At this time, Colonel Louis Kronenberger was
chosen to assume the position of project manager to transition the program from the
terminated full scale development program into a pre-demonstration/validation program.
The reports of the U.S. Senate Armed Services Committee and the U.S. Senate
Appropriations Committee directed the use of $25 million from FY 91 rescission funding
in FY 92 to reinitiate the program. While this level of funding was austere, the R&D
activity could continue in the RDEC labs. During the remainder of 1991 through 1994,
work continued on TV seeker modifications, warhead testing, design of the electronic
safe and arm device, the fiber optic dispenser, the gunner station, autopilot software,
simulation development, the EM actuator, and wind tunnel, variable temperature, shock,
and vibration testing.

Although funded through 1994, in September 1993 the Army cancelled funding
for the NLOS-CA in the FY 95-99 budget estimate submission. This, however, was only
a short setback to the program. The Office of the Secretary for Defense continued
working on a program review proposal to develop fiber optic guided missile technology.
Budgetary resources were identified for FY 95 and outyear funding for a longer range
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Enhanced Fiber Optic Guided Missile (EFOG-M). The EFOG-M program was
designated by the Office of the Secretary of Defense as an element of the Rapid Force
Projection Initiative (RFPI) Advanced Concept and Technology Development (ACTD)
program.

The EFOG-M demonstration program request for proposals was released in
March 1994 and amended in May and June 1994. Concentrated efforts were made by
Louis Kronenberger and Jerry Dooley to incorporate innovative acquisition concepts such
as government/contractor teaming in the form of Integrated Product and Process
Development Teams, data items reduction, and minimized military specifications and
standards. The contract was an incentive fee contract. Following the RFP, proposals were
received from four contractors. The Source Selection Evaluation Board awarded the
contract to Raytheon in October 1994. However, because of protests from the three
unsuccessful offerors, a review by GAO delayed the official awarding of the contract to
Raytheon until May 1995. The result was approximately eight months of lost time in
EFOG-M development. However, as J.P. Ballenger of Raytheon observed, the major
milestones of the program were tied to the Rapid Force Projection Initiative (RFPI).
Therefore, the EFOG-M program schedule was compressed from the beginning in May
1995. The end point in the program schedule did not change because of RFPI’s schedule.
Adding personnel to mitigate the compression would have greatly increased program
costs, so Raytheon performed admirably under difficult schedule and cost constraints.

In May 1995, Colonel Roy Millar was named Louis Kronenberger’s replacement
as project manager. During this period the total staffing of the project office ranged from
18 to 21. This was approximately one third of the staffing level during the Boeing
Hughes FOG-M contract. The budget in 1994 was $35 million and $30 million in 1995.
This level of funding was quite limited and influenced the rate at which development
could progress.

The first phase of the contract was a simulation phase that lasted approximately
12 months. Phase I included the completion of two stationary simulators, one fire unit
mobile simulator, one fire unit load of missile simulator, and one missile surrogate. Phase
I also included the preliminary design work on the EFOG-M hardware and software to
support the design review at the end of Phase 1. This review also included a virtual
prototype experiment. During this period, an Early Soldier Evaluation program was
conducted with the Infantry at Fort Benning. This program followed the trend in
industrial new product development by giving the user the opportunity to provide early
feedback to the EFOG-M design team. As a result of this user testing, the gunner console
and Battle Command Computer were relocated, the reload process was altered, the
equipment bay hardware was enclosed, and the gunner console joystick design was
modified. Following Phase I, Phase II was the demonstration phase that began in late
1995 and was scheduled to be 42 months in duration.

Deputy project manager, Jerry Dooley observed that the relationship between the
project office and the contractor was dramatically different when contrasting Raytheon in
the 1995-98 EFOG-M program with Boeing in the 1989-91 FOG-M program. An
effective level of cooperation and completely open communication regarding cost and
technical issues was characteristic of the relationship between Raytheon and the project
office. Dooley noted that coordination between Raytheon, the project office, and the
RDEC labs was extraordinary in terms of timely response to technical challenges. In
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addition, there was a concerted effort at cost control, and requirements changes were
controlled as well during the EFOG-M program.

The EFOG-M program remained essentially on schedule, and all of the major
technological challenges had been resolved by 1998. The enhanced system had day/night
capability with the infrared seeker. It was also capable of hot launch (as opposed to the
use of an erection device for launch), and it had extended range. The engineering
development was completed, and all that remained was the final stage of man-rating
safety testing before production could begin. Then everything began to unravel. From the
very beginning support from the Infantry had not been exceptionally strong. They had
prioritized other systems like Javelin, TOW, and LOSAT above EFOG-M. There were
substantive tradeoffs. If the Infantry was to procure quantities of EFOG-M missiles,
reductions would occur in the acquisition of other weapons. The cost per missile was
relatively high, but this had to be considered in light of the small production numbers.
Raytheon argued that the cost would decline with increases in production over time, as
was often the case with other systems. Nonetheless, the Army Chief of Staff and the
Assistant Secretary of the Army for R&D made the decision that the Infantry would have
to choose between EFOG-M and LOSAT. The rationale was that the acquisition of both
systems would be too costly in light of overall budgetary constraints. The Infantry chose
LOSAT. In 1998, the EFOG-M program was cancelled by Congress.

Conclusion

The 1998 cancellation of the production program appeared, at least on the surface,
to be the end of EFOF-M. However, this may not be the end at all for one important
reason. No other system in the Army’s inventory has the unique capabilities of EFOG-M.
Nothing else has the combination of non-line of sight capability, large bandwidths so that
exceptionally detailed images are transmitted, the freedom from electronic
countermeasures, high velocity reconnaissance capability, the ability to destroy both
tanks and helicopters, and a 20 kilometer or greater range with extraordinary accuracy.
This unique combination of capabilities suggests that it may be only a matter of time
before the Enhanced Fiber Optic Guided Missile reemerges.
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Guardrail Common Sensor

Guardrail Development Prior to Common Sensor

The history of the U.S. Army operation of Special Electronic Mission Aircraft
(SEMA) began during the Vietnam War. The need for signal intelligence (SIGINT) was
significant during the Vietnam conflict, and as a consequence, improving the capability
of these systems became an important Army priority.

