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Abstract

This study examined potential alternatives and decision criteria for inclusion in a
Cost and Operational Effectiveness Analysis to recommend an alternative for addressing
existing DOD multi-role fighter capability to employ inertially guided smart bombs. A
survey of literature and interviews with experts were used to collect required information.
An Analytical Hierarchy Process (AHP) decision model was developed for two feasible
altemnatives and four relevant decision criteria. The two feasible alternatives included
either developing the BRU-55 smart bomb rack, or modifying F-15E conformal fuel tanks
with additional smart interface wiring. Data on quantitative and qualitative decision
criteria were collected to evaluate the alternatives.

This study concluded that the F-15E additional wiring alternative is the
recommended s.glution for addressing DOD multi-role ﬁghter aircraft inertially guided
smart bomb capability, and that joint programs should not be considered as a panacea.
Additionally, the Air Force and DOD should consider formally adopting AHP and the
software Expert Choice in analysis of multiple criteria decision making problems.




A REVIEW OF FIGHTER AIRCRAFT CAPABILITY

FOR SMART BOMBS

l. Introduction

Introduction

The continued success of the Department of Defense (DOD) in meeting the
challenges of future crises and wars requires combining lessons from history and
kesowledge of the present. Policies developed from historical lessons alone are limited by
ﬁe fact that the technology and the international community of today are vastly different
fram what has existed in the past. However, policies formed today that do not account for
experience increase the risk of repeating similar mistakes. Lessons learned from historical
cmflicts in modern times show one aspect has consistently determined success. A country
needs an industrial base capable of producing military goods in peacetime and responding
wincreased military requirements in crisis or war (Kennedy, 1987; Toffler and Toffler,
1993; Eccles, 1965: 12; Nunn, 1992: 39). Understanding recent experience is critical in
knowing what areas of industry are most crucial to continued military success.

The most recent experience of the United States military in Desert Shield/Storm
has both validated the importance of an industrial base to success in war and demonstrated
the growing importance of technology (Toffler and Toffler, 1993: 77; Suit, 1991: 9;
Morrocco; 1991a: 38). Superior technology is a deterrent to war, and if deterrence fails
wchnology provides the means to offset numerical disadvantage in forces and to minimize
loss of life (AFPD 10-6, 1993: 1). However, technology is not useful unless it is
developed into combat capability (Kent, 1988: 1). One area of technology that gained
recognition as being key to combat success in Desert Shield/Storm was the application of

awpower (Toffler and Toffler, 1993: 106; Mann, 1991: 20; Gold, 1994: 21). Strengths in
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night attack and smart bombs were instrumental to the success of airpower in Desert
Shield/Storm (Morrocco, 1991a: 38; Morrocco, 1991b: 52). Three multi-role fighter
aircraft, the F-15E, F-16, and F/A-18, possessed the advanced avionics and precision
guidance capabilities to attack targets at night with smart bombs (Morrocco, 1991a, 38;
Morrocco, 1991a: 66). Technological advances in armament and avionics have the
potential to increase combat capability (Kent, 1988: 1; Stanley, 1980: 1). This research is
a preliminary study looking at different alternatives for maintaining the ISOD’s strength 1n

fighter aircraft by capitalizing on recent advances in armament and avionics.

General Issue

The annual defense budgét has dropped 34 percent in real terms from a 1988 peak
and is projected to fall by a total of 41 percent by 1998 (Loh, 1994: 1). This trend of
decreased defense funding threatens the United States aircraft industrial base and the
capability of the DOD to meet future challenges (Morrocco, 1994a: 48, Correll, 1991: 52,
Morrocco, 1994b: 66). The reduction in funding has been particularly hard on the
aerospace industry.

DOD procurement of fighter and other military aircraft is down significantly; in
1995, 127 military aircraft will be procured, down from 900 in 1985 (Rich and Dews,
1986: 22; Morrocco, 1994a: 48). Decreased acquisition means conflicts in the next
twenty years will be fought with existing weapon systems (Ferris and Jackson, 1994: 52;
Heberling, 1994: 248). Existing weapon systems will become obsolete and ineffective
over time without system upgrades and technology insertions. Therefore, reduced
acquisition of new systems requires that upgrading weapon systems already in inventory
must become part of DOD acquisition strategy (Conver, 1993: 51; Rich and Dews 1986:
24). System upgrades modernize the combat capability of platforms, and support the
industrial base (Conver, 1993: 48; Morrocco, 1994a: 48; Heberling, 1994: 245).
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A trend toward extending the inventory life of fighter aircraft requires
modemnization programs to avoid obsolescence and maintain combat effectiveness (Rich
and Dews, 1986: 22). The House of Representatives Appropriation Committee (HAC) '.
kas directed the DOD to report on plans to modernize existing multi-role fighter aircraft
and maintain the national capability to produce these aircraft (House of Representatives,
1993: 175). Technology advances in navigation and guidance, plus funding for smart
bomb programs based on inertial guidance, provide an opportunity to take action on the
BAC directive. This action would increase the capabilify of DOD multi-role fighter
arcraft by increasing the ability of such aircraft to carry inertially guided smart bombs.

