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P. Joseph - UAV System Engineering
Aldrich - Actuator Engineering

R. Zelazo (Part Time) - President, CEO
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To: Distribution

From: S. Beiter

Subj: CSIST Visit Meeting Minutes

CSIST

Yin-Sen Chang - UAV Program Manager

Kearfott

S. Beiter - Business Development
R. Poquette - System Engineering
P. Joseph - UAV System Engineering
A. Aldrich - Actuator Engineering
R. Zelazo (Part Time) - President, CEO

J. Gardner (Part Time) - VP Business Development & Management



Summary:
1. Kearfott presented capabilitieé, UAV system configurations and

actuator designs for UAVs.

2. The standard UAV INS/GPS data sheets for KN4070 and KN4072 were
reviewed. The KN4073 was described as a new configuration having the

same form factor as the KN4072 with the following modifications:

(a) Lighter weight =91 of 11 1bs.

(b) P/Y code GPS instead of C/A code

3. The standard actuator for UAK (K2000) was presented. Inaddition,
a high torque (100 inch/pounds) and integrated actuator systems were

described. (See attached)

4, The total system integration (actuators & guidance) capability
of Kearfott was also highlighted. This feature and capability seemed

very attractive to CSIST.



5. A ROM price of $60K and 12 months lead time was verbally
presented to CSIST for the KN4072. Actuator lead time for the standard
actuator was identified as 2 to 3 months depending on when order is

placed. Export licenses may impact the actuator delivery.

6. Based on the above, Mr. Chang indicated that Kearfott should
expect an order for a single actuator early next year (Jan/Feb) and two

KN4072 (March/April).

1. Only public domain data was given to CSIST. Export license
application for KN4072 lease hardware and data have already been sent
to the U.S. State Department for approval. 1 will take action to get
export license request for Actuators lease and data initiated.
S. Beiter

Distr:

A. Aldrich

J. Gardner

T. Hoffmann

P. Joseph



D. Lee (AIDC)
B. McGowan

Suzane Yen (AIDC)
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1. KEARFOTT MEETING AGENDA

2. ATTENDEES NAME CARD

3. KEARFOTT—GUIDANCE AND NAVIGATION CORPORATION CAPABILITIES
PD-2035

4.K-2000 HIGH PERFORMANCE SERVO ACTUATOR SPECIFICATION

5. INTERFACE CONTROL DOCUMENT FOR KN-4072 INS/GPS SYSTEM

6. AMERICAN SPORTSCOPTER INTERNATIONAL Inc PROPOSAL

7. AMERICAN SPORTSCOPTER INTERNATIONAL Inc BROCHURE

8. ADVANCED TECHNOLOGIES INCORPORATED BROCHURE
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Kearf t-t Guidance & Navigation Corporation
0 A Subsidiary of Astronautics Com. of Aurerica
Ashevile Qperations

Route 70

Black Mountain NC 28711-6001 USA

Tel (828) 686-3811 Fax  (828) 686-35Q7

Allyn M. Aidrich Tel (828) 298-1931
Chief Apphcations Manager E-mail apistrudei@earthhnk net

Kearfott Guidance & Navigation Corporation

A Subsidiary of Astronautics Corp. of America

Corporate Headquarters

150 Totowa Road

Wayne, New Jersey 07474-0946 USA
Tel. (973) 785-6000 Fax. (973) 785-6025

Raymond Poquette Tel. (973) 785-6715
Oirector, System Development Fax. (973)785-6019
E-mall: poquette@kearfott.com

. ADVANCED
_‘AT TECHNOLOGIES
INCORPORATED

C. HARRY PARKINSON
President, CEQ

875 Middle Ground Boulavard Phone (757) 873-3017
Newport News, Virginia 23606 Fax (757) 873-3711
e-mail hparkinson@ati-asi.com

K rf Guidance & Nawgation Corpera’.o”
ea 0 A Subsidiary of Astronautics Cem o€ Amar..
Carporate Headguaners

150 Totowa Road

Wayne New Jarsey 07474-0946 USA

Ter (973) 785-6000 Fax {973 785-925

Stephen P. Beiter
Technical Marketing and

Marketing Senvices Tel {973 7855075
Home (201) 447.1830 Fax (273) 785.3800
Home Fa< (201) 447-0971 E.mail  berter@kearictt cor

Y

Kearfott Guidance & Navigation Corporatic
A Subsidiary of Astronautics Carp. ot Americ:
C rporate Headquanters

134 Foewa Road

Wayne New Jersey 07474-0946 USA

Tal (9721 783-4000 Fax (973) 785-6025

Dr. laines A Garaner Tal (§73) 783-6111
Vice Prasidernt Fax (973)785-68018
Business Devaiccmenrt and Management  E-mail gardner@kearfott -

cance 3 Mavgaren Joredt .y

. N
a 1Y I .
KEGﬁGtt £ Subsidiary of Astronautics Corp. ot Amar .

Dr. Ronald E. Zelazo

Chief Execanve e
AR

— _ Heli-Eagle Incorporat’

(‘t @LE

\ E Jennifer T. Yao
Office Manager

Hangar 21A, NN/Wmsbg Intarnational Airport
Newport News, Virginia 23602

e-mail. heheagli&d . -

(757) 872-6220 wepsre. www.ullrasee”

(757) 872-6223 lax
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- Attendees

CSIST

Taiwan

Yin-Sen Chang Engineering
Mong-Tzong Wu Engineering

Kearfott Guidance & Navigation Corporation

Wayne, New Jersey

A. Aldrich Asheville Engineering

D. Arthurs . Manufacturing

S. Beiter Director, Technical Marketing
P. Joseph System Engineering

R. Poquette Director, Systems Engineering
S. Reich Manufacturing

Guidance & Navigation Cor i
» :mmqﬁcﬁﬁ A w.,hu-_hw‘_ummo.Lu:u:”__.r@_nunn.ﬂai:uzﬁw_..,-uh.m:mmh

. ﬁ Kearfott

CAPABILITIES FOR
UAV APPLICATIONS

A Presentation to:

CSIST

Taiwan



Standard K-2000

bt [OF Bere!
9 A’
Self Contained 1 Qo 4o

Electronics

- Opto-lsolated Input

- Commercial
Microcontroliers

- Peak by Peak
Current Limiting

- High Power FETs

- Derived

M243508/24-1F
Connector

Velocity Feedback

Feedback

- Aerospace Quality
Potentiometer

I S — High Reliability

Integrated Motor

- Brushless

- Linearity 0.5=%
MIL-R-39023

DC Powered
- Ball Bearing

Support
- 2,000 +

- EMI Shield r

[l
<

i | Hour Life
= - Excellent

Gear Reduction ————__{

3 : e

N : 1 : .

N N

Iy

N ;
Rugged Housing 3 ;
- Sealed Construction N
- Three Way Mounting ;x

D

Heat Dissipation

- Simple Spur Cear =,
Configuration bo-ate 2 7 _1
- Moly Disulfide Grease ;%g% Output Wheel*
(Lifetime Lubrication) — - (Not included in
- Case-Hardened unit weight)
Stainless Steel Gears
- 203:1 Reduction Ratio
- Anti-friction Shaft Seal
Ball Bearing Support
KEARFOTT PROPRIETARY

INFORMATION DISCLOSED HEREN IS THE PROPERTY OF KEARFOTT, IT IS
FURNISHED FOR EVALUATION PURPOSES ONLY AND SHALL NOT BE DISGLOSED OR
USED FOR ANY OTHER PURPOSE EXCEPT AS SPECIFIED BY CONTRACT BETWEEN
THE RECIPIENT AND KEARFOTT. REGIPIENT DUPLICATION GF ANY PORTION OF THIS
INFORMATION IS LIMITED T0 ABOVE PURPOSE AND MUST INCLUDE THIS LEGEND.
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Standard K-2000

ACTUATOR CHARACTERISTICS AT 25:5°C
TYPICAL CHARACTERISTIC e 28 VDC UNITTS VALUE
WE | GHT (MAX) [oV4 )
MECHANICAL STROKE (MIN), CW & CCW DEGREES 30
FLECTRICAL STROKE, CCW & Cw DEGREES 45=x2
QUTPUT LINEARITY (MAX) vs COMMAND PERCENT 5
PW COMMAND INPUT CURRENT (MAX) @ 4V mA 5
VOLTAGE, OPERATING \ 18 T0 32
NO LOAD SPEED (MIN) DEG/sEC 250+
PEAK TORQUE (TYP) IN-LB 50
CURRENT @ 25 IN-LB (MAX) AMP 0.5
POSITION FEEDBACK SCALE FACTOR (NOM) mV/DEG 220
MECHAN I CAL BACKLASH (MAX) DEG 0.5
FREQ RESPONSE GAIN (TYP) ® 20 Hz 4B -3
TEMPERATURE, OPERATING DEG C -40 T0 +70
TEMPERATURE, NONOPERATING DEG C [ -353 70 +85
Speed vs. Torque
250
o
oB}
w
~
o
@©
o
100
)
@
L
O
w
0
O r
Torcuz (n-1b) >0
KEARFOTT PROPRIETARY

INFORMATION DISCLOSED HEREIN 1S THE PROPERTY OF KEARFOTT, 1T 1S
FURNISHED FOR EVALUATION PURPOSES ONLY AND SHALL NOT BE DISGLOSED OR
LSED FOR ANY OTHER PURPOSE EXCEPT AS SPECIFIED BY CONTRACT BETWEEN
THE RECIPIENT AND KEARFOTT, RECIPIENT DUPLICATION OF ANY PORTION OF THIS
INFORMATION 15 LIMITED TG ABOVE PURPOSE AND MUST INCLUDE THIS LEGEND.



High Torque
Modification

* X

ACTUATOR CHARACTERISTICS AT 25:5°C

TYPICAL CHARACTERISTIC e 28 VDC UNITS | VALUE
WE | GHT (MAX) 07 11
MECHANICAL STROKE (MIN), CW & CCW DEGREES 50
ELECTRICAL STROKE, CCW & CW DEGRFES | 452
QUTPUT LINEARITY (MAX) vs COMMAND PERCENT +1
PW COMMAND INPUT CURRENT (MAX) @ 4V mA 5
VOLTAGE, OPERATING v 18 70 32
NO LOAD SPEED (MIN) DEG/SEC 125+
PEAK TORQUE (TYP) - b iN-o3 100
CURRENT @ 50 IN-LB (MAX) AMP 0.5
POS|TION FEEDBACK SCALE FACTOR (NOM) mV/DEG 220
MECHAN | CAL BACKLASH (MAX) DEG 0.5
FREQ RESPONSE GAIN (MIN): @, -3
TEMPERATURE, OPERATING .. i ~40 T0 +70
TEMPERATURE , NONOPERATING ) DEG C |-35 T0 +85

Speed vs. lorqgue
5+ (

. 115)

&) ‘\

[&B]

W)

S

o

[4B]

-]

]

O

[«

2 ,

3 _

0
0 100
Torque (in-1b)
KEARFOTT PROPRIETARY

INFORMATION DISCLOSED HEREIN 1§ THE PROPERTY OF KEARFOTT, !
FURNISHED FOR EVALUATION PURPOSES ONLY AND SHALL NOT BE DISCLOSE
USED FOR ANY OTHER PURPQSE EXCEPT AS SPECIFIED BY CONTRACT BET!
THE RECIPIENT AND KEARFOTT. REGIPIENT DUPLICATION OF ANY PORTION OF
INFORMATION 1S LIMITED TO ABOVE PURPOSE AND MUST INCLUDE THIS LEE



High Torque Modification

Mounting Holes
w/Sel f-Locking
Insert

Torque Increasing
Gear Set

*Qutput Arm

* Moy be easily modified
to customer requirements
Note:

Il dimensions are in inches,

KEARFOTT PROPRIETARY

INFGRMATION DISCLOSED HEREIN IS THE PROPERTY OF KEARFQTT, 1T IS
FURNISHED FOR EVALUATION PURPOSES ONLY AND SHALL NOT BE DISCLOSED OR
USED FOR ANY OTHER PURPOSE EXCEPT AS SPEGIFIED BY CONTRACT BETWEEN
THE RECIPIENT AND KEARFOTT. RECIPIENT DUPLICATION OF ANY PORTION OF THIS
INFORMATION IS LIMITED TO ABOVE PURPOSE AND MUST INCLUDE THIS LEGEND.
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* Kearfott Product Bulletin *

Address: Route 70, Biock Mtn., NC 28711-8001 - FAX: (828) 686-5764 - TEL: (82B) G8B-3811

This rotary servo actuator is used in the Qutrider Tactical Unmanned Air Vehicle, g
unique reconnaissance aircraft featuring visible and infrared cameras, 7 hour loitering
capability, quick set up and take-off, and autonomous autopilot control. Ten of these
servo actuators control the throttle and all flight-control surfaces (ailerons, stabilator,
rudder, ond flaps). Major sub-systems include a programmed electronic controller,
integrated brushless OC motor, case-hardened stainless steel spur gear troin, precision
position-feedback potentiometer, and sealed aluminum housings. The actuator

continually receives position commands from the autopilot, and drives the output shaft to
the commanded position. Dynamic response is -3dB at 7 Hz. Available modifications
include: clevis arm output for direct connection to a rod end; external gear reduction
for higher torque; vertical connector orientation.

Speed vs. Torque

TYPICAL ACTUATOR CHARACTERISTICS AT 2555°C 300
CHARACTERISTIC UNITS | VALUE ‘l\\\
WE | GHT (MAX) oz 14 250
MECHANICAL STROKE (MIN), CW & CCW | DEGREES 95 . \\\\N
ELECTRICAL STROKE. CCW & CW DEGREES [90.0£3.5 S 200
BACKLASH AT QUTPUT (MAX) DEGREES 0.6 A ‘\\N
OUTPUT LINEARITY (MAX) vs COMMAND [PERCENT] 0.5 =
POSITION ACCURACY AT O DEG DEGREES | =1.5 =150
PW_COMMAND INPUT CURRENT (MAX) @4V mA 17 - \
MAX VOLTAGE. OPERATING v 32 2 100
MIN VOLTAGE TO MEET SPEED / TORQUE v 28 &
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., 200 300 400 SCO 600 700 800
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. Electrical Interface
Se!f Contained Electronics - 4 Pin Connector

- Opto-tsolated input (Per MIL-STD-26482)

~ Commercial Microcontrollers

- Peak by Peak Current Limiting ‘.,_
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Q&
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\ | — High Reliability
Feedback ——————— ////” Integrated Motor
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- Seated Construction
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Chosen by AAI Corp for the U.S. Army's new TUAV (Shadow 200), the K-2000
delivers high performance in a compact package..

K-2000 Features:
* 28 VDC Brushless PM Maotor
o MIL-STD-461D Electronics
* High Torgue - 700+in-0z
¢ _ow weight - Boz
¢ 0.9in. thick

Far Information Contact:

Kearfott, Guidance & Navigation Corp.

Rte. 70, Black Mountain, NC, 28711 USA

PH 828.686.3811 Ext.285 » FX 828.686.3567
uav@asheville.kearfott.com

Introducing the K-2000 Series UAV Servo Actuator

The K-2000 Series UAV Servo Actuator provides UAV manufacturers with a high
performance, low weight, compact servo actuator at a reasonable price. The K-2000
Series Actuator is optimized for UAV’s in the 150 to 900 pound class. The actuator is
designed to comply with the latest FAA/CAA requirements for UAV's in the area of EMI
and reliability.

Kearfott's K-2000 Series is based on a modular concept that utilizes a common 28 volt
DC powered brushless electric motor as the prime power source. The electronic
control, power module and position feedback system are also common to all actuators.
Modifications to software, torque/speed ratios, input/output signals, and mechanical/
electrical interfaces can be accommodated.

Kearfott designed the K-2000 series to be a customizable, commercial, off-the-shelf
(CCOTS) actuator available with short lead times. A limited quantity of the basic model
K-2000 is available 2 weeks ARO. Larger quantities are available within 10 weeks
AROQ. Custom modified units are available 5-20 weeks ARO depending on modification
requirements.

The reverse side of this sheet characterizes two K-2000 actuator configurations. 1)
The standard rotary servo, typically used for throttle, nose wheel steering, and most
flight control surfaces. 2) A high-torque medification of the rotary unit, providing higher
torque levels for applications such as flaps and landing gear retraction.
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Standard K-2000

)

Standard K-2000

ACTUATOR CHARACTERISTICS AT 824°C
TYPICAL CHARACTERISTIC ¢ 28 VOC UNITS | VALYE
WE I GHT (MAX ) az 3
W | MECHANICAL STROKE (NIM), R & &N DECREES 0
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FREQ RE! SE GAIN (TYP) @ 20 Hz 98 -3
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- Commercial
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MIL-R-39023 o T Ball Bearing
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- Three Way Mounting Hour Life
- EMI Shieid - Excellent
i Heat Dissipation
Gear Reduction 7
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(Litetime Lubrication)
- Case-Hardened
Stainless Steel Gears
- 203:1 Reduction Ratio
- Anti-friction
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High Torque Modification
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047 modified using a 320 ° feedback for 180° output sweep.

Time domain input. The input command for the modified ‘047’ actuator is an R/C model
compatible command format. The input is actually the input diode of the opto-isolator
and requires a drive current of approximately 5 mAmps at 5Vdc. The position command
is defined as the pulse length from 1mSec (-90 degrees ccw from 0) to 2mSec (90 degrees
cw from 0). The internal position feedback is based on a 10 bit digital design, thus a 1
microSecond command change will yield a step change of approx. .18 degrees. When
driven by an 8 bit contro! system, the output have a stepping action of approximately 0.72
degrees. The use of this actuator with a control surface with an 8 bit command will result
in a very rough sounding surface movement.

The actuator control section uses an interrupt driven approach to service the input
command. The input can be updated at a 20 Hz to 80 Hz rate. The control section is
configured to return to 0° position if the input is lost or if the input timing goes out of the
legal range. The legal range extends beyond the 1mSec to 2mSec range by 100microSec
barrier. The actuator will not recognize position information as a request while in the
100microSec barriers.

Differential position output signal. The output position will be provided via a two wire
analog differential signal. The position + (High) will vary from +3.453 Vdc to +16.542
Vdc for the mechanical range for a -90 ° to-+90: *mechanical chanoe( 1 mSec to 2 mSec
command). The position ~(T.ow) will vary from +16.542 Vdc to +3.453 Vde fora -90 ©
to +90 ° mechanical change (1 mSec to 2 mSec command). The 0 position is defined
when both outputs are equal to +10Vde. Thus the differential output voltage is +13.1 Vdc
to -13.1 Vdc when measuring position + (High) relative to position -(L.ow).
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INTERFACE CONTROL DOCUMENT
FOR THE

KN-4072 INS/GPS SYSTEM

This document defines the digital data exchanged between the INS/GPS and the host via the RS-422 or the
MIL-STD-1553 multiplex (MUX) data bus interface . This document includes the definition of all messages
and words for the KN-4072 interface, the Operational description and the frame format for RS-422.
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1. KN-4072 INS/GPS SYSTEM - GENERAL OPERATION DESCRIPTION

This document references to the message addresses of the MUX; The equivalent Message ID for the RS-422 is
found in the the Message Summary tables. For example: message 22/R (for the MUX) is message ID 12 (for the
RS-422) or message 22/T (MUX) is message ID 09 (for RS-422).

R - stands for messages received by the INS/GPS system from the vehicle/host, T - stands for messages
transmitted by the INS/GPS system to the vehicle/host.

1.1 Idle Mode
After applying power to the system, the system will automatically enter the Idle mode.

1.2 Ground Alignment (GA) Mode

A command to enter GA mode should be issued (22R/2=“GA”) where the inertial system will determine roll,
pitch, and heading alignment.

In order to entry GA mode valid position must be available from the embedded GPS navigation solution or
from operator entry (22R/19,20,21,22) and (22R/5/15) . Position may be entered in either geographic or UTM
coordinates; For geographic, set UTM Zone (22R/5/1-7 = 0). Position output may be specified in either
geographic or UTM coordinates(22R/5/0,9). The “vehicle on ground” and “vehicle not moving” discretes
should be set to true (22R/3,4 = true) .

; dpxtch using sensed earth gravity. The system determines

During this mode, the system determine

heading using magnetometer input , if availabie, or by using sensed earth rotation rate (gyrocompassing) if
magnetometer input is not available. Magnetometer heading input is entered in (22R/26) and (22R/5/11).

The system provides Attitude Data (Roll, Pitch and True heading) in Subaddress 2T. Data is tagged valid only
after completing Coarse Align. Alignment status and quality are output in Subaddress 22T. The embedded
GPS navigation solution is provided independently in Subaddress 3T. Both GPS and system status information
is provided in Subaddress 22T.

An alignment complete indication during GA mode (22T/2/6) will show the user that expected ground
alignment heading accuracy has been achieved and a navigation mode (hybrid, aided, or free inertial) can be
entered. Prior to the alignment complete indication, a coarse alignment complete indication will appear
(22T/2/12) . The user may enter hybrid navigation mode as soon as there is a coarse alignment complete
indication; however, the system heading accuracy will be degraded.

US: OR DISCLOSURE OF IS DATA 'S Su
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If valid magnetometer heading is entered, alignment complete will occur within 30. seconds following data
entry. Heading accuracy will be within 2. degrees 1-sigma.

If magnetometer heading is not entered, a gyrocompass alignment will be performed. Alignment duration and
accuracy will depend on latitude and not exceed the following:

Latitude Coarse Align Complete Align Complete Heading Accuracy(l-sigma)
(deg) (minutes) (minutes) (deg)
0 2.5 4 2.5
30 3 45 2.9
60 4 8 5.0

Following align complete, the system will remain in GA mode and continue to improve gyro calibration if the
user does not command a navigation mode, or change the “vehicle not moving” or “vehicle on ground” discretes
(from true to false). The system heading accuracy will remain the same.

If "vehicle not moving” is set false during GA mode, free inertial mode will automatically be entered provided
coarse alignment is complete.

If “vehicle on ground” is set false dunn_ ‘”G mode hyb ‘dnavxgauon mode will automatically be entered
provided coarse alignment is complete:- U

The user must input the status of ““vehicle not moving” as well as the “vehicle on ground” at the start of
GA mode and whenever the state of these conditions change

1.3 Hybrid Navigation Mode

Once hybrid navigation mode is entered (22R/2="Hybrid Nav”) , the system will compute valid navigation data,
accepting pseudo range / delta range updates from the embedded GPS as often as every 2 seconds, provided that
GPS data is available. If no embedded GPS reference data is available the system performs free inertial
calculations and provides navigation, heading, and attitude data in Subaddress 2T. The embedded GPS
navigation solution is provided in Subaddress 3T.