During the late 1960s, the critical Army program that was to be the next
generation SEMA was the CEFLY Lancer. However, the CEFLY Lancer program had
been burdened with problems. There had been large cost overruns, major schedule
delays, equipment weight problems, system integration deficiencies, and other
management problems.

During this same timeframe, ESL of Palo Alto, California had been developing
ground based COMINT systems that solved an important tactical problem. In Vietnam
operators that were utilizing the ground based receivers were continuously being overrun
by the North Vietnamese. As a consequence, many operators were being killed, and
equipment and classified information was lost. ESL developed a system where sensors
were placed on top of hills at strategic locations. The operators would then be located at
a safe distance in a non-combat area. The sensors would collect the information. This
information would be transmitted back to the operators at the remote location. Analysis
and reporting back to the commanders would occur from the remote location.

Based on the successful development of ground based systems in Vietnam, in
1970 the National Security Agency (NSA) under the guidance of its director, Admiral
Gayler, initiated the development of an airborne COMINT system with more advanced
capabilities. It was believed that an airborne system using a remote ground station had a
number of advantages. In addition to the superior COMINT capability for intercepting
HF, VHF, and UHF communications, the fact that the plane would only carry two pilots
meant reduced loss of life in the event that the plane was destroyed. Furthermore, by
having analysts located at the ground station rather than on the plane itself, a much larger
number of analysts could be instantaneously utilized. In late 1970 contract proposals
were submitted by ESL and E-Systems. In February 1971 the contract was awarded to
ESL for the development of what would be known as Guardrail 1.

In Guardrail I the sensors on the aircraft would allow for an expanded view of the
battlefield. The system included three RU-21G aircraft. The 18 operators would be
located on the ground in three 40 foot trailers. The collection operators tuned in signals,
monitored their tactical content, and gisted or tape recorded the intercepted signals. The

analysts would enter important data into tactical reports that would be transmitted directly

to the commanders in the field. The initial testing demonstrated that the ESL digital
receiver designs used in Vietnam in conjunction with the Explorer COMINT remote
transmitting system would operate effectively on an airborne platform, even in a dense
signal environment.

Guardrail I was completed on an extraordinary schedule for just $6 million. The
system was delivered to Germany in August 1971 just in time for the Reforger exercises.
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Guardrail performed remarkably well in this operational test. An operational need that
Guardrail I did not provide was the capability to locate the position of enemy
communications. During Guardrail I development engineers at ESL began developing an
electronic direction finding system. This system would calculate the vector for the
emanating source. Then with multiple platforms (aircraft) one could triangulate to
calculate the approximate location of the communication source. This direction finding
capability was then authorized as a product improvement program in April 1972. This
system would be called Guardrail II.

Integration of the direction finding capability required an inertial navigation
system. As a consequence, NSA obtained six residual RU21-E model aircraft that
already had integrated the ASN-86 inertial navigation system. The aircraft were also
modified to include the necessary antennae. The original Guardrail I microwave link
required upgrading to support the direction finding link requirements. Further, the air-to-
air relays were upgraded from VHF to UHF to reduce interference. Software was
developed to support direction finding calculations and reporting. The output provided
overlay of lines of bearing on map coordinates. This work was completed in
approximately six months and the Guardrail II system was fielded in late 1972.

By late 1972, the US Army had an airborne COMINT system in Europe that had
demonstrated the force multiplying factor that was to become central to the US/NATO
defense strategy. Guardrail II had the capability of providing daily data on military
buildups and the identification of emerging threats. Following the completion and
fielding of Guardrail II, preplanned product improvements were completed that included
minor enhancements, the production of spare parts, and further logistic support. Upon
completion, this system was deployed in Europe in late 1973 and was called Guardrail
I1IA.

Following the completion of Guardrail IIA, in 1973 NSA initiated a twelve month
program to produce another Guardrail system for the Pacific region. This system would
be called Guardrail IV. It included an improved version of the UHF communications
datalinks and a new generation of broader coverage VHF receivers. The basic system
capabilities were essentially the same as the GR-II, but it also included an improved set
of auxiliary ground equipment (AGE). The GR-IV system included six modified RU-
21E aircraft. The GR-IV system was designed, built, and tested on schedule and within
budget. The Army Security Agency (ASA) assumed responsibility for supporting the
fielded system and maintained a small group of contractor field service representatives.
The system was fielded in South Korea in 1974,

Guardrail I-IV achieved their operational requirements and were each produced
on schedule and within budget. These early systems were procured by NSA as Quick
Reaction Capability (QRC) programs. They were designed as theatre level assets which
led to a long term requirement for Guardrail as an Army Corps level asset.

In early 1976, the Guardrail V program was conceived and ESL continued the
program as prime contractor. The GR-V program was planned as a cost effective, second
generation technology insertion program.

In 1977, as a result of the Intelligence Organization and Stationing Study,
responsibility for the Guardrail program was transferred from NSA to the Department of
the Army, Electronics Command (ECOM). Thereafter, with the creation of the
Communications and Electronics Command (CECOM) and the Electronics Research and



Development Command (ERADCOM), Guardrail was assigned to ERADCOM. (In
1985, the Guardrail program was reassigned to the Intelligence and Electronic Warfare
Program Executive Office at Ft. Monmouth with CECOM. At this time ERADCOM was
renamed Army Research Laboratories). With the ostensible success of the Guardrail
program, and the long history of cost overruns, schedule delays, and technical
performance and integration problems, the Army's CEFLY Lancer program was
cancelled. Guardrail became the Army's SEMA system.

Unlike the contracts for GR I-IV, the GR-V program had formal data
requirements that included logistics, a qualification test program, a formal integrated
system test program, a spare parts program, a quality assurance program, and formal
software documentation. However, GR-V was still classified as a limited production
urgent system. In this sense, while GR-V lost some of the skunkworks-like
characteristics of GR I-1V, it still retained the authorization to proceed as an urgent QRC.
program with significantly reduced oversight requirements.