Specific Problem

Three smart bomb programs based on inertial guidance technology will be
available around the year 2000. They are the Joint Direct Attack Munition (JDAM), the
Joint Stand-Off Weapon (JSOW), and the Wind Corrected Munition Dispenser (WCMD)
(Fulghum, 1994a: 22; Fulghum, 1994b: 46; King, 1994). All three smart bombs require a
smart interface with the employing aircraft, an interface that is not at all fighter weapon
stations. The F-15E, F-16, and F/A-18 are the first fighter aircraft in the DOD inventory
peioritized for integration of inertially guided smart bombs (Fulghum, 1994a: 22; Fulghum,
1994b: 46). The F-15E, F-16, and F/A-18 could carry more inertial smart bombs if they
kad more smart interfaces. The goal of this research is to recommend an alternative for
addressing the capability of DOD multi-role fighter aircraft to employ inertially guided

smart bombs.
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Research Hypothesis and Questions

The research hypothesis is that the recommended alternative will be a joint
program or one that is the same for each aircraft. Joint programs can provide signiﬁcant:
reductions in both development and procurement costs, and lead to higher compatibility
| and interoperability (Conrow and others, 1983: 21; Department of Air Force AFDD-40,
1994: 7). A RAND study’s recommendation for improving the military acquisition
process cited increasing early coordination among services as a better approach to meeting
future challenges (Rich and Dews, 1986: 51). Admiral William Owens, the vice chairman
of the Joint Chiefs of Staff states, “it is esschtial for the military to'buy only the weapons it
needs and to avoid duplication” (Matthews, 1994: 34). A joint program is hypothesized
as a better solution, because it will meet the needs of more than one service and allow
lower unit costs through larger purchase economies. Selecting a recommended alternative '
and testing the research hypothesis requires answering seven research questions.

The seven research questions are:

1) What is the impact of smart bombs on warfare?

2) What aircraft support is required for the next generation of smart bombs?
3) What is the present DOD fighter capability to support smart bombs?

4) What alternatives exist for addressing fighter smart bomb capability?

5) What DOD guidance exists for evaluating alternative solutions?

6) What decision criteria are used to evaluate the identified alternatives?

7) Considering the decision criteria, what alternative is recommended?
A formalized study is used to answer the seven research questions. The research
methodology follows four phases and is described in Chapter III. The foundation for

beginning the research is laid by establishing assumptions and limitations.




Research Assumptions and Limitations

Several assumptions and limiting factors scope the research problem. The impact

of the assumptions and limitations on the research is discussed in Chapter IV.

The primary research assumptions are:

1) All known feasible solutions are considered.

2) The weighting of decision criteria is representative.

3) The focus is on potential, not necessarily planned capability.

4) Only one-half of the potential aircraft will require retrofit of smart bomb
racks.

5) That new smart bomb racks would not be procured for the F/A-18’s, and
existing BRU-33A/A racks would be modified with smart electronics.

All alternative solutions found by the researcher and known by contacted experts
were reviewed. Further advances in technology may occur that will develop alternatives
that are not considered in this fesearch. The weighting of decision criteria is based on the
Delphi technique, a method of gathering a group of experts’ judgments (Brown, 1968: 1).
The Delphi technique is further discussed in Chapter II. The inherent capability to expand
each aircraft’s ability to carry smart bombs is used in the research, and may not be
representative of the plimned development of an aircraft’s capability. For example, there
is no defined requirement for F-15E carriage of the 1,000 1b. version of JDAM, although
the aircraft has the undeveloped capability to carry the store. Likewise, it is not feasible
that every F-15E, F-16, and F/A-18 have a smart bomb rack, because some of the
missions the aircraft perform are not compatible with a smart bomb rack. In addition,

F/A-18 aircraft already use BRU-33A/A bomb racks that could be modified into BRU-55
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smart bomb racks. Therefore, the cost for the F/A-18 for the BRU-55 alternative assumes
no additional bomb rack hardware will be procured.

The primary research limitations are:

1) Exact cost figures could not be obtained for each alternative due to their
theoretical nature.

