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SUMMARY

Improvements in electronic and electro-optic sensor technology have led to
improved potential for design and effective application of "mini" remotely
piloted vehicles (RPVs) in battlefield surveillance and targeting. To examine
and test this new technology for battlefield applications, the Army initiated

the Aquila RPV System Technology Demonstrator (RPV-STD) program in
December 1974 with Lockheed Missiles & Space Company, Inc., Sunnyvale,
California. Army direction was provided by the U,S. Army Aviation Systems
Command (AVSCOM)*, St. is, Missouri. The program was conducted under
contract DAAJ02-75-C~0005/and administered by the Eustis Directorate, U.S,

a~Aa e e e

Army Air Mobility Research and Development Laboratory**, Fort Eustis, Virginia.

It consisted of (1) the design and fabrication of an RPV system using current

_airframe, propulsion, sensor, command and control, and data link technology;

(2) demonstration of that system and its associated technology in field tests; and
(3) training and support for Army hands-on demonstration.

The RPV payload applications examined involved five phases having increasing
sophistication. Phase I, real-time TV surveillance, employs an unstabilized,
zoom (10:1) TV camera with azimuth and elevation control relative to the RPV.
Phase II, real-time surveillance plus photographic reconnaissance, employs
the unstabilized TV camera plus a 35-mm mini-pan film camera. Phase III,
target acquisition, employs a gyro-stabilized zoom (10:1) TV cametg. with a
lock-on scene tracker. Phase IV, target location and artillery adjustment,
adds a laser to the stabilized TV for precise ranging. Phase V, target desig-
nation, uses the same payload as Phase IV, but maintains the laser precisely

“*Redesigmatd U.S. Army Aviation Research and Development Command
(AVRADCOM), effective 1 July 1977,

**Redesignated Applied Technology Laboratory, U.8. Army Research and Technology

Laboratories (AVRADCOM), effective 1 September 1977.
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on target to direct laser homing projectiles or missiles. Each RPV can carry
any one of these sensor options.

The payloads are flown in an autopilot-stabilized RPV that provides timely
access to a wide are'a of the battlefield. The sea level speed (63 to 168 km/h)
and altitude (5,000 m) capability permit the rapid positioning of the RPV so that
the greater part of the 3-hour flight endurance can be directed to mission,

activities. The 12.35-ft span, 6-ft length, and 146-1b (maximum) weight of *

the RPV permit efficient ground handling. Rapid checkout is accomplished
using a semautomatic- or manual-mode suitcase-sized electronic tester.

The mobile ground support system consists of the ground control station (GCS),
self-contained pneumatic launcher, and vertical barrier retrieval systems.

The GCS and launcher are mounted on standard M36 trucks and the retrieval
system is mounted on two M345 trailers. Electrical power for the Aquila sys-
tem is provided by two trailer-mounted diesel~electric generators. The system
is designed to permit examination of the tactical potential of a mobile, deployed
RPV system operating from unprepared sites, with multiple sorties per day,
battlefield coverage up to 20 km from the launch site, and selectable sensor
applications.

System operation offers a broad array of performance, maneuver, search, and
targeting capabilities. Following RPV launch, the RPV operator may direct a
fully automatic mission of waypoint, search, or loiter options or may elect to
mamially direct the RPV flightpath, whichever is required by the mission, No
pilot-qualified skills are required as the RPV is autopilot stabilized and flight
parameters are easily selectable at the RPV operator console. The data link
permits operations up to 20 km from the GCS. Independent of RPV flight param-
eters, the sensor operator has full control of sensor operations and is free to
concentrate on targeting functions over the battlefield area. .
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Recovery of the RPV is semiautomatic. Following preprogrammed waypoints

to set up the approach path, the sensor operator selects the video display from
a ground-mounted camera aimed precisely up the 4~-deg approach path, sights
the approaching RPV, and tracks its progress with an electronically generated
reticle on his video display. The GCS computer then corrects the RPV flight-
path to engage the vertical net of the retrieval system. The longitudinal momen-
tum of the RPV is then absorbed and the RPV settles into the horizontal landing
net strung between the two M345 trailers. Checkout and refueling of the
recovered RPV, or of another RPV, permit early initiation of the next sortie if
desired.

Following contract initiation on 20 December 1974, a concentrated program of
design and engineering testing led to the first vehicle flight on 1 December 1975
at Crows Landing Navy Auxiliary Landing Field, California. After six pre-
liminary system check flights by the contractor, field test operations were
moved to Fort Huachuca, Arizona. A series of RPV losses early in the test
program resulted from a variety of design, recovery technique, and procedural
weaknesses. A program of design and operations refinement was then accom-
plished to improve system reliability. While field testing was in progress,
training of Army personnel at LMSC and in the field was accomplished, Vali-
dation of the RPV and ground support system operation, including Army train-
ing flights, was completed on 22 April 1977. Mission capability, including
sensor operations, was then evaluated from 28 April 1977 to 19 July 1977,
Participation by Army personnel was increased to finalize Army training.
Following successful mission capability demonstration, the first RPV system
was formally delivered to the Army on 15 July 1977. Army hands-on flight
testing by U.S. Army Training & Doctrine Command (TRADOC) and the U.8. Army
Electronic Proving Ground (USAEPG) began in July 1977.

Lockheed and Army tests have validated and defined the operational capability
of the Aquila RPV system in 149 test flights. Mission operations were con-
ducted routinely by Army personnel during the course of the test program, and
evaluations of the results of these operations are being reviewed for develop-
ment of tactical system requirements.




The Aquila RPV system has provided the Army with experience in applications
of current RPV technology to targeting missions in the modern battlefield.
Experience with the system in field tests points toward a greatly improved
capability to observe, identify, locate, and strike enemy targets using con-
ventional or guided artfllery projectiles or migsiles.
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PREFACE

The Aquila RPV-STD program was conducted in accordance with contract DAAJ02-75-
C-0005, RPV System Technology Demonstrator Program, and Lockheed's proposal,
Remotely Plloted Vehicle System Technology Demonstrator Program (RPV-STD) for
the U.S. Army, LMSC-D056091, 30 August 1974.

This report is submitted in three volumes. Volume I, Aquila System Descrip-
tion and Capabilities, provides a complete description of the Aquila system, its
operation, and its capabilities. Comparison with program requirements and
goals is also provided. Volume II, Aquila Sysj;em Evolution and Engineering
Testing, describes the design evolution and ground testing leading to the final
Aquila design, and describes the problems encountered and solutions employed.
Volume III, Aquila Field Test Program, describes the field testing, including
flight tests, and summarizes the results of those tests.

The success of the Aquﬂa RPV-STD D program is attributable in large measure to

the many Army personnel who suﬁ)on and participated in the program. They

are too numerous to name in this brief paragraph, but LMSC wishes to gratefully
acknowledge their support. Two of the Army participants who must be acknowledged
are LTC Davies Powers, RPV Development Manager at the U.8. Army Aviation
Research & Development Command, St. Louis, Missouri, and COL Sherwin Arculis,

U. S. Army Training and Doctrine Command Systems Manager, Fort Sill,

Oklahoma. They and their staffs, in providing program direction and coordinating the
program with the many participating Army headquarters, planning groups, laboratories,
and testing agencies, were essential to program success.




Also contributing directly to the success of the Aquila program were several
complementary contract programs, including (1) Trainer Simulator System,
DAAJ02-75-C-0055; (2) Installation and Checkout of RPV Sensors in the Otter U-1A
Aircraft, DAEA18-75-C-0165; (3) ICNS Aquila~Otter Mini-RPV System Feasibility
Demonstration, DAAB07-77-C-2160; (4) ICNS/Aquila Mini-RPV System Integration,
DAABO07-76-C-0903; (5) Eye-Safe Training Sensor, DAAK70-76-C-0256; (6) ARMS Model
for RPV, Loan Agreement DAAJ02-76-A-0001; Field and Technical Support of Army
RPV Programs, DAEA18-77-C-0107 (Note: Code identification 17077 applies to all
program references.).
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Section 1
INTRODUCTION

1.1 BACKGROUND

The Army has long sought an effective remotely piloted vehicle (RPV) to enhance
its capability for battlefield surveillance and targeting. The operational flexibility
and utility of a small RPV have constantly attracted Army interest. Continual
improvements in RPV technology have increased the potential of RPVs and have
made likely the development of the system or systems to meet the Army's needs.
This technology includes miniaturized electronics, electro-optical sensors,
structural materials, data links, and minicomputers.

During 1973 through 1975, the Defense Advanced Research Projects Agency
(DARPA) conducted RPV research in its Praeire, Calare, and Aequare pro-
grams, Using airframes ranging from model airplanes to modern, molded
fiberglass vehicles, electronics ranging from model airplane radio controls
to electronic autopilots, modern satellite-derivative data links, tracking
antennas, and high-speed computers, the DARPA programs demonstrated
RPVs with modern video, laser, and infrared sensor prototypes. Demon-
strations included finding and identifying targets, and even directing a
cannon-launched guided projectile to a direct hit on a tank target. A further
examination of RPV technology was conducted by the Army in its Remotely
Piloted Aerial Observer/Designator System (RPAODS) program at Fort
Huachuca, Arizona, in 1874, All of these efforts were conducted by contractor
personnel, '

Based on the previous RPV experience in the Army and the results of the
more recent technology programs, the Little 'r' program was conceived.
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The term Little 'r! refers to the less-than-formal required operational capa-

bility (ROC) formulated for the Army RPV system. The approach taken by the

Army was to use this Little 'r* document as a basis for the requiremenis of an

RPV system technology demonstrator (RPV~8TD), to procure such a system

with sufficient hardware for conclusive field testing, to operate and evaluate

the system with Army personnel, and, after careful review, to reevaluate and

formalize the ROC, The Aquila program represents the system procurement N
and the Army '""hands-on'" testing portions of that plan,

1.2 EARLY HISTORY ‘

The forward observer and "grasshopper" observation aircraft became legendary
in World War II as indespensible and often heroic eyes for the field artillery.
Technological advances quickly rendered the light aircraft obsolete and forced

the forward observer to evolve different techniques. The net result was a
reduction in the range at which artillery targets could be effectively and accu-
rately located.