The original plan was to produce four Guardrail V systems. Each would have six
aircraft. Beech continued as the aircraft modification subcontractor. The aircraft were
derived from the various versions of the existing RU21 aircraft, including the RU21-E, A,
D, and G aircraft. Each of these aircraft were modified to the GR-V specific RU21-H
configuration. These aircraft were outfitted with wing tip pods that replaced many of the
individual antennae that the GR I-IV aircraft carried. The aircraft also had provisions for
radar warning equipment; they had low reflective paint, and were equipped with chaff
and flare dispensers. GR-V included lighter, smaller direction finding equipment that
created more space for the heavy UHF link and radio frequency antenna multiplexing
equipment that was needed to connect multiple communications transceivers and on-
board radios to the same antenna.

GR-V included a new computer system with increased memory and processing
capability. Software improvements included computer assisted diagnostics and link
frequency algorithms. In addition, improved direction finding calibration and automated
direction finding accuracy test software were added.

The first GR-V system was completed in 28 months, on schedule. Following
operational testing, this system was fielded in Gruenstadt, West Germany in 1978,
replacing the GR IIA system. Two additional GR-V systems were delivered to Korea
and the continental US in one year intervals (1979 and 1980). These systems replaced
the aging GR-1I and GR-IV systems. The original plan called for a fourth GR-V system
to be produced. With the initiation of the contract for the Improved Guardrail V
program, the fourth GR-V system was diverted to support the Improved Guardrail V
program.

ESL was awarded the contract for the Improved Guardrail V (IGR-V) in late
1981. Beech would again assume responsibility for the aircraft subcontract. The IGR-V
aircraft would be the first to be pressurized to allow for higher altitude missions. The
aircraft would be the RC12-D. One of the major weaknesses in the preceding Guardrail
systems was the inertial navigational system reliability. Navigation was critical to the
direction finding capability and it was also essential to insure that the aircraft would not
drift across the border into enemy territory during peace time missions.

Another requirement for the IGR-V was the integration of the Interoperable Data
Link (IDL) for interoperability with the Air Force and the Navy. The IDL originated as a



wide band microwave link designed by Sperry Univac (Unisys) for the Air Force.
Guardrail improvements to the link in establishing interoperability included dual Kw/X
band tracker operation, error encoding, bulk encryption, a wider band uplink, and
enhanced link diagnostics. The IDL vastly increased Guardrail's link capacity and also
added anti-jamming features.

One of the major challenges for the Guardrail program was operating in a high
density airbomne signal environment. For IGR-V the pre-planned product improvements
included the addition of the Fast DF (direction finder) that had been developed by ESL
under an Air Force contract. In addition, ESL had developed a Signal Classification and
Recognition System (SCARS) in its laboratories. The addition of Fast DF and SCARS to
IGR-V allowed for auto search, auto DF, area of interest screening, and vastly increased
direction finding throughput volume with greater emitter location accuracy.

The direction finding and signal processing improvements incorporated in IGR-V
made it significantly more powerful than its predecessor, GRV. The first IGR-V system
was completed in 1984, and operational testing with the 5™ Corps in Wiesbaden, West
Germany occurred in October, 1984. The second IGR-V system was completed and
delivered to the 7™ Corps in Stuttgart, West Germany in the spring of 1985. Both
systems met their production schedules and budgets. In addition, both systems
successfully met their technical performance objectives during operational testing.

The Guardrail Common Sensor Program is Launched

While the Improved Guardrail V systems were being completed, in 1982 a
concept began to emerge for an advanced system that integrated other communications
intelligence (COMINT) and electronics intelligence (ELINT) systems with Guardrail.
This would be known as the Guardrail Common Sensor. It would combine the Advanced
Quicklook (AQL) and the Communications High Accuracy Airborne Location System
(CHAALS) with Guardrail to form a corps level signal intelligence system with an
integrated platform and a single ground processing facility.

One of the primary advantages of the Guardrail Common Sensor (GR/CS) over its
predecessors was its capability to simultaneously collect both communications
intelligence and electronic intelligence. The ability to intercept non-communications
emitters, such as radar, allowed the Army to retire its aging fleet of Grumman RV-1D
Mohawks. These planes carried the Quicklook II Elint system that had become the
Army's airborne electronics intelligence system.

Development of the Quicklook Elint system had begun in the early 1970s. With
GR/CS a new generation of Quicklook would be developed that employed the technology
known as Time Difference of Arrival (TDOA). This technology utilized triangulation
from multiple aircraft to obtain location coordinates. The TDOA capabilities of GR/CS
would give the United States a technology advantage over any other country. However,
in order to achieve the integration for the GR/CS system, the AQL would require
miniaturization due to weight and space limitations. The contractors for the Advanced
Quicklook were UTL in Dallas (for development) and Emerson Electronics and Space
Division (ESCO) in St. Louis (for production).

The second system that was integrated into GR/CS was the CHAALS precision
COMINT location system. This geolocation system for communications emitters utilized
both the TDOA technology and Differential Doppler technology. The CHAALS




development program began in 1972 as a joint Army/Air Force initiative. IBM
developed the coherent processing and emitter location capability. The initial program in
the 1970s was the Emitter Location System (ELS). This evolved to the 1980 Coherent
Emitter Location Test (CELT). CHAALS evolved from these programs, and IBM
continued as the contractor.

In order to achieve the high accuracy required for artillery targeting, both AQL
and CHAALS (and other GR/CS systems) required the integration of the Navstar global
positioning system (GPS). The airbome GPS receivers provided the required aircraft
precision location and precision timing. With these developments the GR/CS location
finding accuracy for both COMINT and ELINT improved from a radius of approximately
one mile with IGRV COMINT to a precise location accuracy to support targeting
requirements.

