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1. Introduction

A guidance, navigation, and control (GN&C) system is a critical component of any smart
weapon. The development of smart munitions will benefit greatly from an appropriate general
purpose, fully programmable GN&C system. This report introduces ONBORD (on-board
navigation of ballistic ordnance) digital flight control electronics and software for gun-launched
munitions. The system consists of a single 1.4-inch diameter circular printed circuit board (PCB)
with a digital signal processor (DSP), the associated support electronics, input/output (I/0)
interfacing capabilities, and flight control software (see figure 1). Requirements such as low
cost, small size, low power, and high-g survivability exclude traditional flight controllers and
have driven the design of ONBORD.

Figure 1. ONBORD flight controller, top (left), bottom (right).

At the heart of the ONBORD system is the Texas Instruments 150-megahertz (MHz)
TMS320F2812 DSP. This processor is an ideal choice for a flight control system because of the
variety of input and output peripherals. A fully programmable 16-channel, 12-bit analog-to-digital
converter (ADC) is included, which can operate at sampling rates as fast as 12.5 megasamples per
second (MSPS). This ADC is ideal for converting sensor input for devices such as magnetometers,
accelerometers, and angular rate sensors that are used for measuring flight dynamics. Serial ports,
including synchronous and asynchronous types, provide interfaces to other critical GN&C
components such as a global positioning system (GPS) receiver or seeker. The event manager
modules include general purpose timers, full-compare/pulse width modulation (PWM) units,
capture units, and quadrature-encoder pulse (QEP) circuits ideal for controlling motors connected



to canards. Also, built-in flash memory is capable of storing the required code for a flight
controller.

The complex board layout is highly motivated by the requirements for gun-launched munitions.
“Power-up” circuits ensure correct timing sequences for DSP boot-up while occupying minimal
board space. Several novel interface connectors provide access to sensors, motors, other
navigation hardware, and “on-the-fly” programming with a notebook computer. ONBORD can
also be mated with a signal conditioning board to provide anti-aliasing filters for ADC.

ONBORD software package performs sensor data acquisition, flight parameter estimation,
canard motor control, and telemetry. Calibration data are used to convert sensor values to
engineering units. Flight parameters are then estimated via sensor data. These parameters are
used to determine appropriate control sequences to motors connected to canards. For test and
evaluation applications, telemetry of sensor data, GPS receiver data, estimated parameters, and
control instructions is necessary to determine performance. ONBORD can provide telemetry
data streams to an on-board transmitter in the desired format. The software is stored in the flash
memory of the F2812 and begins execution when the power is turned on.

2. ONBORD Hardware

2.1 Design Requirements

The ONBORD PCB presented a number of challenges, with the size limitation being the most
formidable. In most applications, the area reserved for the F2812 DSP and all related hardware
exceeds 16 in”. Fewer than 2 in® were available for ONBORD. With Spectrum Digital’s eZdsp!
(1) as a starting point and eliminating all hardware and DSP functions impertinent to this
application, the miniature board would need the DSP, voltage regulation, power-up sequencing,
programming interface, motor control interface, PCM output drivers, and anti-aliasing filters.

The PCB shape was designed to mate with the U.S. Army Research Laboratory (ARL) inertial
sensor suite (ISS) PCB, as shown in figure 2. A stack containing the ISS, ONBORD, and a
battery connector is shown in figure 3. This configuration is appropriately sized to fit within an
aeroballistic diagnostic fuze body (see figure 4) or a 40-millimeter (mm) medium caliber
munition.

1estpD is a trademark of Spectrum Digital.



Figure 3. Stack with ISS and ONBORD.

Figure 4. Fuze with ONBORD stack.