The technology explosion in tacticel missiles during the mid 1950's increased )
this target-locating deficiency and rerved as a catalyst for a multimillion
dollar intensified drone/RPV development program. The resulting SD series .
of drones were disappointing in that, whether fielded with insufficient de-
velopment or being overly sophisticated, they placed too great a maintenance
burden on the commanders and/or became too costly to operate.

These disappointments produced significant lessons, including: (1) requirements,
relative to both needs and technology, must be realistic, (2) technology demon-
strations, allowing user participation and feedback, should precede full-scale P
engineering davelopments, (3) adequate funding must be programmed to sustain .
the necessary development without continuous modifications to avoid cost and (
schedule overruns, and (4) ease of operation by the troops and minimum main- 3
tenance burden are essential, With this background and history, the Army has

formulated and is in the process of completing the Aquila RPV-S8TD program.
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1.3 OBJECTIVES

The objectives of the Aquila program, performed under contract DAAJ02-75C-

0005, were to (1) integrate and demonstrate the current technology of airframe,
propulsion, sensor, command and control, and data link for RPV systems, and
(2) provide training and support for Army hands-on training. The underlying

purpose of the program was to design and fabricate a quantity of RPVs, sensors,

and RPV support systems for use in an Army demonstration program to deter-
mine, by actual Army hands-on usage, the capabilities of RPV systems for
surveillance, target acquisition, and target designation.,

1.4 STATEMENT OF THE PROBLEM

The problems posed by the' Aquila contract were to: (1) combine, on

an extremely ambitious schedule, existing equipment, modified or adapted
components, prototype sensors, and new elements (such as the airframe) into
an effective system technology demonstration system which could find, locate,
identify, and designate field targets for Army artillery; (2) produce quantities
of RPVs and support equipment with minimum engineering development; and |
(3) adequately train Army crews to deploy, maintain, check out, and operate
the system in field maneuvers. In essence, the Aquila RPV-STD system had
to effectively represent a postulated tactical system in the field, operated by
trained Army personnel, at a small fraction of the cost of the development of
the tactical system.

1.5 PLAN OF THE REPORT

This volume, Volume I of three, describes the Aquila RPV-~-STD system, as
delivered to the Army, and its performance as demonstrated in field tests.




Section I provides orientation for the reader by describing the mission of the
Aquila system, its relationship to a postulated tactical mission, and validation
of the Aquila system mission capabilities. Sections III through V describe the
Aquila system hardware and its capabilities, and compare those to program
requirements, goals, and objectives. Section III describes the RPV, with sub-
sections detailing the airframe, power plant, flight control system, and
sensors. Section IV describes the data link system, including all airborne and
ground-based elements. Section V describes the ground support system with
subsections detailing the ground control station, the launcher, the retrieval
system, the electrical generation system, and ground support, test, and
checkout equipment. Sections VI, Site Selection and Geometry, and Section
VII, System Operation, describe the field deployment of the system and its
operational options and capabilities. Section VIII summarizes the conclu-

sions of the program relative to the Aquila system performance and to the
potential for a tactical system.
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Section 11
MISSION

The basic mission of the Army Aquila Remotely Piloted Vehicle System Tech-
nology Demonstrator (RPV-STD) program is to determine, through operation
by the Army, the capabilities of RPVs for surveillance, target acquisition, and
target designation on modern battlefields.

2.1 MISSION DESCRIPTION

The tactical system that the Aquila RPV-STD represents is shown in Figure 1.
Located near the forward edge of the battle area (FEBA), the system provides
surveillance, photo reconnaissance, target detection, target identification,
target location, artillery fire adjustment, and target designation functions over
the local battlefield. The Aquila system, Figure 2, was designed for capa-
bilities that would allow the Army to investigate the utility and effectiveness of

the tactical system that it represents. The mission-related capabilities se-
lected are as follows:

Airframe commonality with all sensors

Multiple sorties per day

Operation from unprepared sites

Minimum crew sige

Minimum time/skill for operation

Low detectability

Mobility, using conventional Army ground vehicles
Compatibility with standard Army equipment
Adequate RPV performance

Computer-controlled flightpath and search patterns
Target detection, identification, locstion, and designation capability
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To conduct its mission, the Aquila system is first transported to a selected

site by standard Army trucks. The site i8 selected and the system set up with
consideration given to local terrain, winds, and obstacles to permit reliable
launch, tracking, and recovery. The site is located accurately within the UTM
coordinate system. The RPVs are then uncrated and assembled. Suitable sen-
sors are installed in the RPVs depending upon the function to be performed. The
ground control station (GCS) and RPVs are checked out and readied for flight.

The RPV is launched into a programmed flightpath (with manual operation op-
tional), possibly including automatic search and loiter patterns. Video and
status information is constantly provided through the data link to the GCE

The data link also provides for control of the sensor(s) on the RPV to achieve
the mission objective. Upon mission completion, the RPV is guided through a
preset series of waypoints to the recovery approach path. The RPV is re-
covered semiautomatically by computer-generated corrections to error sig-
nals formed as the sensor operator in the GCS tracks the incoming RPV on a
ground-based video camera display looking directly up the glide slope. Data
from the flight are recorded on video and electronic tape recorders in the
ground control station. Selected information can be recalled immediately while
complete data printout and analysis are usually scheduled for a remote com-
puter facility. The recovered RPV can be rechecked or another RPV readied
for the next mission. Upon completion of the operations at a given site, the
system can be dismantled and moved to the next site or into storage.

2.2 REQUIREMENTS AND CAPABILITIES

To effectively meet the Aquila system mission requirements, certain capa-
bilities were necessary. These requirements and capabilities are discussed :
in the following paragraphs. _ ¢




2.2.1 Airframe/Sensor Compatibility

Flexibility in sensor selection was required to permit assessment of RPV/
sensor effectiveness without resorting to exclusive RPV/sensor combinations.
Therefore, the airframe was designed to accommodate any one of four sensor
configurations: (1) an unstabilized TV camera, (2) an unstabilized TV camera
plus a 36-mm film camera, (3) a stabilized TV camera, or (4) a stabilized TV
camera plus a laser ranger/designator. Since the payload compartment was
not on the RPV center of gravity, a bailast kit was provided witk éach payload.
The flexibility was demonstrated in contractor flight tests at Fort Huachuca
during May, June, and July 1977 when RPV 014, in test flights 45, 47, 29, and
58, flew the sensors in the order listed above. Sensor changes were also ac-
complished in other RPVs as mission and test flexibility required.

2.2.2 Multiple Sorties Per Day

The system was designed for up to four sorties per day, limited only by crew
endurance, data recording capacity, and the availability of expendables such

as fuel for the diesel-powered electric generators. The only other limitations
would be mission time and checkout time. During contractor flight testing multi-
ple flight operations were limited to two per day by system checkout time and
crew endurance. Flights of two RPVs on the same day (flights 40 and 41 on 22
April 1977, 47 and 48 on 14 May 1877, and 61 and 62 on 7 July 1977), and two
flights of the same RPV on the same day (54 and 55 on 12 June 1977, and 68 and
69 on 26 July 1977) were achieved during system field tests,

2.2.3 Simple Low-Cost RPV

The requirement for a simple, low-cost design was approached in several ways:

selection of off-the-shelf subsystems to assure an acoeptable compromise between

cost and reliability, intensive RPV design review during RPV evolution to assure
that checkout and maintenance procedures could be accomplished without highly
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specialized personnel, assembly and maintenance that require no special tools,
simplification or equipment interfaces involved in manual operations to provide
simple system preparation, closing flight control inner loops onboard the RPV

to prevent human error causing out~of-control flights, and use of molded struc-
ture and commercial grade components to allow low-cost RPV construction. The
scope of the program required extensive use and adaptation of off-the-shelf
hardware to minimize cost, and this approach precluded development of "optimum"
subsystems,

2,2.4 Operation From Unprepared Sites
This requirement reflects the desire for operational flexibility. The major

components of the Aquila system are taken to the site and operated while mounted
on wheeled vehicles (M36 trucks for the GCS and launcher, and M345 trailers

‘for the retrieval system). Requirements for system operation dictate a site

where clear launch and recovery flightpaths are assured and where height and
geometry variations between the GCS, launcher, and retrieval system do not
violate tracking antenna slew rates and radio frequency antenna patterns.
Limited demonstration of site flexibility was accomplished during the contractor
and Army flight tests, with operat‘bnl conducted at the Fort Huachuca Remotely
Piloted Aerial Observer/Designator System (RPAODS) site (flat slope with
sagebrush), the Fort Huachuca western range (grassy hilltop), and the Fort
Huachuca eastern range (rolling hills with sagebrush and grass). Some site
preparation was required, such a8 outting brush in the recovery approach path;
however, additional preparation was made at some sites to accommodate test
support and instrumentation facilities.

2,2,5 Minimum Crew Size
This requirement is divected toward minimum operational oot and flexibility,

During éarly test phases, test orew sise was 13 to acoommodate manning of the
instrumentation test van, simultaneous oheckout and flight test operations, and
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engineering field support during shakedown. As the testing progressed, a basic
crew size of eight evolved: test director, RPV operator, sensor operator,
launcher operator/recovery system rigger, generator operator/recovery system
rigger, safety/range coordinator, technical inspector, and laser range safety
officer. The last three relate to range testing, and not to system operation.