Work on GR/CS began in early 1985 and ESL continued as the prime contractor.
The government program office that managed the project was moved from ERADCOM
(this later became Army Research Laboratories) to Ft. Monmouth with the
Communications and Electronics Command (CECOM), and the support of the Electronic
Warfare Reconnaissance, Surveillance, and Target Acquisition Directorate (EW/RSTA).
The program reported to the Intelligence and Electronic Warfare (IEW) Program
Executive Office. Major Robert Dull was named product manager for GR/CS.

The basic operational concept behind GR/CS was to authorize one GR/CS system
per aerial exploitation battalion in the military intelligence (MI) brigade of each corps. A
standard system would consist of 12 aircraft that would fly operational missions in sets of
two or three. The ground processing for GR/CS would be conducted in the integrated
processing facility (IPF). The IPF would be the control, data processing and message
center for the overall system. It consisted of four 40 foot trailers with 28 operator
stations. Interoperable data links would provide microwave connectivity between each
aircraft and the IPF. Reporting would then be transmitted to the Commanders Tactical
Terminals (CTT). The CTT’s would be located at up to 32 designated intelligence centers
and tactical operations centers. The automated addressing to CTT field terminals would
provide automated message distribution to tactical commanders in near real time. The
CTTs were complete with anti-jam capabilities. The system later added a satellite remote
relay system (RRS). With this system, intercepted SIGINT data could be transmitted to
any location in the world. In addition, the system included maintenance facilities, storage
vans, a power distribution system, and auxiliary ground equipment. The auxiliary ground
equipment would include the automated test equipment used in preflight checks and
maintenance. The SEMA aircraft for GR/CS would be derivations from the RC12 Beech
military utility aircraft.

Software for GR/CS would include approximately 500,000 lines of code. Four
mainframe computers were required to support each system. Communications frequency
coverage was extended with low band and microwave intercept. More automated signal
search, acquisition and recognition features provided significant flexibility and operator
efficiency to the signal collection process. The system would also provide near first
syllable detection via the priority audio monitor and priority audio recording. GR/CS
would be designed to address the evolving threat that included the use of high density and
heavily encrypted communications, wider frequency ranges, and low probability of



intercept techniques. A diagram summarizing the GR/CS operational concept is presented
in Figure 1.
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Figure 1 — Guardrail common sensor operational concept

Guardrail Common Sensor System 3

The original program plan for the Improved Guardrail V had been to build four
systems, one for each Army corps. However, the plan was modified as the GR/CS
concept emerged in 1982 and then actually went into development in early 1985. The
remaining two IGR Vs that had been authorized would not be built. Rather, these would
become Guardrail Common Sensors, Systems 3 and 4. Following their completion and
fielding, two more GR/CSs would be produced and these would be named System 1 and
System 2 to complete four GR/CSs with one deployed in each Corps. The program plan
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also included an ambitious technology insertion or program of pre-planned product
improvements with each successive GR/CS system. Hence, the sequence of order would
be System 3, System 4, System 1, and System 2.

As work progressed on GR/CS System 3, by the end of 1985 ESL had integrated
and successfully completed testing on the engineering development models of AQL that
had been developed by UTL and produced by ESCO. Through 1986 progress continued
on approximately 35 procurement work directives that encompassed the scope of the pre-
planned product improvements to be integrated into the GR/CS System 3.

By the end of 1986, the air worthiness tests had been completed for the Beech
RC-12H aircraft that would serve as the aircraft for the GR/CS system. Due to schedule
considerations, six RC12-D aircraft were modified to the RC12-H configuration for
GR/CS System 3. System 3 was to replace the aging GR-V system in Korea which was
in need of replacement because the aging fleet of RU21-Hs used for GR-V. Because of
the mission workload in Korea, the replacement was an important priority, and this
became a schedule constraint for the System 3 program.

The testing for the RC12-H aircraft included an important oversight, however,
and this would be the basis for a serious problem that would soon emerge. This problem
would mark the most serious schedule setback since the Guardrail program had been
initiated. When operational testing began in early 1988 at Moffett Field outside of San
Francisco, it became apparent that the RC-12H aircraft would not be able to handle the
added weight of the new GR/CS system. In project planning, it had been assumed that
the RC-12H would be adequate, but the planning assumptions were ostensibly incorrect.
The RC-12H had an increased maximum takeoff weight of 15,000 pounds. This was an
improvement over the RC-12D of about 800 pounds. However, the increased weight of
the AQL and CHAALS systems proved to be problematic. To compound problems, the
AQL and CHAALS hardware were engineering development models that had been fully
tested. However, additional production units were not yet available.

In response to this situation, the decision was made to initiate production of nine
Beech RC-12K aircraft that would include the more powerful PT6A-67 turboprop
engines and oversized landing gear. This would provide a maximum takeoff weight of
16,000 pounds, or approximately 1000 pounds more than the RC-12H aircraft. The re-
engined RC-12K aircraft would have an operating altitude of 35,000 feet compared to
28,000 feet with the RC-12H. It would have a miximum range of 1,400 nautical miles
compared to 1,200 miles with the RC-12H. Like the RC-12H, the RC-12K would have a
maximum cruising speed of 265 knots (305 mph), it would have an endurance of 4.5 to
5.5 hours, and could maintain an operating radius of 180 miles between tethered aircraft
and the IPF.

Because it would take between 33 and 36 months to complete the aircraft, system
integration, and testing, the plan was adopted to modify the original configuration for
GR/CS System 3. System 3 would be known as GR/CS (-) and would include a number
of the preplanned product improvements, but it would not include CHAALS or AQL. In
this way, System 3 could be deployed in Korea in December 1988 to replace the aging
GR-V.