2.2 Clocking and Voltage Regulation

The F2812 requires very little external hardware support. All necessary oscillator-clocking
signals are derived via an internal phase locked loop (PLL) from a single external Statek HGXO
type clock oscillator. These oscillators have been used successfully in the high-g environment
on several gun-launched projectiles in components such as the M/A-COM telemetry modulation
unit (TMU)-003 transmitter. Input power regulation is provided by four low dropout linear
voltage regulators. Analog circuitry and digital I/O are powered by separate 3.3-volt regulators,
each with its own dedicated power plane within the PCB stack. The DSP core and external
oscillator are also powered by individual 1.8-volt regulators; however, only the core has a
dedicated internal plane. In accord the manufacturer’s specifications, analog and digital grounds
are tied together with a 0-ohm (Q) resistor on the bottom of the PCB, under the center of the
F2812.

2.2 Power-Up Sequencing

The DSP requires a very specific power-up sequence for which there are many dedicated central
processing unit (CPU) power supervisory circuits available commercially off the shelf. All these
require more area than is available on the ONBORD PCB. Therefore, power sequencing is
accomplished by the incorporation of regulators with built-in enable functions. The rise and fall
time of the enable pin voltage on each regulator is set via an resister-capacitor (RC) network.
This network turns the appropriate regulator on or off at the correct time in the sequence. Power-
on reset is accomplished by a miniature reset generator integrated circuit (IC) that applies the
CPU external reset 180 milliseconds (ms) after input power is applied. Figure 5 illustrates the
power-up sequence.

POWER ON SEQUENCE NOTES

3.3V THEN 1.8¥ THEN VDD3VFLVDDA1 3.3V SUPPLY, VDDIO

PONRSNIN, GOES HIGH > 200ms AFTER ALL POVER WDD3VFL, VDDA1,VDDA2
IS STABLE.

11V BSS138 Vi
QA3 Vth IS ~1.1V. WHEN VG >= 1.1V Q1/Q3
TURN ON TOENABLE POWER

2 RDSon ~100 milliohm . 1.8V SUPPLY
STAGGER BETWEEN VDDIO AND VDD3VFL VDDA | 20memex
SHOULD BE LESS THEN 20ms. FOR THIS STAGER 140ms-280ms

REASON THE RESET CUT OF THE TPST670G01
3.3V REGULATOR CANNOT BE USED TO ENABLE
THE 1.8V REGULATOR.

PONRSNIN

Figure 5. TMS320F2812 power-up sequence.

2.3 Interfaces

In order to program the DSP and use it to control flight hardware, two external interfaces were
provided. Programming is accomplished through the F2812 Joint Test Action Group (JTAG)
port, which requires seven connections. A Tyco nine-pin nanoconnector with 1-inch straight



leads was customized to fit the application and mounted to the underside of the PCB (see
figure 6). The leads are formed with a bending fixture fabricated in house, shown in figure 7.

Figure 6. JTAG mini connector.

Figure 7. Lead bending fixture.

The motor control interface is simply two rows of six small plated through-holes that provide
access to the I/O pins necessary to provide direction, speed, acceleration, and feedback
information to and from the motors.

2.4 Input Scaling and Anti-Aliasing Filters and Pre-Modulation Filter

Sensor signals that range from 0 to 5 volts from the ARL 1.4-inch ISS are fed to the board on 16
of the 44 pins on the perimeter of the card (see figure 2). The DSP’s ADC operates from the
3.3-volt supply; therefore, the I/O range is limited to 3.3 volts. All 16 channels are scaled
through resistor dividers and buffered with low impedance drivers before the ADC input. The
drivers reduce settling time and overall system distortion. The output of the ADC buffers can be
directed straight to the on-board ADC or to an anti-aliasing “daughter” card by miniature 0-Q



jumper packs. A four-pole Bessel filter is provided on the daughter card for each of the 16 data
channels, and it can be stacked on the DSP card via two interfaces or bypassed, depending on
which set of 0-Q resisters is installed (see figure 8).
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Figure 8. Anti-aliasing filter insert/bypass.

The DSP outputs a pulse code modulated (PCM) serial signal whose format and bit rate can be
changed in software via the JTAG interface. Two high speed, high current buffered outputs are
provided. One is a transistor-transistor logic (TTL) level signal capable of directly driving a bit
synchronizer; the other is low pass filtered and level shifted in order to drive a telemetry
transmitter.

