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This document contains information affecting the National Defense of the United
Stotes within the meaning of the Espionage Lok, Title 18 U.S.C., Sections 793 and
794. Its transmission or the revelation of its contents in any manner to an unouthor-
ized person is prohibited by law. S
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This report summarizes the PENNY
Drone Program sponsored by the Ben-
dix Aviation Corporation and the Bell
Aircraft Corporation, and hence con-
tains information proprietary to these
organizations.

For additional copies or information,
please contactthe Long—Range Plan-
ning Office, Bendix Systems Division,
Ann Arbor, Michigan, NOrmandy 5-6111
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MODEL 1C s«
Low-Cost, Expendable,

Powered Target Drone

designed to meet the joint requirements of the United States
! Navy and Air Force. It is the result of more than two years of de-
velopment sponsored by the Bendix Aviation Corporation and the
Bell Aircraft Corporations This program has been based on a care-
ful analysis of service requirements and has, from the start, recog-
‘ nized that a low—cost expendable target system is most desirable.
| As the result of extensive system design, subsystem development,
and test, a prototype has been consh'ucfed, including actual ma-

terials and components.

PENNY 1C features a fixed-surface airframe. Control is achieved
through a swivelled rocket engine and reaction jets mounted onthe
wingse Subsystems include guidance and control, radar and infrared
augmentation, scoring, and electrical.

w . = The Bendix—Bell PENNY 1C Team is already in being, and has

adequate existing facilities for both development and production.
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PENNY 1C is a supersonic air-launched target. It is a canard con-
figuration employing a slender cylindrical body, a small forward
horizontal surface, an aft horizontal mid-wing, and ventral and dor-
sal fins. All surfaces are fixed. Control is achieved by means of
swwelllr}g the sustainer rocket motor in the pitch plane and by
means of reaction jets mounted in the wings. Yaw is accomplished
by combining pitch and roll.

The PENNY IC target is 13 inches in diameter and 238 inches
long. The nose is a 3.8-to-1 ratio Von Karman type. All surfaces
are clipped—tip delta shaped. Wing area is minimized by using a
mid-wing position. The use of fixed surfaces minimizes both
weight and cost. Performance is predicated on wind—tunnel test
data and extensive analysis and simulation,
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The propulsion system consists of adual-chamber liquid rocket en-
gine and roll control jets. All propulsion units use a hypergolic
combination of inhibited red-fuming nitric acid and unsymmetrical
dimethylhydrazine propellant. The fixed boost chamber of the main
engine provides 950 pounds of thrust at 50,000 foot altitude.The
movable cruise chamber can be throttled from 110 pounds to 330
pounds of thrust at 70,000 foot altitudes The cruise motor is posi-
tioned in the pitch plane by an electrical actuator.
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The prime mission for the PENNY 1C Target consists of launch at
Mach 0.8 at 35,000 feet with cruise at Mach 2.0 at 70,000 feet. The
second priority mission utilizes the same launch conditions with
cruise at Mach 1.5 at 70,000 feet. The duration for the prime
mission will increase to 5.7 minutes if the launch altitude is in-

creased to 45,000 feet.

The PENNY 1C Target can be launched from aircraft operating
within an envelope with bounds of Mach 0.4 to 1.0 at 5000 feet to
Mach 0.8 to 2.0 at 35,000 feete The target is capable of flights at
all altitudes ranging from 5000 to 70,000 feet. Maximum deviation
from a preset course will not exceed plus or minus eight miles per
100 miles of range.
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Aerodyndmic Surfaces

Root Chord (Inches)

Rip Chord (Inches)

Taper Ratio

Exposed Span (Inches)
Leading Edge Sweep (Degrees)
Exposed Aspect Ratio
Exposed Area (Square Feet)
Airfoil Section

Thickness Ratio — Root

Thickness Ratio — Tip

Body
Length

236.34 inches

Forward Upper
Horizontal Vertical
Wing Surface Tail
35.75 11.44 21.00
9.90 2.29 12.00
0277 220 57
48,50 14.10 9.00
46.8 46.8 45.0
2.12 1.68 1.09
7.70 .82 1.03
Modified Modified Modified
Double Wedge Double Wedge Double Wedge
.035 040 .010
.049

Fineness Ratio 18.22

Nose Length 49.34

Diameter 13 inches ;
Boattail Length 20  inches Wing

Forward Horizontal Surfaces
Vertical Fins

Body

Autopilot

Beacons

Roll Control Jets

Supports and Brackets
Electrical System

Engine Installation and Lines
Scorer and Mount

Lens and Reflectors
Destructor

Fuel

Oxidizer

Nitrogen

Gross Weight
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construction

The PENNY 1C Target is designed specifically for low-cost pro-
duction and ease of assembly and handling. Emphasis has been
placed on low structural weight and minimum drags The target is
designed with interchangeable body splices to permit separate
shipment and storage of the pre-packaged propellant tanks. The in-
terchangeable body splices permit replacement of any section.

In the aft end of the target body the boattail section can be de-
tached by loosening four screws. The power plant and its mount
can then be rotated to one side without disconnecting the fuel
lines. The electronic equipment in the aft section can be withdrawn
on a sliding trays

A significant reduction in overall target drag is achieved by use
of jettisonable launch fittings.

The nose section, including the canard surfaces and the radome
section, are of radar transparent material. The radome section con-

tains the Bendix passive radar augmentation lens. This section
attaches to the forward splice ring of the fuel tank.
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The fue! and oxidizer tanks are fabricated of 6061 aluminum alloy.
They are cylindrical pressure vessels designed as an integral part
of the airframe. The nitrogen bottle is fabricated from 6A4V titani-
um alloye This section provides for wing attachments The wings
and fins are diecast magnesium sectionse The roll jet pods are
moun ted on the wing-tipse.