2.2.6 Minimum Time and Skill for Operation

This qualitative requirement is directed toward maximum tactical flexibility

and minimum operational cost, Early estimates indicated a system setup time
of approximately 1 hour. As the Aquila system evolved and emphasis on opera-
tional reliability was stressed, it became apparent that the program scope would
not allow for the system component development and training necessary to produce
such short setup times. However, it is noted that on 15 July 1977 Army per-
sonnel moved on Aquila ground support system into the Eastern test range at
Fort Huachuca and set it up ready for checkout in approximately 12 hours of
accumulated time, including shakedown of a new recovery system. The skill
level of Army personnel operating the system during the Army field tests ranged
from E3 to E6.

2.2.7 Low Detectability

This requirement applies to both the airborne and ground support systems.
Detectability considerations of the ground-based system have been limited to
minimizing system element size and using conventional Army paint schemes.
Specific camouflage techniques have not been developed; however, the system
elements should be no more difficult to conceal than other mobile electronic
systems, and in some respects easier due to the absence of large rotating
antennas. RPV detectability has been reduced through profile shaping and en-
closing the engine. The small size and special contours offer a small radar
oross section compared to conventional manned aircraft, similar to that of a
large bird.
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2.2.8 Mobility Using Conventional Army Ground Vehicles

This requirement is met by mounting the GCS and the launcher on M36 trucks,
the recovery system on two M345 trailers, and the generators on smaller
trailers. The transportability of the system has been demonstrated in moves to
different test sites at Fort Huachuca during the test program,

2.2.9 Compatibility With Standard Army Equipment :

This requirement is directed toward operational flexibility. Compatibility with
trucks and trailers has been demonstrated. Provisions are made in the GCS
for standard Army radio gear. Beyond that, the RPV-STD system is self~-
contained and requires no other support equipment for operation (other than
normal logistic functions). Expanded communication links will be required

for the tactical system for suitable communication with fire conirol and head-
quarters groups.

2.2.10 RPV Mission Performance

This requirement is directed toward effective, efficient, and timely placement

of sensors over areas of interest,. The RPV performance has proven effective

in this respect. Payloads up to 40 1b have been carried. Maximum flight en-

durance ranges from 1 hour to 3 hours, depending on the speed and maneuvers

planned for the flight; the operating radius is 20 km, determined by the data

link; the velocity range is from 63 to 160 km/h; and the maximum altitude

attained was 3,660 m above sea level, This performance permits emphasis

on search and targeting, with little time required for RPV transient and climb .
maneuvers.
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Target Recognition. The specification was to recognize tank-size targets,
with 50-percent probability, at a slant range of 1,000 m after target selection,
The contractor flight test program indicated a range of 938 m. This perfor-
mance was for the RPV system with the unstabilized video camera, Again,
RPV motion degraded the system capability.

Mini-Pan Film Camera Capability. While the desired resolution with the film
camera was not specified, film records taken during contractor flight tests
show a resolution potential of 75 lines per millimeter. This is a greater reso-
lution than that necessary to verify the target detection and recognition capa-
bility of the unstabilized video camera.

Target Acquisition. Using the stabilized video camera, the slant range specifi-
cations for 50-percent probability of target detection were 5,000 m for a tank
target on a road and 2,500 m in a field, The specification for minimum recog-
nition slant range to the target (50-percent probability level) using the stabilized
video camera was set at 2,200 m, Flight tests (17 measurements) indicate a
mean value of 4,845 m slant range for target detection on roads, and a mean
2,282 m slant range (11 measurements) in a field. The mean slant range for
target recognition (15 measurements) was 1,747 m.

Target Location. A specification of 100~-m circular error of probability (CEP)
and 75-m (50-percent probability) altitude was assigned for target location
accuracy at target ranges of 20 km from the GCSandzkmfromthe RPV using
a co-mounted laser with the stabilized video camera. Contractor testing was
limited to one flight for target location after system shakedown and prior to
delivery to the Army. The CEP of the loocations indicated by the RPV system
(RPV to target range from 1,530 m to 3,425 m and target ranges of 16 km to
21 km from the ground station) was 253 m. The mean altitude érror for these
data was 71 m. '
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Burst Offset. No actual artillery burst adjustment was accomplished during
contractor testing. Later Army testing accomplished actual artillery burst
adjustment operations.

Target Designation. Tracking stabilization was specified such that 90 percent
of the laser beam spot will remain on a 2.3-m by 2.3-m, high-contrast, square
target 95 percent of the designation time at a slant range of 2,500 m. In the
single scoring test prior to Army delivery, all laser hits observed were within
a 2.3-m circle offset by 2 m from the center of the target. The sensor was
subsequently reboresighted.

RPV Navigation Accuracy. In support of and as part of target location accuracy,
RPYV location accuracy has to be more precise than that for target location.

Demonstrated RPV location accuracy (determined with the AN/FPS-16 tracking
radar) was +40 m CPE and 15 m in altitude at ranges up to and including 20 km,

RPV Recovery Navigation Accuracy. The recovery guidance system was designed
with permissable "center spot" lateral and vertical miss distances of +10 ft and

6 ft, respectively. Flight test performance, considering 16 recoveries, shows
a 20 vertical miss of +1.6 ft and a 20 lateral miss distance of 3.2 ft, well within
the band of acceptable miss distances. The greatest vertical and horizontal

‘miss distances encountered were 1.3 ft vertically and 3.9 ft horizontally during

successful recovery.
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Section IMI
REMOTELY PILOTED VEHICLE

The Army XMQM-105 (Aquila) remotely piloted vehicle (RPV) is shown in
Figure 3 in launch and recovery operations during contractor field testingbat
Fort Huachuca, Arizona. The RPV consists of the airframe, the power plant
and electrical system, the flight control system, one of four sensor configura-
tions, and airborne elements of the command/control data link. This section
of the report describes the RPV and its subsystems, and defines their char-
acteristics and capabilities.

3.1 RPV CHARACTERISTICS

The XMQM-105, shown in general arrangement in Figure 4, provides a stable
airborne platform capable of carrying targeting sensors at effective

speeds, altitudes, and ranges under simulated tactical battlefield conditions.
Its purpose is to provide the U.S. Army hands-on evaluation of sensor

and RPV capabilities. The principal mission of the Aquila is surveillance, tar-
get acquisition, fire adjustment, and target designation in support of ground
forces.

Significant features of this swept-wing, shrouded pusher propeller mini-RPV
include:

® A collapsible-bladder fuel tank
¢ Removable wings for storage

o Lightweight Kevlar construction
e Pneumatic ratl launch

o Vertical barrier net recovery

The characteristics of the Aquila RPV are listed in Table 1 and discussed in
the following paragraphs ..
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Figure 3. Aquila RPV in Launch and Recovery Operations
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TABLE 1, STANDARD AIRCRAFT CHARACTERISTICS

(A) DIMENSIONS
Fuselage
Length 74 in,
Height 12 in.
Cross Section Variable ellipse
Area (Projected) 3i.4 ftz
Span (Overall) 12.35 ft
Area (Reference) 30.2 ftz
Span (Reference) 11,5 ft
Root Chord (WS 0) 40 in.
Tip Chord (WS 69) 23 in.
Mean Aerodynamic Chord (MAC) 32,26 in.
LE MAC Location FS 130.29
0.25 MAC Location F8 138.36
Aspect Ratio (Overall) 4,86
Taper Ratio 0.58
Sweep, Leading Edge 28 deg
. Sweep, 0.25 Chord 25.2 deg
: Dihedral, Trailing Edge 4 deg
Incidence (WS 13) +3 deg
Incidence (WS 69) 0 deg
' Airfoil Section NACA 28015 (modified)
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TABLE 1. (Continued)

Elevon (Per Side)

Area
Span
Hinge Line
Average Chord (Aft of Hinge Axis)
Deflection Limits (deg)

® Pitch (command limit)

® Phugoid Damping (autopilot limit)
® Roll (command limit)
®

1.40 £t

2.61 1t

76.5-percent wing chord
0.54 ft

~21, *9  Note: elevon
-16, +4  deflection

-18, +6 TEup -

Combined Maximum (pitch, roll limit) -31, +19 TE down +
Duct
Diameter (Inlet) 21,75 in,
Diameter (Exit) 20.89 in,
Chord 7.0 in,
0.25 Chord Location FS 165.0
Incidence (Duct Centerline) 0 deg
Airfoil Section NACA 23015
() RPV WEIGHTS
s r (ib) RPV Weight (Ib) @

Payload Empty Gross
Sony TV Camera® - 112 127
Phase I Sensor 25.7 117 132
Phase I Sensor 38.7 130 146
Phase III Sensor 31.7 124 138
Phase IV Sensor 39.9 131.6 '146.5
Phase V Sensor 39.9 131.6 146.5

(2) 15 1b of fuel (14.5 Ib usable); maximum capability — 160 1b at

sea level, '
(b) Development flight test only.
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TABLE 1. (Continued)

(C) ENGINE RATINGS

Condition pm
Maximum® 8, 300
Minimum (idle) 3,900

HP Min,
11.7 Continuous
1.8 Continuous

(D) POWER PLANT

Number and Model
Manufacturer
Engine Spec. No.
Engine Type

Length

Height

Width

Weight (Dry) With Propeller Hub
Propeller Manufacturer
Propeller Description

(1) MC101MC
McCulloch
5542016

Reciprocating gasoline; two-
cycle, one-cylinder

12.0 in.
10.8 in.
9.0 in.
13.4

Propeller Engineering Duplication

Fixed pitch, wood; two blades,
19.5-in, diam., AF 150; blade
angle (0.76R), 20 deg

Static Sea Level Thrust 40 1b
(E) FUEL

Location Upper center fuselage
(fuel bladder)

Number of Fuel Cells One

Capaoity 2.5 gal

Type Aviation 100/130 octane, mixed
16 to 1 with commerocial two-
cycle oil.

Specification . MIL-F-8672

(a) Maximum, military, and combat power are all the same.