3. ONBORD Software

This section describes the current software available for the ONBORD system. The software has
three primary functions: flight parameter estimation, canard motor control, and telemetry.
Figure 9 gives the high level interactions between each software module and the hardware. Each
module is described in detail.
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Figure 9. High level software module and hardware interactions.

3.1 Flight Parameter Estimation

In order to navigate and guide, it is necessary to estimate the projectile’s state via the flight
parameters of interest. Various sensors on the ISS board can be interfaced to the ADC on the
F2812. ADC results are processed with calibration data to produce values in engineering units.
The computed measurements can then be combined to derive different flight parameters in
software on the DSP.

3.1.1 Attitude Estimates

ISS sensors such as magnetometers, accelerometers, and angular rate sensors are especially
useful for attitude estimates. Therefore, this is the first capability developed for ONBORD. An
attitude determination algorithm (2) has been implemented, which finds all three Euler angles
describing a projectile’s orientation via magnetometers and angular rate sensors. This algorithm
is highly efficient, requiring only a few additions, multiplications, and trigonometric functions
that use Texas Instruments (TI) IQmath (/) library for floating point arithmetic and trigonometric
tables pre-programmed in the F2812’s read-only memory. A projectile’s spin rate can also be



found by ISS sensors. Frequency estimates of sine waves produced by radially oriented
magnetometers are used in conjunction with the accelerometer ring to provide accurate spin rate
determination.

3.1.2 Extensions

Software extensions are possible to complete ONBORD as a fully independent GN&C system.
Two possibilities exist for navigation. The first uses an on-board GPS receiver to provide
position information that could be used to navigate. The second uses a seeker to find a target
relative to the projectile. Both methods would clearly rely on the attitude estimates described
previously. Alternatively, navigational control can be conducted on the ground via a two-way
communications link interfaced through a serial port. This link could also provide dynamic
retargeting for the projectile. Generic interfaces to the F2812 have been established so that these
navigational devices could be connected. Software upgrades would be used to handle the data
processing.

3.2 Canard Motor Control

The F2812 DSP is optimized for motor control by a combination of the DSP with power
electronics; controlling a motor is achieved with a properly designed controller. This section
describes the DSP’s ability to control a motor through the hardware and software and gives some
detail of controller design implementation.

3.2.1 Motor Input

Motors are driven by the PWM output of the F2812, by which there is no need for expensive
digital-to-analog converter circuits. PWM is ideal for H-bridge circuits that interface to
conventional DC motors and brushless DC motors. The PWM output can interface to a step
motor driver using only one PWM output and a direction signal, thus reducing the number of
output lines between components. PWM can be configured with the event manager modules
(EMMs): EVA, EVB (/). The frequency is controlled by the corresponding timer; the
resolution is controlled by the timer period; and the duty cycle can be configured via the compare
registers. Each EMM has six PWM outputs (three duty cycle independent) that would allow for
multiple motor configurations.

3.2.2 Software Control

TI has reliable software algorithms that use several types of feedback for control (/). Feedback
control is enabled by a digital encoder on the motor connected to the QEP input or via available
ADC channels. The availability of two separate QEP circuits, each with two channels plus
index, allows for the control of two independent motors.



Since the F2812 can be configured for multiple interruptions, control of the system can be
properly timed. The EMMs allow for an interruption to be triggered by the capture input pins of
the QEP circuit; otherwise, the QEP is tied directly to the timer. Interruptions are also driven by
a CPU clock overflow to allow for time-dependent events that are critical for the control loop
operation. Coupling the timer interruption and the QEP circuit, proper speed and/or position
measurements are obtained with a fully digital control loop.

3.2.3 Rapid Prototyping

Control algorithms can be developed via MathWorks/Embedded Target for TI C20000J DSP or
VisSim?/Embedded Controls Developer for TI-C2000. Both programs allow GUI development
and simulation of motor control systems with little or no external programming. This allows
rapid prototyping and testing of control loops. Along with rapid prototyping control systems,
MathWorks/Link for Code Composer Studio allows for complete control of the DSP parameters
in a MATLAB? environment. This helps aid development of more optimized solutions to the
control of different motor types.