In order to speed up the initial GPS satellite acquisition, the GPS receiver should be initialized with position
and time information. This will enable the GPS receiver to quickly acquire almanac data needed for satellite
acquisition. This is not required if almanac data has been saved with the battery and the unit is restarted at the
previous shutdown location.

Spec performance in heading (0.2 degrees 1 - sigma) during hybrid navigation mode will be achieved following
the takeoff maneuver( assuming full GPS coverage).The takeoff maneuver will also serve to further improve roll

4
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and pitch accuracies and the calibration of gyro and accelerometer biases. As a result of these improvements,
free inertial performance when GPS becomes unavailable will be enhanced so that spec performance can be
achieved ( 600. meters CEP and 3. meters/sec 1-sigma after 10. minutes of free inertial operation). If full GPS
coverage is not available during the takeoff maneuver, some turn maneuver (typically 45 deg. S tumn or circle) is
required when full GPS coverage resumes in order to achieve these improvements.

2. DETAILED OPERATIONAL INSTRUCTIONS

2.1 ACQUIRE ALMANAC’

1) Connect GPS battery.
2) Apply power to unit
3) Send EGR Control Message(2-R) to supply:
Local Latitude/Longjtude/Altitude and Greenwich Mean Time.
2R/1 Validity Word : Position = Valid (1)
Time = Vahid (1)
All others = Invalid (0)

2R/3-5 Latitude
2R/6-8 Longitude
2R/11  Antenna Port Select : 2 = use weapon 1
2R/13-17 Year/Day/HourfMin/Sec-~ -
2R/31  EGR Command: Vahdity All ‘= Tnvalid (0)

4) Monitor INS/GPS Monitor (227T): Wit uitil GPS Status Nav 1 Word’s Almanac Request Bit (22T/10,Bit 9)

changes from a TRUE (1) to a FALSE (0).
5) Leave battery connected when unit is powered down.

" Note : This procedure required only when the embedded GPS
battery is removed and reconnected.

2.2 OFF
The system is in the Off Mode when power is not applied to the unit.

2.3 IDLE MODE

During this mode, the systemn does not perform any navigation functions. There is full communication between
the 1553B Mux or RS-422 and the embedded GPS receiver. System Nav Data is marked as invalid in 2T. The
GPS navigation solution is provided in Subaddress 3T. Both GPS and system status information are provided in
22T. Conditions For Idle Mode:

22R/) =1 (Mode Valid)
22R/2 =1 (Idle)
OR:
Power on (logic reset) brings the system into idle mode.
5
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2.4 GROUND ALIGNMENT
1) Send INS Initialization and Control (22R) :

22R/1 Mode Command Validity : 1 - (Valid)
22R/2 Commanded Mode : 2 - (Ground Alignment)
22R/3 Vehicle Not Moving : 1 - (True)
22R/4 Vehicle On Ground : 1 - (True)
22R/5 Reference Valid Word :

Position Valid = 1 (Valid), if operator entry of position

= 0 (Invalid), if GPS initialization of position
Altitude Valid = 1 (Valid), if operator entry of altitude
= 0 (Invalid), if GPS initialization of altitude

Position Output Mode Valid = 1 (Valid)

UTM Zone = 0 for Lat/Lon Input or actual zone for UTM input

Position Qutput Mode = O(Lat/Lon) or 1(UTM)

Heading/ Wander Anglé Valid = 1, if Magnetometer Heading Valid

= 0, otherwise

All others = O(Invalid)
22R/19,20 Northing or Latitude :. Local Value (not required if GPS initialization of position)
22R/21,22 Easting or Ldngitutdé: Liocal: Value (not required if GPS initialization of position)
22R/23,24 Pressure Altitude +{>ocal Value (riot required if GPS initialization of altitude)
22R/26  Magnetic Heading (when used)

2) Monitor INS/GPS Monitor (22T): Wait until Align Complete is set (22T/2 /6 =1) before commanding a
Navigation mode.

2.5 HYBRID NAYV (Stationary - Vehicle On Ground & Not Moving)

1) Monitor INS/GPS Monitor (T-22) : Wait until there are at least 4 GPS Channels in State 5 (22T/13/0-2 = at
least 4).
2) Send periodically INS Initialization and Contro} (22-R) :
22R/1 Mode Command Validity : 1 (Valid)
22R/2 Commanded Mode : 5 - (Hybrid Nav)
22R/3 Vehicle Not Moving : 1 - (True)
22R/4 Vehicle On Ground : 1 - (True)
22R/5 Reference Valid Word :
Position Valid = 0 (Invalid)
Altitude = 1 (Valid), if pressure altitude is available
Altitude = 0 (Valid), if pressure altitude is not available
All others = O(Invalid)
22R/23,24 Pressure Altitude : Local Value
3) Monitor INS/GPS Monitor (22-T). Venfy current INS/GPS Mode Word (22T/1) = 5 (Hybrid Nav).

6 UST OR DISCLOSUNE OF M5 DATA 'S SUBJECT TO THE
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4 Monitor INS/GPS Nav Output (2-T) for results

2.6 HYBRID NAYV (Vehicle Taxi)

1) Send periodically INS Initialization and Control (22-R) :

22R/1 Mode Command Validity : 1 (Valid)

22R/2 Commanded Mode : 5 - (Hybrid Nav)

22R/3 Vehicle Not Moving : 0 - (False)

22R/4 Vehicle On Ground : 1 - (True)

22R/5 Reference Valid Word :
Position Valid = O (Invalid)
Altitude = 1 (Valid), if pressure altitude is available
Altitude = 0 (Valid), if pressure altitude is not available
All others = O (Invalid)

22R/23,24 Pressure Altitude : Local Value

2.7 HYBRID NAYV (Vehicle Liftoff)

1) Send periodically INS Initialization and Control (22-R) :
22R/1 Mode Command Validity :1 (Valid)
22R/2 Commanded Mode : 5 (Hybrid Nav)
22R/3 Vehicle Not Moving : 0 (False)
22R/4 Vehicle On Ground : O (False)
22R/5 Reference Valid Word:

Position-Valid =0:(Invalid) .

Altitude = 0 (Valid), if pressure altitude is not available
All others = O(Invalid)
22R/23,24 Pressure Altitude

ADDITIONAL SCENARIOS:

2.8 FREE INERTIAL (Stationary-Vehicle Not Moving & On Ground)

1) Send periodically INS Initialization and Control (22-R) :
22R/1 Mode Command Validity : 1 (Valid)

22R/2 Commanded Mode : 4 - (Free Inertial)

22R/3 Vehicle Not Moving : 1 (True)

22R/4 Vehicle On Ground : 1 (True)

22R/5 Reference Valid Word : )
Position Valid = 0 (Invalid)
Altitude = 1 (Valid), if pressure altitude is available
Altitude = 0 (Valid), if pressure altitude is not available
All others = O(Invalid)

22R/23,24 Pressure Altitude : Local Value

UGE OR IMSCLOMRE OF HS DATA IS SURJECT TO THE
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.) Monitor INS/GPS Monitor (22-T). Verify current INS/GPS Mode Word (22T/1) = 4 (Free Inertial)
3) Monitor INS/GPS Nav Output (2-T) for results and validity.

2.9 FREE INERTIAL (Vehicle TAXI)

1) Send periodically INS Initialization and Control (22-R) :
22R/1 Mode Command Validity : 1 (Valid)

22R/2 Commanded Mode : 4 (Free Inertial)

22R/3 Vehicle Not Moving : 0 (False)

22R/4 Vehicle On Ground : 1 (True)

22R/5 Reference Valid Word :
Position Valid = 0 (Invalid)
Altitude = 1 (Valid), if pressure altitude is available
Altitude = 0 (Valid), if pressure altitude is not available
All others = 0 (Invalid)

22R/23,24 Pressure Altitude : Local Value

2.10 FREE INERTIAL (Vehicle LIFTOFF)

1) Send periodically INS Initialization and Control (22;R) :
22R/1 Mode Command Validity :1 (Valid)

22R/2 Commanded Mode : 4 (Free Inertial)
22R/3 Vehicle Not Moving : 0 (False)
22R/4 Vehicle On Ground : 0 (False) )
22R/5 Reference Valid Wor
Position:¥alid =0 {Invalid) :
Altitude = 1 (Valid), if pressure altitude is available
Altitude = 0 (Valid), if pressure altitude is not available
All others = O(Invalid)
22R/23,24 Pressure Altitude : Altimeter Input

Additional Notes :

1) If a Mode change is not required, INS Initialization and Control’s Mode Command Validity Word
(22R/1) shall be set to 0 (Invalid).

2) In order to input data in Geographic coordinates (Lat/Lon), the INS Initialization and Control
Message’s Reference Validity Word (22R/5) should input 0 for the UTM Zone value in place of the
actual zone, Latitude in (22R/19,20) in place of Northing, and Longitude in (22R/21,22) in place of
Easting. .

3) The default condition for the Position Output Mode Coordinates is Geographic Coordinates.

1 i ol JECT TO THE l
US: OF DISCLORINE 0F FHIS DATA IS SUB
8 aasrlmcweu On THE TITLE PAGE OF THiS DOCUMENT




Y202A150 REV-

CAGE CODE 88818
Messages (summary):

Message: Receive

From: Host

To: INS/GPS

MUX- 15538j MUX- 1553B and RS-422 J RS-422
Eewage Name Address  [# Words [Rate Purpose qussage Length (Bytes) [Message ID
I?GR(Embeddad GPS) Control 02-R 32 aperiodic Control Embedded Recaiver 68 02
JReserved  (Time) 03-R 9 (1 Hz) (Relate UTC/GPS Time With 22 04
Host/Master Time)
GPS Time Mark Biock Jo4-R 32 aperiodic Initialize EGR 68 06
Static Data 09 - R 12 aperiodic Provide Boresight Data 28 08
Reserved (Crypto Key) 12-R 17 (aperiodic) (Key The Receiver) 38 10
ast Command In 16-R 32 aperiodic 68 20

INS Initialization/Control 22 - R 32 aperiodic INS Control/Initialization 68 12
Reserved (Almanac) 24 - R 17 (aperiodic) 38 14
Reserved (Ephemeris 1) 25-R 32 (aperiodic) 68 16
[Reserved (Ephemeris 2) 26 - R 24 (aperiodic) 52 18
SIDS IMU Data (for test) 27 - R 15 50 Hz (SIDS Test)

Reserved (SIDS GPS PVT Data) J28-R 25 (1 Hz) (SIDS Test)
|Reserved (SIDS GPS TM 6a) 29 -R (aperiedic) (SIDS Test)

Reserved (SIDS GPS TM 6b) 30-R (apericdic) (SIDS Test)

UST OR GISCLCSUNT OF PG DATA 1S SUBJECT TO THE
RESIRCTION O THe ['TLE PAGE OF THIS OOCUMENT
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CAGE CODE 88818

~Message: Transmit

From: INS/GPS

To: Host

MUX- 15538 MUX- 15538 and RS-422 1 RS-422
Message Name Address #Words |Rate Purpose Message Length (Bytes) 1?\6&85393
|

INS/GPS Nav Output 02-T 32 50Hz Nav Performance 54 01
hﬂ Time Mark 1 03-T 32 1Hz EGR Performance 64 03
[EGR Time Mark 2 04-T 32 1 Hz EGR Time Mark cont. 68 05
|Reserved (EGR Fail Log) 06-T 17 1 Hz Verify EGR Health 38 07
[Reserved(Nav IMU data) ** 15-T 8 (50 Hz) 18 21
IAutopilot IMU data ** 16-T 7 100 Hz 16 23
FGR Line Of Sight Data 1 thru 6 éi; Lru 6 32 1Hz EGR/LOS Status Chi thru 6 |68 18
INS/GPS Monitor 22-T 32 aperiodic INS/GPS Status 52 09
Almanac 24 - T 17 aperiodic 38 11
Ephemeris 1 25-T 32 aperiodic 68 13
Ephemeris 2 26-T 24 aperiodic 52 15
IMultipiex Test Qutput 1 27-T 32 1Hz Diagnostic Visibility 68 25
Reserved 28 -T 32 1Hz Diagnostic Visibility 68 27
(Multiplex Test Qutput 2)

INS/GPS BIT Status 29-T 32 1Hz Verfy INS/GPS Health 50 29

**This system will output Autopitot (16 - T) IMU data only.

If requested , Kearfott can replace message 16-T by message Nav IMU

data (15-T). See the differences between the two mess:

message 15-T

ages described in

UL 30 SSLORURE OF W45 DATA IS SUBKECT TO THE
BESIH'CTIIN ON THE

TIILE PAGE OF THIS DOCUMENT
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CAGE CODE 88818
MESSAGES

Message: EGR Control (Page 1 of 2)
Subaddress: 2-R
Data Transfer: Host to

INS/GPS
Rate: apenodic
Word Count: 32

INPORTANT: * 2-R message should be used only for GPS Antenna Lever Arms input
* In some cases, if necessary, it could be used to initialize EGR position { consult with KEARFOTT)

Description Word Bit (0 Msb) {Type Units Comments
Validity Word 1
Mode 0 discrete 1 - valid To be set 0 (invalid) by user,
otherwise consult KEARFOTT
Position 1 discrete 1 - valid To be set 0 (invalid) by user,
otherwise consult KEARFOTT
spare 2thru 4
Time 5 discrete 1 - valid To be set 0 (invalid) by user,
otherwise consult KEARFOTT
Lever Arm 1 6 discrete 1 - valid (See note 1 for Lever Arms use)
Lever Amm 2 7 discrete 1 - valid To be set 0 (invalid) by user
Spare 8
Selected SV's Valid g discrete 1 - valid To be set O (invalid) by user
Spare 10
Constellation Type Valid 1 discrate 1 - valid To ba set O (invalid) by user
Uncertainty Category Valid 12 discrete 1 - valid To be set 0 (invalid) by user
Dynamics Code Valid 13 discrete 1 - valid To be set 0 (invalid) by user
spare 14 thru 15 }
GPS Mode Select 2 0 thrs 15 - jeode 0 - Standby To ba set 2(Nav) by user,
) ' 1 - Init otherwise consult KEARFOTT
“12 -Nav
3 - Test
Latitude - degrees 3 Othru 15  {signed int Isb: 1
Latitude - minutes 4 Othru 15 [signed int Isb: 1
Latitude - seconds 5 Othru 15 |signed int Isb: 1
Longitude - degrees 6 Othru 15 [signedint Ishr 1 For use, consult KEARFOTT
Longitude - minutes 7 0thru 15 |signed int Isb: 1
Longitude - seconds 8 0thru 15 |signed int Ish: 1
Altitude - (WGS-84) 9,10 0thru 31 |signed int Isb: 1 meters
Antenna Port Select 11 Othru 15 |jcode 0 = EGR decides
1 = use aircraft
2 = use weapon 1 Must be set 2 (use weapon 1)
3 = use weapon 2
4 = invalid (no change)
HB1 Configuration 12 Othru 15 |code 0 =none
1=GPS feed
2 = Timing Puise Must be set 0 (none)
3 = sparg
4 = invalid (no change)
Year 13 0thru 15 |signed int 1=1901
Day of Year 14 Qthru 15 |signed int Julian Days
Hours 15 Othru 15 |signed int hours For use, consult KEARFOTT
Minutes 16 Othru 15 |signed int minutes
JSaconds 17 Othru 15 [signed int seconds
JLever Arm 1 - X axis 18 Othru 15 [signed int inches, Isb: 1
'Li"er Arm 1 - Y axis 19 Qthru 15 |signed int inches, Isb: 1 (See note 1 on page 12)
JLever Arm 1 -Z axis 20 Othru 15 |signed int inches, Isb: 1

11 UST DR DISCLNSLRE OF ¥t3 NATA 15 SUBJECT 10 THE
RESTAICTION ON YHE TITLE PAGE OF THIS DOCUMENT
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CAGE CODE 88818
Message: EGR Control (page 2 of 2)
Subaddress: 2-R
Data Transfer: Host to
INS/GPS
Rate: aperiodic
Word Count: 32
IDescn‘pﬁon Word Bit (0 Msb) |Type Unitg Comments
Il__ever Amm 2 - X axis 21 0thru 15  Isigned int inches, Isb: 1 To be set O by user
[Levar Arm 2 - Y axis 22 0thri 15 (signed int inches, Isb: 1 To be sat O by user
fLever Arm 2-Z axis 23 0thru 15 |signed int inches, isb: 1 To be set 0 by user
|Spare 24
Selected SV 1 25 0thru 15 [signed int 1to 32 Not used
Selected SV 2 26 0thru 15 [signed int 1to 32 Not used
Selected SV 3 27 0 thru 15 |signed int 11032 Not used
Selected SV 4 28 0 thru 15 |signed int 11032 Not used
Spare 29 0 thru 15
Discrete Word 30 See note 1
L1 Only 0 discrete 0-useLiN2
1-usel1
Foliage Mode 1 discrete 0 - no foliage
Constellation Type 2 discrete 0-Y
1 - Mixed
Dynamics Code 3 discrete 0- 100 m/sec
1 - 450 m/sec
spare 4 thru 7
Uncertainty Category 8thru 15 |code pos =< (3 sigma)
0 =< 100 km (default)
1 =< 300 km
2 =< 300 km
13 - =<10km
4 - =< 10 km
EGR Command Validity 31 See note 1
Spare 0thru7
Ephemeris Request B discrete 1 - valid
Almanac Data Request 9 discrete 1 - valid
Restart GPS Acquisition 10 discrete 1 - valid
Zeroize Keys 11 discrete 1 - valid
Erase Classified Data 12 discrete 1 - valid
Deselect EGR Aiding 13 discrete 1 - valid
Deselect INS Aiding 14 discrete 1 - valid
Use Degraded GPS Data 15 discrote 1 - valid
EGR Command 32 bit pattern same as word 31

Note 1: a) To input Lever Anms values for the GPS antenna use Lever Arms (X, Y, Z) words 18,19,20,
and set Lever Arm 1, validity word/bit 6, true(1)

b) Antenna Port Select, word 11, must be 2 (use weapon 1)

c) Set GPS Mode Salect, word 2, to 2 (Nav)

d) All other words must be 0

Lever Arms definition

From INS/GPS unit to antenna: Forward :
Left Wing :
Ceiling (Up) : +Z

+X
+Y

US: OR DISCLOSURE OF FHIS DATA S SUBJECT TO THE

RESTRICTION ON THE TiLE PAGE

OF THIS DOCUMENT
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CAGE CODE 88818
Message: Reserved (Time)
Subaddress: 3-R
Data Transter: Host to
INS/GPS
Rate: 1 Hz
Word Count: 9
[Description Word Bit (0 Msb) | Type Units Comments
JUTC Time of Day 1thru2  JOthru31  fundoubleint |64 usec
{Day of Month 3 0thru 15 funsignedint |1 thru 31
{Month of Year 4 0 thru 15 |unsigned int 1 thru 12
Year 5 O thru 15 [unsigned int binary Years
TFOM 6 Othru 15 |unsigned int O=<1ns
1=<10ns
2=<100ns
3=<1us
4=<10us
5=<100us
E=<1ms
T=<25ms
8=<3ms
Q=<4ms
10=«<5ms
M=<bms
12=«7ms
183=<8ms
14=x9ms
15=«<10ms
16 = non precise time
Time Mode 7 15 discrete 0 - Time Tag refers to word 8
1 - Data Latency
0 thru 14 L always 0
Time At Reset 8 __~_:Junsigned int. : 164 usec
Time Tag 9 Zeoo i unsignedint = | 64-usec

| g C UBJECT TO THE
UST OR DISCLOSHRE OF ™15 DATZ 15 S
RESTRICTION ON THE T'TLE PAGE OF THIS DOCUMENT
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Y202A150 REV-

CAGE CODE 88818
Message: GPS Time Mark Block
Subaddress: 4-R
Data Transfer: Host to
INS/GPS
Rate: aperiodic
Word Count: 32
JDescription Word Bit (0 Msb) [Type Units Comments
Validity Word 1
Data Block Valid 15 discrete 1 - valid
Spare 14
UTC Valid 13 discrete 1 - vaiid UTC
spare 0 thru 12
GPS Time 2thru 5 0 thru 63 |dec dfioat seconds of the week
UTC Time 6 thru 9 0 thru 63 |dec dfioat seconds of the week
Spare 10
[Time Mark Counter 11 0 thru 15 finteger n/a
Latitude 12,13 0thru 31 |single float radians
JLongitude 14,15 0thru 31 {single fioat radians
JECEF Position X 16,17 0thru 31 [single float meters
JECEF Position Y 18,19 0thru 31 [single fioat meters
JECEF Position Z 20,21 0thru 31 [single fioat meters
Altitude MSL 22,23 0thru 31 |single float meters
Altitude WGS-84 24,25 0 thru 31 |single float meters
Velocity East 26,27 0thru 31 |single fioat met/sec
Velocity North 28,29 0 thru 31  |single float met/sec
Velocity Up 30,31 0 thru 31 {singie fioat met/sec
ITFOM 32 0 thru 15 O=<1ins

unsigned int

1=<10ns
2=<100ns
A=« 1us

“14 2% 10 us

5=<100us
6=<1ms
T=<25ms
B=<3ms
9=<4ms
10=<5ms
11=<6ms
12=<7ms
13=<8ms
14=<9ms
15=<10ms

16 = non precise time

US: QR D'SCLNAHRT OF THIS DATA 1S SURECT TO THE
RESTRICTION ON THE TITLE PAGE QF THIS DOCLIMENT
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CAGE CODE 88818
Message: Static Data
Subaddress: 9-R
Jata Transfer: Host to
. INS/GPS
Jate: aperiodic
Nord Count: 12
Description Word Bit (0 Msb) |Type Units Comments
Roll Offset 1 0thru15 |2's comp semi circles
Isb: 2A15
msh: 24-1
Pitch Offset 2 0thru15 |2's comp semi circles
Isb: 2~ 15
msb: 24 -1
vaw Offset 3 Othru15 |2's comp semi circles
Isb: 2~ -15
msb: 271
reserved 4 thru 12