Guardrail Common Sensor System 4



Following the deployment of GR/CS System 3, work began on System 4 in late
1988. Because the RC-12K aircraft would not be complete until 1991, a number of pre-
planned product improvements were initiated. In addition to the integration of CHAALS
and AQL on GR/CS System 4, it would include microwave intercept and downloading
frequency intercept extensions, "special” signal receiver capability, expanded multi-
channel capacity, Proforma enhancements, and Smart File Cabinet/FasTrack smart map
capability. In addition, work continued on SIGINT related software upgrades for
processing on combined COMINT/ELINT missions. -

In 1989 and 1990, 13 more Beech RC-12K aircraft were ordered. Production of
additional AQL and CHAALS units proceeded on schedule and integrated systems tests
for GR/CS System 4 were completed successfully. While System 4 was being
completed, in late 1989 EW/RSTA began to define the configuration and develop a
procurement data package for two additional advanced GR/CS systems. These would be
known as System 1 and System 2. These advanced GR/CS systems would replace the
older IGRV systems and would incorporate many changes from the System 4 baseline.
These would include improved computer systems and display hardware, an enhanced
message capability, improved special signal recognition capability, among other
improvements: Table 1 presents a comparison of the capabilities of GRV, IGRV, and
GR/CS Systems 3, 4, 1, and 2. In addition, Figure 2 presents a summary of the technical
evolution of GR/CS.

Figure 2 — Common sensor capabilities evolution (Chart, courtesy of TRW)
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SIGINT overiay No No No Opt Opt Opt
COMINT Yot Yes Yes Yes Yes Yes
ELINT No No No Yes Yes VYes
Receiver pooling No No Yes Yes VYes Yoo
Fast DF/SCARS No Yes Yoo Yes Yes Yes® *Embedded in ATSA
Unified A/B Architecture No No No - No Opt* Yes ‘Rstrofitable
On-board ELINT processing No No No No No Opt
High resolution DF No No NOo Yes Yes Yes
Spocial aignels No Yes Yes Yes Yes VYes
Numbar of IPF vans 3 4 4 4 234 234
Number of operators 19 23 28 28 25 28
Platformafmission 123 12 12 123 123 123
Platforms, total aircraft 8 [} ] 9 12 12
Reporting TCT ICTT ICTT CTT* CTT CTT-h *Retroft
Cohudmuthg No No No Yes* Yes' Yes® *“Air gap” Manual
intaroperabiity No Yes Yes Yes Yes Yes
Wideband Microwave link No Yes Yes Yes Yeos Yes® Muiti Role Dats Link
Separated deployment opt Yes No No No Yes Yes* ‘Sateliite relay (P3))
Deta Distr System/MLS No No No Opt* Yes Yos “Retrofit
Programmable peyloced No No No No No* Yes “Requires Retrofit
Gateway bridge . No No No No No* Yes ‘Requires Retrofit
Distr on-board processing No No No No No* Yes “Requires Retrofit
Recsivers per mission 12 28 28 42 42 30" 30 set-on plus 24 WB
Recsivers per A/C (Max) 6 14 14 14 14 10°  *10 set-on plus 8 WB
Expanded band revrs No No No Yes* Yes Yes “QRC expansion
Basic full COMINT coverage Yes* Yes Yes Yes Yes Yes “Except DF
Extended upward coverage No Mo No Yes" VYes' Yes® ‘intsrceptonly
Extended downward coverage No No No Yes* Yes Opt  “Intercept only
Lt No No No Opt Opt Yes
FODM Yes Yes Yes Yes* Yes' Yes* *On-board snd gnd
PCWTDM No No No No No Opt
Proforme No Yes Yes Yes Yes Yes
SRE No No No Yes Opt Opt
Signal recigizer on-board No No No No .Opt Yes
DOA DF (multl chen vs 2 chen) 2 2 2 2 2 6
DF extended coverage, down No No - No No  yes Opt
DOF extended coverage, up No No No no Opt Yes
TDOA(EIJNTIOOUN‘I’)“ No No No Yes Yes Yes
ELINT, basic No No No Yes - Yes Yes
ELINT drop-on row No No No No No* Opt *“Requires Unified arch
ELINT, Embedded No No No No No* Opt *Requires Unifled arch
ELINT, on-boerd proc No No No No Opt Opt
Link, air 10 gnd UHF DL DL DL IDL GDDL
Unk, air 10 alr Yes No No No No Opt
Message transponder TCT KT KT CcIT™ CT7 CTT “*Retrofit
Ssialiite remoting Yes No No No Yes Opt
Fiight Line Support AGE AGE AGE AGE AGE Biin® “Builtdn Go, No-go + AGE

Source:

Swvainston, David. Guardrail Common Sensor Program Summary and System

Description, Electronic Warfare, Reconnaissance, Surveillance, and Target

Acquisition, CECOM, Fort Monmouth, N.J., 1994.

Table 1 — Guardrail capability evolution matrix
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In August 1990, Iraq invaded Kuwait. At this point, it was clear that GR/CS
System 4 with its CHAALS and AQL capabilities would not be ready in time for a war
with Iraq. System 4 would not be fielded until July of the next year (1991) to the 5™
Corps 1* Military Intelligence Airborne Exploitation Battalion at Wiesbaden, Germany.
GR/CS System 3 would remain in Korea. America would have to go to war with the two
proven IGRV systems and one GRV system that could be deployed in the Persian Gulf.

IGRY and Guardrail V in the Gulf War

Following the invasion of Kuwait by Iraq, in the fall of 1990 the U.S. and its
Coalition allies began to prepare for war in the Persian Gulf. By this time, the two
Improved Guardrail Vs that had been deployed in Europe had established records of
proven performance. As a consequence, the 5™ Corps 205" Brigade, 1% Military
Intelligence Battalion, moved from Wiesbaden, Germany, the 7 Corps 1 Bnigade, pic
Military Intelligence Battalion moved from Stuttgart, Germany, and the 3 Corps 504"
Brigade, 15® Military Intelligence Battalion (GRV) moved from Fort Hood, Texas to the
Persian Gulf.

In the fall of 1990, the two IGRV systems and one GRV system were deployed in
Operation Desert Shield to intercept Iraqi communications. As Desert Shield became
Operation Desert Storm when Coalition forces invaded Iraq in January 1991, the three
Guardrail systems played an important role in intercepting Iraqi military
communications.