3.2 Telemetry

Current telemetry data acquisition systems available for purchase and throughout U.S. Depart-
ment of Defense test ranges use PCM/frequency modulation (PCM/FM). ONBORD has built-in
hardware and software for PCM/FM telemetry systems. This enables test and evaluation of the
performance of ONBORD in a new application by making all the relevant sensor and control
data available for receiving.

To generate a PCM/FM signal, a serial bit stream is filtered and used as the input to an FM
transmitter. ONBORD is capable of generating a custom bit stream to fit the application and
output that bit stream on a synchronous serial port. For a detailed description of PCM/FM
telemetry systems, see reference (3). Custom programming permits various binary encoding
schemes. Buffering ensures that data are continuously transmitting so that a receiver does not
need to repeatedly lock onto the signal.

4. Summary

The features and functionality of the ONBORD flight controller have been described. The
system is a fully programmable unit that meets the requirement for gun-launched munitions.
ONBORD’s hardware provides substantial interfacing and filtering capability in addition to

2VisSimD is a trademark of Visual Solutions, Inc.
SMATLABis a registered trademark of The MathWorks.



primary DSP support hardware. ONBORD’s software provides sensor data acquisition, flight
parameter estimation, motor control, and telemetry support. ONBORD will be continually
improved to meet requirements for specific munitions and dynamic models.

4. Recommendations

As stated in section 3.1.2, a GPS receiver or seeker, with the associated support software, must
be a future development for ONBORD to provide a complete flight controller. Additional
processing power may also be required for high degree-of-freedom dynamic models. If this is
the case, a high-performance DSP from TI’s C6000 series can be interfaced with the F2812. The
F2812 would maintain control over the system with its interfacing capabilities while the
additional processor could be given specific processing tasks.
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Appendix A. Pin Assignments for the 44-pin Perimeter Interface

This appendix provides the pin assignments for the 44-pin perimeter interface, the motor
control interface, the JTAG programming interface and the anti-aliasing filter interface/bypass.
Figure A-1 shows the locations of the interfaces on the board. Figure A-2 shows the pin
locations for the JTAG and motor control interfaces. Figure A-3 shows the JTAG interface pin
connection to the F2812. Figure A-4 shows the motor control interface pin assignments.

Table A-1 lists the 44-pin perimeter interface pin assignments.

Anti-
Canard aliasing .
Motor Filter 44—p1n JTAG _
Control Interface/  Perimeter Programming
Interface Bypass Interface Interface

Figure A-1. ONBORD’s interfaces.

O
O
09,00
OOOO Motor Control O%

Interface (Top View) %ﬂ
% % JTAG Programming Interface
% (Bottom View)

Figure A-2. Pin locations for the motor control interface (left) and JTAG programming
interface (right).
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Figure A-3. JTAG interface connections to F2812.
JP5S
PWM_1 —;O 1
PWM_3 3 2
PWM_5 —40 3
PWM_7 —50 4
PWM_9 —60 5
PWM_11 —.{.O 6
QEP_1 —80 Ty
QEP_2 —QO 8
QEP_3 —100 9
QEP_4 —39 10
QEPI_1 —120 11
QEPI_2 — 12

Figure A-4. Motor control interface pin assignments.

MOTOR CONTROL INTERFACE
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Table A-1.

Pin assignments for 44-pin perimeter interface.

Pin Function F2812 Pin Correspondence
1 Analog Channel 0 ADC A0

2 Digital I/O GPIO B7
3 Analog Channel 5 ADC A5

4 Analog Channel 14 ADC B6

5 Ground

6 Analog Channel 15 ADC B7

7 Analog Channel 9 ADC B1

8 External Interrupt 1 XINTI

9 Analog Channel 2 ADC A2
10 Analog Channel 6 ADC A6
11

12 ADC Start-of-Conversion Output EVASOC
13

14 ADC Start-of-Conversion Output EVBSOC
15 ADC Start-of-Conversion Input ADCSOC
16 8 V Input, Stack Power (STACKPWR)

17 Analog Channel 12 ADC B4
18 Analog Channel 1 ADC Al
19 External Interrupt 13 XINTI3
20 Analog Channel 3 ADC A3
21 Analog Channel 10 ADC B2
22 4 V Input, CREPWRIN