T
L

¥ OR OSLIOSHRE OF THIS DATA 1S SUBJECT TO THE
CSTRICTION ON tHE TOTLE PAGE OF THIS DOCUMENT
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CAGE CODE 88818
“

Message: Reserved (Crypto Key)

Subaddress: 12-R

Data Transfer: Host to

INS/GPS

Rate: aperiodic

Word Count: 17

|Description Word Bit (0 Msb) | Type Units Comments
fey | ! 0thru 15 weekly key
JKey 1 2 O thru 15
|Key 1 3 0t 15

IKey 1 4 0 thru 15

|Key 1 5 0 thru 15

ey 1 6 0 thru 15

Key 1 7 0 thru 15

Key 1 8 0 thru 15

Key 2 9 Othru 15 weekly key
fKey 2 10 0 thru 15 may be 0
Koy 2 1 0 thra 15
JKey 2 12 0thru 15
IKey 2 13 0 thru 15
[Key 2 14 0 thru 15
JKey2 15 0 thru 15

JKey 2 16 0thru 15

lChBCksum 17 0 thru 15

U5t QN CASCLOBURE OF THIG DATA 1S SURJECT TO THE
RESTRICTION ON THE TTLE PAGE OF WIS DOCUM!N'I'l
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CAGE CODE 88818
Message: INS Initialization and Control (page 1 of 2)
Subaddress: 22-R
Data Transfer: Haost o
INS/GPS
Rate: aperiodic
Word Count: 32
ﬁescripﬁon Word Bit (0 Msb) [Type Units Comments
JMode Command Valid 1 Othru 15 |cods 1-valid
Commanded Mode 2 Othru 15 |code 0 - reserved
1 - idle
2 - Ground Alignment
3 - reserved
4 - Free Inertial
5 - Hybrid Nav
6 - Aided Nav To be tested
7 - Transfer Align Reserved/MNot tested
8 - IN-Air Alignment ReservedMotimptemented of
9 - Initiated BIT Not implemented 1
10,11,12 - reserved
Vehicla Not Moving 3 0thru 15  |code 1-true
Vehicle On Ground 4 Othru 15  Jcode 1-true
HReference Valid Word 5 0 thru 18
Position Valid 15 discrete 1 - valid See Note 1
Altitude Valid 14 discrete 1 - valid
Geographic Velocity Valid 13 discrete 1 - valid mutually exclusive
Body Velocity Valid “ jdiscrete 1 - valid mutually exclusive
Heading/Wander Angle Valid discrote 1 - valid
Attitude Valid {discre 1 - valid
Position Output Mode Valid discrete 1 - valid
Year Valid discrete 1 - valid
UTM Zone signed int
Position Output Mode discrete 0 : Geographic 1:UTM default = 0
North Velocity 6.7 Othru 31 |2's comp meters/second
Isb: 0.0000038147
msb: 4,096
East Velocity 8,9 Othru 31 {2's comp maters/second
Isb: 0.0000038147
msb: 4,096
FDown Velocity 10,11 Othru31 (2's comp meters/second
Isb: 0.0000038147
msb: 4,096
Lateral Valocity 12,13 Othru 31 |2's comp meters/second
Isb: 0.0000038147
msh: 4,096
Longitudinal Velocity 14,15 0thny 31 {2's comp meters/second
Isb: 0.0000038147
msb: 4,096
Normal Veiocity 16,17 Othru3t |2's comp meters/second
Isb: 0.0000038147
msb: 4,096
Velocity Quality 18 Othru 15 |2's comp meters/second square root of the
' Isb: 0.015625 velocity variance
msb: 256

Note 1 : Position Valid = 1, means both Latirude/Northing and Longitude/Easting are valid

17 L
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#Message:
Subaddress:
Data Transfer:

Rate:
Word Count:

INS Initialization and Control (page 2 of 2)

22-R
Host to
INS/GPS
aperiodic
32

Y202A150 REV-
CAGE CODE 88818

Description

Word

Bit (0 Msb)

Type

Units

Comments

Latitude / Northing(UTM)

19,20

0 thru 31

2's comp

For Latitude:
semi circles
ish: 2A-31
msb: 0.5
min; -0.5
max: 0.5

meters

For Northing:

Ish: 1 meter}0.0 - 1.0 x 10"7 meters

Hange for Northing(UTM) :

Longitude / Easting(UTM)

21,22

0 thru 31

2's comp

For Longtitude:
semi circles
tsb: 2A-31

msb: 0.5

min: -1

max: 1

For Easting: |Range for Easting(UTM):
meters
Isb: 1 meter [0.0 - 1.0 x 106 meters

Baro Altitude (MSL)

23,24

0 thru 31

2's comp

meters
Isb: 0.0000152588
msh: 16,384

Position Quality

25

0thru 15

unsigned int

kilometers
msb: 64
isb: 0.0019531

square root of the
position variance

Heading (Magnetic)

26

0 thru 15

2's comp

semi circles
msb: 2/-1
Isb:2A-15
min: -1
max: 1

Heading (Magnetic) Quality

27

0 thru

_{semi circles

msb: 21
ish: 215

square root of the
heading variance

Validity Time

28

unsigned int

" |micro seconds

Isb: 276
msb: 2/21

Roll

29

0 thru 15

2's comp

semi circles
msb: 2A-1
Isb:2~-15
min: -1
max: 1

Pitch

30

Othru 15

2's comp

semi circles
msb: 271
Isb:2~15
min: -1
max: 1

Wander Angle

31

0 thru 15

2's comp

semi circles
msb: 2~1
Isb:2A-15
min: -1
max: 1

Y ear/Combo

Year

Reserved (UTM Spheroid)
Reserved (Extended Zone)
Spare

32

0 thru 15
0thru?7
12 thru 15
10,11

8.9

unsigned int

1 equivalent to 1901

CHOSURE OF FHIZ DATA 1S SUBJECT TD THE
M OGN THE TITLE PASE OF THIS DOCUMENT
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CAGE CODE 88818
Massage: Reserved (Almanac - CV)
Subaddress: 24-R
Data Transfer: Host to
INS/GPS
Rate: aperiodic
word Count: 17
|Description Word Blt (0 Msb) {Type Units Comments
Validity 1
spare 0 thru 14
Valid 15 discrete 1 - Valid
WData 1D 2 0 thru 1
sVID 2 thru 7 unsigned int
Eccentricity_MSB 8thru 15 |unsigned int 2713
Eccentricity_LSB 3 Othru? unsigned int 2n-21
Almanac Reference Time 8thru 15 |unsigned int 2/A12 seconds
finclination Correction 4 Othru 15 |2's comp 2A-19 semi circles
IRate of Right Ascension 5 Othru15 |2's comp 2/-38 semi circles
Sateliite Health 6 Othru7 binary
SQRT A_MSB 8 thru 15 |unsigned int 275 meters ** 1/2
SQRT A_LSB 7 0thru 15  |unsigned int 2A-11 meters ** 1/2
Omega O_MSB 8 0thru 15 |unsigned int 2A-15 semi circles
Omega O_LSB 9 Othru7 unsigned int 2A-23 semi circles
Arg of Perigee_ MSB 8 thru 15 |unsigned int 2n-7 semi circles
Arg of Perigee_LSB 10 0thru 15 |unsigned int 2/-23 semi circles
Mo_MSB 11 0 thru 15 junsigned int 2A-15 semi circles
IMo_LSB 12 Othru7 |unsignedint  [2A-23 semi circles
af0_MSB 8 thru 15  |unsigned int 2A-17 sec
Jafi_MSB 13 Othru7 - |unsigned int 2A-35 sec/sec
af1_LSB 8 thriz40- *lunsigned it ; : [2~-38 sec/sec
ato_LSb 11 thr' 13 - {unsigned int + :[2A-20 sec
reserved 14 the™1s | “lalways 0
Almanac Reference Week 14 0 thru 15 weeks
reserved 15 thru 17

U5 OR DISCLOSURE OF =415 DAT2 1S SURJXECT TO THE
RESTRICTION ON THE NTLE PAGE OF THIS DOCUMENT
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CAGE CODE 88818
Message: Reserved (Ephemeris 1 (page 1 of 2))
Subaddress: 25-R
Data Transfer: Host to
INS/GPS
Rate: aperiodic
word Count: 32
Description ‘Word Blt (0 Msb) | Type Units Comments
GPS Time 1thru4d 0thru 63 |dec dfioat seconds of the week
Sateliite 1D 5 Othru 15 (integer satellite PRAN number
for which this ephemeris
is valid (1 to 32)
freserved 6 thru 7
|Subframe 1 data 8 thru 22 per ICD-GPS-200
TLM Preamble 8 Othru7
TLM Message_MSB 8 thru 15
TLM Message_LSB 9 Othrus
reserved for bits 23,24 6thru7
HOW #1 8 thru 15
HOW #2 10 0thru 13
reserved for bits 23,24 14 thry 15
Weaek Number 11 0 thru 9 1 week
Code on L2 Rlag 10 thru 11
SV Accuracy 12 thru 15
SV Health 12 Othrus
10DC_MSB B6thru7
L2 data Flag 8
Subframe 1 bits 92-98 9 thru 15
Subframe 1 bits 99-114 13 0 thru 15
Subframe 1 bits 121-136 14 0 thru 15
Subframe 1 bits 137-144 15 0thu 7,
Subframe 1 bits 151-158 8 thru 15 -
Subframe 1 bits 159-174 18 0 thru-15-
Subframe 1 bits 181-196 17 0 thrav5
Group Delay Time 18 0thru 7 2731 seconds
10DC_LSB 8 thru 15 2711 seconds
Clock Date Ref Time 19 0 thru 15 2/4 seconds
af2 20 Othru7 2/-55 seconds/sec/sec
af1_MSB 8 thru 15
af1_LSB 21 Othru7 2/-43 seconds/sec
afo_MSB 8 thru 15
afo_LSB 22 0 thru 13 2/-31 seconds
reserved for bits 293,294
of subframe 1 14 thru 15

U3 OF NISCLOSURE OF VMG DATA 1S SUPJECT TO THE
l:ets'f?&lf.'»l\‘)‘: AN THE TITLD PAGE OF 715 DOCUMENT
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CAGE CODE 88818
Message: Reserved (Ephemeris 1 (page 2 of 2))
Subaddress: 25-R
Data Transfer: Host to
INS/GPS
Rate: aperiodic
Word Count: 32
Description Word BIt (0 Msb) | Type Units Comments
Subframe 2 23 thru 32 per ICD-GPS-200
TLM Preamble 23 Othru7
TLM Message_MSB 8 thru 15
'TLM Message_LSB 24 Othru s
reserved for bits 23,24 6thru7
HOW #1 8 thru 15
HOW #2 25 0 thru 13
reserved for bits 23,24 14 thru 15
| [e]0]e] 26 Othru7 2711 seconds
Crs_MSB 8 thru 15
Crs_LSB 27 Othru7 2A-5 meters
Deita n_MSB 8 thru 15
Delta n_LSB 28 0thru?7 2743 semi circles/sac
Mo_MSB 8 thru 15
Mo Middie 29 0 thru 15
Mo_LSB 30 Othru7 2/-31 semi circles
Cue_MSB 8 thru 15
Cuc_L.SB 31 O thru 7 2A-29 radians
eccentricity_ MSB 8 thru 15
eccentricity_Middle 32 O thru 15

RESTRICTIZN Dm THE TIILE PAGEL OF Thus DOTUMENT
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CAGE CODE 88818
Message: Reserved (Ephemeris 2)
Subaddress: 26-R
Data Transfer: Host to
INS/GPS
Rate: aperiodic
Word Count: 24
[Description Word BIt (0 Lsb) [Type Uniits Commaents
accantricity_LSB 1 0thru7 2A-33
Cus_MSB 8 thru 15
Cus_LSB 2 0 thru7 2/-29 radians
SQRT(A)_MSB 8 thru 15
SQRT(A), Middle 3 0 thru 15
SQAT(A)_LSB 4 othru7 2719 sqrt (meters)
Toe_MSB 8 thru 15
Toe_LSB S5 0thru?7 274 seconds
Fit Interval Flag 8
spare 9 thru 13
reserved for bits 293, 294
of subframe 2 14 thru 15
Subframe 3 data 6 thru 20 per ICD-GPS-200
TLM Preambie 6 0thru?7
TLM M ge_MSB 8 thru 15
[TLM Message_LSB 7 0 thru 5
reserved for bits 23,24 6thru7
HOW #1 8 thru 15
HOW #2 8 0thru 13
reserved for bits 23,24 14 thry 15
Cic 9 0 thru 15 2/29 radians
Omega o 10, 11 0 thru 31 |2_31 semi circles
Cis 12 Othru1s. . . |24-29 radians
io 13, 14 0 thnr3l * 12A-31 semi circles
Crc 15 0 thr 15 " |2A°5 meters
Argument of Perigee 16, 17 0 thru 31 27-31 semi circles
Rate of Right Ascention_ MSB 18 0thru 15
Rate of Right Ascention_LSB 19 Qthru7 2/-43 semi circles
10DE 8 thru 15 2711 seconds
Rate Of Inclination Angle 20 0 thru 13 2n-43
reserved for bits 293, 294 14 thru 15
of subframe 3
spare 21 thru 22
L1 ionospharic Delay 23 0 thru 15 2.2 ns 0O=no available value
SV ID 24 Othru 15 |uninteger satellite PRN number for

which this ephemeris
data is valid (1 to 32)

5 inL OF RS TATA NS aUgIERT 10O TRE
W, tRE TTLE PAGE OF THIS DOCUMENT




Y202A150 REV-

CAGE CODE 88318

/Message: g;D_SHIMU Data

Subaddress:

Data Transfer: ::JOSS}G% 5

Rate: SO Hz

Word Count: 15

Description Word Bit (0 Msb) |Type Units Comments

X Delta Angle (body) 1,2 0thru 31 |single float radians/50 hz

Y Delta Angle (body) 3,4 0thru 31 |single float radians/50 hz

Z Delta Angie (body) 5,6 0thru 31 [single float radians//50 hz

X Delta Velocity (body) 7.8 0thru 31 |single float ft/sec/50 hz

Y Delta Velocity (body) 9,10 0thru 31 |single fioat ft/sec/50 hz

[Z Delta Velocity (body) 11,12 0thru 31 {single float ft/sec/50 hz

Valid Time Tag 13, 14 0 thru 31

TMP Pulse 15 0thru 15 |discrete 1=TMP Pulse Set TRUE 0.18 sec before

0=No Pulse LOS Data is Valid

3 OR (ASCLOSURE OF RIS DAT2 15 SYBJECT TO

u THE
PESTRICTION ON THE TMTLE PAGE OF THIS DOCUMENT
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CAGE CODE 83818
< Mossage: Reserved (SIDS GPS PVT Data (Not Currently Implemented))
Subaddress: aﬁ -tF:
r ost to
Data Transfe INS/GPS
Rate: 1Hz
Word Count: 25
[escription Word Bit (0 Msb) |Type Units Comments
Mode Word 1 0 thru 15
Nav Data Validity 0 discrete 1 - Valid
Cmd Receiver Mode 1thru 3 code 000 - reserved
001 - Init
010 - Nav
011 - Test
100 - reserved
reserved 4 thru 11
Laver Arm Correction Used 12 discrete 1 - Used
reserved 13 thru 14
Time Tag Mode 15 discrete 0 - use words 2,3 for ime
1 - word 2 latency
Time Of Validity 2 0thru15 |unsigned int micro seconds
Isb: 276
msb: 2421
Time Of Reset 3 Othru 15  |unsigned int micro seconds
Isb: 246
msb: 2121
Reserved 4
GPS Latitude 5,6 0thru 31 |2's comp 2/-31 semi circles
GPS Longitude 7,8 0 thru 31 {2's comp 2/-31 semi circies
GPS Altitude - MSL 9 0thrui15 |2'scomp meters above mean sea level
GPS Altitude - WGS-84 10 0 thru 15 - |2'scomp : jmaters ellipsoid
GPS Velocity East 11,12 0 thris. 871 : ['s:comp... i | [2A-20 ft/sec
GPS Velocity North 13,14 0 thr'31” [2's'comp -~ 2A-20 f/sec
15,16 0thru 31 |2's comp 2n-20 ft/sec
GPS Status & FOM 17 0 thru 15
State 5 Operation 0 discrete 1-State 5
State 3 Operation 1 discrete 1 - State 3
Incorporating < 4 meas 2 discrete 1-<4meas
GPS Data Not Valid 3 discrete 1 - Not Valid
reserved 4thru g
spare 9 thru 11
FOM 12 thru 15 [unsigned int range 1 thru 9
|Est Horizontal Position Error 18 0thru 15 [signed int 1 feet
|Est Vertical Position Error 19 0thru 15  |signed int 1 feet
JSatellite State Summary 20 Othru 15 |unsigned int __ |# satellites in state 3 and state 5 track
UTC Measurement Time 21,22 0 thru 31 |unsigned int 2/-14 second
reserved 23 thru 24
Lever Arm Used X 25 0thru 15 [signed int 1inch
Lever Arm Used Y 25 0thry 15  [signed int 1inch
Lever Arm Used Z 25 0 thru 15 [signed int 1inch
-— TTIOCiGE OF RS DLTA IS SUBJECT TO THE
E o O Vo i 20 OF 13 SOCUMENT
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CAGE CODE 88818
/bssagei ;N_Sj/—GPS Nav Output (page 1 of 2)
Subaddress:
Data Transter: INS/GPS to
Host
Rate: 50 Hz
word Count: 32 for MUX, 25 for RS-422
Description Word Bit (0 Msb) {Type Units Comments
Validity Word 1
Attitude 15 discrete 1 - Valid
True Heading 14 discrete 1 - Valid
North/East Velocity 13 discreta 1 - Valid
Latitude/Longitude 12 discrate 1 - Valid
Inertial Altitude 11 discrete 1 - Valid
Down Velocity 10 discrete 1 - Valid
Spare 9
Velocity Corrected 8 discrete 1 - Valid
UTM Zone Number ** 0 thru 7 integer Range: +/- 60
[Time Tag 2,3 0thru 31 |single float
GPS Time 4,5,6,7 0thru 63 |[double float
Roll 8 0thru15 |2's comp semi circles
Isb: 27 -15
msb: 0.5
min: -1
max: 1
Pitch 9 Othru 16 |2's comp semi circles
Isb: 2715
msb: 0.5
min: -1
max: 1

** |f UTM zone number is zero, then position outputs M&ﬂ& j?;. 8 am19, 20)-ara interpreted as latitude
and longitude; otherwise they are UTM northing and easting. The:UTM format utilizes the WGS-84 eliipsoid.
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CAGE CODE 88818
’;wassagm INS/GPS Nav Qutput (page 2 of 2)
Subaddress: 2-T
Data Transfer: INS/GPS to
Host
Rate: 50 Hz
Word Count: 32 for MUX , 25 for RS-422
Description Waord Bit (0 Msb) |Type Units Comments
True Heading 10 Othru 15 |2's comp semi circles
Isb: 2A-15
msh: 0.5
min: -1
max: 1
North Velocity 11 Othru 31 |2's comp meters/second
12 resolution(lsb):0.0000038147
msb: 4,096
accuracy: 0.0002
East Velocity 13 0thru31 |2's comp meters/second
14 resolution(lsb):0.0000038147
msb: 4,096
accuracy: 0.0002
Down Velocity 15 Othru3t |2's comp meters/second
16 resolution(lsb):0.0000038147
msb: 4,096
|accuracy: 0.0002
Latitude /Northing 17 0thru31 [2's comp For Latitude:  For Northing: |Range for UTM/Northing :
semi circles meters
18 Isb: 2A-31 Isb: 1 meter|0.0 - 1.0 x 10A7 meters
- (msb: 0.5
_— min: -0.5
» . imax: 0.5
Longitude/Easting 19 - JFor Longtitude: For Range for UTM/Easting:
“1Easting:
semi circles meters
20 Isb: 2A-31 Isb: 1 0.0 ~ 1.0 x 1076 meters
meter
msb: 0.5
min;: -1
max: 1
Altitude (WGS-84) 21 Othru31 [2's comp meter
22 Isb: 0.0000152588
msh: 16,384
resolution: 0.305
North Velocity Correction 23 0thru 15 |2's comp meters/second From Kalman Filter
resolution(Isb):0.00012207
max: 3.9624
PEast Velocity Correction 24 Othru 15 |2's comp 'meters/second From Kalman Filter
resolution(isb):0.00012207
max: 3.9624
Down Velocity Correction 25 0thru 15  |2's comp meters/second From Kalman Filter
resolution(isb):0.00012207
max; 3.9624
Jspare(for MUX only) 26 thru 32
l
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CAGE CODE 88818

Message: EGR Time Mark W/6 Channel - Part 1

Subaddress: 3-T

Data Transfg{; INS/GPS to

Host

Rate: 1Hz

word Count: 32

Description Word Bit (0 Msb) [Type Units Comments
GPS Time 1thru 4 0thru 63 |dec dfioat seconds of the week
UTC Time S thru 8 0thru 63 |dec dfioat always 0

Delta T 9 0thru 15 always 0

[Time Mark Count 10 0Othru 15 |unsigned int Oto5

| atitude 11thru 12 |0 thru 31 |dec sfloat radians

Longitude 13thru 14 |0 thru 31 |dec sfloat radians

ECEF Position X 15thru 16 |0 thru 31 |dec sfloat meters
JECEF Position Y 17 thru 18 |0 thru 31 |dec sfioat metars