2) Cost estimates are for the development and retrofit of an alternative only.
3) Alternatives requiring modification of weapons are not considered.

4) Only alternatives for 1,000 Ib. class weapons are considered.

5) Only alternatives for the F-15E, F-16, and F/A-18 are c.onsidered.

6) There is no defined requirement for carriage of additional smart bombs on
DOD fighter aircraft.

7) Except for the F-16, the impact of external fuel tank carriage on the number of
available weapon stations with a smart interface is not considered.

8) The F/A-18 technical information was not independently reviewed by a F/A-18

expert, and F/A-18 cost information is based on the combined high and low cost

estimate values for the F-15E and F-16 cost estimates respectfully.
Cost information for each feasible alternative is only representative of actual cost to allow
comparison of the alternatives. Life cycle costs are not developed, because not enough is
known about all the alternatives to quantify support costs. Including changes to weapon
design would mot allow direct comparison of different alternatives, because the wéapon
design would not be baselined across the alternatives. Only 1,000 Ib. class weapons are
considered, because that is the only single coxﬁmon weight class for JDAM, JSOW, and
WCMD. Selection of the F-15E, F-16, and F/A-18 aircraft is based on their status as the
top three DOD operational, multi-role, night capable, fighter aircraft prioritized for
integration of inertially guided weapons. Without a defined requirement no formal

performance measures for the alternatives exist. Definition of weapon system
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requirements is a continuing concern in DOD acquisition (Kent, 1988: 8; Rich and Dews,
1986: 31; Davis, 1994: 44).. Carriage of external fuel tanks is dependent on the mission
profile and would be part of the defired requirement. The requirement for additioﬁal .
smart bomb carriage is only defined for the F-16. Therefore, the F-16 is the only aircraft
where external fuel tank can‘iagé is considered. The F/A-18 technical and cost |
information will not be as reliable as the information for the F-15E and F-16, because it

was not independently reviewed.

Summary

This chapter states the research problem, hypothesis, and goal of the research
effort. Changing technology and declining defense budgets require the DOD to optimize
the combat capability of existing weapon systems. An alternative for addressing the
DOD’s fighter aircraft smart bomb capability is recommended from the results of a formal
study. This research identifies and evaluates alternative methods for addressing DOD

capability to employ inertially‘ guided smart bombs in combat.
Overview of Thesis

The thesis is divided into five chapters. Chapter I introduced the research
problem, hypothesis, and goal. Chapter Il is a literature review. This chapter answers the
first five research questions by identifying background information, and potential
alternatives. A foundation is also laid for answering the sixth and seventh research
questions. Chapter III describes the methodology used to answer the research questions.
The Analytical Hierarchy Process (AHP), a multiple criteria decision support tool
-developed by Saaty, is used to recommend an alternative and to perform sensitivity
analysis (Saaty, 1980; Wind and Saaty, 1980). A multiple criteria decision making
problem has multiple alternatives and decision criteria (Tabucanon, 1988: 5). The AHP

1-7




allows the use of both quantitative and qualitative decision criteria. A decision support
software package, Expert Choice, is used to perform the complex computations and
sensitivity analysis of the AHP (Decision Support Software, 1993). Expert Choice allows
systematic consideration of alternatives for multiple criteria decision making problems
(Battin and Bender, 1992: 68). Chapter IV provides the results and evaluates the
sensitivity of the recommended alternative to changes. Chapter V reviews the thesis,
evaluates the impact of the research assumptions and limitations, spmmarizes the research

questions and findings, and presents research conclusions and recommendations.
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l. Literature Review

introduction of Topics

In Chapter I the research issue and investigative questions were introduced, and an
overview of the thesis was provided. In this chapter the first five research questions are
answered and a foundation is established for answering the last two research questions.

The research questions are:
1) What is the impact of smart bombs on warfare?
2) What aircraft support is required for the next generation of smart bombs?
3) What is the present DOD fighter ‘capability to subport smart bdmbs?
4) What alternatives exist for addressing fighter smart bomb capability?
5) What DOD guidance exists for evaluating alternative solutions?
6) What decision criteria are used to evaluate the identified alternatives?
7) Considering the decision criteria, what alternative is recommended?

At the end of this chapter, conclusions are drawn from the information found from the
investigation of the research questions.

Information in this chapter is very detailed, and repetition occurs émong related
categories. The information is organized in categories for twé reasons. First, experts in
each area are able to verify the information easier when it is self contained. Second, once
verified, organizing the information by category provides easy reference to required -
information. If less detail is desired, the main points of the answer for each research

question are summarized before beginning discussion of the next research question.