TABLE 1, Continued

(F) ELECTRONICS

Autopilot

Analog

Rate Gyro Stabilized (two
gyros, three axes)

® Waypoint Guidance
Communications (G Band) ® Command and Control
@ Status
® Video
Electrical @ Alternator/regulator (600 W)
® Battery (36 Wh)
® Servos (Analog)
- Elevons (2)
- Throttle (1)
(@) PAYLOAD OPTIONS
Payload Description
Sony TV Camera Unstabilized, fixed-mounted, fixed lens
1. SRL TV Camera, Unstabilized, full hemisphere 10:1
Honeywell Platform - zoom lens, 38-deg max. FOV, 3:4

2. DPerkin-Elmer Photo Camera,
Honeywell Platform

3. SRL TV Camera,
Honeywell Plr “orm

display

Unstabilized, fixed-mounted, fixed
lens

Stabilized, full hemisphere coverage,
10:1 zoom, 38-deg max. FOV, 3:4 dis-

and Tracker play, ALC centroid video tracking
4. SRL TV Camera, Stabilized, ful! hemisphere coverage,
Honeywell Platform, 10:1 zoom, 38-deg max. FOV, 3:4 dis-
and Tracker play, ALC centroid video tracking, YAG
IL8 Laser laser designator
() DEVELOPMENT
Contract Date 20 December 1974
First Flight 1 December 1876
First Delivery 18 July 1977
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3.1.1 Description

neral Arrangement. The configuration is 6 ft, 2 in. (1.88 m) long, with a
wingspan of 12 ft, 3 in. (3.73 m). The gross weight of the RPV varies with
sensor installation from 132 to 146.5 Ib. The short fuselage and large wing
produce a "flying wing' appearance. From a 4-in,-radius spherical segment
nose the body widens to an elliptical fuselage cross section that is maintained
at a2 maximum of 1 ft in depth. The wing-body fairing is generous, creating a
blended wing-body effect. The engine is mounted in the rear of the fuselage
with a pusher propeller (two-bladed wooden). The rear fuselage is faired in
around the engine installation for drag reduction and airflow considerations. A
circular shroud suspended on struts from the rear of the fuselage surrounds the
propeller disk, providing a safety shield protecting personnel and hardware
from the propeller during ground operations — while stabilizing the RPV in both
pitch and yaw during flight. The shroud airfoil cross section is a standard
NACA 23015 airfoil 7 in, in chord. The duct is 21.75 in. in diameter at its lead-
ing edge and 20.89 in. at its trailing edge. Propeller tip clearance 18 0.5 in.

The 12-in,~-diameter sensor bubble or dome protrudes from the belly of the
fuselage at a station (approximately FS 113, 6) near the theoretical intersection
of the wing leading edge and body side contour. The mini-pan film camera
lens housing protrudes from the fuselage belly at a point close behind the sen-
sor dome, Between the payload dome and the mini-pan camera, an aluminum
tab or ""skeg'' protrudes to facilitate attachment to the launcher. Push pads are
also attached to the wing at the trailing edge for interface with the launcher.
The wings attach to the fuselage at buttline 13. Each wing is attached by eight
large countersunk Phillips-head screws. The propeller shroud is attached to
the fuselage by the shroud struts, which are structurally integral to the shroud
with attach fittings on the ends attaching to the fuselage., Molded fittings inte-
gral to the fuselage provide tabs over which are slipped the shroud strut ends.
Attachment 1s accomplished by two countersunk screw-nut assemblies at each
strut-fuselage intersection. Access to subsystems within the fuselage is
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through three access panels on fop of the fuselage and one on the bottom of the
fuselage, and by removal of the nose cap.

The wings are formed to modified NACA 23015 contours. The modification con-
sists of a slight reflex of the trailing edge to reduce nose-down pitching moment.
In addition, the trailing edge is blunted to avoid damage due to handling and

strap impact during recovery. The leading edge sweep is 28 deg. The incidence
of the airfoil at the wing root is 3 deg with the body centerline. A linear geo-
metric twist of 3 deg produces a tip incidence of 0 deg with the body centerline.
Wing dihedral measured at the quarter chord is 2,5 deg. The detachable wing-
tips are formed to minimize induced drag. Flight control surfaces are limited to
the two elevons on the trailing edge of the wing near the tip. Total area of the two
elevons is 9 percent of the wing planform area. Differential deflection is used for
roll control, while collective surface deflection provides for pitch control and trim.

The body station reference system locates the nosetip at station 100. The RPV
is balanced about a fuselage station of 137.0. For a center of gravity tolerance
of £0.3 in. about that position, the RPV is statically and dynamically stable for
all flight control and guidance modes, Specified ballast kits are designed and
provided as the payload units are exchanged so that the RPV center of gravity
can be maintained, (Differences in RPVs and design changes required that the
kits be augmented by hand balancing prior to flight after sensor changes.)

Internal Arrangement, The internal arrangement of the RPV is shown in

Figure 5, In this figure, the RPV components are identified by name, part :
number and location. The components are located within the six body compart- |
ments and the wing cavities, .

The nose cap is closed by bulkhead 104 (i.e., the bulkhead at fuselage station
104). Within the compartment formed by the nose cap and this bulkhead, ‘the >
rate gyro package, payload protector hinges, and bﬁast'. (not shown in Figure §5)
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are accommodated. These components are mounted on the bulkhead and are ex-
posed (as shown in Figure 6) by removing the nose cap. A 1.26-in.-diameter
: hole in the nose cap admits cooling air into the compartment. Slots in bulkhead
104 permit the cooling air to pass into the payload electronic compartment. The
pitot pressure port is flush-mounted in the skin of the nose.

v A A s S

LW - e

S \

BULKHEAD 104

COOLING AIR
SLOT (2)
RATE GYRO
BALLAST i
BALLAST ATTACH
BRACKET |

X TS TR

Figure 6. Ballast and Rate Gyro Installation

LA

The payload electronics compartment, between bulkhead 104 and bulkhead 113,
v houses the accelerometer, the sensor electronics package, the airspeed and

altitude transducers, and the transmitting antenna. The accelerometer is i

mounted on the rear of the bulkhead 104. The sensor electronics package is !
. mounted on a floor that sits atop the clearance channels for the payload pro-

tector. The command receiver antenna is cantilever-mounted off the front of

bulkhead ring 113. Access to the compartment is through a panel in the top of i
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the fuselage. The airspeed and altitude transducers are mounted on the under-
side of this panel. The two static pressure ports are flush-mounted inthis panel
also. Cooling air from the nose compartment is presented directly to the sen-
sor electronics package, circulates through the compartment, and then passes
through bulkhead ring 113 into the payload compartment,

The payload compartment lies between bulkhead 113 and bulkhead 130. A dish-
like floor in the compartment provides mounting space for the four payload
shock mounts. The payload sensor assembly and its mounts are shown in
Figure 7. The compartment floor and fuselage belly skin are cut out to permit
the cylindrical payload cover and hemispherical plastic dome to penetrate the
mold lines and expose the sensor elements to slightly more than a full hemi-
sphere of view. (The sensor locations within the dome permit a look angle of up
to 10 deg past the hemispherical plane.) The side and rear walls of the payload
compartment incorporate the channels for airborne stowage of the payload pro-
‘tector mechanism. The payload protector release mechanism is built into
bulkhead 130. '

The payload protector (Figure 8) is stored within the contours of the RPV fuse-
lage for launch and cruise operations. This arrangement minimizes the drag
and provides a clear sensor view fleld during cruise. In the interests of relia-
bility and cost, no fairings or doors are used to streamline the stowed installa-
tion. Prior to recovery operations, the payload protector is deployed. The
aluminum sheet, tube, and channel frame pivots about the hinges mounted on bulk-
head 104. The support arms (anchored to pivots on bulkhead 130) lock into an
"over-~-center'' position with spring-driven pins to provide a protective frame
around the payload dome. Protection is provided for both normal and emergency
landings.

Incorporated into the payload protector frame is a parachute cloth drag brake.

This 10-in. by 10-in. drag brake is supported by crossed cables (which help to
react side loads on the protector) immediately behind the payload dome and
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Figure 7. Sensor Gimbal Assembly.

49




Figure 8. Payload Protector Assembly With Drag Brake
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nearly perpendicular to the airstream. The brake-cable asse,x':gbly is folded
within the fuselage contours when the payload protector is stored, and deploys
as a natural result of payload protector deployment. Energy for the deploy-
ment of the payload protector is supplied by two springs mounted in aluminum
tubes in the floor of the avionics compartment behind the payload compartment.
Cables from the extended (loaded in tension) springs extend from the tube ends,
through fittings in bulkhead 130, to the upper link of the support arms. The re-
sulting torque is sufficient to extend the payload protector frame to its lock
position against friction and drag brake loads.

Cooling air flow from the payload compartment exits through two 2.19-in, -
diameter circular holes in bulkhead 130. Additional cooling air for the avionics
compartment is admitted into a scoop molded into the left wing stub fairing.

Air entering this scoop enters the small duct created by the payload compart-
ment side walls, the wing stub root rib, and contours of the wing stub fairing.
The duct terminates at bulkhead 130. A 3.18-in. by 2.30-in. hole in that bulk~
head admits the cooling air into the avionics compartment and directly into the
cooling fins in the video transmitter heat sink,

The avionics compartment lies between bulkheads 130 and 147. Access to this
compartment is through a large access panel that covers both the payload and
avionics compartments. Additional access to the avionics compartment is pro-
vided by a full bay-length access panel on the belly of the RPV.