ECEF Position Z 19thru 20 [0thru 31 |dec sficat meters

Altitude - MSL 21 thru 22 {0 thru 31 |dec sfioat meters

Altitude - WGS84 23 thru 24 |0 thru 31 |dec sfloat meters

Velocity East 25 thru 26 |0 thru 31 |dec sfloat met/sec

Velocity North 27 thru28 |0thru 31  |dec sfioat met/sec

Velocity Up 29 thru 30 |0thru 31 |dec sfloat met/sec

reserved 31 thru 32 always 0

£ HIG (AT2 5 SUBJECT TO THE
‘mE LALC FAGE QF Truf DOCUMENT
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CAGE CODE 88818
- -
Message: EG_I;! Time Mark W/6 Channel - Part 2 (page 1 of 2)
Subaddress: 4-
Data Transfer: INS/GPS to
Host
Rate: 1Hz
word Gount: 32
Description Word Bit (0 Msb) | Type Units Commaents
reserved 1thru 14 single float always 0
Channel 1 Status A 15 0 thru 15 ‘
SV Number 11 thru 15 |un integer 0 thru 31, 0=SV 32
Channel Number 8 thru 10  |uninteger 1 thru 6, O=none
Y-Code - 7 binary 0=P or CA, 1=Y
Channel State 4 thru 6 unsigned 0 =no data
1 = CA search
2 = P(Y) search
3 = code lock
4 = AFC lock
5 =costas
6 = seq-synch
7 = reacquisition
Code Type 3 binary 0=P, 1=CA
Frequency 2 binary o=L1, 1=L2
Antenna 1 binary 0 = A/C or Weapon 1
1=Weapon 2
Fault 0 boolean 1=true
Channel 1 Status B 16
Jamming Signal " {decibels
Carrier To Noise . |decibels
Channel 2 Status A 17 e ... ..|Same as chan 1
Channel 2 Status B 18 0 thru 15 same as chan 1
Channel 3 Status A 19 0 thru 15 same as chan 1
Channel 3 Status B 20 0 thru 15 same as chan 1
Channel 4 Status A 21 0 thru 15 same as chan 1
Channel 4 Status B 22 0 thru 15 same as chan 1
Channel 5 Status A 23 0 thru 15 same as chan 1
Channel 5 Status B 24 0 thru 15 same as chan 1
Channel 6 Status A 25 0 thru 15 same as chan 1
Channel 6 Status B 26 0 thru 15 same as chan 1

* Same as 1D1100 from ICD-GPS-150

USS OR DISTIOCURE AF W15 DATA 15 SUBJECT TO THE
RESTRICTION C*¢ THE TIILE PAGE OF THIS DOCUMENT
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CAGE CODE 88818
Message: E(_S_Fr( Time Mark W/6 Channel - Part 2 (page2 of 2) *
Subaddress:
Data Transfer: INS/GPS to
Host
Rate: 1Hz
word Count: 32
I@cﬁpuon Word Bit (0 Msb) [Type Units Comments
Figure Of Merit 27 0 thru 15
HOM . 12 thru 15 |un integer 1 = < 26 meters
2 =26-50
3=51-75
4 =76-100
5=101-200
6 = 201-500
7 = 501-1000
8 = 1001-5000
9 => 5000
ICD-255 Erase Fault 11 1=fail storage erase failure
reserved 8 thru 10
AE LRU Failure 7 boolean 1=fail
RPU Failure 8 boolean 1=fail
Nav Data Not Valid 5 boolean 1=not valid
ICD_255 Nav Degraded 4 boolean 1= degraded SA not corrected
Nav Data going bad 3 boolean always=0 Keys soon to expire
Less than 4 meas 2 boolean 1= < 4 meas
State 3 Operation 1 boolean 1 =true
State 4/5 Operation 0 boolean 1= true
Expected Horizontal Error 28 1thru 15  |uninteger meters
I spare 0
Expected Vertical Error 29 1thru 15 juninteger... . |meters
spare R NS
Equipment Available 30 X TE UG NG E
INS 0 booleal 1 = available
reserved 1thru3
Heading 4 boolean 1 = available
Attitude 5 boolean 1 = available
reserved 6thru7
spare 8 thru 15
Equipment Used 3 0thru 15
INS 0 boolean 1 = used
reserved 1thru3
Heading 4 boolean 1= used
Attitude 5 boolean 1 = used
raserved 6thru7
UTC Data 8 boolean 1 = used
reserved 9
MSL Computed 10 boolean 1 = used
spare 11 thru 15
[Time Figure of Merit 32 Qthru 3 un integer 11015

reserved

4 thru 15

* Same as ID1100 from ICD-GPS-150

sk
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CAGE CODE 88818
Message: EGR Fail Log
subaddress: 6-T
Data Transfer: INS/GPS to
Host
Rate: 1Hz
word Count: 17
Description Word Bit (0 Msb) |Type Units Comments
GPS Time 1 thru 4 0thru 63 |double fioat seconds
resarved 5 thru 6
reserved 7 0thru?7
DC Bias 8 thru 15 |binary 1=fail bit 0 or8 =channel 1
bit1 or9 =channel2
bit 2 or 10 = channel 3
bit 3 or 11 = channel 4
bit 4 or 12 = channel 5
bit 5 or 13 = channel 6
bit 6 or 14 = channel 6A
bit 7 or 15 = channel §B
Code NCO 8 Othru7  |binary 1=fail
Phase Rotation 8 thru 15  [binary 1=fail
Code Generator 9 0 thru 7 binary 1=fail
PDI 8 thru 15  [binary 1=fail
JPower High 10 Othru7 binary 1=tail
Power Low 8 thru 15 |binary 1=fail
Overall BIT 11 0 thru 15  |integer O=pass, 1=fail
[Task Status 12 0thru 15  |binary pass/ail status of each task
IChannel Status Message: |0 thru 15 jinteger pass/Aail gach hw channel!
RTC 14 0 thru 7 integer O=pass, 1=fail each port
AD 8 thru.15 . |binary. - - |passAail
PPS-SM 15 Othaa7. _|integer -{0=pass, 1=fail
Clock Drift 8 thex5 finteger.- i - [D=pass, 1=tail
spare 16 0thny'7  1° )
Aux Power Low 8 thru 15  |integer O=pass, 1=fail
|Failure Found 17 0 thru 15 |integer Q=none, 1=error

UsE Oh DISCLOSURE
RESTRICTION OM THE

30

OF IS DATA

TITLE PAGE OF TMIS

'S SUBJECT TO THE

DOCUMENT




Y202A150 REV-

CAGE CODE 88818
Tmssage: Reserved (Nav IMU Data) [see remark 1]
Subaddress: 15-T
Data Transfer: INS/GPS to
Host
Rate: 50 Hz
Word Count: 8 for MUX,
7 for RS422
Description Word Bit (0 Msb) {Type Units Comments
X Delta Angle (body) 1 Othru 15 |2's comp radians (") LSB value = 10 E-6
Y Delta Angle (body) 2 0thru 15 [2's comp radians (**7) LSB value = 10 E-6
Z Delta Angle (body) 3 0thru 15 }2's comp radians ("™**) LSB value = 10 E-6
X Delta Velocity (body) 4 Othru 15 |2's comp ft'sec (") LSB value = 1.5 E-3
Y Delta Velocity (body) 5 0thru 15 |2's comp ft'sec (") LSB value = 1.5 E-3
[Z Delta Velocity (body) 6 0thru 15  |2's comp ft/sec  (***) LSB value =1.5 E-3
BIT/Mode Status * 7 0 thru 15 Available in 29-T message
IMessage count ™ 8 Qthru 15 {2's comp

* BIT/Mode Status Definition:

Bit 0: Spare

Bit 1: 1 =OQver Temperature Fail (bad data)

Bit 2: 1=Extemal Sync Fail

Bit 2: 1=Extemal Sync Mode

Bit 4: 1= Critical failure occurred, invalid or degraded outputs are probable

Bit 5: 1= IMUinfactory mode ; 0 = IMU in operational mode

Bit 6: 0 =startup BIT in progress; 1 = periodic BIT in progress

Bit 7: 0= startup BIT fail; 1 = periodic BIT fail ( valid only if bit 3 or bit 7 indicates failure )
Bit 8 1= Non-critical failure occurred, invalid or degraded data outputs are probable

Bit 9 -15: Failure code; number from 0 to 83 mdtcanng type of fallure ( 0 = no failure )

Remark 1 :
The NAV IMU data (15-T), 50 Hz has the following compensauorts that thc AUT()PILDT IMU data (16-T),100 Hz
does not have:

. coning correction (delta thetas)

. sculling correction (delta velociries)

. size effect correction (delta velocities)

The NAV IMU data uses these compensations to enhance the accuracy of the navigation data. The AUTOPILOT IMU
data does not use these compensations because the enhanced accuracy is not required, and more importantly, the
corrections can cause unwanted disturbances to the flight control process.

In addition, the NAV IMU data uses a second order low pass filter calied a maiching filter for both delta thetas and
delta velocities, while the AUTOPILOT IMU data uses a second order low pass filter called a shaping filter for both

delta thetas and delta velocities. Both matching and shaping filters are identical in form, but their parameters (natural
frequency and damping) are set independently in EPROM.

** For Mux 1553 only

*** Delta Angle and Delta Velocity are changes over 10 msec interval
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CAGE CODE 88818

Autopilot IMU Dat:

Message: i @

S ransfer: INS/GPS to

Data Tran Host

Rate: 100 Hz

word Count: 7 for Mux, 6 for R5-422

Description Word Bit (0 Msb) |Type Units Comments

X Delta Angle (body) 1 0 thru 15 {2's cornp radians (*7) LSB value = 5 E-6
Y Delta Angle (body) 2 0Othru 15 |2's comp radians (™) LSB value =5 E-6
Z Delta Angle (body) 3 0thru 15 [2's comp radians () LSB vaiue =5 E-6
X Delta Velocity (pody) 4 0thru 15 |2's comp fsec (™) LSB value =7.5 E-4
Y Delta Velocity (body) 5 0thru 15 |2's comp tysec (") LSB value =7.5 E-4
Z Delta Velocity (body) 6 0thru 15 |2's comp f/sec  (**) LSB value =75 E-4
[Message count” 7 0thru15 |2's comp

* for Mux 1553 only

* Delta Angle and Delta Velocity are changes over 10 msec interval
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CAGE CODE 88818
. EGR Line Of Sight Data 1 thru 6 - for each channel *
Message: 18-T word 11D's 1 thru 6
Subaddress:
Data Transfer: INS to Host
Rate: 1Hz
word Count: 32
Description Word Bit (0 Msb) [Type Units Comment
Counter 1 0thru 15 junsigned int n/a
Multiplex 1D 2 0thru 15 [Code 1 thru 6 for each channel
fTime Tag Of Data 3 thru 6 0 thru 63 |double float seconds of week
Channel Status 7
Satelite ID 11 thru 15 |binary 0=32
ICD 225 Corrected 10 discrete 0=SA comected
Antenna 9 discrete O=Aircraft 1D5300 word 5, bit 6 from
1=Weapon ICD-GPS-150
spare 8
Y-Code 7 discrete 1=Y-Code
Tracking State 4 thru 6 binary 0 = no data
1= CA search
2 = P(Y) search
3 = code lock
4 = AFC lock
5 = costas
6 = seg-synch
7 = reaquisition
Code Type 3 discrete 0 = P(Y) Code
1=CA Code
lono Correction 2 discrete 0 = Modelled
1=L112
Weapon Antenna Used 1 discrate 0 = Antenna 1 (always) 105300 word 5, bit 14 from
- e e 1= Antenna 2 ICD-GPS-150
Channel BITE Status 0 . ! Y|discrate . ]1=Fail
Pseudo_Range 8.9 0 thru-31 integer- - - |meters Isb = 2*-5
IDelta Range 10,11 Othru31 |integer meters lsb = 2**-16
Pseudo Range Variance 12,13 0 thru 31 |integer meters squared Isb = 2**-8
Delta Range Variance 14,15 0thru 31 linteger meters squared Isb=2""-16
Satelite Position X End - ECEF  |16,17 0thru 31 linteger meters Isb=2""4
Satelite Position Y End - ECEF  |18,19 0 thru 31  |integer meters Isb=2""4
Satelite Position Z End - ECEF  |20,21 Othru 31 |integer meters ish =24
Satelite Position X Start - ECEF 22,23 0 thru 31 |integer meters Isb = 2""-4
Satelite Position Y Start - ECEF  |24,25 0 thru 31 |integer meters Isb = 27"-4
Satelite Position Z Start - ECEF  ]26,27 Qthru 31 |integer meters isb=2""4
lono Correction 28 0thru 15  linteger meters Isb = 2**-5
Ephemeris URA Word 29
URA (User Range Accuracy) 12 thru 15 |binary range 0 thru 256
Availability 1 discrate 0 = no ephemeris
1 = ephemeris
Nav Data Availability 10 discrete 0 = data valid
1 = data invalid
Differential GPS 9 discrete 0 = CA code
1 = CA code diff corrected
spare 8 discrete
UDRE (User Dift Range Error) Othru7 integer meters 0 - 256 meters
Delta Range Interval 30,31 0thru 31 [single fioat seconds

* Same as ID5300 from ICD-GPS-150

UST OR DISCLOSURE OF FHIS DATA 1S SUBJECT TO THE
RESTRICTION OM THE T'TLF PAGE OF THIS DOCUMENT
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CAGE CODE 88818
Y
= INS/GPS Monitor (page 1 of 4)
- INS/GPS to
Data Transfer: Host
Rate: Aperiodic
word Count: a2
Description Word Bit (O Type Units Comments
MSB)
Current INS/GPS Mode 1 0 thru 15 0 - Startup
1-Idle
2 - Ground Alignment Coarse
3 - Ground Alignment Fine
4 - Free Inertial
5 - Hybrid Nav
6 - Aided Nav Reserved/Not tested
7 - Transfer Align Reserved/Not tasted
8 - In-Air Alignment Reserved/Not tested
9 - Initiated BIT Not implemented
10 - No Go
11 - Gyro Compass Restart
12 - Gyro Cormp No Position
Nav Status Word 2 2
Position Measurement 0 discrete 1 - Position Update Used data rejected when >3
. sigma of expected value
Velocity Measurement 1 discrete 1 - Velocity Update Used data rejected when >3
sigma of expected value
IMU Valid 2 discrete 1 - Valid
GPS Fail Found 3 discrete 1 - Valid 1D5230 Fail Log word 91
No Go 4 discrete . |0--Go
: ; 1.~ No Go BIT Health / Startup Failure
Align In Progress 5 ‘|discreta... ¢ © |0+ Suspended
N =1 &n Progress
Align Complete 6 discrete 1 - Valid
Initiated BIT Status 7 discrete 1 - IBIT in progress
UTM input error 8 discrete 1 - Error
INS/GPS Not Ready 9 discrete 1 - Not Ready
spare 10 thru 11
Coarse Align Complate 12 discrete 1 - Complete
Unauthorized GPS 13 discrete 1 - Degraded GPS Data Not Corrected for SA
IMU Aiding Deselected 14 discrete 1 - IMU Aiding Deselected
GPS Aiding Deselected 15 1 - GPS Aiding Deslected
[Time Of Align 3 Othru 15 |unsigned int seconds
Isb: 1
Align Quality 4 0thru 15 (|unsigned int kilometers/hr estimated as the square
Isb: 0.031250 root of the heading
msb: 1,024 covariance in radians X
(1,850 kmvhr/rad)

U3 0% MISELOSURE OF RIS DATA IS SURJECT TO THE
ESTRICTIGH ON TME TITLE PAGE OF THIS DOCUMENT
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CAGE CODE 88818
ﬂ;&a’gﬂ' INS/?PS Monltor (page 2 of 4)
oo 22-
“Subaddres™ INS/GPS to
‘Data Transfer: Host
Rate: aperiodic
word Count: 32
Description Word Bit (0 Msb) |Type Units Comments
GPS Time 5thru 8 Othru 63 |dec dfioat seconds of week
[GPS Status Word 1 9 0 discrete 1 - valid
spare 1 thru 15
GPS Status Nav 1 10
Nav Data Valid 0 discrete 1 - valid
User Mode 1 thru 2 un integer 0 - Test
1 - Init
2 - Nav
3 - Standby
BIT in progress 3 discrete 0 - in progress
Stationary Mode 4 discrete 1 - stationary mode
Init Data Request 5 discrete 1 - init data needed
reserved 6
Altitude Hold 7 discrete 1 - altitude hold on
reserved 8
Almanac Request 9 discrete 1 - need almanac data
reserved 10 thru 11
Lever Arrn Correction 12 discrete 1 - lever arm used
reserved 13 thru 15
GPS Status SA/AS 11
Key Good 0 discrete 1 - key verified
Key In Use 1 discrete 1 - key in use
reserved 2
Bad Parity Key 1 3 1 - parity error
Bad Parity Key 2 4 -}1 - panty arror
CV Alert 5 : 1~key will soon expire
Insufficient Keys 6 discrete 1 - insufficient keys for mission duration
Zeroize Fail 7 discrete 1 - CV erase fail
Keys Exist 8 discrete 1 - contains keys
Migsion Duration 9 thru 15 linteger days 1111111 >= 127
GPS Status / FOM 12
State 5 Operation 0 discrete 1-=»=4instate 5
State 3 Operation 1 discrete 1-=>=1instate 3
Less than 4 measurements 2 discrete 1 - =<4 SV used in fix
GPS Data Not Valid 3 discrete 1 - not valid
RPU Fail 4 discrete 1 - fail Receiver Processor Unit
AE Fail 5 discrete 1 - fail Ant Electr (Preamp only)
Aux Power Fail 3] discrete 1 - fail
reserved 7 thru 15
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CAGE CODE 88818
- INS/GPS Monitor (page 3 of 4)
gfggg oss: 22-T
“pata Transfer :—Toss/t GPS10
Rate: aperipdic
word Count: 32
[Description Word Bit (0 Msb) |Type Units Comments
GPS Status Satellite 13
Channels in State 5 0 thru 2 un integer
Channels in State 3 3thru5  |uninteger
reserved 6
spare 7 thru 11 .
SV's tracking 12 thru 15 {un integer 0=none number of SV in track
GPS Status Equipment 14
reserved 0
RPU Fail 1 boolean 1=fail Receiver Processor Unit
reserved 2 thru 15
GPS Status Nav 2 15
Dynamics Mode 0 integer 0=100 mvs, 1=450
UE Mode 1 thru 2 integer 0=TEST
1=INIT
2=NAV
3=reserved
reserved 3
spare 4thru 6
reserved 7 thru 15
{GPS Status Word 16
Erase In Progress 0 discrete 1 - In Progress
Oscillator Stable 1 discrete 1 - Stable
Almanac Stored 2 discrete 1 - Valid Almanacs Stored
Ephemeris Stored 3 discrete 1-atleast4 3V
. . |Ephemeris Stored
Time Established 4 "+ |1 - Recsiver Time
tnitialized
Keys Zeroized 5 discrete 1 - Zeroize Passed
Acquisition Restarted 6 discrete 1 - sateliite acquisition
has been restarted
upon command
Differential GPS mixture 7 discrete 1 - CA and CA diff corr mixture
Satellites In State 5 8 thru 15 junsigned int range 1104
Antenna Port Select 17 Othru 15 |code 0 - EGR decides
1 - Use A/C antenna
2 - Use Weapon #1
3 - Use Weapon #2
HB1 Config 18 0 thru 15 |code 0 - None
1 - GPS Feed
2 - Timing Pulse

.-
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CAGE CODE 88818
i . INS/GPS Monitor (page 4
ﬂc‘mgﬂ- INS/G onitor (page 4 of 4)
¥ Subaddrase: INS/GPS to
Transfer:
Data Host
Rate: aperiodic
Word Count: 32
[Description Word Bit (0 Msb) |Type Units Commenits
Lever Amm 1 - X Axis 19 0thru 15 |[signed int inches, Isb: 1
Lever Arm 1 - Y Axis 20 Othru 15 |signed int inches, Isb: 1
Lever Arm 1 - Z Axis 21 0thru 15 |signedint inches, Isb: 1
Lever Arm 2- X Axis 22 0Qthru 15 |[signed int inches, Isb: 1
L ever Arm 2 - Y Axis 23 0 thru 15  Isigned int inches, Isb: 1
Lever Arm 2 - Z Axis 24 0 thru 15 |signed int inches, Isb: 1
spare * 25 thru 32