What is the impact of smart bombs on warfare?

In their review of changes in modern warfare and the world economy, Alvin and
Heidi Toffler say the most important change in war since the Vietnam conflict is the |
development of smart bombs (Toffler and Toffler, 1993: 11). When the Tofflers discuss
important trends in warfare, two apply to smart bombs. The first applicable trend is the
growing importance of knowledge and information. A revolution placing knowledge at
the core of military power was demonstrated in Desert Shield/Storm (Toffler and Toffler,
1993: 70). The two Joint Surveillance and Target Attack Radar System (J-STARS)
aircraft flew 49 sorties during Desert Storm and identified over 1,000 targets (Toffler and
Toffler, 1993: 71). Maj. Gen. Thomas S. Swalm of the Air Force is quoted by the
Tofflers as saying, “aircraft directed by J-STARS had a 90 percent success rate in finding
targets on the first pass” (Toffler and Toffler, 1993: 71). The ability to accurately locate
targets from platforms such as J-STARS allows for a higher success in employing smart
bombs. The second applicable trend is that improved technology requires fewer
resources. Smart bombs using advanced technology can destroy targets in one attack

(Toffler and Toffler, 1993: 73). This is significant change because:

As recently as the Vietnam War American pilots flew 800 sorties and lost ten
planes in an unsuccessful attempt to knock out the Thanh Hoa bridge. Later four
F-4’s armed with some of the earliest smart bombs did the job in a single pass.
Today one F-117, flying a single sortie and dropping one bomb, can accomplish
what it took B-17 bombers flying 4,500 sorties and dropping 9,000 bombs to do
during World War II, or 95 sorties and 190 bombs during Vietnam.

(Toffler and Toffler, 1993: 73) ‘

Better accuracy requires fewer sorties and fewer sorties improve survivability, because
- aircraft exposure to threats is minimized (Stiles, 1989: 1).
The actual advances in accuracy have been made in weapon delivery modes and
guidance. Previously bombs were delivered on predetermined ballistic paths. F-15E,
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F-16, and F/A-18 aircraft now ﬁse continuously computed impact point (CCIP) delivery
modes that allow unguided weapons to be delivered with approximately 100 foot accuracy
(Morrocco, 1991c: 52). An improvement over the 150 to 200 feet average accuracy for
weapons delivered during the Vietnam conflict (Morrocco, 1991c: 52). Laser or optically
guided bombs during Desert Storm had an accuracy within one to two feet (Morrocco,
1991c: 52). Howcw}er, theré are two limiting factors for these advanced guidance
systems: they require support after launch, and bad weather degrades their performance.

Both limitations affect the survivability and effectiveness of aircraft. Laser guided
weapons require that the target be illuminated by a laser until the bomb hits the target.
Optically guided weapons require constant radio data link communication with the launch
aircraft to update t.hé selected target impact point. The radio data link can be jammed and
requires that the launch aircraft maintain line of sight with the weapon. Additionally, laser
illumination and data link liné of sight may require an aircraft to rerhain in high threat -
target areas until the bomb hits its target. Also, the weather during Désen Storm was
twice as bad as forecast and that caused some aircraft to return without finding their
targets (Morrocco, 1991a: 38). Concerns about the limitations 6f current smart bombs,
and advances in technology have led to the development of new weapons.

The next generation of smart bombs is inertially guided. Initial inertially guided
weapons are designed for an accuracy of 30 to 40 feet (Fulghum, 1994a: 22; Fulghum,
1994b: 46). Although the predicted accuracy of an inertially guided weapon is less than
the accuracy for a laser or optically guided weapon, an inertially guided weapon has two
distinct advantages. First, inertially guided weapons will not require support from an
aircraft after launch, so the launch aircraft can leave or avoid higﬁ threat areas. Second,

inertial guidance is not affected by adverse weather.




Summary. Limitations of current laser and optically guided smart bombs have led
to the development of inertially guided smart bombs. Advances in bomb guidance and
delivery modes have decreased the number of aircraft sorties required to destroy selected

targets and have increased survivability.

What aircraft support is required for the next generation of smart bombs?

Inertially guided smart bombs rely on Inertial Navigation Systems (INS) for
guidance, and in some cases the INS is aided with a Global Positioning System (GPS)
(Fulghum, 1994a: 22). Inertial Navigation Systems provide information on position based
on relative movement from a starting point. The GPS compensates for drift in INS
position information by receiving updates from GPS satellites. The 24 GPS satellites
provide both position and velocity information by triangulation (Nordwall, 1993: 57).
Combined, an INS/GPS system provides very accurate position and guidance information.
The Joint Direct Attack Munition (IJDAM), the Joint Stand-Off Weapon (JSOW), and the
Wind Corrected Munition Dispenser (WCMD) are three smart bomb programs under
development that use inertial guidance technology.