Attached to the upper access panel and fitting in the upper front of the avionics
compartment is the fuel cell assembly and low-fuel indicator switch. This
location places the center of gravity (CG) of the fuel cell on the fuselage
station corresponding to the CG of the RPV, minimizing CG shift during
flight as fuel is burned. A quick-discomnect fitting in the fuel line and a con-
necting plug in the leads from the low-fuel-level indicator permit complete
rapid removal of the fuel system for refueling away from the RPV; thus the

15 Ib of fuel can be injected into the fuel cell bladder without jeopardizing
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other RPV equipment by accidental exposure to spilled fuel and the associated
fire hazard.

In addition to the fuel cell, the avionics compartment contains the 36-mm mini-
pan film camera (when carried), the video transmitter, the flight control elec-
tronics package (FCEP), the power supply, the command receiver, the battery,
and the relay assembly. When required by the mission, the 35-mm camera i8
bracket-mounted in a cantilever fashion from the rear of bulkhead 130. The
lens housing extends through an opening in the lower access panel; a solid panel
(without the opening) is used when the camera is not installed. The video trans-
mitter and its heat sink are installed on a bracket in the left wing stub, directly
in the path of the cooling air from the left wing airscoop. The vented FCEP is
mounted on bulkhead 147 by bolts and standoff spacers to provide cooling air
passage behind the FCEP and through a 3.76~in.~diameter hole in the bulkhead
into the next (alternator) compartment. The power supply and command re-
ceiver are mounted on a floor bracket below the FCEP, The battery and relay
assembly are mounted on a bracket in the right wing stub.

The alternator compartment is bounded by bulkheads 147 and 165. Compart~
ment access is provided by an upper structural access panel. The compart-
ment contains the alternator, the voltage regulator, the C-band flight test
beacon (when carried), and the throttle servo-actuator. The voltage regulator
and its heat sink are bracket-mounted on the right rear of bulkhead 147, The
beacon is mounted on the left rear of that bulkhead. The alternator and throttle
servo are mounted to the front of bulkhead 155. A Kevlar spool-shaped bracket
supports the alternator in cantilever fashion from bulkhead 166. The bracket
or "spool" flange is bolted to the bulkhead around a 3.84-in,-diameter hole in
the bulkhead. This hole direotly faces the engine cooling blower intake. Slotted
holes in the cylindrioal portion of the spool permit cooling air to leave the
compartment and be drawn into the engine cooling blower.
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The engine compartment lies between bulkhead 155 and the closing bulkhead
164. The engine assembly is cantilever-mounted through four Lord shock
mounts bracketed to the rear of bulkhead 1656. The engine assembly includes
the propeller, the engine, two carburetors and associated linkage, the ignition
system (magneto), the blower fan-flywheel, the cylinder head cooling shroud,
and the alternator flex-shaft drive that extends through the bulkhead 155 cool~
ing air bole to the alternator shaft. Fuel is carried from the fuel cell to the
carburetors through a Tygon tubing fuel line installed through holes in bulkheads
147 and 155. The engine compartment is closed by bulkhead 164. This bulk-
head is a removable 0.020-in. aluminum plate, perforated to permit the passage
of cooling air.

The elevon servo-actuators are mounted in the wing panels on the closing rib

elements forming the inboard edge of the elevon cutout. The centerlines of the

actuators are colinear with the hinge line of the elevons. The heads of the ac-

tuators are attached directly to bearing-supported end fittings on the inboard ,
ends of the elevons. The outboard hinge of the elevons is provided by a ball ,
fitting; this installation precludes an elevon linkage mechanism and minimizes :
undesirable backlash (play) in the assembly.

The flux~gate compass is firmly bracket-mounted within the closing structural
tip rib of the left wing panel. The rigid bracket positions the flux-gate in
proper orientation to the RPV axes and prevents input due to vibration. The
compass. i8 covered by the wingtip (fairing) and is accessible through removal
of that fairing.

Detailed dimensions and discussion of the RPV elements are provided in sub-
sequent sections of this report. '

Mass Proverties. The mass properties summary for the Aquila RPV is pre-
sented in Table 2, which identifies mission and configuration weight, balance,




TABLE 2. AQUILA RPV MASS PROPERTIES

Gross Center of Gravity (in.) Moments of Inertia
(1b) X y z Ixx Iyy Izz

Phase IVor V| 146,46 | 136.97 | -0.08 | 100.12 | 7.14 |10.05 | 16.09

Phase III 138.26 | 136.98 | -0.08 | 100.00 | 7.15 9.75 | 15.78
Phase I 145.22 | 136.98 1 -0.08 | 100.02 | 7.16 |10.41 | 16.43
Phase I 132,22 | 136.99|-0.09 | 100.42 | 7.11 |10.49 | 16.56

and inertial data. The maximum gross wet weight ranges from 132.2 1b for
the Phase I sensor installation to 146.5 1b for the Phase IV/V sensor installa-
tion. The vehicle longitudinal center of gravity is tightly controlled about FS
137.0 to within 30.30 in. by locating baliast kits that are payload (sensor)
‘related. The lateral balance limits of +0.8 to -0.2 in. were established to
account for slight (plus) lateral vehicle CG and the impact of engine torque at
the time of retrieval waveoff and go-around. Actual weight and balance meas-
urements show that lateral ballast is seldom required.

The vertical CG in all cases lies near the thrust axis of WL 100.0. Table 3 is
a detailed weight and balance breakdown of the Aquila RPV. This table is an
update from Reference 1, which contains a more detailed discussion and
tabulation of Aquila mass properties. The weight update contained herein re-
flects two changes from the data included in Reference 1: (1) revised actual
GFE test transponder weight (+0.34 1b), and (2) the addition of the sensor inter-
face electronics package (+1.10 1b). The addition of 1.44 1b to the 80.07-1b
weight pres?nted in that report reflects the 91.51-1b value shown in Table 3.

llrdldhud. 8. G., AQUILA RPV WEIGHT AND BALANCE REPORT, SERIES B, FIRST
ARTICLE FLIGHT CONFIGURATION, LMSC-D458268, Lockheed Missiles and Space
Company, Inc., Sunnyvale, California, 6 April 1977,
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TABLE 3. AQUILA WEIGHT BREAKDOWN

Weight (Ib) Center of Gravity (in. )
RPV Group or Element Element Group l.ongl:xdlml, Ln;enl, Ver:iul.
(A) RPV DRY WEIGHTS
Wing Group (13.32) (151.0) 1.7 | qoro
® Basic Structure 9.36 146.5 0 101.0
e Elevons (2) 1.44 162. 2 0 100.0
¢ Pusher Pads (3) 1.12 162. 2 0 100.0
® Tips (2) 0.82 160.5 0 102.6
® Brackets (S8ervo/Flux Gate) 0.58
Fuselage Group (20. 66) (141. 3) 0) (100. 6)
e Basic Structure 12.60 136.9 0 100.0
® Doors & Covers 2.83 136.9 0 104.5
e shroud & Supports 3.17 164.7 0 100.0
® Motor Mounts & Bulkhead Supports 0.31 158.0 4.1 100.0
o Attachments & Miscellanecus 1.17 130.0 0 101.6
o Pulkhead Modification 0.29 185.0 0 101.2
o Aocelersieter Braoket 0.08 104.9 0 102.9,
® Wing Blocks 0.11 137.0 0 100.0
o skeg & Support Shield 0.40 130.0 0 95.0
Payload Protection (3. 46) (126. 2) (0) (95. 2)
® Payload Protector, Drag Brake,
Actuator, & Latch 3.46 126.2 0 95.2
Propulsion Group (15. 98) 157.7) (0. 6) (101.9)
e Engine 13.18 158.8 +0.6
e Exhaust System 0.35 161.0 102.0
® Throttle Linkage 0.28 157.9 43.0 102.0
o Propeller Installation 0.91 166.0 0 100.0
® Fuel System. 1.08 138.3 0 108.0
® Alternator Mounting 0.2¢ 183.4 (] 100.0
Flight Controls Instrument Group ‘ (10. 98) (137.4) (-1.5) 101.1)
® Autopilot (FCEP) 8.33 144.5 0 100.4
o Systsm Controls ~ Elevon Servo 1.68 153.6 4+0.3 102.8
@ Pltoh Rate Gyro 1.48 103.5 0 100.4
® Accelerometer 0.46 104.9 0 102.9
~ & Flux Gate Compass & Miscellaneous 0.46 158.7 -88.5 102.8
® Bpeed, Altimeter, & Compass 0.63 110.5° +1.4 103.8
Electrical Group (18.17) (142.0) 3.8) (99. 0)
¢ Battery 3.39 141.8 11.8 9.0
® Alternator 8.30 144.9 0 100.0
o Regulator & Heatsink 0.47 148.2 8.0 100.0
& Wire Harness 5.62 138.9 3.7 08.0
o Precision Voltage Supply & Relay 2.9 140.7 2.8 9.0
56
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TABLE 3. CONTINUED
Weight (lb) Center of Gravity (in.)
RPV Group or Element Element | Group | Logitudinal, | Lateral, { Vertical,
(A) RPV DRY WEIGHTS (CONT.)
Avionics & Data Link . (8.97) (130.9) (-5.6) 98.5)
® Video Transmitter & Heat Sink 4.97 136.5 -11.0 98.6
e Command Receiver 1.25 143.9 3.8 96.6
® RF Cable Assembly 0.25 112.0 0 100. 4
® Antenna 0.20 139.0 0 97.8
@ Payload Interface Electronios 1.10 106.0 0 987.0
® IFF Beacon (GFE — Test Only) 1.20 120.0 0 101.6
DRY WEIGHT TOTAL: 91.51 143.66 -0.13 100. 21
(B) SENSOR & BALLAST GROUP WEIGHTS
Phase I (25.71) (113. 23) ©) 99.7)
® Gimbal Assembly 14. 41 120.2 0 9.1
® FElectronics 3.40 109.8 0 100.3
¢ Ballast 7.90 102.0 0 100.3
Phase It 38.71) (121. 2) ) (98.4)
® Gimbal Assembly 14. 41 120.2 0 99.1
® Eleotronics 3.40 109.8 0 100.3
® Camera, Film, & Mounts 13.50 135.8 0 96.0
¢ Ballast 7.40 102.0 0 100.3
Phase Il (31.78) 117.7) (0)] 98.1)
¢ QGimbal Assembly 25.16 120.2 0 97.3
® Electronios 5.19 109.9 0 100.5
o Ballast 1.40 102.0 0 100.3
Phase IV/V (39. 95) (121.6) ©) (88.9)
® (imbal Assembly 29.81 120.2 0 98.3
® Electronics 5.19 108.9 0 100.4
® Vertical Gyro Assembly 2.88 126.4 0 102.7
o Ballast 2.10 164.0 0 9.8
(C) FUEL WEIGHT
Fuel (18.0) (137.0) ©) (103. 0)
o Flight 12.9
@ Reserve 1.6
¢ Trapped 0.3
® Start 0.2
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A statistical sample of dry weights for vehicles No. 15 through No. 23 was
taken in order to determine statistical weight variation. The results show the
average weight for 10 samples to be 90.2 1b with a 30 population standard
deviation of 2.9 1b.