* RS -422 uses only 24 words; no spare

USD 27 DISCLOSURL OF WIS D4ATA 15 SURJECT TO THE
RESTRCTIN 24 THE NTLE PAGE OF THIS DOCUMENT
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CAGE CODE 88818
;’ Al
H o: manac - CV
:ﬁfmss: 24 -7
Data Transfer: INS/GPS to
Host
Rate: aperiodic
word Count: 17
Description Word Bit (0 Msb) | Type Units Comments
Validity 1
spare 0 thru 14 .
Valid 15 discrete 1 - Valid
Data 1D 2 0 thru 1
sviID 2 thru 7 unsigned int
Eccentricity MSB 8 thru 15  junsigned int 2/-13
Eccentricity_LSB 3 0thru 7 unsigned int 2n21
Almanac Reference Time 8 thru 15 |unsigned int 2n2 seconds
Jinclination Correction 4 0thru 15 |2's comp 2719 semi circles
JRate of Right Ascension 5 0thru 15 |2's comp ° 2A-38 semi circles
Satellite Health 6 0 thru 7 binary
SQRT A_MSB 8 thru 15 |unsigned int 275 meters ™ 1/2
SQRT A_LSB 7 0 thru 15 |unsigned int 2/11 meters ** 1/2
(Omega O_MSB -] 0thru 15 |unsigned int 2A.15 semi circles
(Omega O_LSB 9 Othru?7 unsigned int 2423 semi circles
Arg of Perigee_MSB 8 thru 15  |unsigned int 2/-7 semi circles
Arg of Perigee_LSB 10 Othru 15 |unsigned int 2723 semi circles
IMo_MSB 11 0 thru 15 |unsigned int 2715 semi circles
Mo_LSB 12 Othru7 unsigned int 2/-23 semi circles
afd_MSB unsigned int 2717 sec
af1_MSB 13 junsigned int. ; -|2A-35 sec/sec
af1_LSB onsigned int:
afo_LSb unsigned-int
reserved 14thru1s |7
Almanac Reference Week 14 0thru 15
spare 15 thru 17
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CAGE CODE 88818
Message: Ephemeris 1 (page 1 of 2)
subaddress: 25-T
Data Transfer: INS/GPS to
Host
Rate: aperiodic
Word Count: 32
Description Word Blt (0 Msb) | Type Units Comments
GPS Time 1thru 4 0thru 63 |double float seconds of the week
Satellite 1D 5 Qthru 15 |integer satellite PRN number
for which this ephemeris
is valid
reserved 6 thru 7
Subframe 1 data 8 thru 22 per ICD-GPS-200
[TLM Preamble 8 Qthru7
TILM Message_MSB 8 thru 15
TLM Message_|.SB 9 Othru 5
reserved for bits 23,24 6thru7
HOW #1 8 thru 15
HOW #2 10 Othru 13
raservad for bits 23,24 14 thru 15
Week Number 11 Othru9 1 week
Code on L2 Flag 10 thru 11
SV Accuracy 12 thru 15
SV Health 12 Othru 5
IODC_MSB 6thru7
L2 data Flag B
Subframe 1 bits 92-98 9 thru 15
Subframe 1 bits 85-114 13 Othru 15
Subframe 1 bits 121-136 14 0thru 15
Subframe 1 bits 137-144 15 Othru7.. ]
Subframe 1 bits 151-158 8:twu15- .
Subframe 1 bits 159-174 16 Othru 15>
Subframe 1 bits 181-196 17 0 thru 15
Group Delay Time 18 0thru7 27-31 seconds
ODC_LSB 8 thru 15 2711 seconds
Ciock Date Ref Time 19 0 thru 15 2n4 seconds
af2 20 Othru7 2755 seconds/sec/sec
aff_MSB 8 thru 15
af1_LSB 21 Othru?7 27-43 seconds/sec
af)_MSB 8 thru 15
af0_LSB 22 0 thru 13 2~-31 seconds
reserved for bits 293,294
of subframe 1 14 thru 15

r
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CAGE CODE 88818
Message: Ephemeris 1 (page 1 of 2)
subaddress: 25-T
Data Transfer: INS/GPS to
Host
Rate: ’ aperiodic
Word Count: 32
Description Word BIt (0 Msb) |Type Units Comments
Subframe 2 23 thru 32 per ICD-GPS-200
TLM Preambie 23 0thru7
TLM Message_MSB 8 thru 15
TLM Message_LSB 24 0 thru 5
reserved for bits 23,24 6 thru 7
HOW #1 8 thru 15
HOW #2 25 0 thru 13
reserved for bits 23,24 14 thru 15
| (o] 26 Othru?7 2711 seconds
Crs_MSB 8 thru 15
Crs_LSB 127 0thru7 2n-5 meters
Delta n_MSB 8 thru 15
Delta n_LSB 28 0thru7 2A-43 semi circles/sec
Mo_MSB 8 thru 15
Mo_Middle 29 0thru 15
WO_LSB 30 0thru 7 2A-31 semi circles
Cue_MSB 8 thru 15
Cuc_LSB 31 0thru7 2A-29 radians
eccentricity_MSB 8 thru 15
eccentricity_Middle 32 0 thru 15

e DATA 15 SUBJECT 10 THE
§ PAGE OF THIS DOCUMENT

TR DISCACTURE OF
RESTAICTION ON Trf un,
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CAGE CODE 88818
p a: Ephemeris 2
(M:’bf:cﬁess: 26-T
pata Transfer: INS/GPS to
Host
Rate: aperiodic
word Count: 24
|pescription Word Bt (0 Isb) {Type Units Comments
Eccentricity_LSB 1 Othru 7 2A-33
Cus_MSB 8 thru 15
Cus_LSB 2 0thru7 2/-29 radians
SQRT(A)_MSB 8 thru 15
SQRT(A)_Middle 3 0 thru 15
SQRT(A)_LSB 4 0thru7 27-19 sqrt (meters)
Toe_MSB 8 thru 15
[Toe_LSB 5 0thru? 2M seconds
Fit Interval Flag 8
spare g thru 13
reserved for bits 293, 294
of subframe 2 14 thru 15
Subframe 3 data 6 thru 20 per ICD-GPS-200
[TLM Preamble & 0thru 7
TLM Message_MSB 8 thru 15
TLM Message_LSB 7 Othrus
reserved for bits 23,24 6thru?7
HOW #1 8 thru 15
[HOwW #2 8 0 thru 13
reserved for bits 23,24 14 thru 15
Cic 9 0 thru 15 2/-29 radians
Omega o 10, 11 0 thru 31 2731 semi circles
Cis 12 Othiis |77 2729 radiang
i0 13,14 0 thru 31 - | 27-31 semi circles
Crc 15 0 thii 15 - {. 20-5 maters
Argument of Perigee 16, 17 0 thru 31 2/-31 semi circles
Rate of Right Ascension_MSB  [18 0 thru 15
Rate of Right Ascension_LSB 19 Q thru 7 2/-43 semi circles
I0DE 8 thru 15 2A11 seconds
Rate Of Inclination Angle 20 0 thru 13 2A-43 semi circles
resarved for bits 293, 294 14 thru 15
of subframe 3
spare 21 thru 22
L1 lonospheric Delay 23 0 thru 15 272 ns O=no data is available
SV ID 24 Othru 15  (un integer satellite PRN number for
which this ephemeris
data is valid

el DR DICLOSNIRF NF RIS DATA 1§ SURJECT TO THE
EATHITON % THE DITLE PAGE OF THIS DOCUMENT
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CAGE CODE 88818
;:‘i;ssagﬂ Multipiex Test Qutput 1 - ISA Raw Data
ybaddress: 27-T
pata Transfer: INS/GPS to
Host
Rate: 1Hz
word Count: 32
Description Word Bit (0 Msb) | Type Units Comments
Counter 1 0thru 15 |Integer used to denote a naw msg
Message Code 2 0thru 15  |integer 1 =1SA Raw Data
Gyro Pulse Sum 3.4 0thru 31 |single float X Axis
Gyro Pulse Sum 5,6 0thru 31 |single fioat Y Axis
Gyro Pulse Sum 7.8 0 thru 31  |single float Z Axis
Accelerometer Pulse Sum 9,10 0 thru 31 |single fioat X Axis
Accelerometer Pulse Sum 11,12 0thru 31 |single ficat Y Axis
Accelerometer Pulse Sum 13,14 Dthru 31 |single fioat Z Axis
Coning Correction Sum 15,16 0thru 31 |single fioat X Axis
Coning Correction Sum 17,18 0 thru 31  |single float Y Axis
Coning Correction Sum 19,20 0thru 31 |single float Z Axis
Accelerometer Bias 21,22 0thru 31 |single float X Axis
Accelerometer Bias 23,24 0 thru 31 |single fioat Y Axis
Accelerometer Bias 25,26 0 thru 31 |single fioat Z Axis
Spare 27 thru 32
[ 15 60 (vt bt OF MG DALE (5 SUBJECT TO THE
PESTOTIGN Of THE TILE PAGE OF THIS DOCUMENT
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CAGE CODE 88818

P .
E hjsesage: Multiplex Test Output 1 - ISA Compensated Data
& gybaddress: 27-7

Data Transfer: INS/GPS to

Host

Rate: 1Hz

word Count: 32

Description Word Bit (0 Msb) {Type Units Comments

Counter 1 0thru 15 |integer used to denote a new msg
IMessage Code 2 Othru 15 |Integer ) 2 = ISA Compensated Data
Gyro Bias 3.4 0thru 31 |single float X Axis

Gyro Bias 5,6 0thru 31 |single float Y Axis

Gyro Bias 7.8 0thru 31 |[single float Z Axis

Commanded Dither Noise 9,10 0thru 31 |single fioat

Dither In Phase 11,12 0 thru 31 |single float

Dither Quadrature 13,14 0thru 31 [single fioat

Compensated Velocity Sums 15,16 0thru 31 |single float X Axis

Compensated Velocity Sums 17,18 0 thru 31  |single float Y Axis

Compensated Velocity Sums 19.20 0 thru 31 {single fioat Z Axis

Compensated Angle Sums 21,22 0thru 31 |single float X Axis

Compensated Angle Sums 23,24 0 thru 31  |single float Y Axis

Compensated Angle Sums 25,26 0thru 31  |single float Z Axis
|Spare 27 thru 32

;oL DATA IS CRECT TO THE
Lo PAGE OF THiS DOCUMENT
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CAGE CODE 88318

Message: Multiplex Test Output 1 - [SA Control Loop 1

Subaddress: 27-7

Data Transfer: INS/GPS to

Host

Rate: 1Hz

Word Count: 32

Description Word Bit (O Msb) |Type Units Comments

Counter 1 0 thru 15 |Integer used to denote a new msg
[Message Code 2 0thru 15 |integer 3 =1SA Control Loop 1
JPLC Mirror Drive 3.4 0 thru 31 [single float X Axis
[PLC Mirror Drive 5,6 0 thru 31 |single float YAxis
JPLC Mirror Drive 7.8 0thru 31  |single float Z Axis
JPLC Integrator Term 9,10 0thru31 |single float X Axis

PLC Integrator Term 11,12 0 thru 31  |single float Y Axis

PLC Integrator Term 13,14 0thru 31 |single float Z Axis

Laser Fringe Intensity 15,16 0 thru 31 |single float X Axis

Laser Fringe Intensity 17,18 0 thru 31  |single fioat : Y Axis

Laser Fringe Intensity 19,20 0 thru 31 |single fioat Z Axis

Number Mode Hops 21,22 0 thru 31 |single float X Axis

Number Mode Hops 23,24 0 thru 31 [single float Y Axis

Number Mode Hops 25,26 0thru 31  |single float Z Axis
Maximum Dither Amplitude 27,28 0 thru 31 |single float

Dither Amplitude Snapshot 29,30 0thru 31 {singie fioat

Spara 31,32 0 thru 31

IEF OF FHIS DATA IS SUBJECT TO THE
o NTLL FAGE OF THIS DOCUMENT
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CAGE CODE 88818
Message: Multiplex Test Output 1 - ISA Control Loop 2
Subaddress: _7-T
Data Transfer: INS/GPS to
Host
Rate: 1Hz
Word Count: 32
Description Ward Bit (0 Msb) |Type Units Comments
Counter 1 0 thru 15  [Integer used to denote a new msg
Message Code 2 0 thru 15 |integer 4 = ISA Control Loop 2
Dither Frequency Filtered 3.4 0 thru 31 |single float
Maximum Dither Command 5,6 0thru 31 [singte fioat
Dither Command Snapshot 7.8 0 thru 31 |single float
SW Dither Gain 9,10 0thru 31 |single float
Gyro Temperature 11,12 0 thru 31 |single float
Accelerometer Temperature 13,14 0 thru 31 |single float A Axis
Accelerometer Temperature 15,16 0 thru 31 |single float B Axis
Accelerometer Temperature 17,18 0 thru 31 [single fioat CAXxis
Sculling Corection Sum 19,20 Qthru 31 [single float X Axis
Sculiing Corection Sum 21,22 0thru 31  |single float Y Axis
Sculling Corection Sum 23,24 0 thry 31 |single float Z Axis
Buffered Size Effect 25,26 0thru 31 |single ficat X Axis
JBuffered Size Effect 27,28 Othru31 [single float Y Axis
{Buffered Size Effect 29,30 Othru31 |single fioat Z Axis
I Spare 31.32 0 thru 31
Message: Muitiplex Test Cutput 1 - Nav Calibration Data
Subaddress: 27-T T S
Data Transfer: INS/GPS to
Host
Rate: 1Hz
Word Count: 32
Description Word Bit (0 Msb) |Type Units Comments
Counter 1 0thru 15 |integer used to denote a new msg
Message Code 2 0thru 15 linteger 5 = Nav Calibration Data
Lavel Valocity 3,4 0 thru 31 |single float Feet X Axis
Level Velocity 5,6 0 thru 31 [single float Feet Y Axis
Level Velocity 7.8 0thru 31 [single float Feet Z Axis
Wander Angle 9,10 0 thru 31 (singte fioat Radians
Roll 11,12 Qthru 31 |[single float Radians
Pitch 13,14 0thru 31 |[single float Radians
True Heading 15,16 0 thru 31  {single float Radians
Latitude 17 thru20 {Othru 63 (double fioat Radians
Longitude 21 thru24 |0 thru 63 [double float Radians
Altitude 25,26 0thru 31  {single float Feet
Align Quality 27,28 0 thru 31
Spare 29 thru 32 T

THE
0%1)RE OF G DATA (S SBECT TO“Em
. On THE TITLE PAGE OF THIS
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CAGE CODE 88818
Message: Multiplex Test Qutput 1 - BIT Data (TBD)
Subaddress: 27-T
Data Transfer: INS/GPS to
Haost
Rate: 1Hz
Word Count: 32
JDescription Word Bit (0 Msb) | Type Units Comments
[Counter 1 0thru 15  |integer used to denote a new msg
JMessage Code 2 Othru 15 |integer 6 = BIT Data

46
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CAGE CODE 88818
Message: Multiplex Test Qutput 1 - Kaiman State Vector 1
Subaddress: 27-T
Data Transfer: INS/GPS to
Host
Rate: 1 Hz
Word Count: 32
Description Word Bit (0 Msb) [Type Units Comments
Counter 1 0thru 15  |integer ’ used to denote a new msg
Message Code 2 Othru 15 |integer 7 = Kalman State Vector 1
X Position 34 Othru 31 [single float ft
Y Position 5,6 0thru31 [single ficat ft
X Velocity 78 0 thru 31 |single float f/sec
Y Velocity 9,10 0 thru 31 |single float f/sec
X Tilt 11,12 Qthru 31 |single float radians
Y Tilt 13,14 Othru 31 |single float radians
Heading 1516 0thru 31 |single float radians
Altitude 17,18 0 thru 31  [single float it
Z Velocity 19,20 0 thru 31 |single float ft/sec
Integrated Altitude 21,22 0thru 31 |single float fUsec*2
Baro 23,24 Othru 31 |single fioat ft
Clock Phase 25,26 0 thru 31 |[single float ft
Clock Frequency 27,28 0 thru 31  |single float ft/sec
Clock Frequency Rate 29,30 0thru 31 single float f/sec™"2
Spare 31,32

BJECT TO THE
S SCLOSURE QF THIS DATA 15 Sul l
i‘mrg?cgéf ON THE TITLE PAGE OF THIS OOCUMENT

RES
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CAGE CODE 88813
Message: Multiplex Test Output 1 - Kalman State Vector 2
Subaddress: 27-T
Data Transfer: INS/GPS 1o
¢ - Host
Rate: 1Hz
Word Count: 32
Description Word Bit (0 Msb) | Type Units Comments
Counter 1 O thru 15 {integer used to denote a haw msg
Message Code 2 Othru 15 (integer 8 = Kalman State Vector 2
X Accelerometer Bias 3,4 0thru 31 |[single float ft/sec
Y Accelerometer Bias 5,6 Othru 31 |single float ft/sec
Z Accelerometer Bias 7.8 Othru 31 [single float ft'sec
X Gyro Bias 9,10 0thru 31 |single float deghour
Y Gyro Bias 11,12 Othru 31 |single float deg/Mour
|Z Gyro Bias 13,14 0thru 31 |[single float deg/hour
Sin A Heading 15,16 0thru 31 [single float
1-Cos A Heading 17,18 Othru 31 |[single float
X GPS Position Noise 19,20 0 thru 31 |single fioat ft
Y GPS Position Noise 21,22 0thru31 [single float ft
Z GPS Position Noise 23,24 Othru 31 |single float ft
X GPS Velocity Noise 25,26 0thru 31 |single float ft/sec
Y GPS Velocity Noise 27,28 0thru 31 [single float ft/sec
Z GPS Velocity Noise 29,30 Othru 31  |single float ft/sec
Spare 31,32

48
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CAGE CODE 88818

Message: Multiplex Test Output 1 - Kaiman Covariance Matrix 1

Subaddress: 27-T

Data Transfer: INS/GPS to

Host

Rate: 1Hz

Word Count 32

Description Word Bit (0 Msb) {Type Units Comments

Counter 1 Othru 15 |integer used to denote a new msg
[Message Code 2 0thru 15 |Integer 9 = Kalman Cov Matrix 1
X Position Diagonal 3.4 0thru 31 |single float ft

Y Position Diagonal 5.6 0 thru 31 |singie ficat ft

X Velocity Diagonal 7,8 0thru 31 [single float ft/sec

Y Velocity Diagonal 9,10 0 thru 31 |single fioat ft/sec

X Tilt Diagonal 11,12 0 thru 31 |single fioat radians

Y Tilt Diagonal 13,14 0thru 31 |single float radians

Heading Diagonal 15,16 0thru 31 |single float radians

Attitude Diagonal 17,18 0thru 31 [single float ft

Z Velocity Diagonal 19,20 0 thru 31  |single float ft/sec
[Integrated Altitude Diagonal 21,22 0thru 31 |single float f/sec™2
|Baro Diagonal 23,24 0 thru 31 [single float ft
[Ciock Phase Diagonal 25,26 0thru 31 |single float ft

Clock Frequency Diagonal 27,28 0thru 31  |single float ft/sec

Clock Frequency Rate Diagonal }29,30 0thru 31 |[single float ft/sec™"2

Spare 31,32

Remark : All are sigma=(cov)1/2
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CAGE CODE 88818

Message: Multiplex Test Output 1 - Kalman Covarlance Matrix 2

Subaddress: 27-T

Data Transfer: INS/GPS to

Host

Rate: 1Hz

Word Count: 32
[Description Word Bit (0 Msb) |Type Units Comments
[Counter 1 Othru 15 integer used to denote a new msg
Message Code 2 0thru 15 |Integer 10 = Kalman Cov Matrix 2
X Accelerometer Bias Diagonal 3.4 0 thru 31 {single ficat ft/sec

Y Acceierometer Bias Diagonal {5.6 Othru 31 |single fioat ft/sec

Z Accelerometer Bias Diagonal [7,8 0thru 31 |single float ft/sec

X Gyro Bias Diagonal 9,10 0thru 31 |single float deg/hour

Y Gyro Bias Diagonal 11,12 0thru 31  [single float deghour

Z Gyro Bias Diagonal 13,14 0thru 31 |single float deg/hour

Sin A Heading Diagonal 15,16 0 thru 31  |single float

1-Cos A Heading Diagonal 17.18 0 thru 31 [single float

X GPS Position Noise Diagonal ]19,20 0 thru 31 |single float ft

Y GPS Position Noise Diagonal  |21,22 0thru 31 [single fioat ft

Z GPS Position Noise Diagonal 23,24 0thru 31 (single float ft

X GPS Velocity Noise Diagonal 125,26 0 thru 31 |single flat ft/sec

Y GPS Velocity Noise Diagonal  |27,28 0thru 31 |single float ft/sec

Z GPS Velocity Noise Diagonal  |29,30 0thru 31 |single float ft/sec

Spare 31.32

Remark : All are sigma=(cov)1/2
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CAGE CODE 88818
Message: INS/GPS BIT Status (Page 1 of 4)
Subaddress: 29-T
Data Transfer: INS/GPS to
Host
Rate: 1Hz
Word Count: 32
Description Word Bit (0 Msb) | Type Units Comments
GPS SW Version/Date 1thru7 0 thru7 |character XXX ( Ex: ver 04.08)
8 thru 15 |character mm/dd/yy
MU SW Version 89 Qthru31 |hex scrriii (see note 1)
NAV SW Version 10,11 Othru 31 |hex 00000vvv (see note 2)
Ispare 12,13 )
Heaith 14 BIT Summary
Current BIT State 12 thru 15 |code binary 0001 - Startup
0010 - Penodic
0100 - Initiated(not
implemented)
1000 - Idle
Startup Failure 11 discrete 1 - fail Same as NO-GQ in
22-T /word 2 bit 4
Initiated BIT Failure 10 discrete 1 - fail not used
Periodic BIT Failure 9 discrete 1 - fail not implemented
Critical Failure 8 discrete 1 - fail not implemented
Processor Good 7 discrete 1 - good
Control Good 6 discrete 1 - good
Task Good 5 discrete 1 - good
EGR Good 4 discrete 1 - good Same as GPS Fail Found in
22.T /word 2 bit 3
IMU Good 3 discrete 1 - good
Power Good 2 discrete 1 - good
spare 0,1

Note 1. s¢c- § =0 for Internal Sync; s =8 for Exxe[nal Sync

¢ = 0 for INS ynit mounted with connegtor gf}c_l'fgcing:BACﬁ("df aircraft and top end facing TOP of aircraft
=1 for INS ynit mounted with connector end facing BACK of aircraft, and top_end facing RIGHT WING of aircraft
= 2 for INS ynit mounted with connector end facing FRONT of aircraft, and top end facing RIGHT WING of aircraft
= 3 for INS unit mounted with connegtor end facing FRONT of aircraft, and top_end facing TOP of aircraft
m - Kearfott Internal SW release number
iiii - IMU SW version
Ex: 01010102 - int Sync / Connector end backward, top end right wing / Release 1/ version 1.02
83030105 - Ext Sync/ Connetor end forward, tot end up / Release 3 / version 1.05

Note 2. 00000vvv - Nav SW version
Ex: 00000104 - for version 1.04

Ul OR DISCLOSURE OF W15 DATA 15 SUBJECT TO THE
RESTRICTION ON THE TITLE PAGE OF Tts DOCUMENT




Y202A150 REV-

CAGE CODE 88818
Message: INS/GPS BIT Status (Page 2 of 4)
Subaddress: 28-T
Data Transter: INS/GPS to
Host
Rate: 1Hz
Word Count: 32
Description Word Bit (0 Msb) | Type Units Comments
SRA Fail Word 15 0 thru 15 not used
IMU BIT Status 16 direct from IMU
BIT Index 9 thru 15  thex 0 - No Failure (see note 1)
Degraded Fail 8 discrete 1 - Fail
Startup/Periodic Fail 7 discrete 0 - Startup Fail When Degraded Fail (bit 8)
1 - Perodic Fail or Critical Fail (bit 4)
Startup / Periodic in progress 6 discrete 0 - Startup
1 - Periodic in progress
Factory Mode 5 discrete 0 - Operational
1 - Factory
Critical Fail 4 discrete 1 - Fail
Internal / Extemal Sync 3 discrete 0 - Internal Sync
1 - Extemnal Sync
Extemnal Sync Fail 2 discrete
IMU Bad Data - Temp Fail 1 discrete
spare 0
Note 1: IMU BIT INDEX DICTIONARY
1. RAM Fail in Startup 31. B Accel Saturation 61. Red Gyro Limit
2. EEPROM Fail in Startup 32. C Accel Saturation 62. White Gyro Limit
3. Dither Amplitude in Startup 33. A Accel Consistency 63. Blue Gyro Limit
4. Dither Signal in Startup 34. B Accel Consistency 64. VCF Bias X
5 35. C Accel Consistency 65. VCF Bias Y

6. RAM Checksum

7. Dither Freq max in Startup
8. Dither Freq min in Startup
9. Dither Amplit max in Startup
10. Dither Amplit min in Startup
11. Dither OFF

12. PLC OFF

13. Switched to Intemal Sync
14, Executive Overflow Periodic
15. Extemal Sync Error
16.CPU Integrity

17. A/D Ready Fail

36. A Accel Limits -

66. VCF Bias Z

67. VCF Bias Alternate Channel
68. VCF Scale Factor X

69. VCF Scale Factor Y

40. Laser Current Red Axis 70. VCF Scale Factor Z

41, Laser Current White Axis 71. VCF Scale Factor Alternate Channel
42. Laser Current Blue Axis 72. X Pendulum

43. PLC Loop Drive 73. Y Pendulum

44, ASIC Wraparound 74. Z Pendulum

45 EEPROM Read Fail . 75

48. PL.C Loop Red
47. PLC Loop White

76. Startup Timeout

18. RAM Fail
19. Watchdog Timer

20.
21.