The Iraqis were well aware of the U.S. COMINT capabilities. David Swainston,
former ESL program manager, observed that captured Iraqi soldiers indicated that a high
level of awareness existed among the Iraqi troops. This resulted in the fear that radio
communications would reveal their position to the Coalition forces. This led in an almost
superstitious level of inhibition of communications within the Iraqi army. Thus, the
success of Guardrail can be partially attributed to its inhibitory effect on Iraqi
communications. This reduced the effectiveness of enemy coordination on the ground.

In actuality, the utilization of the Guardrail systems in the Gulf War was below
their potential. First, the GR/CS System 4 with its highly advanced CHAALS and AQL
systems was not yet completed and could not be deployed. Second, because the air war
was controlled by the Air Force, and Army forces did not begin operations until late in
the war, the Guardrail systems never had the opportunity to perform up to their potential
with coordinated Army operations. Nonetheless, the role that the Guardrail systems
played in the Gulf War cannot be underestimated. They were critical in their role in
intercepting Iraqi communications. In addition, their effect on inhibiting ground based
communications resulted in the further degradation of coordination among Iraqi troops.
Much was learned from the Gulf War experience. From this experience important QRC
enhancements were added as improvements to the GR/CS System 3. These included low
band intercept, upward frequency extension with programmed multi-channel
demodulation, special radio exploitation, and software improvements.

Lesson 1: A High Technology Readiness Level

A number of important factors contributed to the success of the Guardrail
program. One of the most significant factors that influenced schedule, budget, and
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technical performance in each phase of the Guardrail development was the level of
technology readiness. When the program started in the early 1970s, ESL had already
developed an extensive base of relevant knowledge among its engineering staff in its
laboratories. This knowledge had developed through their experience with ground based
remote COMINT systems in Vietnam. In addition, at ESL other DoD programs provided
a synergy in the development of the technologies that would be required for Guardrail.

The extensive base of expertise at ESL (and later CHAALS expertise at IBM and
AQL expertise at UTL) was only one contributor to the level of technology readiness.
Another important contributor was the development strategy that was first instituted at
NSA and adopted by ESL, and later adopted by the Army program offices. This
development strategy was multidimensional, but one key element was a focus on
minimizing technological risk and making design decisions based on technological
maturity. However, this strategy included a program of systematic pre-planned product
improvements based on technology insertion. The technologies in areas such as
integrated circuits, direction location finding technology, signal processing technology,
computer hardware and software were evolving rapidly during this period. The Guardrail
program offices and ESL believed that as each successive system was completed and
fielded, the next system could be incrementally upgraded as a new generation Guardrail
system with more advanced technology.

The laboratories at CECOM also played an important role during Guardrail
development. George Morris of CECOM noted that in supporting the CHAALS and the
Advanced Quicklook programs the CECOM laboratories helped solve numerous
technical problems that allowed these systems to mature sufficiently for integration into
the Guardrail Common Sensor.

The strategy of minimizing technological risk and making design decisions based
on technological maturity worked well throughout the 1970s and 1980s. However, both
Charles Dubusky of the Army GR/CS program office and Dave Swainston, retired ESL
program manager, believed that the program began to deviate from this strategy in the
1990s. With GR/CS System 2 the technological envelope began to be pushed too far, too
soon. This resulted in increased levels of technological risk, and subsequent problems
with cost, schedule, and technical performance. This is perhaps a lesson in organizational
learning itself. Each successive generation of managers (both government program
office and prime contractor) must learn from the successful and failed decisions of
preceding programs. In the case of GR/CS System 2, what had been leamed in the past
in terms of development strategy seems to have been forgotten.

Lesson 2: Utilizing an Open Architecture to Support Pre-Planned Product
Improvements Reduced Development Cycle Time

Chuck Dubusky, chief engineer at the government project office, and Herman
Redd, ESL field representative, observed that one of the problems projects encounter in
areas where the core technologies are advancing rapidly is potential for the system to be
obsolete before it is ever fielded. Because Guardrail was becoming increasingly software
dependent with each successive generation, to address this problem the Guardrail
government program office and ESL instituted two initiatives. The first was the
application of real time tactical system processing architecture that was based on the use
of international standards and the use of a seven layer Ada protocol. The second
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initiative was the Advanced Tactical SIGINT Architecture initiative that employed a
unified architecture that was bus oriented and employed all Ada software. Thus, the
architecture and the software standards became the basis for the system, not the vintage
of computer hardware. As new computer and bus technology was introduced, so would
the method of adapting to the established standards. In this way, as computer hardware
rapidly evolved, the software for successive generations of Guardrail could be rapidly
adapted.

It should also be noted that this approach relied heavily on commercial off the
shelf components. In fact, by the time GR/CS System 1 was being produced, of 1176
components, 66 percent were commercial off the shelf. Furthermore, 91 percent were
common with other systems. In essence, a key component of the acquisition strategy
could be described as evolutionary acquisition. A core capability is fielded with a
modular open structure and the provision for future incremental upgrades. Each
successive upgrade would then occur as a block of pre-planned product improvements.

Lesson 3: The Use of a Quick Reaction Capability Program When the Fielding
Schedule Is Critical

In the context of the Cold War, and under conditions of rapid technological
advancements, the normal acquisition processes were viewed to be inadequate by the
Guardrail program office. Herman Redd, who worked for the government program office
before moving to ESL, indicated that based on the experience of the CEFLY Lancer,
program office staff were convinced that a radically different acquisition strategy was
needed. This strategy focused on schedule performance and consisted of several
important components. First, and most importantly, was the approval of a Quick
Reaction Capability program (QRC program). Given the urgent nature of the program,
and the fact that top Pentagon officials were convinced of the criticality of the schedule,
the program office was able to obtain a letter signed by a four star Army general and a
four star admiral (NSA) approving the QRC program. This letter was later referred to as
the "eight star letter," and it allowed the program office maximum flexibility to modify
and bypass existing acquisition processes.