The predicted weights presented in Table 3 fall well within the 30 band of meas-
uring and manufacturing uncertainty, The statistical average is 1.3 1b lighter
than the values shown in the detailed weight summary of Table 3. In addition to
vehicle dry weights shown in part (A) of the table, vehicle sensor and fuel
weights and balance are shown in parts (B) and (C), respectively.

Table 4 identifies the growth in vehicle weight and the group that absorbed the
bulk of vehicle growth from contract initiation to the present statistical average.

TABLE 4. RPV WEIGHT GROWTH

Item Goal Actual Remarks
Base (Phase IV/V Gross) | 120.0® | 146.5®
" @ Reduce to Statistical - -1.3 Reflects A from statistical
Actual Average ' dry weight
Weight
® Remove IFF Beacon -1.2 GFE test equipment
® Remove Fuel That -8.0 Reflects added mission
Was Added for duration
Desired Endurance
120.0 136.0 AWt = +16.0 Nominal

(a) Includes 7 1b of fuel for 1.5-hour endurance.
() Includes 15 b of fuel.

The overall weight growth was limited to 16 1b, or 12 percent of resultant
vehicle weight, by judicious control, evaluation, and reporting.
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Each design change and its associated weight and center of gravity impact were
tracked and evaluated in terms of performance impact.

This weight growth is considered small in view of the state of development and
availability of off-the-shelf components that would meet the mission and per-
formance requirements. Most of the Aquila RPV should be considered first-
generation development, and as such shows growth of 18 percent above initial
estimate.

The following areas account for the bulk of vehicle weight growth:

® Airframe 8.01b
® Electrical 5.51b
® Data Link 1.01b
® Sensor Phase IV/V 1.61b

Further mass properties discussion, evaluation, and history may be found in
Volume - of this report.

3.1.2 Aerodynamic Characteristics

The Aquila RPV, with its light wing loading (approximately 4 Ib/ft%) and its
power loading of 12 Ib/hp, provides a broad operating speed range (63 km/h to
168 km/h). The RPYV is statically and dynamically stable and i controlled using
only the two wing elevons. It is also stably damped in all flight modes includ-

ing the phugoid and dutch roll, The following paragraphs describe and quantify
these characteristics.

: BN0¢ erodyns haracteristics. Values for the Aquila
trimmed nft coefflciont and the associated airnpeeds are shown in Figure 9.
This curve, derived from wind tunnel tests (Reference 2), shows the lift curve

2AQUILA RPV SYSTEM TEST REPORT, CDRL AOOD, PART 4, AERODYNAMICS, LMSC-L028081,
Lockheed Missiles and Space Company, Inc., Sunnyvale, California, May 1977.
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slope and gentle stall characteristics expected from a low aspect ratio, swept-
wing aircraft. For the typical CG location, 0.21 MAC (mean aerodynamic
chord), the control deflections required to trim over the wide speed range are
typically small (Figure 10), producing low trim drag. Flight test data are
shown to agree reasonably well with the wind tunnel data, with a small reduc-
tion in control effectiveness.

Trimmed lift and drag coefficients for the Aquila RPV are given in Figure 11,
Lift and drag coefficients are given for both the cruise and recovery configura-
tions. The drag brake and payload protector are shown to increase the drag
by 45 percent in the 60-knot trim condition typically associated with the recov-
ery approach. These curves are derived from wind tunnel data and adjusted
for Reynolds number, surface irregularities, and cooling drag to account for
differences between the wind tunnel model and the flight vehicle.

Figure 12 shows data regarding propeller efficiency and thrust coefficient.
The relatively low efficiency numbers are typical of pusher propeller installa-
tions. The resulting propeller thrust coefficient is given in Figure 13. Wind
tunnel data on these figures are from Reference 3.

The above aerodynamic characteristics, combined with engine shaft horsepower
data, provide the basis for performance estimates of the Aquila RPV,

and ﬂight mode stabmty characteristics of the Aquila RPV are summarized in
Table 5. These data are derived from wind tunnel data and analytical methods
(Reference 4). The data shown reflect static and dynamic stability for

3Iv¢t‘on, H. B., RESULTS OF THE HARASSMENT VEHICLE TEST IN THE CALAC LOW-

SPEED WIND TUNNEL, LMSC-D556812, Lockheed Missiles and Space Company, Inc.,

Sunnyvale, California, February 1977.
AMchmum, J. H., STABILITY AND CONTROL AND PERFORMANCE ESTIMATES, LMSC

Engineering Memo A-R111-11A1 02/03, Lockheed Missiles and Space Company, Inc.,

Sunnyvale, Californis, 7 March 1975.

.
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TABLE 5. AQUILA STABILITY AND CONTROL CHARACTERISTICS

e Gross Weight = 130 1b
e CG at 21-percent MAC

4

o Cruise Configuration — Power OFF

e Altitude = 7,000 ft

Longitudinal Lateral-Directional
Velooity (KEAS) 60 Velocity (KEAB) 120 60
Seprim (d08) -4 Setrim 408) -1.2 -4
% um {deg) 3 Opim {deg) -1.0 3
CL 0.35 | Cyg (1/deg) -0,0112 -0,0112
CL, (1/deg) 0.075 | Cy, 0 0
Cp 0.038 | Cy. (i} 0
Cp,, (1/deg) 0.005 cnﬂ (1/deg) 0.00082 0.0009
Cm,, (1/deg) -0.0084 | Cp,, (1/radian) -0.004 ~0.030
Cmy, (1/radian) -1.22 | Cp_ (1/radian) -0.013 -0.0142
Cpy. (1/radian) 147 | Oy (1/deg) 0 -0,0008
Loy (slug-£t2) 10.4 Cep, (1/radian) -0,319 -0.335
Cy,, (1/radian) 0.032 0,090
Phugoid Mode L, (siug-1t?) 7.1 7.18
t | o044 |1, (slug-t2) 16.5 16.47
w, (radian/sec) 0.37 |1, (elug-1t2) 0.2 -0.52
Period (sec) 16.9 Spiral Mode
Short-Period Mode Time Constant (sec) | 70.3 (unstable)] 16,2 (unstable)
¢ 0.54 1 Roll Mode
“n (radian/sec) 5.9 Time Constant (sec) 0.06 0.11
Period (sec) 1.06
Dutch-Roll Mode
t 0.12 0.11
W, (radian/sec) . 1.1 3.9
Period (sec) 0.9 1.6
Dampiag Derivatives
Assume Constant With C;,
cmq = 1.47/radian
Cmy = 1.22/radian
Control Derivatives
Cmy, = -0.0063/deg
CLsy = 0.013/deg
Cpg, = O 0008/deg
L]
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the RPV in the cruise configuration, power off, controls fixed. Early in the
program, initial data as developed in Reference 4 were used in the RPV auto-
pilot derivation and have been verified qualitatively in the successful RPV
flight test program. Table 5 also shows the predicted RPV stability in the
various significant flight modes. The phugoid mode is lightly damped; how-
ever, the long perjod of the mode (16.9 sec) makes it easily stabilized. Only
the spiral mode w&s predicted to be unstable without autopilot augmentation,
but it too has a long period (16.2 sec) and is easily stabilized by the autopilot.
The dutch-roll mode is lightly damped, and a slight dutch-roll tendency is
observed in portions of Aquila flights. The extent of oscillation encountered
due to this low-frequency dutch roll has not been a gross distraction, even
with the unstabilized sensors. The short-period pitch mode is well damped
and has a natural period of about 1 sec. Dynamic pitch stability is evidenced
for both the cruise and recovery configurations,

No significant change in RPV static or dynamic stability behavior as a result of
drag brake deployment has been noted. However, deployment of the drag brake
causes a slight transient in the flight path due to the previously defined drag
increment (Figure 11) and an increment in pitching moment. This moment
increment is shown in Figure 14. The resulting elevon deflection required to
trim the moment is small. Control derivatives derived from wind tunnel data
are shown in Table 5.

3.1.3 Flight and Operations Characteristics

The following paragraphs define the characteristics related to RPV flight per-
formance, stability and control, and physical characteristics associated with
logistic and operational interfaces.