The aft section is an aluminum alloy extrusion, containing the
guidance and control equipment and the propellant system plumbing.
The boattail assembly is fabricated from radar transparent material,
to which are attached the ventral and dorsal finses It also contains
the infrared flare assembly and the rocket engine.
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The PENNY 1C handling equipment provides smooth transition be- ,
tween storage, assembly, and operation areas. This equipment is

compatible with other weapon systems and utilizes government fur-

nished equipment wherever possible. The target containers consist v
of metal reusable containers for the two major sections of the tar-

get, and plastic boxes for the remaining small sections. The de-

sign of these containers provides ease of handling and storage.

The handling equipment includes a modified Aero 16-B bomb skid
a pallet, and a sling set. The skid is modified with an adapterring
to accept the PENNY 1C target, The pallet will support the target
sections. The sling set will be used for removing target sections
from their containers and for assemblys Mark 8 Mod. O hoists may
be used to place the target on an aircraft from the Aero 16-B skid.
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Targets are attached to the launching aircraft pylons by means of
jettisonable launch fittings in order to minimize over-all target
drag. Free—fall launch is recommended with propulsion initiation
after safe separation. The launch sequence, using a simple control
panel, includes warmeup, internal power check, ready indication,
select, and launch.
PENNY 1C check-out will be made with semi-automatic go/no—go
test equipment. This equipment will detect and isolate faults down
to major subsystems which are quickly replaceable. Check—out
equipment will be housed in standard 19-inch panel assemblies a-
S dapted to a field skid for maximum mobilitys
- ‘
4
/
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subsystems

guz'dcmce and control

Target guidance, control, and destruct are pre-pro-
grammed and self-containede A two-axis system
measures pitch androll displacements. References
include a vertical gyro, a pitch program, and a ba-
rometric sensor. Speed is controlled to +0.1 Mach;
altitude to 200 feet for any 20-second period;
cruise altitude to +10%; lateral deviation to +8
miles per 100 miles of flight.

scorer

The Bendix self-contained scorer includes a
FM transmitter and receiver operating in the VHF
region. Scoring ranging is 30 feet with 10 percent
accuracy. An alternate IF amplifier will provide a
scoring range of 15 feet. A transmitted modulation
signal can be recorded or used as a hit indication
to the interceptor pilot.

tm*get area augmentcztz'on

Three different Bendix lenses are used for passive
and bistatic radar augmentation. These lenses,
plus atracking beacon and three-inch corner reflec-
tors, are used for the seven required augmentation
situations. Flares are used for infrared augmenta-
tion in the required spectra, These items have been
developed by Bendix.

electrical

The electrical system includes the battery, tran-
sistorized static inverter, cabling, and launch cir-
cuitry. The non-spill lead acid battery provides 300
watts at 28 volts DC, Cabling is molded harness
and pygmy connectors. The total aircraft power re-
quirement is 175 watts at 28 VDC.
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development team
‘ PENNY i R
! SYSTEM BENDIX
{ MANAGEMENT AVIATION =
BOARD CORPORATION
Q 1
PENNY BENDIX
SYSTEM SYSTEMS = SYSTEM MANAGEMENT
TECHNICAL ADVISORY DIVISION AND ENGINEERING
COMMITTEE
BENDIX BELL BELL
PRODUCTS ROCKET AIRCRAFT
DIVISION | DIVISION CORPORATION
PRODUCTION i PROPULSION
BENDIX BENDIX = | BENDIX " BENDIX | BENDIX. . 'BELL ‘
PACIFIC YORK | . SCINTILLA 'RED BANK ' ECLIPSE-PIONEER' |  SPACE ;
DIVISION ' DIVISION DIVISION £ DIVISIONS 1 eh DIVISION .7 DIVISION
RADAR SCORER ELECTRICAL INVERTER GUIDANCE AND AIRFRAME
f AUGMENTATION HARNESS CONTROL

The Bendix—Bell PENNY 1C Team is in being, and has already :
carried out an extensive company—sponsored development for a |
low-cost, expendable powered target drone. The team includes

seven divisions of Bendix and the Bell Aircraft Corporations

This team has adequate existing facilities for the PENNY 1C de-
velopment and production programs. o

A strong Project Management organization exists at the Bendix
Systems Division. Supporting management groups are at the Bendix
Products Division and the Bell Aircraft Corporation.

The development of the PENNY 1C system is within present—day
state of the arte Much development and test has already been car-
ried out at no cost to the Government.
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economics

The PENNY 1C system, during the more than two years of its de-
velopment, has included extensive and detailed economic analysis
specifically aimed toward a low-cost
’ expendable target. All system and
subsystem designs were, from the
start, aimed at meeting performance
¢ objectives with minimum unit cost,
Design compromises and revisions,
normally required in any such devel-
opment, have already been completed
at no cost to the government. In the = '
PENNY 1C system Bendix—Bell ofs
fers the results of this effort — a
drone system using developed sub-
systems tailored from the start to the
objectives of the program.

PROTOTYPE TARGET PENNY 1A

For example, our experience permits
full confidence in our estimated aver-
age airframe cost of about $14.60 per
pound, which is between 30% and 50%
of the accepted average for missile
systems.™ We are equally confident

‘ of our estimated average cost of the
electronics subsystems of $144 per
pound, significantly lower than the

i average for similar high—density mis-
sile electronics subsystems,

*Based on a product/op guantity of |, 00) forgats
’
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