For example, one of the factors that contributed to the schedule and cost problems
with the CEFLY Lancer was the requirement to comply with extensive military
specifications (milspecs). Steve Pizzo, an engineering manager with the government
program office, observed that the Guardrail program office understood that the great
majority of these elaborate specifications would not be critical to Guardrail's
performance, however, to comply with such requirements would result in vastly reducing
the ability to use existing "off the shelf" equipment and components. This would affect
schedule and cost. With the approval of the QRC program, most milspecs were
eliminated.

In addition, the program office understood that the standard Army development
process with the usual milestones and approvals would reduce their ability to field the
system in the time parameters that were needed in the Cold War environment. In light of
this, the QRC program allowed Guardrail to be funded almost completely as a production
program. In actuality, there was engineering development occurring as the program
progressed, but it was funded under the production contracts. In essence, the acquisition
strategy was to begin with the baseline Guardrail system and then evolve the system
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through blocks of pre-planned product improvements using mature, existing technology.
In this way the scheduling ramifications associated with the standard Army acquisition
process would be largely bypassed. Of course, such an approach would not be advisable
for programs with extensive engineering development requirements or large production
runs. In the case of Guardrail, this approach worked because the technology was mature,
considerable commercial "off the shelf" equipment could be used, and each system was
comparatively unique.

Former ESL Guardrail program manager, Timothy Black, observed another
important ramification associated with the use of production contracts. Almost all of the
contracts were either fixed price or fixed price plus incentive fee contracts. This forced
the contractor to be extremely accurate in cost estimating prior to program start. Because
of ESL's depth of expertise in all of the major technologies, cost estimating was generally
very accurate.

As noted previously, while engineering development activity was included in the
production contracts, it was not funded in the usual way as cost plus incentive fee
contracts. Charles Dubusky of the government program office observed that this
approach to the acquisition strategy on the part of the government program office resulted
in disciplined cost containment. ‘

Lesson 4: When the Schedule for Fielding Is Urgent, the Acquisition Strategy
Should Allow for Requirements to Be Set through Dialogue

Steve Pizzo of the Guardrail program office observed that the assumption that
competition in defense contracting universally results in superior performance in terms of
cost, schedule, and technical performance may be incorrect. Competition should
predictably achieve the desired results under most conditions. However, there are
conditions under which the normal competitive process in government contracting will
not result in the highest level of technical and schedule performance. Guardrail seems to
have been one of those programs.

When the schedule for fielding is urgent, the technology is evolving rapidly, and
the defense contractor that developed the first (baseline) system is by far the leading firm
in terms of relevant system specific technical expertise, then a sole source contract may
be required. In the case of Guardrail, the initial contract for Guardrail I was competitive.
Thereafter, the contracts were sole source to ESL as prime contractor (with the other
pertinent subcontractors). This resulted in several important advantages for schedule and
technical performance.

First, the sole source contracts for the sequence of systems following Guardrail I
allowed for requirements to be set through dialogue. The usual situation would be for the
requirements to be specified prior to a request for proposals (RFP). Thus, requirements
would be set in advance. In the case of Guardrail, ESL engineers and government
engineers worked very closely to develop specifications for each successive system
within the general requirements specified by TRADOC. However, TRADOC generally
deferred to the judgment of the program office, and this allowed for specifications to be
developed through joint dialogue between engineers at ESL and the government.

Ron Ohlfs, former chief systems engineer at ESL, suggested that this approval
worked well because ESL could effectively identify requirements that might not be cost
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effective or requirements that could adversely affect the schedule. Thus, the dialogue
tended to influence the process so that design decisions approached the optimum.

Both George Morris of CECOM and David Swainston concluded that TRADOC
contributed to the requirements stability and funding stability of the program. This was
very advantageous to Guardrail because it allowed the engineers to work in an
environment that minimized dysfunctional change. When changes or new capabilities
were presented by TRADOC, the Guardrail program office would assess the technical
feasibility and cost implications and introduce the change in the next successive
generation of pre-planned product improvements. However, TRADOC basically
deferred to the judgment of the technical experts at CECOM and ESL as to what was and
was not cost effective or technically feasible. In this way, the program benefited from an
environment of stability.

Lesson 5: Achieving Effective Integration for the Common Sensor: A Central
Challenge for the Program Managers

From the beginning of the Guardrail program, internal integration at ESL had
been managed very effectively. ESL had utilized a project-matrix structure with a
functional engineering organization. The functional areas included laboratories, and the
organization was based on engineering specializations. The Guardrail program office
obtained engineers from the various functional areas. These assignments were typically
full time until an individual was reassigned to another project. In addition, the
laboratories or functional groups would provide technical support to the Guardrail
program office on a task by task basis.

The program office had a team of assistant program managers that each managed
a major subsystem or functional area. One of the former ESL program managers,
Timothy Black, indicated that the team of assistant program managers met on a near daily
basis because of the high degree of interdependency among the various systems. To keep
the program on schedule, PERT (program evaluation and review technique) was used
extensively, and schedules were reviewed weekly on a task by task basis. Even before
concurrent engineering became common, ESL was applying the basic processes in the
Guardrail program.

Prior to Common Sensor, external coordination with the various subcontractors
was minimally complex. As prime contractor, ESL assumed responsibility for system
integration. With the advent of the Common Sensor and the addition of the CHAALS
and AQL systems, integration increased in complexity. ESL and the Guardrail program
office at Ft. Monmouth developed interface control documents to specify the necessary
interfaces with equipment being developed and produced by IBM, ESCO, Beech, Unisys,
UTL and other contractors.

Steve Pizzo and George Morris on the government side and Tim Black on the
contractor side observed that the interface between ESL and the government program
office was much like an integrated product team (IPT). Long before these came into
vogue in the 1990s, ESL and the Guardrail program office were implementing this type
of interorganizational project coordination. George Morris observed that when IPTs were
formally implemented in the 1990s, they tended to be leaderless groups and decisions
tended to be reached by consensus. In some instances this worked well, but in other
cases the consensual decision making simply did not work. Morris noted that in the

15



1980s, prior to the formal implementation of IPTs, in the Guardrail program the
interorganizational teams were not leaderless. Typically the final decision authority on
any matter was retained by the government program office. However, as a general
practice, there was deference to the judgment of those who had the greatest technical
knowledge on a particular matter. This approach seemed to work more effectively than
the leaderless IPT approach.