Performance. Performance characteristics of the RPV are summarized in

Table 6. Where sufficient data exist, these characteristics are based on
flight tests. With true airspeed ranging from 63 to 168km/h, the Aquila system

,.w"-ao, ——,




TABLE 6. RPV FLIGHT PERFORMANCE CHARACTERISTICS (@
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Velocity — True Air Speed (TAS) at Sea Level (km/h)
® Cruise Configuration

= Maximum 168
= Cruise (Optimum Climb) 105
= Launch Velocity (Commanded) 75
— Stall 66 (GW 143 1b)
® Recovery Configuration 63 (GW 130 Ib)
— Maximum 134
= Cruise 95
~ Recovery Velocity (Commanded) 90
— Stall 66 (GW 143 1b)
Absolute Cefling — 0 m/min Rate of Climb (m) 63 (GW 130 Ib)
® Cruise Configuration 5,850
® Recovery 4,530
Service Ceiling — 30 m/min Rate of Climb (m)
® Cruise Configuration 5,000
® Recovery Configuration 3,680
Maximum Climb Rate — Sea Level (r/min)
® Cruise Configuration 206
® Recovery Configuration 160

Sink Rate — Sea Level (m/min)
® Cruise Configuration

— 956 km/h TAS 64
— 1156 km/h TAS 100
® Recov Configuration
-9k TAS 78
- 115 km/h TAS 155
Minimum Time to Climb, 0 to 10,000 ft — Cruise Configuration (min)
® 1431 28
® 120 Ib (Design GW only) 19
Maximum-Endurance Mission (min)
® Maximum Velocity 84
® Maximum Endurance or Range 203
® Typical Genersal Profile 187

(a) Assuming vehicle gross weight of 143 Ib unless otherwise indicated,

SO
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e WING REFERENCE AREA = 30.2 FT2
o MEAN AERODYNAMIC CHORD (MAC) = 2.69 FT
o CG AT 0.21 MAC (STA. 137.1)

LIFT COEFFICIENT, C,

ELEVON
DEFLECTION

CONFIGURATION

CRUISE
=~ = RETRIEVAL
Z | 1 |

0.08 ! 0.06 0.04 0.02 0 -0.02 -0.04 -0.06 -0.08
PITCHING MOMENT COEFFICIENT, C,,

Figure 14, Aquila Pitching Moment Characteristics

provides transient times to the limits of its 20-km operating radius as low as

7 min, Therefore, most of the endurance (up to 3 hours) is available over the

target area. Figure 15 shows the speed range variation as a function of den-

sity altitude. Included in that figure is the optimum speed schedule for maxi-

mum climb rate of the cruise configuration. The low stall speed of 63 km/h .
for the cruise and recovery configurations permits the RPV to slow to low air-

speeds to remain tightly on siation while loftering or designating targets, and

permits low launch and recovery speeds — with corresponding reduction in RPV »
loads. The additional drag of the recovery system drag brake, when de-

ployed, is shown to reduce: (1) top speed by 32 km/h, (2) climb rate by 40 m

per min, and (3) maximum altitude capability by 1,350 m. Consequently,

S
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: MIN. SPEED ENGINE MC101

o RN LIMIT RATED 11.7 HP AT 8,300 RPM
6,000F—20/000 § "= -20 DEG,,.m. (SEA LEVEL STD. DAY)
- e / \ ALTERNATOR LOAD 0.7 HP
§s,ooo - .
8 —15,000 CRUISE CEILING
2 4,000} (CLIMB RATE 90 M/MIN)
S
<
3,000
&
Z 2,000
w
Q
1,000
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TRUE AIRSPEED, TAS (KM/H)

Figure 15. Aquila Airspeed-Altitude Flight Envelope
(1976 U.S. Standard Atmosphere)

since the RPV must be immediately recoverable after launch, the performance
capability of the vehicle in the recovery configuration becomes the criterion for
launch, rather than the performance capability in the cruise configuration. The

143 1b RPV, in the recovery configuration, has a minimal 100 ft per min climb

rate at a density altitude of 8,000 ft (2,439 m). This density altitude was con~
sidered a launch-limiting criterion during the program. The RPV offers a wide
range of altitude capabilities, The normal operational altitude, for which the
sensors are calibrated, is 610m (2,000 ft) above ground level (AGL). The max-
imum density-altitude capability, Figure 15, is derived from flight test data to
be 6,200 m for the 120-1b design gross weight.

Figure 16 shows the climb rate variation with weight and density altitude. Max-
imum sea level climb rates of 194 m per min and 164 m per min are achievable
for the RPV mission weights of 132 and 146.5 lb. Integration of the climb rate

:ourves provides the time-to-climb curves also shown in Figure 16, The original

goal of 16 min for a 120~1b RPV to climb from sea level to 3,048 m (10, 000-t)
density altitude was missed by 4 min, The maximum-weight RPV (146,65 1b)

Py
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requires a minimum of 28 min to climb from sea level to 3, 048-m density alti-
tude. The time to climb to normal mission altitude of 609 m (2, 000 ft) is 5 min
and 4.5 min for the maximum 146-1b weight at Fort Huachuca and Fort 8ill,
respectively, with standard day conditions. Consequently, for normal mission
operations, the time required to climb to altitude will not require a major portion
of the vehicle's endurance time,

The RPV provides ample descent capability to represent tactical system opera-
tions. Figure17shows that for the cruise configuration and idle engine setting,
a maximum descent rate of 600 fpm (182 m/min) is available for commanded
flight velocities near 140 km/h, This rate provides high operational flexibility,
with rapid descent capability available to effect quick altitude positioning of the
RPV for subsequent mission activities. An autopilot limit function in the alti-
tude loop limits the descent rate to 182 m/min to prevent inadvertent commands
to excessive dive angles. This limit is indicated in Figure 17. The resulting
flight path angles must be considered in flight planning — particularly in moun-
tainous or hilly terrain, since altitude changes occur according to altitude,
RPV weight, and commanded airspeed, and not in a linear manner from com-
manded waypoint to commanded waypoint (except in the case of the abort com-
mand that interrupts a mission and returns the RPV on a direct linear path to
the recovery area)

The descent flightpath angle for the RPV in the recovery configuration is an
important recovery parameter. The normal flightpath angle is 4 deg during
final approach guidance to the recovery net. The approach camera is aimed
directly up this approach path. Flightpath control capability around the 4-deg
path i8s required to successful recovery guidance. The glidepath capability

of the recovery configuration is shown in Figure 17, Over 100 successful
recoveries have demonstrated that control to be adequate,

n
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Figure 17. Aquila Maximum Rate of Descent (140-1b Weight)
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The maximum flight endurance of the Aquila RPV in its basic mission profile
varies from 84 min at maximum velocity (full throttle) to 203 min under opti-
mum flight conditions. The basic mission profiles are summarized in Table 7.
This table shows the key parameters relating to endurance for a mission con-
ducted at maximum cruise velocity, a mission conducted at optimum (maximum
endurance) velocity, and a mission reflecting normal cruise velocity typical of
that selected during field testing. The typical general profile is seen to yield

a maximum cruise time of 132 min (over 2 hours). This time 18 increased to

- 178.3 min (almost 3 hours) if cruise speed is optimized. Fne: consumption in

these basic missions is derived using empirical fuel consuu; data from
flight tests and altitude chamber engine tests (see Reference " alculate
the basic missions of Table 7, a gross launch weight of 140 1L - ..ssumed, and
launch is assumed to start at a density altitude of 2,164 m (typicdl of Fort
Huachuca). A full 15-1b fuel load also is assumed, with the breakdown shown
in Table 8.

With the above endurance capability, the Aquila more than meets the mission
flight endurance objectives of 1.5 hours (minimum) and 3.0 hours (desired).

Field Operation Interfaces. The Aquila RPV incorporates design features to
assist in field operations including transportation, storage, assembly checkout,
launck, recovery, and repair.

To facilitate transportation and storage, the RPV provides for removal of the
wing panels at wing station 13. In addition, the fuel bladder can be removed

SAQUILA RPV SYSTEM TEST REPORT, CDRL AOOD, PART 11, ENGINE DEVELOPMENT, LMSC-
L028081, Lockheed Missiles and Space Company, Inc., Sunnyvale, California,

22 December 1977.
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TABLE 7. AQUILA RPV BASIC MISSION ENDURANCE

Basic Mission

I 14 m
Flight Conditions and Maximym ~ paximum - Typloal
Characteristics Velocity and Range Profile .
Launch Density Altitude (m) 2,164 2,164 2,164
Gross Takeoff Weight (Ib) 140 140 140 "
Prelaunch
® Time (min) 5.0 5.0 5.0
® Fuel Used (Ib) 0.5 0.6 0.5
Climb (to 610 m AGL)
® Time (min) 6.8 6.8 6.8
® Distance (km) 13.8 13.8 13.8
® Fuel Used (1b) 0.6 0.6 0.6
® Velocity, TAS (km/h) 122 122 122
Cruise
® Altitude (m) 2,774 2,774 2,774
® Time (min) 59.4 178.3 132
® Distance (km) 148 292 261
@ ' Fuel Used (Ib) 10.7 10.7 10,7
® Velocity, TAS (km/h) 150 98 119
Descent |
® Time (min) 4.0 4.0 4.0
® Distance (km) 0 : 0 0
® Fuel Used (Ib) 0.2 0.2 0.2
Recovery
¢ Time (min) 9.0 9.0 9.0 ¢
® Distance (km) 0 0 0
@ Fuel Used (Ib) 1.0 1.0 1.0
Reserve »
® Fuel (Ib) 1.8 1.6 1.6
Total
¢ Endurance (min) 84 203 187
® Range (km) 162 306 278
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TABLE 8. FUEL USAGE BREAKDOWN

———Fuel Catogory Fyel Weight (1b)
Total Fuel Load . '~j.;15
Unusable Fuel (Ullage) -0.6
Usable Fuel 14.5
10-Percent Reserve -1.5
5-Percent Fuel Flow Increase -0.8
Total Mission Fuel 12.2

for separate storage if fuel residue in the vehicle should become a -hazard. The
air vehicle and its wings (including all components but the sensor) are stored and
transported in two apecially designed wooden boxes, The fuselage box is 32,75
in, high, 43,5 in, wide, and 80.5 in, long, The wing box is 22,5 in, high,

43,5 in, wide, and 80.5 in. long (clearance dimensions). Each set contains a
material repair kit. The components are secured with padded constraints in each
box, Total shipping weight of the RPV and its boxes is 368 lb. The more fragile
sensors are shipped in separate cartons, provided by the manufacturer.