EEPROM Fail in Startup Chip #2
A/D Referance

22, A/D Oftset

23

24, Dither Freq max Periodic

25
26
27

. Dither Freq min Periodic
. Dither Amplit max Periodic
. Dither Amplit min Periodic

28.

29
30

. Pendulum Test Fail
. A Acce! Saturation

48. PL.C Loop Biua

49. Temp Reasonableness

50. Temp Reasonableness Degraded
51. Dither Loop Amplit Periodic
52. Dither Loop Signal Periodic
53. Temp Over/ Under

54.

55. Red Gyro Saruration

56. White Gyro Saruration

57. Blue Gyro Saruration

58. Red Gyro Consistency

59 White Gyro Consistency
60. Blue Gyro Consistency

52

77 .Dither Noise Degraded

78. Bed Laser Intensity Max
79. White Laser Intensity Max
80. Blue Laser Intensity Max
81. X Accel 1 Hz Saturation
82. Y Accel 1 Hz Saturation
83. Z Accel 1 Hz Saturation

] -Gﬂ OR DISCLOSURE OF FHIS DATA IS SUBJKECT TO THE
RESTRICTION ON THE TITLE PAGE OF THIS DOCUMENT
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CAGE CODE 88818
Message: INS/GPS BIT Status (Page 3 of 4)
Subaddress: 29-T
Data Transter: INS/GPS to
Host
Rate: 1 Hz
Word Count: 32
!IMU Temperature 17 direct from IMU
Gyro saturation Fail 15 discrete
A Accel Temp saturatin Fail 14 discrete
B Accel Temp saturatin Fail 13 discrete
C Accel Temp saturatin Fail 12 discrete
Gyro Temp reasonbis Fail 11 discrete
A Accel Temp reasonbls Fail 10 discrete
B Accel Temp reasonbls Fail 9 Idiscrete
C Accel Temp reasonbis Fail 8 discrete
Gyro overtemp 7 discrete
Gyro undertemp & discrete
Accel overtemnp 5 discrete
Accel undertemp 4 discrete
All Temperatures Fail 3 discrete
spare 0-2
IMU BIT Cumulative 18,19 direct from IMU
Executive 31 discrete
CPU 30 discrete
RAM Pattern 29 discrete
RAM Sum 28 discrete
EEPROM 27 discrete
VCF Calibration 26 discrete
A/D 25 discrete
Accel Penduium Offset 24 discrete
Temp Reasonbleness 23 discrete
Dither Loop 22 discrete
Laser 21 discrete
PLC Red 20 o discrete -
PLC White 19, ddiscrete
PLC Blue discre

Dither Freq 17 discrete
Dither Amplitude 16 discrete
Gyro Rx 15 discrete
Gyro Ry 14 discrete
Gyro Rz 13 discrete
Acc Rx 12 discrete
Acc Ry 11 discrete
Acc Rz 10 discrete
Watchdog Timer 9 discrete
Temp Sensor 8 discrete
Dither Optimum 7 discrete
spara 6

Gyro Limit 5 discrete
spare 4

Asic Wrap 3 discrete
Acc Limit 2 discrete
EEPROM I nterface 1 discrete
Extermal Clock 0 discrete

L. b SCLOBURE F THIS DaiA (s SUBJECT TO TNE
{ RESTRICDON On THE TITLE PAGE OF TMIS OGCURENT
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CAGE CODE 88818

Message: INS/GP$S BIT Status (Page 4 of 4)

Subaddress: 29-T

Data Transfer: INS/GPS to

Hast

Rate: 1Mz

Word Count: 32

fiMU Auxiliary Word 20.21 0 thru 31 direct from IMLU

Processor Status 22
Rom Checksum 15 discrete 1 - fail
CPU Test 14 discrete 1 - fail
RAM Pattern 13 discrete 1 - fail
RAM Boundary 12 discrete 1 - fail
Nav_EEPR Checksum Fail 11 discrete 1 - fail
Nav_EEPR Pattern Fail 10 discrete 1 - fail
Comm_EEPR Checksum Fail 9 discrete 1 - fail
Comm_EEFPR Pattern Fail 8 discrete 1 - fail
spare 0 thru 7

Task Errors 23
Kal_Obs Overioad 15 discrete 1-true
Kal_Filt Overload 14 discrete 1-true
Host_10 Overload 13 discrete 1 - true
EGR_IO Overload 12 discrete 1 - true
Magnetic Varation Overoad 11 discrete 1-true
Auto Piiot Overload 10 discrete 1 - true
NAV Overload 9 discrete 1-true
Control Auto Pilot Other Errors 8 discrete 1 - frue
Control NAV Other Errors 7 discrete 1-true
Kal_Obs Other Errors [ discrete 1-true
Kal_Filt Other Errors 5 discrete 1 - true
Host_{O Other Errors 4 discrete 1 - true
EGR_IO Other Emors 3 discrete
Auto Pilot Other Errors 2 discrete
NAV Other Errors 1 iscrete,
Magnetic Variation Other Err 0 : 1 “true

Spare * 24 thru 32

* RS - 422 uses only 23 words; no spare

- : RL C TA IS SUBJECT TO THE
¢ ISCLOSURL GF THIS DA
uRgST%’C?DGN ON THE TITLE PAGE OF TMIS DOCUMENT
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CAGE CODE 88818

FIGURE 1. FRAME FORMAT FOR RS-422

INPUT / OUTPUT MESSAGE BYTE FORMAT (INPUT TO INS/GPS AND OUTPUT TO HOST)

F ID | N | DI | D2 DN | CH
NOTE: F: FRAME START, AAHex

ID: MESSAGE ID CODE, (0-255)

N: DATA BYTE COUNT, (0-255)

D1 - DN: N bytes of DATA; 32 bit values are sent as 2 16 bit values,
most significant first; 16 bit values are transmitted as 2 bytes,
least significant first.

CH: CHECKSUM, 8 bits, each - xor of corresponding bit in all

Messages are classified by TYPE as follows:

other message bytes including N, ID but excluding F

f, TD even, <20

OPIN: Operational mc.ssage DpE :

OPOUT Operational message-output; ID-odd, <20
TSTIN: Test message input, ID even, >20
TSTOUT: Test message output, ID odd, >20

BIT RATE (BAUD) = 115.2kb/s

FIGURE 2. DATA BIT TRANSMISSION SEQUENCE

Data is transmitted and received in 11 bit packets consisting of a start bit, 8 bits of data, a parity bit, and a stof

bit. The start bit is a Jogic 0, the data bits are received / transmitted with the 1sb bit first, the parity following the

msb to create odd parity. and the stop bit is a logic 1. The bus idle state is a logic }.
The example below shows bit numbering for all messages except except 26-R and 26-T:

START
BIT

LSB | B6 B5TB4 \Bsi B2 | B1 | MSB ODD STOP | IDLE
B7 BO PARITY BIT

USE OR DISCLOSURE OF #H15 DATA IS SUBJECT TO THE
RESTAICTION ON THE TITLE PAGE OF TH!S DOCUMENT
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CAGE CODE 88818

3. KN-4072 GPS/INS Serial message Timing

The serial output timing is based on.50 hz. interval. The 50 hz. (20 msec.) interval is broken into 4 200 hz. (5
msec) chunks.

Starting with a 50 hz. boundary, the 4 chunks are numbered 1, 2, 3 and 4 :

1 starts with the 50 hz. boundary and ends with the first 200 hz. boundary ;

2 starts with the first 200 hz. boundary and ends with the 100 hz. boundary ;

3 starts at the 100 hz. boundary and ends with the third 200 hz. boundary ;

4 starts with the third 200 hz. boundary and ends on the 50 hz. boundary.

Autopilot output message - ID23 (RS422), 16 bytes, 100 hz.
The autopilot data representing chunks 1 and 2 is output on the third 200 hz. boundary (on the end of chunk 3).
The data representing chunks 3 and 4 is output on the first 200 hz.boundary in the next 50 hz. interval.

Navigation output message - ID 1 (RS422) , 48 bytes, 50 hz.
The navigation data representing chunks 1, 2, 3 and 4 is appended to the Autipilot message in the third 200 hz.
boundary in the next 50 hz. interval.

Other output messages -

The 50 50hz. intervals that make up a 1 sec interval are numbered from 1 to 50.

Each “other “ message is assigned an interval number (1 -50) .

For each interval, if the message assigned ta.the interval is Teady to send data, the message will be appended to
botindary-in that\interval.

the Autopilot message on the first 200"

Note that all messages are packaged with three bytes leading the data [frame byte, message id, message length]
and one byte following the data [checksurmn].

The phrase “messages are appended” simply means that the frame byte of the following message will
immediately follow the checksum byte of the previous message - the data from the two messages is not
combined in any way.

US: OR DISCLOSURE OF FHIS DATA IS SUBECT TO THE
RESTRICTION OW THE YITLE PAGE OF TMIS DOCUMENT
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Y202A150 REV-
CAGE CODE 888138

4. ELECTRICAL INTERFACE

I POWER CONN MS27474T10B35P [MATE: MS27484E10B35S.without cable strain relief]
J2 SIGNAL CONN MS27474P16B35S [MATE: MS27484E16B35P,without cable strain relief]

I3 GPS RF INPUT WGX50SACI(AIRBORN), (SMA TYPE)
[MATES WITH SMA-50 OHM COAX ( MALE)]

J1 POWER CONNECTOR

PIN NO. SIGNAL

1

+28 VDC INPUT POWER

2 +28 VDC INPUT POWER ,

6 28 VDC INPUT POWER RETURN

7 28 VDC INPUT POWER RETURN

9 CHASSIS GROUND

J2 SIGNAL CONNECTOR

PINNO. SIGNAL

25 RS-422 No. 1 DATA IN / HI

26 RS-422 No. 1 DATA IN/LOW

32 RS$-422 No. 1 DATA OUT / HI

33 RS-422 No. 1 DATA OUT /LOW

47 GPS RS-422, PORT B, TEST PORT INPUT HI also for DIFFERENTIAL GPS CORR.
48 GPS RS-422, PORT B, TEST PORT INPUT LOW also for DIFFERENTIAL GPS CORR.
53 GPS RS-422, PORT B, TEST PORT-OUTPUT HI also for DIFFERENTIAL GPS CORR.
54 GPS RS-422, PORT B TEST.PORT OUTPUT LOW also for DIFFERENTIAL GPS CORR.
49 DC SIGNAL AND CHASSIS"GROUND ™

28 MUX A, LONG STUB PRIMARY HI

35 MUX A, LONG STUB PRIMARY LO

43 MUX A,SHIELD

30 MUX HWADD 00

31 MUX HWADD 01

37 MUX HWADD 02

38 MUX HWADD 03

45 MUX HWADD 04

46 HWADD PARITY

44 MUX B, LONG STUB PRIMARY HI

36 MUX B, LONG STUB PRIMARY LO

29 MUX B,SHIELD

10
6

11
12

WRITE PROTECT DISCRETE TEST POINT
POWER ON RESET DISCRETE INPUT (see remark 1)

EXTERNAL SYNC INPUT HI
EXTERNAL SYNC INPUT LOW

] TA 1S SUBJECT TO THE
U NR OISCLOSYRE OF RIS DA
57 RESTRICTION ON HE TITLE 200E OF THIS DOCUMENT




Y202A150 REV-
CAGE CODE 88813

4 EMBEDDED GPS RECEIVER 1 PPS OUT HI
5 EMBEDDED GPS RECEIVER 1 PPS OUT LO

ALL OTHER PINS ARE RESERVED OR SPARED. DO NOT USE THIS PINS BEFORE CONSULTING
WITH KEARFOTT. DAMAGE TO THE SYSTEM MAY OCCUR!!

20 RS232 OUT

21 RS232 IN

7 RS422#2INHI  (spare)
8 RS422 #2INLO (spare)
14 RS422 #2 OUT HI (spare)
15 RS422 #2 OUT LO (spare)
9 +5 VDC (Test Point)
24 +15VDC (Test Point)
39 -15VDC (Test Point)
13 C31 CLKDD (Test Point)
17 C31 DRO (Test Point)
18 C31 DX0 (Test Point)
19 C31 FSRO (Test Point)
22 C31 FSX0 (Test Point)
23 C31 SCRO (Test Point)

J3 GPS RF INPUT CONNECTOR -~
SMA COAX RF INPUT AND.#5VD

REMARKS

1) Grounding this pin will reset all the computers within the system. Hold the line at ground for abour 500
msec. is a safe time. System restart will be the same as if unit underwent a power turn on.

USE OR DISCLOSURE OF FHIS DaTA IS SUBJECT TO THE
RESTRICTION QN THE TITLE PAGE OF THIS DOCUMENT

| w—
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Y202A150 REV-
CAGE CODE 88818

5. GPS RECEIVER’S BATTERY AND ANTENNA

The KN-4072 INS/GPS unit has : a Trimble GPS Receiver 28512 -50, Force 9 Card.
Battery : 3.5 VOLT, LTC-7PN (EAGEL PITCHER) or equivalent (Lithium Th. Chloride Battery).

The GPS Antenna and Pre-Amp. (used by Kearfott for the Trimble embedded GPS) is:
Trimble GPS Antenna/Preamp P/N 16248-50.

Type : Omnidirectional, flat microstrip antenna with integral preamp.

Gain : 40 to 50 db.

5V activated antenna.

US: OR DISCLOSURF OF THIS DATA IS SURJECT TO THE
l RESTRICTION O THE NTLE PAGE OF THIS DOCUMENT
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Y202A150 REV-
CAGE CODE 88818

6. MECHANICAL INTERFACE

For standard mounting (flash mounted)
Note: For C/A code only receiver, J4 will not exist on chassis
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USE OR DISCLOSURE OF FHIS DATA IS SURECT TO THE
RESTRICTION ON THE TITLE PAGE OF TWIS DOCUMENT
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" American Sportscopter Intn’l inc

Keun J. Sun

Hangar 21A, NN/Wmsbg International Airport
Newport News, Virginia 23602

hﬁ[:";d; é
(757) B72-8778 g-mail; a%i@wisiLnet
(757) 872-8771 fax website: www._ultrasport.rotor.com
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Phone (757) BT3-3017

ADVANCED Fax  (757) 8733711
. A'I- "y TECHNOLOGHES e-mal ati-asi.com
l INCORPORAITED
October 20, 2000
HeliBagle, Inc.
Newport News/Williamsburg International Airport
Hangar 21A :

Newport News, VA 23602
Aftention:  KeunJ. Sun
Subject: Corpposite Fabricarion Technical Assistance & Ultrasport Blade Fabrication

Reference:  ATI Proposal No. P-0018-007 (August 7, 2000)
ATT Letrer Dated August 7, 2000 (Techaical Assistance)

Dear Mr. Sun:

Per your request, Advanced Tmhmlogiés, ImorpOMed(AT[)has revised its proposal to provide
technical assistance, wansfer iis rotor blade fabrication technology, and manufacture (50) shipsets of

Ultrasport 496 rotor systems. ATI has also prepared & price and schedule 1o fabricate the tooling
pecessary for LASI to menufacture the main rotor and tail rotor blades.

AT has developed a training plan and schedule, which incorporates the initial rotr blade
manufacturing with the technical training efforts.

Per ATI's revised price proposal for the Ultrasport 496 rotor system fabrication (dated August 7,
2000), the price quotation for (50) shipsets of mein rotor blades, tail rotor blades, and tension/torsion
staps is $506,000.00. The delivery schedule requires 12 weeks for the initial delivery of (10) blades,
with a production rate of (20) blades per month. Overall period of performance is 8 months.

ATI utilizes a team of 5 or tachnicianafi working on a two-shift schedule to achieve the (20) blades
per month production rate. The training of LASI technicians will slow down the rats of production
and will occur on a ope-shift, 8 bour per day, work schedule.

ATI proposes the following training scheduls for consideration:

Initial Class Room Truining 1 week

Composite Technician Certification 1 wesk

On-the~Job Observation/Instruction 2 weeks (10 blades)

Hands-on Training/Instruction - 4 weeks (10 blades)

LASI Blade Fabrication 8 wecks (20 bladeg)
Total Training Duration 16 weeks

876 Midd'e Ground Boulevard * Nawport Naws, Virginia 23608
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ATI will provide LASI a copy of the blade manufacturing process manual and detall drawings in
advance of the class room waining. LASI personnel may study these procedures prior 10 starting the
training.

ATT will be responsible to mamufacture (80) blades, with training of LAS] technicians taking place
during the last (20) blades, LASI will manufacture (20) main rotor blades and (40) tail rotor blades
under the oversight and supervision of ATI’s persoancl ATI believes the LASI team may need 10
fabricate one or two “proof-of-concept” blades to develop their techniques. These blades will be
physically tested, inspected, and then cut into segments W investigate interior qualiry of the work.

ATI will provide the blade root core material machined on the 3-axis CNC machine, the tip weight
fittings, root bushings, leading edge weights, and CNC ply-cutting of corposite materials. All hapd
labor for the blade fabricarion of the last (20) blades will be performed by LASI technicians using the
new tooling.

ATI will fabricate a duplicate set of main rotor blade and tail rotor blade tooling necessary for LASL
to manufacture composite blades. All tools used in the blade construction will be provided. It should
be noted that pieces of the foam core and weight fittings arc CNC machined and the composite
material is cur using a CNC ply-cut machine. AT] proposes three (3) tail rotor blade molds be
provided in order to optimize the tail rotor manufasturing sequence.’

PRICE PROPOSAL

ATI has developed a price proposal to manufacture (40) shipscts of main and tail rotor blades, (50)
shipsets of tension/torsion straps, provide technical training of LASI technicians and supervise the
manufrcturing of (10) shipsets of main and tail rotor blades, and fabricate main and tail rotor blade
tooling for delivery to LASL ATI's ‘manufacturing price includes providing all materials and
hardware necessary for LASI to fubricate (10) shipsets of blades using ATI's facilitics and
equipment. '

1.1 Rotor System COMIDODRNTS. c.cu e imerersrsrnsstsesessssessssssssssmissisaer sestsssasmsaseaseorsse $490,500.00
80 Main Rotor Blades
160 Tail Rotor Blades
100 Tension/Torsion Straps

1.2 LASI Technician TTRIKNG «ircrmrverserssessarsarserinsssssissssaramsscasssissssamarmssersonns $12%,500.00
Class Room Training :
Composite Technician Certification
Og-the-Job & Hands-on Training
Supervision of Blade Fabrication (10 shipscts)

1.3  Main & Tail Rotor Blade TOOUOE e eereverinsiosritrmsrsesisssssrissmmreensasmssassanssns $124,500.00
Main Blade OML Mold Set

Main Blade Spar Mold Set
Short & Long Uni-ply Compaction Fixture

ADVANCED TECHNOLOGIES INCOPPORATED * 875 Miadie Graund Boutevard © Newport Nawe, Virginia 23608
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Spar Core Forming Fixture

Trailing Bdge Core Forming Fixture

Tail Rotor Blade OML Mold Sets (3 sets of molds)
(87,000 for the two additional tail rotor blade mok sets)

14  NopRecurring Technical A$siStance Fee ... mrmmmrmrserrrerssans oeeremeesassnanne $120,000.00

PAYMENT TERMS
1.1 Asnoted in ATT's revised price proposal, ATI will require an advance payment of §200,000.00

for materials ard rotor blade marfacturing startup, This mopey must be reccived prior o ATI
ordering materials. ’ .

Incremental payments for lots of (5) shipsets azc required prior 10 delivery. The incremental
peyment schedule is as follows:

' )
QOty/Shipset Shipset Payment Total Payments
Advance Paymemt . $200,000.00
Main Rotor Blades i ] ' $241,000,00
Tail Rotor Blades $ 32,000.00
TensiorvTorsion Straps $ 17,500.00
Total $490,500,00
Payments must be received prior to dalivery.
1.2 The technical training amount of $129,500.00 i3 to be paid in (3) payments:
Payment # Amount Duc
1 $ 64,750.00  Prior to start of training May 1, 2001
2 $ 32,375.00  Prior to start of LASI blade fabrication July 1, 2001
3 8 32,375.00  Completion of blade fabrication Sept. 1, 2001
TOTAL  $129,500.00
1.3 The $124,500.00 tooling amount is 1o be paid in (2) payments:
Paymeant # Amount : Due
1 $62250.00 | 3 momths after contract award Jan, 30, 2001
2 $62,250.00 | Completion of tooling March 13, 2001
| TOTAL

ADVAMCED TECHNOUDGIES INCOHPOP.A’}'ED * 875 Migidlg Ground Boulavard * Newpan Newa, Virginia 23608
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1.4 The $120,000.00 non-recurring technical assisiance fee i 10 be peid o 4 oqual momthly
increments of $30,000.00 each starting 30 days after conact award,

As an option, ATT will reduce the nonerecurring technical assistance fee to $100,000.00 if
payment is received in-full prior to December 15, 2000. ’

OTHER TERMS & CONDITIONS

All rotor system components and tooling are to be accepted and picked-up by Heli-Eagle at ATl’s
facility in Newport News, Virginia. ATI is not responsible for packaging or sbipping the coroponents
or tooling. '

All LASI technicians participating in the composite fabrication training prograrm are to be fluent in
the English language. ATI has not allowed time for translation of the technical informarion.

ATI has exclusive rights to manufacturs all rotor blades for all UAV's sold through the Straregic
Alliance.

SCHEDULE N e

Based on an aaticipated contract award dats of Noveraber 1; 2000; ATI belicves the first (5) shipsets

of rotor system components will be completed by Febmary 15, 2000, assuming all composite
materials are available.

ATI will make deliveries of (10) shipsets:in mid-March, mid-April, and mid-May.

The LASI technician training could start in late Aprilearly May and would last for up to 4 months.
An overall program flow schedule is attaphed for your reference.

If you have any questions, please let me know.

