2005-2006 AIAA Foundation
Undergraduate Team Aircraft
Design Competition

. RULES

1. All groups of 3 to 10 undergraduate
AIAA branch or at-large Student
Members are eligible and encouraged to
participate.

2. Six copies of the design will be
submitted; each must bear the signatures,
names, and student numbers of the
project leader and the ATIAA Student
Members who are participating. Designs
that are submitted must be the work of
the students, but guidance may come
from the Faculty Advisor and should be
accurately referenced and acknowledged.

3. Design projects that are used as part of
organized classroom requirement are
eligible and encouraged for competition.

4. The prizes shall be:

First place-$2,500;
Second place-$1,500;
Third place-$1,000.

Certificates will be presented to members of
the winning design team for display at their
university and a certificate will also be
presented to each team member and the
faculty project advisor. One representative
from the first place design team will be
expected to present a summary design paper
at an AIAA Conference in 2004. Reasonable
airfare and lodging will be defrayed by the
ATAA Foundation for the team
representative.
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5. More than one design may be submitted
from students at any one school. Projects
should be no more than 100 double-
spaced typewritten pages and typeset
should be no smaller than 10pt Times
(including graphs, drawings,
photographs, and appendix) on 8.5 x
11.0” paper. Up to five of the 100 pages
may be foldouts (117 x 17 max).

6. Ifa design group withdraws its project
from the competition, the team chairman
must notify the AIAA National Office
immediately!

1.  SCHEDULE AND ACTIVITY
SEQUENCES

Significant activities, dates, and addresses for
submission of proposal and related materials
are as follows:

A. Letter of Intent — 17 March 2006
B. Receipt of Proposal — 9 June 2006

C. Announcement of Winners — August
2006

Groups intending to submit a proposal must
submit a Letter of Intent (Item A), with a
maximum length of one page to be received
with the attached form on or before the date
specified above, at the following address:

Student Programs Liaison
AIAA Student Programs
1801 Alexander Bell Drive, Suite 500
Reston, VA 20191-4344

The finished proposal must be submitted
(received) to the same address on or before
the date specified for the Receipt of Proposal
(Item B).



I1l. PROPOSAL REQUIREMENTS

The technical proposal is the most important
factor in the award of a contract. It should
be specific and complete. While it is
understood that all of the technical factors
cannot be included in advance, the following
should be included and keyed accordingly:

1. Demonstrate a thorough understanding
of the Request for Proposal (RFP)
requirements.

2. Describe the proposed technical
approaches to comply with each of the
requirements specified in the RFP,
including phasing of tasks. Legibility,
clarity, and completeness of the technical
approach are primary factors in
evaluation of the proposals.

3. Particular emphasis should be directed at
1dentification of critical, technical
problem areas. Descriptions, sketches,
drawings, systems analysis, method of
attack, and discussions of new techniques
should be presented in sufficient detail to
permit engineering evaluation of the
proposal. Exceptions to proposed
technical requirements should be
identified and explained.

4. Include tradeoff studies performed to
arrive at the proposed design concept.

5. Provide a description of automated
design tools used to develop the design.
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IV. BASIS FOR JUDGING

1.

Technical Content (35 points)

This concerns the correctness of theory,
validity of reasoning used, apparent
understanding and grasp of the subject,
etc. Are all major factors considered and
a reasonably accurate evaluation of these
factors presented?

Organization and Presentation (20
points)

The description of the design as an
mmstrument of communication is a strong
factor on judging. Organization of
written design, clarity, and inclusion of
pertinent information are major factors.

Originality (20 points)

The design proposal should avoid
standard textbook information, and
should show the independence of
thinking or a fresh approach to the
project. Does the method and treatment
of the problem show imagination? Does
the method show an adaptation or
creation of automated design tools?

Practical Application and Feasibility (25
points)

The proposal should present conclusions
or recommendations that are feasible and
practical, and not merely lead the
evaluators into further difficult or non-
solvable problems. Is the project realistic
from a cost standpoint? Does the
presentation include environmental
impact studies (where applicable) and
analysis of the function of the design in
or for society?



V. REQUEST FOR PROPOSAL

Homeland Defense Interceptor

1.0 Background

Increasing funding and technological
sophistication of international terrorist
organizations make it very likely that the
United States will be attacked from the air
again. This attack may involve aircraft
ranging in size from large chartered or
hijacked airliners to small autonomous cruise
missiles. At the same time, most current Air
Force and Navy fighter aircraft will reach the
end of their service life by 2020. The stealthy
F-22 and F-35, designed primarily for
operations against large, sophisticated air
defense systems and high-performance
fighters, are too expensive to be bought in
sufficient numbers to provide adequate force
projection assets while maintaining homeland
airspace sovereignty. A small, high-
performance but low-cost homeland defense
interceptor could fill this gap without
drawing excessive funds away from offensive
forces. Approximately 1000 aircraft are
needed to fill this requirement.