23 McBSP Data Receive MDRA

24 McBSP Data Transmit MDXA

25 McBSP Receive Clock MCLKRA
26 McBSP Transmit Clock MCLKXA
27 McBSP Receive Frame Sync MFSRA
28 Analog Channel 13 ADC B5
29 Analog Channel 4 ADC A4
30 Analog Channel 11 ADC B3
31 Analog Channel 8§ ADC B0
32

33 SCI B Transmit SCITXDB
34 SCI B Receive SCIRXDB
35 Timer 2 Compare T2, CMP
36 Timer 1 Compare T1, CMP
37 PCM TTL Output

38 SPI A Clock SPICLKA
39 SPI Master Input SPISOMIA
40 External Clock Out XCLKOUT
41 PCM Modulation Output

42 SCI A Transmit SCITXDA
43 SCI A Receive SCIRXDA
44 Analog Channel 7 ADC A7

15
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P GRANGER D CARLUCCI

R WERKO M HOLLIS

D TROAST JKALINOWSKI
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY TACOM ARDEC
ATTN AMSRD AAR AEP F

HRAND D PASCUA
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY TACOM ARDEC
ATTN AMSRD AAR AEP I

S LONGO CHALKIAS
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY TACOM ARDEC
ATTN AMSRD AAR AEP S N GRAY

M MARSH B LONDON

QHUYNH CPEREIRA TZAPATA
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY TACOM ARDEC

ATTN AMSRD AAR AEM C J MURNANE
BLDG 61-S

PICATINNY ARSENAL NJ 07806-5000



NO. OF

COPIES ORGANIZATION

1

CDR US ARMY TACOM ARDEC

ATTN AMSRD AAR AEM 1 R MAZESKI
BLDG 65-N

PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY TACOM ARDEC
ATTN AMSRD AAR AEM L R CARR
M LUCIANO G KOLASA
M PALATHINGAL D VO
A MOLINA
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY TACOM ARDEC
ATTN SFAE SDR SW IW B
D AHMAD
BLDG 151
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY TACOM ARDEC
ATTN SFAE AMO CAS EX
C GRASSANO
BLDG 171A
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY TACOM ARDEC
ATTN SFAE AMO MAS SMC

R KOWALSKI
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY TACOM ARDEC
ATTN SFAE AMO MAS LC
D COLLETT
BLDG 354
PICATINNY ARSENAL NJ 07806-5000

PRODUCT MANAGER FOR MORTARS
ATTN SFAE AMO CAS MS G BISHER

JTERHUNE P BURKE D SUPER

BLDG 162 SOUTH
PICATINNY ARSENAL NJ 07806-5000

CDR US AMRY TACOM ARDEC

ATTN SFAE AMO CAS R KIEBLER
M MORATZ A HERRERA

BLDG 162 SOUTH

PICATINNY ARSENAL NJ 07806-5000

PROD MGR FOR JOINT LW 155-MM HOW
ATTN SFAE GCS JLW J SHIELDS

BLDG 151

PICATINNY ARSENAL NJ 07806-5000
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1

DIR M109A6 PALADIN/M992A2 FAASV

ATTN PEO GROUND COMBAT SYSTEMS
K HURBAN

BLDG 171 NORTH

PICATINNY ARSENAL NJ 07806-5000

US ARMY OPERATIONAL TEST CMD

ATTN CSTE OTC CC M HAYNES
JKOLLER K HENDERSON

91012 STATION AVE

FORT HOOD TX 76544-5068

CDR NAVAL SURF WARFARE CTR
ATTN G22 R GAMACHE

G32 ELLIS G32 M BOTTASS

G33 JFRAYSSE G33 T TSCHIRN
17320 DAHLGREN ROAD
DAHLGREN VA 22448-5100

CDR NAVAL SURF WARFARE CTR
ATTN G34 M TILL G34 HWENDT
G34 M HAMILTON S POMEROY
G34 S CHAPPELL G34 HMALIN
17320 DAHLGREN ROAD
DAHLGREN VA 22448-5100