@%ﬂ

R Toby
Vice President

ADVANCED TECHNQLOGIEE INCORRORATED « 875 Migtle Ground Boulavarg * Newport Naws, Virginig 23606
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Distinctive Features

+Advanced Composite Airframe
+Aerospace Quality Gearboxes
+Superior Autorotation Capab
+Shrouded Tail Rotor System
+Extra Wide Composite Landing Gear

+Floor Mounted Cyclic

+Low Operating & Maintenance Costs
+Excellent Price-Performance Acquisition Costs

ity

World's Most Innovative Small Helicopters Ever

Aircraft Specification

Enquiries Welcome

Make your dreams come true!

Modsl Ulirasport 254
{Singte-Seat Ulralighty

S5hp )lirth 2703

12to 1 Planatory

Englne

Fransmisson

Endurance 1ol Tank() 25 Hrs)
Catng | |r2emort o
:l_mlm T 10,800 FT.

HOGE

F.O000FF

Hein Rolor Bindws

Tall Rator Blades

21'dla, §.2°chord, composite]

2 o'l . 2°chord, composile

Ulirasport 334

Ultrasport 498

{SIngle-Seal Exp )

(Two-Seal

115hp Hinh F30

£5hp Hirth 2706

1210 1 Planstary

10 Gal Fuel Tank(2 5 Hrs)

21dla, 6 7chiord, compositel

11 to 1 Two-Stags

16 Gal, Fusl Tank[2 5 His}

12,000 FT,

10,800 FT.

2%dla, 6 Tchord, compos

2 6'dla, 2°chord, composite

2 g'dla., 2"chord, composil

Taiwan

Min. apeed Hovar Hover Haver
_\rﬂnﬂr {Cabin) 52 ) s2' 53
Max Widin{Cebin) (307 i wmm. 48"
Mux Helght{Cabin} .n.mu 59° 58"

65 MPH{105 KMH)

68 MPH(112 KMH}

104 MPH{$87 KMH)

104 MPH{ 167 KMH)

330 LBS (150 KGS)

540 LBS.{245 KGS)

_ Crulse Speed 63 MPH{101 KMH)

. Top Spesd .mwu MPH {101 KMH)

i -

. Emply Welght 262 LBS (115 KGS)
Usaful Lond m.mm LBS.[124 KGS}

320 LBS (145 KGS)

500 LBS.{268 KGS)

Grows Walght 525 LBS.(239 KGS)

§50 LBS. (285 KGS)

1130 LBS.{513 KGS)

Width B FT. (2438mm) B FT. (2438mm) & FT. {2438mm)

! Halght 710" (2388mm) T10r {2388mm) T10r {2388mm)

Korea US-virginia Longth 192" (5842mm) 192" (5842mm) 199" (8020mm)
(blades foldad) (btades folded} {blades folded)

*FAA Resirictions for Ulrafights

US-Canada-Brazil-Guatemala-italy-Czech-Australia
Germany-New Zealand-Japan-Korea-South Africa-Taiwan

http://www.ultrasport.rotor.com



The World's Most Affordable All Composite Helicopter

i ey e A ———

Now Flying With Floats

Ultrasport Floats--20 Ibs. (40 lbs. total)

American Sportscopter International Inc.
11712 Jefferson Ave. #c228

Newport News, VA 23606, USA

Tel:(757)872-8778 Fax:(757)872-8771

E-Mail:ASli@visi.com

http://www.ultrasport.rotor.com

The World's Most Affordable and Technologically Advanced Small Helicopters
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- ULTRASPORT 254 - - ULTRASPORT 331 - -ULTRASPORT 496-
One-Seat Helicopter One-Seat Helicopter Two-Seat Helicopter




ULTRASPORT

254

Single Seat
True Ultralight Meets FAA Part 103

Composite body, Landing gear bows,
composite main rotor and shrouded tail
rotor with swept tip for low noise

CURRENT PRICING

331

Single Seat
Experimental version of the 254
Meets the FAA Part 21.191(g)

Composite body, Landing gear bows,
composite main rotor and shrouded tail
rotor with swept tip for low noise

496

Two Seat

Experimental
Meets the FAA Part 21.191(g)

Composite body, Landing gear bows,
composite main rotor and shrouded tail
rotor with swept tip for low noise

@ Engine: 55hp Hirth 2703 (Pull Start)
#Kit Price Includes:

Hirth Engine, Pull Starter, floor mounted cyclic,

airspeed indicator, engine & rotor RPM and

engine CHT/EGT instruments, and all fuselage,

drive train and rotor components

# Builder Supplied Items;

*Tools 2nd Paint

*Altitude, other gauges as desired
*Batters for Electric Start as desired
*Upholstery and seat cushion as desired
*Radios and transponders as desired

4 Options:
*Doors. ......... reeere.. 5900
*Floats.........cc....... e $2,300
Tail SPanSOn... ... $400
=55hp Engine
(Includes Electric Start).................... $£500

*65hp Engine Upgrade
(Includes Recoil Start)
*65hp Engine Upgrade

{Includes Electric Start)...................$500
*Raised Instrument Console................... $250
®KitPrice.........ocoiii $31,900

4 Engine: 65hp Hirth 2706 (Electric Start)
4 Kit Price Includes 3

Hirth Engine, Electric Starter, floor mounted cyclic,
doors, 10 gal. fisel fank, engine & rotor RPM and
engine CHT/EGT instruments, and all fuselage,
drive train and rotor ¢dimponents

4 Builder Supplied ltess:
*Tools and Paint ', ©
*Airspeed, Altitude, tompass, turn gauges
*Radios and transponders
=Battery for Electric Start

=Upholstery and seat cushion as desired
*Lights as desired

4 Options:
»Floats.............. et R $2,300
Tail Sponsont...........cccovvevv e . 3400
®KitPrice............... . $34,900

#Engine: 115hp Hirth F30 (Electric Start)
@ Kit Price Includes:

Hirth Engine, Electric Starter, floor mounted cyclic,
Full Dual Controls, 16 gal. fuel tank, enzine & rotor
RPM and engine CHT/EGT instruments. and all
fuselage, drive train and rotor componerts

4 Builder Supplied Items:

*Tools and Paint

=Airspeed, Altitude, compass, tum gaug=s
=Radios and transponders

=Battery for Electric Start

«Upholstery and seat cushion as desired
»Lights as desired

4 Options:
*Doors..... - ceeen. 3900
*Floats..............ooeeee e $2,800
Tail Sponson........covccveceiieiiiiinenns $400
4 Kit Price........... .. 349,900

Pricing and Specifications Subject to Change



American SportsCopter International Inc.

NN/Wmsbg Int'l Airport, Newport News, VA23602, U.S.A

Mailing address: 11712 Jefferson Ave, #C228., Newport News, VA 23606 USA
Phone: (757) 872-8778 Fax: (757) 872-8771; e-mail: asii@visi.net www.ultraspon.rotor.com

ULTRASPORT FAMILY OF HELICOPTERS

Dear Fellow Aviation E;;thusiasl.

Thank you for ordering an information package on the Ultrasport Family of Helicopters! We think you will find the
Ulirasport helicopters 1o be the besi designed kit helicopter on the market.

if you have requested dealership information, we have enclosed a brief outline of our dealer program and an
application form. Please fill out the form by answering the questions as best you can. Your answers will be used for

information only, and are not binding.
Following is some information that may interest you that is not covered in the brachures:

>

Where to see us? You are invited 10 make an appointment to visit us in Newport News/{Williansburg Int'l
Airpor, ¥A. We are also setting up a regular schedule for demonsiration rides at the airport. Call io find out

when is the next scheduled flight demonstration.

Ultrasport Insurance Program. We now have an insurance program! It cover up 10 $75,000 of aircraft
value and contains 51,000,000 of liability. The program is administered by Caledonian Insurance in Mercer
Island, WA. To find out more, contact Mr. Larry Gregg at Caledonian Insurance at (206) 232-9870.

Flnancing. We recommend contacting NAFCO'in Lakda;dFwa financing at 800-999-4515. They
specialize in loans for homebuili-kits and ultralight aircraft. -

Order More Info. If you would like to order more information, the information packet is available for $3,
and the Ultrasport video is an additional $25. Copies of Ulirasport Pilot Operating Handbooks and Assembly
Manuals are also available for purchase(be sure 1o specify model#). We have included an order form.

How To Place a Kit Order. Please call to request our sales contract and to make payment arrangements.
We prefer a 10% deposit to initiate the order, and the final 90% just prior o shipping. Also, as a safety
policy, we will withhold shipping the main rotor blades until the customer furnishes documentation of one of

the following: '
1. A civilian or military helicopter pilot's license, OR

2. A medical certificate and solo endorsement in a piston engine helicopier. This requires a medical exam and
roughly 20 hours (or sometimes less) of dual instruction with a helicopier instructor, OR

3. If getting a medical certificate presents a problem, obtain enough helicopter dual instruction hours such
that you are proficient enough 1o be capable of solo flight.

Both the KITPLANES and US-AVIATOR magazines in Muay/99 issue pressed very nice arlicles on
Ultrasport 496 after their rest flight.

Feel free 10 call with any questions. You can also find us in the Internet for answers to many guestions concerning
Ulirasport helicopters at: htip://www.ultrasport.rotor.com

Sincerely yours,

JENNIFER T, YAO
Office Manager



ULTRASPORT

INFO ORDER FORM

NAME

COMPANY

ADDRESS

CITY

COUNTRY

TEL: [ FAX:

OTY | DESCRIPTION COST TOTAL

EACH
Information Packet US $5
Ultrasport FAR 27 Airworthiness Standard Ussio
Ultrasport Design, Development & Testing US 510
FAA Policy & Ulrasport as an Amateur-Built Rotorcraft UsS 810
331 Pilot’s Operating Manual uUs $20
496 Pilot’s Operating Manual us $20
331 Construction Manual UsS §100
496 Construction Manuel US $100
4967331 Construction Manuel ( color ) Us §120
VIDEO: - .0 T s

VHS Ultrasport Video (Sent by Airmail) ‘inludes information packet US $30
PAL Ulmrasport Video (Sent by Airmail) includes information packet US $40

Total Amount

Total Due Before Delivery

¢ Method Of Payment:

1. By Credit Card: Visa Master Card
Card Number Exp. Date
2. By Check:
Enclosed: [

Will mail later: O

Signature: Date:

Please Mail or FAX this order to:
American Sportscopter International Inc.
11712 Jefferson Ave. #C228

Newport News, VA 23606

Tel: (757) 872-8778 Fax: (757) 8§72-8771
E-mail: asii@visi.net







The UkraSport Family

of Advanc_ed S

INTRODUCTION

IR T

American SportsCopter is pleased to introduce the UltraSport Family of elicopters. g )
full range of A\ elassifications and share the high technology components and manufacturing process in each of our fam;
members. All of our helicopters ship as kits meeting F.\\ Regulation Yart 21.191(g), which defines Amateur Built Nircraft

The UltraSport 234 is che lighrest member of
the familv. This helicopter is the world’s only
true ultralight helicoprer in full production. [t
complies with the FAA Part 103 ultralight reg-
ulations and is available with or withour tloats.
Neither a pilot's license nor a registrarion
number is required to legally {ly the 234, how-
ever training is a must. The UltraSport 254 is
a single seat, partially enclosed conventional
helicopter. The UltraSport 234 uses a Hirth
2703 engine with a recoil starter. The Hirth
2706 engine is optional and can be used for

The UltraSport 331 helicopter is also single
seat, and is a growth version of the 234. It is
essentially a 234 with doors, electrie start,
room for more instruments, and a larger fuel
tank. All other components are the same as in
the 254. The weights of the additional com-
ponents in the 331 place it in the experimen-
tal category. The 331 can be equipped for full
VFR and IFR flight regulations. A helicopter
pilot’s license is required to legally fly the
UltraSport 331. The UltraSport 331 uses a
Hirth 2706 engine with electric start.

e

B, .o

. We call it a family because we cover

The UltraSport 496 is a two-seat enclosed conv
vonal helicopter containing the same features ;
the 331, and available as experimental categon
incorporates a new main rotor drive train, but |
lizes the same main and tail rotor components
the 254/331 aircraft. Under experimental categ
regulations, the 496 can be equipped 1o fly und
both VFR and IFR flight regulacions. A special
two-seat ultralight version 496 is available by sp
cial order. The ultralight version 496 can be
exempted under Part 103 as a two seat ultraligh
trainer. A helicopter pilot’s license is required ¢

more power and additional gross weight
capability.

legally fly the UltraSport 196. The UltraSport 4|
uses a Hirth F-30 engine with electric start.

ULTRASPORT DEVELOPMENT

‘When American SportsCopter built the first
two prototype helicopters, we instrumented
the rotor blades, pitch links, control system
and rotor shaft with strain gages. A 20
channel dara recording system was installed,
along with a slip ring, and 3 accelerometers
on the airframe of the flight test helicopter.
An experienced test pilot then performed a
full flight test. and we gathered and ana- v
lyzed the flight loads and performance data.

We know the loads that each component in the dvnamic drive train and
rotor system is subject to under the most demanding flighe conditions.
We have applied several factors to these loads in our production design,
ensuring you will not reach a load limit of anv component when flving
our family of helicopters. All flight critical components are built to the
same quality standards as components produced for the major aero-
space helicopter companies. All are specially designed and manufac-
tured for the UltraSport helicopters. No off-the-shelf automotive or
uncertified hardware is used in our kits.

ROTOR BLADES
The main rotor blades are all composite construction containing a pre-
preg graphite and S-glass spar, nomex honeyeomb trailing edge, and an
outer skin of pre-preg S-glass. The blades are hand layed-up and cured
in tools elevated to 260 deg F. The tail blades are similar construction
except that they have rohacell foam in the trailing edge. The blades use
a low drag, cambered airfoil, which delivers 14 pounds of lift per horse-
power at sea level. The blades are designed to have unlimited life and a
trequency placement that avoids the rotor rpm and airframe frequen-
cies, ensuring low vibration and long life airframe and rotor system.
Track and balance of the rotor system is an easy task. Single pin reten-
tion with a drug link allows full and easy adjustment of sweep. and each
blade has a tip pocket for small weights ] R
for radial balance.

The most important safety feature is the
blades’ autorotation capability. Tungsten
weights in the leading edge and 2 pound
tip weights result in rotor inertia 2-1/2 times better than U.S. Army
requirements and enhanced autorotation. The UltraSports have glide
ratios superior to both large and small helicoprers.

- structural failure. The bow shape can

before takeoff. The landing skids are

FUSELAGE !
The fuselage strongback incorporates IR :
a strong torque box to which the
drive train is attached. This rigid
structure is lightweight but far from
fragile, assembled from sandwich
panels of epoxy resin, graphite fabric
and nomex honeveomb core, forming
a monocoque structure. The outer
shell is a non-load carrying fairing.
The tuselage is a one-piece assembly;
there is no welding or any rivets to crack and fatigue. All hard poin
attachments are installed at the factorv. Taller pilots will appreciate
the generous headroom in the cockpit. '

The landing gear bows are sandwich structures of aluminum honey-
comb with fiberglass and epoxy laminate face plies. Ply thickness i

" tailored to provide maximum energy absorption and impact attenua

tion for 2.5 G ground contact without

flex and contract, thus absorbing
impaet far better than traditional land-
ing gear legs. The wide bows allow the
pilot to properly trim the aircraft

pre-bent aluminum tubes with steel

“skid shoes. The extra wide skid width
_of 8 feet provides extra safety against dynamic rollover and enable

landings on steeper slopes. The fuselage and landing gear have beer
structurally tested to FAA airworthiness standards Part 27.501

Grounding Loading Conditions.

THE ENGINE )
The Iirth engines provide over 20%
power reserve. Two-stroke engines
were chosen because of their high
power versus weight ratio, and in order
to vertically mount the engines onto
the airerafi. lirth’s smooth power
band and flat torque curve provide low
pilot workload in maintaining engine
speed. Virtally no throttle correction
is needed. The two-cylinder engines
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: only 40hp hovering art sea level, standard dav conditions. The rwo-
inder engines, 53hp Hirth 2703 and 63hp Ilirth 2706, are available

11 Bing or Mikumi carburetors. The four-evlinder 113 hp Ilirth F-30
iine uses four Mikuni earburetors and provides a 33% power reserve at
t level, standard day conditions. The Hirth endine now cquipped with
‘fuel injections is available.

IE MAIN DRIVE SYSTEM
lirect drive connects the engine to the clurches and main rotor shaft.
ere are 1o drive belts or chains to slip or break. The main and tnl
or gears are manufactured to American Gear Manufacturing
sociation (AGMA) Class 11 Ground
ndards from 9310 carbonized steel.

Il analysis and testing of each compo-
nt have been performed to ensure high
10 and safety.

e 254 and 331 main rotor gearboxes

2 a 12:1 planetary reduction gearbox,
-ed for 60hp continuous. The transmis-
in on the 496 is a two-stage helical spur
arbox with a 4.18 to 1 reducrion, rated
" 120hp continuous. In combination with the engine's 2.64 to 1 redue-
n gear, there is an overall 11 to 1 reduction on the two-seater. An
ternal cooler, sump and pump circulate pressurized oil through the
arbox. Chip detector and oil pressure
itches are standard. The 496-drive sys-
1 has provisions to allow installation of a
llistic parachute recovery system.

‘gine start up is easy due to a centrifugal
uch that does not engage the rorors unril
2 engine reaches 2000 rpm. There is

\0 a one-way sprague clutch thar enables
2 rotors to continue running in autorota-
n in the event of a loss of engine rpm.

| transmissions are manufactured under aerospace specifications by
mpanies that make rotor hubs for the Bell 206, Huev and Cobra heli-
pters, and gearboxes for the Apache and Eurocoprer helicopeers.

HE CONTROLS

1¢ to popular demand, a conventional

'or mounted stick control system has

w been outfitted for the helicoprer. The
acious cabin and familiarity of this con-
ntional control system will enable any
ston helicopter pilot 10 feel comfortable
e first time he takes control of the heli-
peer. To the pilot's left are the combined
llective and throttle control. Two foot
'dals control the tail rotor collective via a
1sh/pull cable running along the tailboom.

OTOR HUB

1e main rotor hub is a two-bladed, underslung, teetering type. The hub
ke (main body) is one-piece CNC machined from a 2024-T4 aluminum
ller. The pitch change bearings are mounted 1o the yoke spindles,

clined (preconed) 3 degrees and offset
each other (torque offset), in order to
dance the rotor control loads. The

ades are retained against centrifugal

ree not with bearings but a tension/tor-

on pack, which requires no lubrication,

s infintte life and is fail-safe. The entire
b assembly has been structurallv tested
conform to FAA FAR Part 27 levels. The one-piece hub easures a hish
utural frequency of the hub and blades when rotating. thus reducing air-
ame fatigue that can oceur with multi-piece two-bladed hubs

AILBOOM AND TAIL ROTOR

he tail rotor gearbox is a spiral bevel type contining a 1:3/4 reduction
engine rpm, built by the same aerospace company that supplics the
ain rotor transmission. The tail rotor gearbox is driven by an

uminum shaft (again no bels!) supported bv hangar hearings inside the
ilboom. The horizontal stabilizer is composite. as is the verdeal rinetail
wrounding the taif rotors, The vertical ringrail is o satery feature thac
-aws attention to the moving tail blades, thus reminding the curious o

T T
P e eyl o

stay away from that area. It also pro-
teets the tail rotor blades from dam-
age.

SAFETY

The safety features menrioned previ-
ously bear repeating. The

ClrraSports have superior autorota-
tion capability. The fuselage and
strongback can absorb 2.8-G impaet.
The 8-foot wide bows and landing gear
help with trimming the aircraft prior to takeoff. enable landings on
steeper slopes, and are all proor tested to 2.5 (; betore thev leave
the factory. The UltraSports have been rigorously fight-tested
Design loads have been verified during flight tests to FAR Part 27
levels of applied loads. All gearbox and drive system components
are custom designed and manufac- c

tured by aerospace manufacturing
companies. The hubs and blades are
frequency tuned 1o avoid airframe
vibration. There is horsepower to
spare with over 20% engine power
reserve. A Ballistic Parachute is a
planned option on the 496. The
UltraSports are easy to fly and ideal
for the low time helicopter pilot.

TRAINING

As a safery poliecy American SportsCopter will gladly deliver a kit
but withholds the main rotors until the purchaser can demonstrace
helicopter proficiency. The company prefers to see a student log-
book endorsed to solo signed off by a helicopter CFI. .\ lightweight
two-geart;-piston-engine trainer such as a Robinson R-22 or FHughes
269 js-recommended.

'ASSEMBLY. FLIGHT AND MAINTENANCE

The UlraSports ship as quick build kits, conforming to FA\
Regulation Part 21.191(g). Approximatelv 60 to 80 hours of assem-
bly time are all that is required using basic tools. The kits nclude
all pre-assembled components, plus an assembly manual. pilot
operating manual and full set of engineering reference drawings
UltraSport components have been designed for igh TBO and safe-
ty. The owner can perform all routine maintenance. such as greas-
ing the moving parts and replacing transmission oil. An annual
condition inspection is required.

AVAILABILITY

In 1996, the American Helicoprer
Society presented the UltraSport
Family of Helicopters the Howard
Hughes award for making this signifi-
cant achievement in helicopter tech-~
nology available to the public. The
UltraSport 496 prototype also won
the Reserve Grand Champion award
at the PRA Convention in 1996.
Upon seeing the UltraSports in flight, aircraft enthusiasts at every
air show remark that they are amazed at its maneuverability and
the quality of the engineering.