Strict budgetary constraints dictate
that this aircraft will only be built if it is
extremely affordable. In order to minimize
cost per aircraft, all practical measures must
be taken to keep it as small and simple as
possible without compromising mission
performance. The program will be titled
Homeland Defense Interceptor (HDI).
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2.0 Requirements

2.1 Design a homeland defense
interceptor, including an engine
data package.

2.2 The design should be cost
effective and perform two
design missions. The first is a
defensive counter-air (DCA)
patrol mission. Attachment 1
provides specific information
on this design mission. The
second is a point defense
interception mission.
Attachment 2 provides specific
information on this design
mission.

2.3 An intercept/escort mission will
be evaluated. Attachment 3
provides specific information.

2.4 Attachment 4 specifies
minimum performance
requirements.

2.5 Attachment 5 specifies weapons
carriage capabilities.

2.6 Attachment 6 specifies engine
design requirements.

2.7 All reports shall be submitted
electronically as MSWord
documents or PDF files.



3.0 Other Desired or Required

Capabilities and Characteristics

3.1

3.2

3.3

Crew of One (required). All
systems must be designed for one
pilot operation. Pilot and
personal equipment weighs 250
Ibs. Pilot can control the aircraft
remotely if the operational
concept accomplishes positive
threat identification and clearly
addresses all communication
bandwidth issues related to that
approach. An unmanned
approach can remove any
man/machine interfaces from the
aircraft itself, but must address
remotely piloted infrastructure
issues in full detail.

Maintenance (required). The
design must allow easy access
to and removal of primary
elements of all major systems.
Minimize requirements for
unique support equipment.

Structure (required): Design
limit load factors are +7 and -3
vertical g’s in the clean
configuration with 50% internal
fuel. The structure should
withstand a dynamic pressure
of 2,133 psf (M=1.2 at sea
level). A factor of safety of 1.5
shall be used on all design
ultimate loads. Primary
structures should be designed

3.4

3.5

3.6

3.7
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for durability and damage
tolerance. Design service life is
12,000 hours.

Fuel/Fuel Tanks (required):
Primary design fuel is standard
JP-8 or Jet-A (6.7 Ib/gal). All
fuel tanks will be self-sealing.
External fuel tanks may be
carried for design missions, but
if carried, must be retained for
the entire mission.

Stability (required):
Unaugmented subsonic
longitudinal static margin
(S.M.) shall be no greater than
10% and no less than -10%. A
digital flight control system is
mandatory for designs that are
statically unstable in the
longitudinal axis.

Operation (required): The
aircraft must operate in all
weather from existing NATO
runways (8,000 ft), shelters,
and maintenance facilities and
from austere bases without
support equipment. The
aircraft must be capable of all-
weather interception and
weapon delivery.

Cost (required). Flyaway cost
per aircraft for a 1000 aircraft
buy will not exceed $15 million
in 2005 US dollars. All
practical measures will be taken



to minimize total life cycle
costs.

4.0 Measures Of Merit

Designs will be evaluated on DCA
and intercept mission performance
(Attachments 1 and 2), escort mission radius
(Attachment 3), other performance
requirements (Attachment 4), weapons
carriage (Attachment 5), and cost. The
following measures of merit will be reported
for each design mission:

4.1

4.2

4.3

4.4

Weight summary (GTOW, W,,
Wi, WIS, T/W, W; /W)
including external tanks, if
used.

Aircraft geometry and systems
integration (wing and control
surface area, fuselage size and
volume, frontal cross sectional
area distribution, wetted area,
inlet and diffuser, landing gear,
weapons carriage, sensor and
avionics locations, crew station,
etc.)

Mission duration, radius or
range, fuel burn by mission
segment for each design
mission.

Take-off and landing distance
for each design mission
including standard day and icy
runway balanced field length at
sea level and 4,000 feet MSL.

4.5

4.6

4.7
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Performance at maneuver
weight (50% internal fuel) for
design mission loadings.

45.1 Maximum Mach
Number at 35,000 Ft.

4.5.2 1-g Maximum Thrust
Specific Excess Power
Envelope

4.5.3 5-g Maximum Thrust
Specific Excess Power
Envelope

45.4 Maximum Thrust
Sustained Load Factor
Envelope

45,5 Maximum Thrust
Maneuvering
Performance
Diagrams

4.5.5.1 10,000 ft
4.5.5.2 30,000 ft
4.5.5.3 50,000 ft

Flyaway and total life cycle
costs estimates must be
provided for the system.
Include any support system
costs and infrastructure
improvement costs. Show cost
trades for aircraft buys of 100,
500, and 1000 units.