After removal from the shipping-storage box, the RPV is placed on an assembly
stand. Hard points at the trailing edge of the wing stub and at the junction of
the wing stub closeout rib and bulkhead 130 are used for support on the assembly
stand. The vehicle is clamped to the stand at the wing stub trailing edge and by
the launching skeg to prevent slippage and resuiting damage during assembly.
mRPmebomoumdnpﬂghtormﬁr maintenance. Assembly and
checkout are accomplished in the upright position.

To facilitate power-up and checkout, an umbilical strip is provided on the right

side of the RPV belly, alongside the lower access panel frame, just forward of
bulkhead 147. The strip provides connectors for insertion of the power

7
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umbilical and the checkout-test plug. Checkout and calibration of the pitot-
static system through the flush-mounted ports is accomplished through a "putty-
seal" fitting clamped against the skin,

Interface with the launcher shuttle involves a support of the vehicle at five points;
interface with the starter adds one additional point of contact. The power um-
bilical is also connected before engine start, and the cooling blower hose is in-
serted in the air scoop in the left wing. Figure 18 shows the RPV on the
launcher prior to engine start. The vertical support arms input support loads

at the hard point areas formed by bulkhead 130 and the wing stub closeout ribs.

Figure 18. Aquila-Launcher Interface
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The skeg 18 clamped into the spring-loaded shuttle skeg pin holder to prevent
RPV pitch-up rotation about the rear push pads during the launch stroke. Push
pads are fitted to the trailing edge of the wing root with aluminum channels
carrying the launch loads forward to the wing attach fittings. The push pad
fittings carry cylindrical tangs that insert into the shuttle thrust fittings and
are secured by soft aluminum rivets to react engine starter and thrust loads.
The soft rivets fail in double shear, to release the RPV when the shuttle is de-
celerated at the end of the launch stroke. This arrangement totally constrains
the RPV on the shuftle during prelaunch activities. A cylindrical fitting at the
propeller hub, coaxial with the propeller hub, has a steel pin inserted across
the cylinder; this provides an interface for the smaller slotted shaft on the
starter, and transmits the starting torque to the engine. o

The ground-based Aquila recovery system is designed to minimize the impact
of recovery operations on the vehicle design. However,certain features were
provided to accommodate interface with the recovery system. The payload
protector is the most obvious of these, and has the greatest impact on the RPV
design. Easily removed wingtip fairings are provided to permit removal for
repair or replacement. The propeller shroud is structurally designed for large
vertical and side loads to protect the propeller and the recovery system straps
prior to engine shutdown after recovery. Faired stub antennas are provided on
the upper nose and the hottom of the shroud to minimize snagging in the re-
covery net and strap assemblies. The flush-mounted pitot-static ports were
specifically selected to avoid damage to that system during recovery. Protru-
sions and sharp corners were minimized to prevent hangup during recovery.

To facilitate repair or replacement, componenté such as the shroud, wingtips,
wing panels, elevons, access doors, nose cap, and pnyload protector are easily
removable. Access to the fuselage structural elements is excellent, with only
a few internal skin ateas inaccessible ~ requiring repair of these areas from
the outside skin. A repair kit is provided with each RPV set. This kit in-
cludes instructions, glass cloth, resin and catalyst, and a mixing tool and
container.
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3.2 AIRFRAME

The RPV airframe provides (1) the aerodynamic contours required for stable
flight; (2) breakdown provisions for storage and repair; (3) mounting provisions
for RPV subsystems; (4) hinged control surfaces; (5) access doors for instal-
lation, maintenance, and repair; and (6) structure to react flight and ground
handling loads. The following paragraphs describe the airframe and its per-
formance of these functions. :

3.2.1 Airframe Geometry

3.2.1.1 Generzl Airframe Arrangement. The general arrangement of the air-
frame is shown in Figures 4 and 6. The configuration consists geometrically
of a fuselage with a varying elliptical cross section faired smoothly to a 28-
deg swept wing. The wing airfoil is formed to a modified NACA 23015 airfoil
section. The ring tail attached by struts to the aft of the fuselage provides a
protective propeller shroud and aerodynamic stabilization for pitch and yaw.

3.2.1.2 Fyselage Derivation. The fuselage nose is basically a 4~in.-radius
segment faired to a 9.408-t0-8.156 major-to-minor axis ellipse at station 104
(4 in. from the tip of the nose). Tables 9 and 10 show the station-by-station
variation of the basic body ellipse axis dimensions. From station 124 to 148
the height of the body is maintained at 12 in. Fairings from the basic body
ellipses to the wing stubs and fairings to house the engine cylinder head com-
plete the fuselage contours. Master Mylar prints of machine-drawn contours
were provided to the airframe subcontractor and were used to guide the de~
velopment of the master molds.

3.2.1.3 Wing Derivation. Figure 19 shows the projected view of the wing
panel geometry and its projection to the airframe centerline. This basic wing

geometry shows a stub root chord of 36.73 in. at wing station 13, and a root
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TABLE 9, BASIC FUSELAGE CROSS SECTIONS

Fuselage
_Station Half Major Axis Half Minor Axis
104 4.704 4.078
106 5.097 4.267
108 6.476 4.446
107 5.839 4.615
108 6.187 4.714
109 6.521 4.923
110 6.841 6.063
111 7.146 5.192
112 7.437 5.312
113 7.714 5.422
114 7.871 6.523
116 8,227 6.614
116 8.463 5.696
127 8.685 5.766
118 8.896 5.828
119 9.091 5.881
120 9.274 5.924
121 9.444 5.967
122 9.601 5.981
123 9,745 5.995
124 9,877 6.000
128 9.996 6.000
126 10,102 6.000
128 10.276 6.000
130 10.401 6.000
14 10.500 6.000
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TABLE 10. AFT FUSELAGE BASIC CONTOUR

Fuselage Half Minor Axis Half Minor Axis

Station Half Major Axis (Upper) __(Lower)
136 10.472 6.000 6.000
138 10.389 6.000 6.000
140 10.251 6.000 6.000
142 10.0567 6.000 6.000
144 9.807 6.000 6.000
146 9.500 6.000 6.000
148 9.135 6.000 6.000
150 8.712 5.964 5.975
152 8.229 6.8556 5.899
154 '7.686 5.672 5.773
156 7.080 b.416 5.597
158 6.411 5.08% 5.369
160 5.676 4.677 5.090
162 4.873 4,191 4.759
164 4.000 3.625 4.375

chord of 23 in. at wing station 69. The 1, 92-in, difference in waterline loca-
tion of the leading edge and the trailing edge of the stub root chord reflects the
3-deg incidence of that airfoil section. A leading edge sweep of 28 deg is
indicated.

Table 11 shows the coordinates of the modified NACA 23015 airfoil used for the
wing. The coordinates are given in percentage of section chord. The modifi-
cation affects only the last 10 percent of the upper surface and 30 percent of
the lower surface. A 0.S5-percent thick trailing edge is indicated. The modi-
fication is calculated to eliminate the small nose-down pitching moment char-
acteristic of the standard NACA 23015 airfoils, and to provide structural
strength to the wing trailing edge. The wing is assembled to the wing stub by
eight bolts per wing. The bolt locations correspond to the front and rear
spars and to the 130 and 147 bulkheads of the fuselage.
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TABLE 11. AQUILA WING AIRFOIL COORDINATES FOR MODIFIED
NACA 230156 (PERCENT OF CHORD)

Station Upper Surface Lower Surface
0 - 0
1.25 3.34 1.54
2.5 4.44 2,25
5 5.89 3.04 a
7.5 6.90 3.61
10 7.64 4.09
15 8.52 4.84 .
20 8.92 5.41
25 9.08 5.78
30 9.06 5.96
40 8.59 5.92
50 7.74 5.50
60 6.61 4.81
70 5.25 3.79 (modified)
80 3.73 2,43 (modified)
90 2.26 (modified) 1.000 (modified)
95 1,69 (modified) 0.239 (modified)
100 1,000 (modified) 0.016 + 0,500 (modified)

3.2.1.4 Propeller Shroud Geometry. The circular propeller shroud uses a
standard NACA 23015 airfoil section, 7 in. in chord, The section chord is at

3.5 deg angle of incidence with the body centerline, creating a converging duct.
The duct centerline is at waterline 100 and parallel to the body centerline of
waterline 99.625. This displacement places the propelier thrust line through
the center of gravity. The shroud leading edge is located at fuselage station
163.25; the propeller plane is located at fuselage station 166.63. Clearance ¢ <.
between the propeller and the duct {s nominally 0.5 in. Diameter measure-

ments of the leading edge and trailing edge of the shroud are 21.75 and 20.89




in., respectively. The duct is rigidly supported in its position relative to the
fuselage by three tapered struts. These struts are located 120 deg apart
around the circumference of the shroud, with one strut located on the lower
centerline. The strut ends are structurally molded to the duct lip just inside
the leading edge. The struts are 0.5 in. thick. Molded slots on the fuselage
end of the struts permit positioning on and fastening to the corresponding
formed bosses on the fuselage. This installation is shown in Figure 20. Two
countersunk allen head screws with countersunk lock nuts anchor each of the
three struts to the fuselage and permit removal for repair or replacement.

3.2.1.5 Elevon Geometry. The two eievon control surfaces span 31.25 in.
from wing station 35.125 to wing station 66.375 behind the rear (70 percent)
wing spar. Clearance between the elevon end and the cutout edges is 0.375 in.
for the inboard edge, 0.125 in, for the outboard edge. Chord dimensions of
the elevons are 9. 511 in, inboard and 7 in. outboard, as shown in Figure 21.
The elevon hingeline is located at 76. 5 percent of the wing chord.

The load spectrum of the RPV is indica