CDR NAVAL SURF WARFARE CTR

ATTN G34 JLEONARD G34 W WORRELL

G34 M ENGEL
17320 DAHLGREN ROAD
DAHLGREN VA 22448-5100

CDR NAVAL SURF WARFARE CTR

ATTN Go61 ELARACH G61 M KELLY
G61 A EVANS G5 D HAGEN

17320 DAHLGREN ROAD

DAHLGREN VA 22448-5100

CDR OFC OF NAVAL RSCH
ATTN CODE 333 P MORRISSON
800 N QUINCY ST RM 507
ARLINGTON VA 22217-5660

DIR NAVAL AIR SYSTEMS CMD
TEST ARTICLE PREP DEP

ATTN CODE 54 R FAULSTICH
BLDG 1492 UNIT 1

47758 RANCH RD

PATUXENT RIVER MD 20670-1456

CDR NAWC WEAPONS DIV
ATTN CODE 543200E G BORGEN
BLDG 311

POINT MUGU CA 93042-5000



NO. OF

COPIES ORGANIZATION

1

CDR NAVSEA

ATTN CODE 6024 M SIMMS
BLDG 2940W

CRANE IN 47522

CDR NAVAL AIR WARFARE CTR
WEAPONS DIVISION

ATTN CODE C3904 S MEYERS
CHINA LAKE CA 93555-6100

PROGRAM MANAGER ITTS

PEO-STRI

ATTN AMSTI EL D SCHNEIDER
C GOODWIN

12350 RESEARCH PKWY

ORLANDO FL 32826-3276

CDR US ARMY

YUMA PROVING GROUND

ATTN CSTE DTC YP YT ED M LAUSS
YPG AZ 85365-9498

CDR US ARMY

YUMA PROVING GROUND

ATTN CSTEDTC YPMTEW D HO
I GOODE

YPG AZ 85365-9498

CDR US ARMY

YUMA PROVING GROUND

ATTN CSTEDTC YP YT GCEV
B AYNES

YPG AZ 85365-9498

CDR US ARMY

YUMA PROVING GROUND
ATTN STEYP TD ATO A HART
YPG AZ 85365-9106

CDR US ARMY RDEC

ATTN AMSRD AMR SG SD P JENKINS
AMSRD AMR SG SP P RUFFIN

BLDG 5400

REDSTONE ARSENAL AL 35898-5247

CDR US ARMY RDEC

ATTN AMSRD AMR SG NC V LEFEVRE
S BURGETT C ROBERTS

BLDG 5400

REDSTONE ARSENAL AL 35898-5247
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2