A digital 3D model of the
aircraft is required. This model
must be full scale and
accurately depict the final



design including location of all
major subcomponents, fuel
tanks, payloads, and crew. A
conceptual drawing package
shall be submitted (separate
from the report) using D-size
(22” x 34”) format.

4.8 An operational concept must be
provided for an approach
involving remotely piloted
vehicles. This concept shall
include: threat identification,
threat tracking, target
verification, target tracking,
weapons integration, Kill
verification, collision
avoidance, command and
control infrastructure, loss of
vehicle command and/or
control, handling of enemy
countermeasures, aircraft
launch and recovery scheme,
items/levels of redundancy
required, and a
benefits/limitations summary.
THIS ITEM IS NOT
REQUIRED FOR A
MANNED APPROACH.

5.0 Government Furnished Equipment
GFE

GFE will be used to the maximum
extent possible. GFE available or being
developed for this aircraft is described in
Attachment 7.
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Attachment 1

Defensive Counter-Air Patrol Mission

Configuration: (2)AIM-120 + (2) AIM-9 + M61A1 gun with 500 rounds 20mm
ammunition

Phase Description

1 Take-off and acceleration allowance (computed at sea level. 59° F).
a. Fuel allowance for warm-up
b. Fuel to accelerate to climb speed at maximum thrust (no distance credit)
Climb from sea level to optimum cruise altitude
Cruise out 300 nm at optimum speed and altitude
Combat air patrol 4 hours at best loiter speed and 35,000 ft
Dash 100 nm at maximum speed at 35,000 ft

oo O WDN

Combat allowance:

Fuel required to perform the following maneuvers at 35,000 ft with maximum
thrust and fuel flow.

a. One sustained 360° turn (Ps = 0) at Mach = 1.2
b. One sustained 360° turn (Ps = 0) at Mach = 0.9
After maneuvers, fire all missiles and retain gun ammunition.
7 Climb/accelerate to optimum speed and altitude
8 Cruise back 400 nm at optimum speed and altitude
9 Descend to sea level (no distance credit or fuel used)

10 Reserves: fuel for 30 minutes at sea level at speed for maximum endurance

Note: Base all performance calculations on standard day conditions with no wind.
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Attachment 2
Point Defense Intercept Mission

Configuration: (2)AIM-120 + (2) AIM-9 + M61A1 gun with 500 rounds 20mm
ammunition

Phase Description

1 Take-off and acceleration allowance (computed at sea level and 59° F).
a. Fuel allowance for warm-up
b. Fuel to accelerate to climb speed at maximum thrust (no distance credit)
2 Climb from sea level to 35,000 ft and accelerate to maximum speed
3 Dash 200 nm at maximum speed at 35,000 ft
4 Combat allowance:

Fuel required to perform the following maneuvers at 35,000 ft with maximum
thrust and fuel flow.

a. One sustained 360° turn (Ps = 0) at Mach = 1.2
b. One sustained 360° turn (Ps = 0) at Mach = 0.9
After maneuvers, fire all missiles and retain gun ammunition.
Climb/accelerate to optimum speed and altitude
Cruise back 200 nm at optimum speed and altitude

Descend to sea level (no distance credit or fuel used)

o N o o

Reserves: fuel for 30 minutes at sea level at speed for maximum endurance

Note: Base all performance calculations on standard day conditions with no wind.
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Attachment 3

Intercept/Escort Mission

Configuration: (2)AIM-120 + (2) AIM-9 + M61A1 gun with 500 rounds 20mm
ammunition

Phase Description

1 Take-off and acceleration allowance (computed at sea level and 59° F).

a. Fuel allowance for warm-up

b. Fuel to accelerate to climb speed at maximum thrust (no distance credit)
Climb from sea level to 35,000 ft and accelerate to maximum speed
Dash out at maximum speed at 35,000 ft
Escort for 300 nm at minimum practical airspeed. Retain all weapons.
Climb/accelerate to optimum speed and altitude
Cruise back at optimum speed and altitude

Descend to sea level (no distance credit or fuel used)

o ~N oo o B~ O w N

Reserves: fuel for 30 minutes at sea level at speed for maximum endurance

Note: Base all performance calculations on standard day conditions with no wind.
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Attachment 4

Minimum Performance Requirements/Constraints

Criteria Requirement

Mission Performance

INtercept MISSION RATIUS .........ooviiiiiiiie et 200 nm
DCA Mission CAP endurance at 300 NM FAGIUS ... oo e eeeens 4 hrs