JDAM is an INS/GPS tail kit that can be combined with existing dumb bombs
(Fulghum, 1994a: 22). The dumb bombs include: the BLU-110, a 1,000 1b. unitary
warhead; the MK-84, a 2,000 1b. unitary warhead; and the BLU-109, a penetrating 2,000
Ib. warhead (Fulghuni, 1994a: 22). The combined tail kit and bomb form an adverse
weather smart bomb that will autonomously guide to a selected location.

JSOW is a new 1,000 1b. bomb body with deploying wings for gliding up to 40
miles (Fulghum, 1994b, 46). The JSOW is guided by INS/GPS and can carry a variety of
| weapons including: 500-1000 Ib. unitary warheads, general purpose submunitions, or
smart anti-tank weapons (Fulghum, 1994b: 46).




WCMBD is an INS kit that is attached to existing 1,000 Ib. class cluster munitions
including the CBU-87, CBU-89, and CBU-97A(King, 1994). The WCMD allows accurate
employment of cluster bombs from higher altitudes by correcting for the effects of wind on
weapon ballistics.

A limitation of these smart bombs is that they require additional support from
launch aircraft. Inertially guided smart bomb requirements include mechanical, electrical,
and logical interfaces with a launch aircraft. The mechanical interface is the actual
physical interaction between the aircraft and weapon. The electrical interface defines the
type of electrical power supplied to the weapon from the aircraft before launch. The
logical interface defines the format and content of information passed between the aircraft
and weapon. A discussion of the requiremcnfs for each type of support follows.

Mechanical Interface. The mechanical interface required for inertially guided

smart bombs includes the physical fit and weight limits of the aircraft weapon station,
pylon, bomb rack, and weapon umbilical (F-15A-E. . .Guide: 1994, 19). Aircraft weapon
stations are locations where weapons can be loaded, and are the points where a suspension
pylon can be connected to the fuselage or wing. Each weapon station has a structural
limit for the amount of weight that can be suspended at that point. Pylons provide the
necessary clearance between the weapon and aircraft. Bomb racks fit within pylons and
allow weapons to be connected to the aircraft. MIL-STD-8591 sets forth general
structural and mechanical design criteria for airborne store and bomb rack designs (MIL-
STD-8591, 1990).

Weapon umbilicals provide a conduit for communication between the aircraft
platform and smart bomb electronics, and confirm weapon separation from the aircraft.
Inertially guided smart bombs require umbilicals compatible with MIL-STD-1760
connectors (F-15A-E. . .Guide, 1994: 24). For a similar example in the home, this means
that a three prong electrical plug requires a three prong electrical socket. More
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sophisticated weapon development led to MIL-STD-1760, because the amount of data
and the rate of data exchanged increased, and a standard increased interoperability while
lowering support costs (Byrd, 1995). MIL-STD-1760 is a standard electrical/logical o
interface between an aircraft and a compatible store. The standard defines requirements
for power lines, low and high bandwidth lines, and a digital data bus. The wiring is
incorporated into a standard connector on the weapon umbilical between the aircraft and
the store (MIL-STD-1760, 1992).

Electrical Interface. Smart bombs require electrical support from the aircraft
before they become self sufficient on battery power after release from an aircraft (F-15A-
E. . .Guide, 1994: 19). Inertially guided smart bombs require an electrical interface that
complies with MIL-STD-704. MIL-STD-704 provides voltage and frequency limits and
conditions for aircraft electric power (MIL-STD-704, 1991). The standard includes
quality requirements for alternating current (AC) and direct current (DC) power. The
MIL-STD-704 power lines are combined into the MIL-STD-1760 connector mentioned in
the description of the mechanical interface.

Logical Interface. Smart bombs require passing of information between the
aircraft and weapon over the weapon umbilical (F-15A-E. . .Guide, 1994: 19). Some of
the information passed includes aircraft commands to turn on weapon batteries, weapon
status information, and aircraft and target location. Inertially guided smart bombs require
a logical interface that is MIL-STD-1760 compatible (Morrocco, 1994c: 78). MIL-STD-
1760 defines implementation requirements for the connection between an aircraft and
weapons (MIL-STD-1760, 1992). The MIL-STD-1760 connection implementation
provides a common interface for the operation and employment of weapons from an
aircraft. MIL-STD-1553