CDR US ARMY RDEC

ATTN AMSRD AMR WS P ASHLEY
AMSRD AMR WS DP B ROBERTSON

BLDG 7804

REDSTONE ARSENAL AL 35898-5247

CDR US ARMY RDEC
ATTN AMSRD AMR AS AC
G HUTCHESON
BLDG 5400
REDSTONE ARSENAL AL 35898-5247

DIR US ARMY RTTC
ATTN STERT TE F TD R EPPS
ATTN CSTE DTC RT F TD (B 7855)
S HAATAJA
REDSTONE ARSENAL AL 35898-8052

CDR US ARMY RDEC

ATTN AMSRD AMR WS ID T HUDSON
BLDG 5400

REDSTONE ARSENAL AL 35898-5247

CDR WEST DESERT TEST CENTER
US ARMY DUGWAY PROVING GND
ATTN CSTE DTC DP WD MU T

M BULLETT
DUGWAY UT 84022-5000

CDR AFRL/MNMF

ATTN S ROBERSON

306 W EGLIN BLVD STE 219
EGLIN AFB FL 32542-6810

DARPA/MTO

ATTN CNGUYEN

3701 N FAIRFAX DRIVE
ARLINGTON VA 22203-1714

OSD DOT&E R&R

ATTN W ATTERBURY

1700 DEFENSE PENTAGON
WASHINGTON DC 20301-1700

OSD DOT&E

CTEIP PROGRAM OFFICE
ATTN JTEDESCHI D HINTON
4850 MARK CENTER DRIVE
ALEXANDRIA VA 22311

IDA SCIENCE AND TECH DIV
ATTN HLAST K WALZL
4850 MARK CENTER DRIVE
ALEXANDRIA VA 22311-1882



NO. OF

COPIES ORGANIZATION

1

ARROW TECH ASSOCIATES
ATTN W HATHAWAY

1233 SHELBURNE RD STE 8
SOUTH BURLINGTON VT 05403

CAMBER CORP

ATTN W CHIUSANO

200 VALLEY RD SUITE 403
MOUNT ARLINGTON NIJ 07856

ALLIANT TECHSYSTEMS

ATTN A GAUZENS JMILLS
B LINDBLOOM E KOSCO
D JACKSON

PO BOX 4648

CLEARWATER FL 33758-4648

ALLIANT TECHSYSTEMS
ATTN C CANDLAND R DOHRN
5050 LINCOLN DR
MINNEAPOLIS MN 55436-1097

ALLIANT TECHSYSTEMS
ATTN G PICKUS F HARRISON
4700 NATHAN LANE NORTH
PLYMOUTH MN 55442

ALLIANT TECHSYSTEMS

ALLEGANY BALLISTICS LAB

ATTN S OWENS CFRITZ J CONDON B NYGA
JPARRILL M WHITE S MCCLINTOCK

MAIL STOP WV01-08 BLDG 300 RM 180

210 STATE ROUTE 956

ROCKET CENTER WV 26726-3548

SAIC

ATTN J DISHON G PHILLIPS
16701 W BERNARDO DR
SAN DIEGO CA 92127

SAIC
ATTN JGLISH JNORTHRUP
G WILLENBRING
8500 NORMANDALE LAKE BLVD
SUITE 1610
BLOOMINGTON MN 55437-3828

SAIC

ATTN M PALMER

1410 SPRING HILL RD STE 400
MCLEAN VA 22102
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SAIC

ATTN D HALL

1150 FIRST AVE SUITE 400
KING OF PRUSSIA PA 19406

ROCKWELL COLLINS

ATTN M JOHNSON R MINOR
350 COLLINS RD NE

CEDAR RAPIDS IA 52498

JOHNS HOPKINS UNIV

APPLIED PHYSICS LABORATORY
ATTN W D’AMICO K FOWLER
1110 JOHNS HOPKINS RD
LAUREL MD 20723-6099

CHLS STARK DRAPER LAB
ATTN J CONNELLY J SITOMER
R POLUTCHKO T EASTERLY
A KOUREPENIS
555 TECHNOLOGY SQUARE
CAMBRIDGE MA 02139-3563

ECII LLC
ATTN R GIVEN
BLDG 2023E
YPG AZ 85365

JSWAIN

LOCKHEED MARTIN
ATTN MP-562 S BISHOP
MP-951 A WINDON
5600 SAND LAKE RD
ORLANDO FL 32819

LOCKHEED/MARTIN-SANDERS
ATTN M CARLSON

NCA1-2078 95 CANAL ST
NASHUA NH 03061-0868

KAMAN AEROSPACE CORP

RAYMOND ENGINEERING OPERATIONS

ATTN D SPENCER
217 SMITH ST
MIDDLETOWN CT 06457-9990

RAYTHEON MISSILE SYSTEMS
ATTN B PETERSON P VO
MS12-4

PO BOX 11337

TUSCON AZ 85734-1337



NO. OF

COPIES ORGANIZATION

2

RAYTHEON MISSILE SYSTEMS
ATTN R GOURLEY D STREETER
MSI11-10

PO BOX 11337

TUSCON AZ 85734-1337

CUSTOM ANALYTICAL ENG SYSTEMS
ATTN A ALEXANDER S ADAMS
13000 TENSOR LANE NE

FLINTSTONE MD 21530

UNITED DEFENSE LP
ATTN CBIES TBLUMER B CITRO
B ENGEL M HAFTON T MELODY
S MILLER D MIERHOFFER J RUPERT
MS380
4800 EAST RIVER RD
MINNEAPOLIS MN 55421-1498