In general, the government program office and ESL effectively managed the
system integration. However, there was one significant exception. This was the
management of the weight for the Beech aircraft during GR/CS System 3. This was a
miscalculation that Beech, ESL and the Guardrail program office did not discover until
System 3 was being tested. This miscalculation resulted in the need to re-engine the
aircraft, and this led to serious delays in the completion and fielding of GR/CS System 3.

The problem could have been avoided if Beech, ESL, the other contractors, and
the Guardrail program office had been adequately monitoring the weight problem. If
discovered earlier, the replacement of engines on the Beech aircraft could have then
occurred concurrently so that the original schedule could have been achieved.

In any case, George Morris of CECOM concluded that integration is facilitated
when there is a single prime contractor with multiple subcontractors, and the prime
contractor assumes total responsibility for integration. As Guardrail moved into the
Common Sensor program, the CHAALS and AQL systems were furnished to ESL
through the government program office as government furnished equipment (GFE). ESL
had responsibility for integration, but the relationships were ostensibly different because
IBM was not a subcontractor to ESL for CHAALS. Neither were UTL or ESCO
subcontractors to ESL for AQL.

Like Morris, Steve Pizzo of the Guardrail program office observed that systems
with multiple prime contractors have more complex integration problems. Just as the
Navy Battle Group Passive Horizon Extension System (BGPHES) suffered from
extensive integration difficulties due to multiple government project offices with multiple
prime contractors, as GR/CS began to move in a similar direction, integration became
increasingly problematic.

Lesson 6: A Corporate Culture Can Affect the Success of a Program

Given the large learning curves associated with system specific technical
knowledge on complex defense systems, continuity in personnel can be a very important
contributor to performance. This is not to say that a continuous infusion of new talent is
not necessary. This too is essential to any engineering organization. However, managing
turnover and retention is clearly a problem of optimization.

Tim Black and David Swainston observed that at ESL a core group of engineers
worked on the program for a number of years. In fact, as many as 100 engineers worked
on the Guardrail program at ESL for a duration of 15 years. Since each Guardrail
program was successive, there were no gaps in time where a large amount of turnover
and new hiring had to occur. This continuity clearly facilitated organizational learning
and the enhancement of the extraordinary base of expertise at ESL.
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Tim Black and Ron Ohlfs suggested that several important factors contributed to
ESLs ability to retain such a talented cadre of engineers. First, ESL was very competitive
in terms of salary and benefits. This allowed the TRW division to attract and retain
highly talented individuals. Secondly, the corporate culture created an environment that
made ESL a very collegial and enjoyable place to work. From the very beginning,
William Perry (who would later become Secretary of Defense) tried to create a very close
knit, cohesive climate at ESL. Even as the company grew larger and became a division
of TRW, ESL still maintained a highly cohesive and supportive culture.

A third factor that characterized ESL was a corporate culture that emphasized
flexibility. To illustrate, in the late 1970s Ron Ohlfs had considered leaving ESL. His
reasoning was based on the fact that he was spending an inordinate amount of time on
functional management tasks, and he missed spending the larger proportion of his time on
purely technical work. He discussed his sense of diminishing job fulfillment in terms of
functional management responsibilities with his program manager. The program
manager then approached the president of ESL, Don Jacobs, about the situation. Jacobs’
response was characteristically atypical. He simply said that ESL needed to create a
work environment where talented and self motivated people are free to do what they do
best. As a consequence, the company introduced a type of a dual career ladder where
exceptional engineers could progress in a technical track and provide technical leadership
in the company without being burdened with managerial responsibility. As a
consequence, Ohlfs stayed another 15 years.

A fourth and perhaps most important factor that contributed to retention was that
the engineers working on the Guardrail program had a collective vision for where the
technology could eventually go. Furthermore, they understood the national importance
of their work in the context of the ominous threat of the former Soviet Union. The
combination of these important factors contributed to the continuity in the base of
expertise that was successfully maintained at ESL.

Conclusion

The historical development of the Guardrail program summarized in this case
suggests that this evolution of advanced airborne communications and electronic
intelligence systems represented one of the most successful defense systems developed
during the last third of the twentieth century. Based on measures of program cost,
schedule, and technical performance, the sequence of Guardrail systems was exceptional.
The Guardrail systems provided commanders in the field with critical information during
the Cold War, Desert Storm, and the conflict in Central Europe.

As the program moves into the twenty-first century, the COMINT and ELINT
capabilities will be adjoined with imagery intelligence (IMINT) and measurement
signature intelligence (MASINT) capabilities. This will be the next step in the relentless
succession of Guardrail systems and it will be called the Aerial Common Sensor. The
Aerial Common Sensor is scheduled to be deployed in 2010, and it is a system that stands
on the shoulders of giants when one views its extraordinary technological hentage.
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Editors’ Note

In contrast to the other case studies included in this report, the focus of much of the
discussion which follows is on a single important subsystem of the HELLFIRE missile
system. The author found the development history of the laser seeker to be particularly

interesting and chose to write mostly about it, dealing with the rest of the system only in
passing.



Introduction

HELLFIRE, short for Helicopter Launched Fire and Forget Missile, is a modular
missile system designed to destroy tanks and other armored targets through the use of a
shaped charge warhead. It is guided to the target by a semi-active laser seeker which
homes on the energy reflected from a target which has been illuminated by a laser
designator. This designator may be located on board the same helicopter as the
HELLFIRE, on another airborne platform, or on the ground, in either vehicle-mounted or
man-carried configurations. The figure below shows the key elements of the missile.
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LASER ", AUTOPILOT ELECTRONICS
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| BATTERY
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Figure 1.- HELLFIRE Missile (AGM-114)

While HELLFIRE was first employed operationally (and successfully) in Operation
Just Cause in Panama, it received world attention as it saw extensive use in Desert Storm.
Perhaps its best publicized use in Desert Storm was to suppress Iraqi air defense radars
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