Performance at Maneuver Weight (50% Internal Fuel) for (2)AIM-120 + M61A1 gun with
500 Rounds 20mm Ammunition

» Maximum Mach Number at 35,000 ft..........oooviiiiiiiiiiiiiiiieeeeeeeeeeeeeeee e Mach 2.2
» 1-g Specific Excess Power— Military Thrust
® 0.9M/SA LEVEL ..ttt 200 ft/sec
© 0.9MY/T5,000 fh..eeeeeiieie e 50 ft/sec
* 1-g Specific Excess Power— Maximum Thrust
© 0.9M/SEa LEVEL .. uiiiiiiie ettt 700 ft/sec
® 0.OMY/T5,000 fh.eeeeeiiieee e 400 ft/sec
* 5-g Specific Excess Power— Maximum Thrust
© 0.9M/SA LBVEL ... 300 ft/sec
© 0.9M/I5,000 Fh....oiiiieiiiiiiie e e e e e e e e e e e e e e s ra e e e e 50 ft/sec

« Sustained Load Factor— Maximum Thrust
© 0.OMY15,000 fh..eeriiriiiiiiiiiiie e e 5.0¢’s

* Maximum Instantaneous Turn Rate at 35,000 ft
............................................................... 18.0 deg/s
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Attachment 5

Required Maximum Weapons Carriage Capability

Air-to-Air Loading
- (2) AIM-120 + (2) AIM-9 + gun + ammo

- (4) AIM-120 + gun + ammo

- (4) AIM-9 + gun + ammo
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Attachment 6

Engine Cycle Requirements

1. The engine must provide adequate installed thrust for all portions of the design
missions. The engine data package must include all parameters necessary to completely
describe the engine cycle and geometry.

2. Aircraft System Requirements:
a. Electrical and hydraulic systems require 50kw of power.

b. Environmental control systems and the avionics liquid cooling system require 2%
of engine mass flow.

3. Itis highly desirable that the engine utilized is a non-developmental item (NDI). A
derivative of the engine should currently be in production or forecast to be in production
by 2010.
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Attachment 7

Government Furnished Equipment
ltem Volume, ft3 Weight, Ib  Cost, K$ (2005)

Avionics

» Base Suite

- ICNIA? 3.0 100 200
- 3x MFDs 1.5 20 60
- Head-Up Display 1.6 35 20
- Data bus 0.5 10 10

+ ECM Equipment
- INEWS? 3.0 100 500

Flight and Propulsion Control System

Vehicle Management System 1.0 50 200

Fire Control Systems

« IRSTS? 2.0 50 300
* Active Array Radar 6.0 450 1000

Systems and Equipment

* Electrical System(2 engines) 4.0 300 50
(subtract 80 Ib, 1 ft3 and $10k if one engine is used)

* Auxiliary Power Unit (APU) 2.0 100 50
* Ejection Seat 8.0 160 100
+ OBOGS* 1.0 35 10

* OBIGGS® 1.0 35 10
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Air-to-Air Weapons

AIM - 9M Sidewinder Missile

Launch weight: 191 Ib
Length: 9.6 ft
Max span: 2.11t
Body diameter: 0.4 ft
Launcher rail weight: 50 Ib
Launcher rail length: 9.2 1t

AIM - 120 AMRAAM

Launch weight: 327 Ib
Length: 12 ft
Max span: 2.1t
Body diameter: 0.6 ft

M61A1 20 mm Cannon

Cannon weight: 275 Ib

Length: 74in

Max diameter: 10in

Ammunition feed system (500 rounds) weight: 300 Ib
Ammunition drum length: 25in

Diameter: 25 in

Ammunition (20 mm) 0.58 each

Returned casings 0.26 each

! Integrated Communication, Navigation, and Identification Avionics
% Integrated Electronic Warfare System

® Infrared Search and Track System with laser ranging

* Onboard Oxygen Generation System

>On-Board Inert Gas Generation System



AIAA Graduate Design Project
Intent Form

2005/2006
AIAA FOUNDATION
Undergraduate Team Aircraft Design Competition

Request for Proposal: Homeland Defense Interceptor

Title of Design Proposal:

Name of School:

Designer’s Name AIAA Member # Graduation Date Degree

Team Leader

Team Leader E-mail

In order to be eligible for the 2005/2006 AIAA Foundation Undergraduate Team Aircraft Design
Competition, you must complete this form and return it to the AIAA Director of Student Programs
before 17 March 2006, at AIAA Headquarters, along with a one-page “Letter of Intent” as noted in
Section II, “Schedule and Activity Sequences.” For any nonmember listed above, a student member
application and member dues payment should also be included with this form.

Signature of Faculty Advisor Signature of Project Advisor Date
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