ALION SCIENCE
ATTN P KISATSKY
12 PEACE RD
RANDOLPH NJ 07861

PM MANEUVER AMMO SYS DIRECT FIRE
ATTN SFAE AMO D JRICE
PICATINNY ARSENAL NJ 07806-5000

PM CLOSE COMBAT SYSTEMS
ATTN SFAE AMO MCD JC SUTTON
PICATINNY ARSENAL NJ 07806-5000

PM COMBAT AMMO SYS INDIRECT FIRE
ATTN SFAE AMO CAS N H SLEDGE JR
BLDG 171

PICATINNY ARSENAL NJ 07806-5000

PM MORTAR SYSTEMS

ATTN SFAE AMO CASMS A CKIRNES
BLDG 162 SOUTH

PICATINNY ARSENAL NJ 07806-5000

PM EXCALIBUR
ATTN J K WILSON
PICATINNY ARSENAL NJ 07806-5000

PM TMDE

ATTN SFAECSSMET RB PAUL
BLDG 5300 RM 5436

REDSTONE ARSENAL AL 35898

PM NLOS CANNON/MORTAR
ATTN SFAE GCS FCSNL JV DAY
4800 E RIVER ROAD
MINNEAPOLIS MN 55421
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PM PRECISION GUIDED MUNITIONS
ATTN SFAEMSLML PGM SH LEEJR
REDSTONE ARSENAL AL 35898-5700

ABERDEEN PROVING GROUND

DIRECTOR

US ARMY RSCH LABORATORY
ATTN AMSRD ARL CI OK (TECH LIB)
BLDG 4600

CDR US ARMY TACOM ARDEC
ATTN AMSRD AAR AEF T

R LIESKE JMATTS

F MIRABELLE J WHITESIDE
BLDG 120

CDR ABERDEEN TEST CENTER
ATTN CSTE DTC AT TC M ZWIEBEL
BLDG 400

CDR ABERDEEN TEST CENTER
ATTN CSTE DTC AT FC S T GARCIA

CSTE DTC AT CO JWALLACE
BLDG 400

CDR ABERDEEN TEST CENTER

ATTN CSTEDTC ATTD B K MCMULLEN
CSTEDTC ATSLB D DAWSON

BLDG 359

CDR ABERDEEN TEST CENTER

ATTN CSTE DTC AT FCL R SCHNELL
JDAMIANO

BLDG 400

CDR ABERDEEN TEST CENTER
ATTN CSTE DTC AT TD S WALTON
BLDG 359

CDR USAEC
ATTN CSTE AEC SVEB D SCOTT
BLDG 4120

DIR USARL

ATTN AMSRD ARL WM T ROSENBERGER
AMSRD ARL WM B T KOGLER
AMSRD ARL WM SG B RINGERS

BLDG 4600

DIR USARL

ATTN AMSRD ARL WM BD M NUSCA
JCOLBURN T COFFEE

BLDG 390
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DIR USARL

ATTN AMSRD ARL WM BA D LYON
JCONDON B DAVIS (5)
THARKINS D HEPNER
GKATULKA M WILSON
PMULLER P PEREGINO
A THOMPSON T BROWN
R HALL B PATTON
M CHILDERS

BLDG 4600

DIR USARL

ATTN AMSRD ARL WM BC P PLOSTINS
B GUIDOS P WEINACHT
M BUNDY JNEWILL
J GARNER

BLDG 390

DIR USARL
ATTN AMSRD ARL WM BF

S WILKERSON H EDGE
BLDG 390

DIR USARL

ATTN AMSRD ARL WM MB
JBENDER W DRYSDALE

BLDG 390

DIR USARL
ATTN AMSRD ARL WM T B BURNS
ATTN AMSRD ARL WM TC R COATES
R MUDD B SORENSEN
R SUMMERS R PHILLABAUM
BLDG 309
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