If you have ever dreamed of safe helicopter flight and shedding the
runway, your dream has come true! The UltraSports are light-
weight and ultralight helicoprers developed by heavyweight aero-
space professionals using today and tomorrow’s teehnolagy. Quality
in the design and manuracturing have ranslated into safcty. All
three UltraSport models are available NOW! Conrtact the factory or
vour local dealer for more information such s the marketing
video. assembly manuals or pilot operating handbooks.
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The Ultrasport Family of Helicopters
The Ultrasport 254 meets the FAA Part 103 as an Uleralight 1elicopter
The Ultrasport 331 and 496 mect the FAA Part 21.191(8) as an Amateur Built Kit

lh(, Ultr JSpOl‘t 49() ultx llwht version can be exempted under Part 103 as an Ultralight ’Il"lmu

B

Ultrasport 254
- (Single-Seat Ultralight) -

I T R R

o Ultrasport 331 ;

e e e

¥ (Two-Seat Ehpenmenta.l) 3’

n_55hp Hirth.2703 ::

65hp Hirtli:2706-.: .115hp Hirth F30 -
Pull Start, Dual’ Car ectric;Start, Dual Car] Eleetri Start; Quad Ca;b
Dual CDI, 2-Cylirider . ‘Dual CDI, 2-Cylinder ‘Dual GBI, 4-Cylinder . .|

(Smgle—Seat Expenmenml)

RANSMISSION

l
:
-
i
1
3
1

~11-ta*1 Two-Stage -~ *: |

12 to 1 Planetary - -1 "12.to 1-Planetary: -.®

NDURANCE - i *5 Gal. Fuel Tank (1 2:> Hrs. ) 10 Gal. Fuel Tank (2.5 Hr i -16.Gal. Fuel Tank (') 5 Hrs )
ERVICE CEILING ;12,000 Ft. 3 ;

LLG.E. . ¥ .10,800 Ft.-

LO.G.E:: =32 7,000-Ft.-

iAINROTOR BLADES 1 %21’ dia., 6.7” Chord:; CompOS1te3 B

'AIL ROTOR BLADES - 2.6 dia.; 2” Chord COmposmeJ 2.

IN. SPEED . - 1 Hover" - “a‘

JiNGTH (CABIN)-: j 527 Ly

VIDTH:(CABIN) . 307 X

IEIGHT (CABIN):%7 @ - 597~ o el
JRUISE SPEED - - i 63mph (101kmh)
‘OP SPEED" . ' -{ _*63mph (101kmbh). : =}104mph (167kmh)r
IMPTY WEIGHT . = i 252 Ibs.(115 kg) - +2540 Ibs: (245 kg)i
JISEFUL LOAD" - ¢ 273 Ibs. (124 kg.) "~ 590.1bs.. (268 kg.) -

- 525 Ibs: (239 kg -

[1130.1bs: (514 ks.)

sROSS-WEIGHT : - i

8 Ft= (2438 fim):

VIDTH". . & = i 8 Ft. (2438 mm)~ & p
IEIGHT - ~ - ° "'} 7-10”7 (2388 mam) - ~7<107 (2388 mm) - i
JENGTH, . - 19-27 (5842 mm), . 19-97(6020 mm)

BLADES FOLDED) T R

FA\ Restrictions tor Ulmahghts

** Special 495 Ib. empty weight ultralight version available by special order.

Il Ultrasport Helicopters have a composite body, landing gear bows, composite main rotor, and shrouded tail
tor blades with swept tips for low noise. The Ultrasport Kits consist of lishtweight composite materials and
gh quality parts produced by rotorcratt professionals with expertise in manutactm ing for the S-61, Apache,
ornet, Eurocopter Dauphine, Huey, Cobra and Bell 206 Helicopters. All of this military and cutting edde heli-
prer teohnoloov is available to you in a recreational helicopter application. Due to continuous improve-

lents, specmcatxom of the Ultrasport Helicopters are subject to change without notice.

he Ulerasports Ship in
nick-Build Kit Form

S AL Canada, Mexico and South Ameriean

unies should contiet:

aerean Sportseopter nternadional, Ine.

T12 Jelferson Ave #1228

wport \‘.\\s VA 23606 T8N
TAT-RT2-8TTH Fax: TR7-872-8771

i uI \‘»llw\m net

The Ultrasports Can he Adapted to
Police or Military Applications

Ulerasport Helicoprer Club Membership

It is FREE to become an Ultrasport Helicopter Club
member. Benelit of & membership®
(1) Reeanve new brochures about Ultrasport
helicoprers
(2) Reeeive news and future information about
Ultrasport helicopers

Trunsporting the Ultrasport
is «a Breese

Al others should conract:

Lights American Sportscoprer, Incorporated
20 Tuho Street, Taichung 407, Taiwan, ROC
Tel: 886-4-3171-85003  Fax: 886-4-311-5001
L-nil: ultrasporcemame. com

Internet Site: www.ultrasport.rotor.com
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A Subsidiary of Astronautics Corporation of America

KEARFOTT
GUIDANCE AND NAVIGATION CORPORATION
CAPABILITIES

PD-2035

Kearfott Guidance & Navigation Carporation
150 Tolowa Road

Wayne, New Jersey 07474-0946

Telephone {973) 785-6000

FAX (973) 785-8025

Website: www. kearfott.com
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INTERNATIONAL PROPRIETARY NOTICE

This document contains information of a'proprietary nature to Kearfott Guidance & Navigation
Corporation and is submitted to recipient.in ¢onfidence for a specific purpose. The recipient, by
accepting this document, assumes custody and control, and agrees that this document will not be
copied, in whole or in part, nor its contents revealed in any manner or to any purpose, except to
meet the purpose for which it was delivered.
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DR. RONALD
E. ZELAZO

CEO &
PRESIDENT

NORMA Z.
PAIGE

EXECUTIVE
VICE PRESIDENT

THOMAS J.
SHANAHAN

ENGINEERING

VICE
PRESIDENT

HOWARD J. ERIC R. JOSEPH
MINTZ FURNESS POTTS
MANUFACTURING QUALITY MATERIEL
ASSURANCE
VICE VICE VICE
PRESIDENT PRESIDENT PRESIDENT

DR. JAMES A,
GARDNER

BUSINESS
DEVELOPMENT
& MANAGEMENT
VICE
PRESIDENT

STEPHEN G.
GIVANT

FINANCE

"VICE
PRESIDENT

JOHN H.
MIDDLETON

ASHEVILLE N.C.
OPERATIONS

VICE
PRESIDENT
11.2A
113100
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SEA
CORVETTE NAVIGATION SYSTEMS

SUBMARINE NAVIGATION SYSTEMS

TORPEDO GUIDANCE

SUBMARINE LAUNCHED
MISSILE GUIDANCE

ELECTRONIC CHART
DISPLAY & INFORMATION
SYSTEM (ECDIS)

COMMAND AND
CONTROL CONSOLES

LAND

MOBILE HOWITZER
INERTIAL NAVIGATION
& POINTING SYSTEMS

NORTH FINDING SYSTEMS
VEHICLE NAVIGATION SYSTEMS
TANK GUNNER STABILIZED SIGHTS
TANK RATE SENSOR ASSEMBLIES
GUN TRUNNION RESOLVERS
RUGGEDIZED CRT & LCD DISPLAYS

DRIVER ENHANCED VISION SYSTEM

SPACE
MILITARY AND COMMERCIAL SATELLITE PRECISION POINTING SYSTEMS
STAR TRACKERS
3-AXIS ACCELEROMETER PACKAGES

STELLAR/INERTIAL GUIDANCE SYSTEMS

-
Astronautics w

AR
TACTICAL MISSILE GUIDANCE

AIRCRAFT INERTIAL
NAVIGATION SYSTEMS

ANTISHIP MISSILE GUIDANCE
FLIGHT CONTROL SENSORS
FLIGHT CONTROL ACTUATORS

DIRECTIONAL/VERTICAL
AIRCRAFT GYROS

LINEAR VARIABLE
DIFFERENTIAL TRANSFORMER

AUTOMATIC DEPOT INERTIAL
NAVIGATION TEST SYSTEMS

AVIONICS INTEGRATION
AIR DATA COMPUTERS

FLIGHT & NAVIGATION
INSTRUMENTS

MISSION AND DISPLAY
PROCESSORS

MULTI FUNCTION COLOR
DISPLAYS

CONTROL & DISPLAY UNITS

ELECTRONIC FLIGHT
INSTRUMENT SYSTEM (EFIS)

REZ-44A
3113/00
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TM Keaifotl KEARFOTT FACILITIES

L ;
WAYNE, NJ )

CORPORATE HEADQUARTERS
+ ENGINEERING DESIGN/TEST
+ ADMINISTRATION

+ BUSINESS DEVELOPMENT/IMGT
* TRIDENT PRODUCTION

+ HUMAN RESCURCES

* LOGISTICS

PLANT 3

* RLG SENSOR PRODUCTION

* RLG SYSTEM ASSEMBLY

* TECHNOLOGY CENTER

« MATERIAL & PROCESSES LABS

+ PRECISION COMPONENT ENGINEERING » PRECISION WOUND COMPONENTS
* PRODUCTION FACILITY FOR ROTATING + CABLE ASSEMBLIES

OOZvOZmZHm.mrmOﬂWOz_Ow. .mrmo.ﬂmOz_Onbmcbwmmgm_I<
ACTUATORS, GYROS, ACCELEROMETERS ,

12.64
5/10/00
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FLOATED RATE INTEGRATING GYROS

31.416
1/116/93
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TM (. AFAMILY OF GYROS DERIVED FROM KEARFOTT'S
A Kearfoll DYNAMICALLY TUNED GYROSCOPES

2 INCHES [

aan,

MODIIE MOD Il m_.m\ o MITA S
B-1, B-2, ACM, MILSTAR, TDRS, = F-16, SRAM, A-7 . .. TRIDENT
SPACE SHUTTLE DSCS ,

CONEX MOD O CONEX MOD | ‘CONEX MOD I
M1-A1, CHALLENGER, DAHA PENGUIN, HS-601 MK-48

37.250¢
6/21/99
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KEARFOTT'S FAMILY OF RING LASER GYROSCOPES

SINGLE-AXIS RING LASER GYROSCOPES

B—

%

PRyt S22

MOD IIS

MONOLITHIC THREE-

(2 PN w_,.}fr, o) ?ﬂrmm
T24-E!

44.602
5/16/96



KEARFOTT'S LATEST INVENTION WILL
REPLACE SINGLE-AXIS RING LASER GYROS

NIOSIOLITRIC

LG

MONOLITHIC
RLG

44.285
10/15/98
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KEARFOTT'S FAMILY OF ACCELEROMETERS

1'2414 KT70
 TWO-AXIS

PROPOSED
Y Y
“ PRODUCTION
CONFIGURATION

'VIBRATING

31.458
1/16/83
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KEARFOTT MANUFACTURES ITS OWN ACCELEROMETERS
GAS-DAMPED

N MOD VIIS, MK- 48 MOD VIIA
GIMBALLED STRAPDOWN - TORPEDOES TACTICAL
SYSTEM SPACE SYSTEM MISSILE

LIQUID-DAMPED

MOD VIIL - RIMU

31.422A
4125196
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MICROMACHINED VIBRATING BEAM >00mrmmn~.gm._.m..w (MVBA)

% M

e L

FEATURES

MONOLITHIC SILICON CONSTRUCTION
WITH THREE-MICRON FEATURE SIZE

* VBA PRINCIPLE

¢ QUICK TURN ON: <1 sec

» SMALL SIZE: 0.06 in3 (1.0 cm?)

* LIGHT WEIGHT: 0.07 oz (2 grams)
INTEGRAL ELECTRONICS/HIGH -g
CAPABILITY
LOW COST

433.60
4/28/93
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MICROMACHINED VIBRATING BEAM MULTISENSOR (MVBM)

FEATURES
MONOLITHIC SILICON CONSTRUCTION
VBA PRINCIPLE
MEASURES 1 AXIS OF RATE AND 1 AXIS

OF ACCELERATION ON A SINGLE CHIP i
GYRO BIAS 1.5°h (o

GYRO RANDOM WALK .15°/~h
ACCELEROMETER BIAS 300 g
3 AXIS SENSOR BLOCK

IMU (A8, AV OUTPUT) 10 in®

ISOMETRIC VIEW

w/ ﬂw COVER
ELECTRONICS

MODULE 11~

ELECTRCNICS
MODULE #2

SYSTEM ELECTRONICS
ELECTRONICS
MODULE #3 -

OSCILLATOR

CCA . SENSOR ELECTRONICS

TRIAD ASSEMBLY

HOUSIMNG

434.1
_ 3127100



Lo 0y e B e ) LAILY O KDS leemll SRR Wl eed Lol i

t
2% Kearfott

WE HAVE THE UNIVERSE COVERED!

SEA PRODUCTS

STRATEGIC MISSILE GUIDANCE SYSTEM FOR THE
USN TRIDENT MISSILE

INERTIAL REFERENCE SYSTEMS FOR USN MK-48
ADVANCED CAPABILITIES TORPEDO (ADCAP)

NAVIGATION SYSTEMS FOR 209 CLASS
SUBMARINES

* NAVIGATION SYSTEMS FOR 1200 TON CLASS
CORVETTES ‘

POSITION SENSORS, MOTORS, GEARHEADS FOR
SHIPS

ACCURATE MARINE GYROCOMPASS SYSTEM

POWERFUL MODULAR OPERATOR COMMAND AND
CONTROL CONSOLES FOR SHIPS AND SUBMARINES

LIGHTWEIGHT, LOW-COST HIGHLY RELIABLE STATE-
OF-THE-ART MRLG SEANAV

40.106
5/17196
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KEARFOTT DESIGNS AND BUILDS STELLAR
INERTIAL GUIDANCE SYSTEMS FOR STRATEGIC MISSILES

CUSTOMER/USER:

SSPO - TRIDENT C-4/D-5
MISSILES

CSDL
U.S. NAVY

EQUIPMENT:

STELLAR INERTIAL
MEASUREMENT UNIT
WITH KEARFOTT'S
DYNAMICALLY TUNED
GYROFLEX® GYRO

KEARFOTT PURCHASES
ALL IMU CRITICAL
PARTS FOR ENTIRE
USN PROGRAM

FUNCTION PROVIDED:

PROVIDES THE ENTIRE
GUIDANCE FUNCTION
FOR THE C-4/D-5
SUBMARINE LAUNCHED
TRIDENT MISSILE

43.146
5/2/00



CUSTOMER/USER:

NORSK
FORSVARSTEKNOLOGI
(NFT), NORWAY

EQUIPMENT:

TWO-AXIS
DYNAMICALLY
TUNED GYROSCOPE
(CONEX MOD 1)

FUNCTION PROVIDED:

SENSOR FOR MISSILE
GUIDANCE SYSTEM

43.189
512100
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KEARFOTT INTEGRATES SHIPBOARD NAVIGATION SYSTEMS

* FOR 1200 TON CLASS CORVETTES AND 209 CLASS SUBMARINES

5{2/00
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SURFACE SHIPS

CUSTOMER/USER:
— SPA WAR (US NAVY)
— UNIVERSITY OF TEXAS ARL
— XONTEC
— TEXTRON

EQUIPMENT:
— SKN-5053 SEANAV

FUNCTIONS PROVIDED:
— POSITION, VELOCITY,
ATTITUDE, ATTITUDE RATE
— BLENDED NAVIGATION
¢ GPS

L]

APPLICATION:
— NAVIGATION
— RADAR STABILIZATION

SB-221
3/27/00
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UNMANNED UNDERWATER VEHICLES

Q

?

@

CUSTOMER/USER:
- MARIDAN A/S
..... PENN STATE (ARL)
- SUB SEA INTERNATIONAL

EQUIPMENT:
-~ KN-5053 SEANAV

FUNCTIONS PROVIDED:

...... POSITION VELOCITY, ATTITUDE
-- ATTITUDE RATE

-~ BLENDED NAVIGATION SOLUTION
— GPS, DOPPLER VELOCITY LOG

-- DEPTH ALTITUDE SENSOR

PLANNED PRODUCTION:
-~ 15 - 20/YR

$B-219
1219159



SWEDISH TORPEDO 2000

CUSTOMER/USER:

BOFORS UNDERWATER
SYSTEMS (SWEDEN)

EQUIPMENT:
T-16B THREE AXIS
MONOLITHIC RING LASER
GYRO (MRLG) AND
ELECTRONICS

FUNGCTIONS PROVIDED:
PROVIDES A8 & AV TO
TORPEDO GUIDANCE

COMPUTER FOR
NAVIGATION GUIDANCE

43.227
5/2/00
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CUSTOMER/USER:
— VARIOUS

EQUIPMENT:
— SEANAV

¢ KN-5051

+ KN-5053

FUNCTIONS PROVIDED:
— POSITION ATTITUDE, HEADING
— BLENDED SOLUTION WITH GPS

PRODUCTION ANTICIPATED
— 10 TO 20 YEARS

SB-222
1279199
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L2 Koarfolt WE HAVE THE UNIVERSE COVERED !
AIR PRODUCTS

g

USAF STANDARD HIGH ,}.ooc

USN IMPROVED m._.>z_u%w

DYNAMICALLY TUNED OéAOmoo_

LOW-COST, LIGHTWEIGHT, _.__OI_.
.. REFERENCE SYSTEM _

'RING LASER GYR RAPDO
AIRCRAFT, ANTENN@ POINTING, AND

40.104
10/15/94



CUSTOMER/USER:
NORTHROP
B-2 DIVISION

SELECTED FOR THE LATEST U

: } ]
, b g
By e

.S. AIRCRAFT

EQUIPMENT:

RING LASER GYRO ATTITUDE
MOTION SENSOR SET

RACK

FUNCTIONS PROVIDED:

EMERGENCY BACK-UP
NAVIGATION
{POSITION, VELOCITY,
ATTITUDE)

QUAD REDUNDANT FLIGHT
CONTROL REFERENCE
(ACCELERATION, ANGULAR

DATA, o, o, B, B)

EQUIPMENT:

HIGH ACCURACY INERTIAL
NAVIGATION UNIT (<0.2nmi/h}

FUNCTION PROVIDED:

STABILIZED INERTIAL
VELOCITY AND ATTITUDE

42.322
RI2i00
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KEARFOTT BUILDS THE MOST ACCURATE
INERTIAL NAVIGATION SYSTEM IN THE WORLD

+ CUSTOMER/USER:
— BOEING/USAF

« EQUIPMENT:

— HIGH ACCURACY INERTIAL
NAVIGATION SYSTEM
(HAINS) (<0.2 nmi/h),
MOUNTING RACK

« FUNCTIONS PROVIDED:
— INERTIAL NAVIGATION
VELOCITY, ATTITUDE AND
HEADING INFORMATION
— QUALIFIED TO ENAC 77-1
AND SNU 84-3 (SPA)

42.204
5/2{00



KEARFOTT DESIGNS AND BUILDS
ANTENNA REFERENCE UNITS FOR
U.S. STRATEGIC AND TACTICAL FORCES

CUSTOMER/USER:
USAF - MILSTAR
ROCKWELL INTERNATIONAL

RAYTHEON EQUIPMENT
DIVISION

EQUIPMENT:

3-AXIS RING LASER
GYROSCOPE

ANTENNA REFERENCE UNIT
FUNCTION PROVIDED:

ATTITUDE AND BACKUP
NAVIGATION

42.346

B Fiatsl
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24 Kearfolt
KN-4071 - LOW COST ATTITUDE HEADING REFERENCE SYSTEM
(AHRS)

CUSTOMER/USER:

— INDUSTRIA AERONAUTICA
DE PORTUGAL S.A./PORTUGESE A.F.

EQUIPMENT:
— 3 AXIS MONOLITHIC RING LASER GYRO (MRLG )
— SELF-CONTAINED GLOBAL POSITIONING SYSTEM
— OPTIONAL GROWTH WITH GPS/INS
FEATURES:
— 3 LINE-REPLACEABLE UNITS
» SYNCHRO CONVERTER UNIT
» MODE SELECT UNIT
» INERTIAL GPS UNIT
"OUTPUTS:
— ANALOG HEADING, ROLL, PITCH
— OPTIONAL DIGITAL RS-422

POWER:
— 115V, 400 Hz, 90 VA MA X
MODES:
— GYRO COMPASS 0.7°
— SLAVED
HEADING +0.5°
ATTITUDE +0.25°
- GYRO
HEADING £ 0.5°
ATTITUDE *0.25°
— ENHANCED
HEADING * 0.25°
ATTITUDE +0.15°

42.360
6/17/98
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®* CUSTOMER/USER:
— NORTHRUP GRUMMAN
» GLOBAL HAWK UAV

* EQUIPMENT:
— KN-4072

®* FUNCTIONS PROVIDED:
— POSITION, VELOCITY
— ATTITUDE RATE
— NAVIGATION BLENDED
SOLUTION WITH GPS
— FLIGHT CONTROL A6 AV

i
;

* PRODUCTION QUANTITY:
— ANTICIPATED 200 UNITS

203 LD TR BV B

SB-216
1219199
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KN-4070 UNMANNED AIR VEHICLE (UAV)

* CUSTOMER/USER:
— TAAS, ISRAEL/ISRAEL AIR FORCE
* EQUIPMENT:
— 3-AXIS MONOLITHIC RING LASER
GYRO (MRLG)
— INERTIAL NAVIGATION SYSTEM
— EMBEDDED GLOBAL
POSITIONING SYSTEM (INS/GPS)
* FEATURES:
— SIZE: (INCHES)
9.1 (L) X 5.4 (W) X 6.0 (H)
— WEIGHT:
<5 (kg)
* OUTPUTS:
— MIL-STD-1553B, RS-422, RS-232
(NAVIGATION AND GUIDANCE)
* POWER:
— 28V dc; 35 W, MIL-STD-704A
* MAINTENANCE:
— TWO LEVEL/BUILT-IN TEST
— NO SCHEDULED CALIBRATION
REQUIRED
— MTBF > 6000 H

44.823
5/2/00
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g5 Kearfoll JOINT STAND OFF WEAPON Ar_MOSJ

* CUSTOMER/USER:
RAYTHEON, USAF, USN
* EQUIPMENT:

3-AXIS RING LASER GYRO
BASED INERTIAL
MEASUREMENT UNIT

* FUNCTIONS PROVIDED:

HIGH SPEED
COMPENSATED ANGLE
AND VELOCITY
INCREMENT FOR FLIGHT
CONTROL AND
NAVIGATION

COMPENSATED ANGLE
INCREMENTS, A 6, FOR
SEEKER STABILIZATION

PLANNED PRODUCTION
15,000 UNITS

425.48
5/2/00
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CUSTOMER

RAYTHEON

EQUIPMENT

3-AXIS RING LASER
GYRO (RLG) INERTIAL
MEASUREMENT UNIT

KEARFOTT MOD VIIA
ACCELEROMETERS

i * FUNCTIONS PROVIDED

AQAV

FLIGHT CONTROL
DATA RATES
NAVIGATION DATA
RATES

" 20,000 UNITS ANTICIPATED

44,798
5/2/00
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AIRBORNE TRACKING LASER

CUSTOMER/USER:
— LOCKHEED MARTIN

EQUIPMENT:
— KI-4901 - T24 IMU

FUNCTIONS PROVIDED:
— INCREMENTAL THREE-
AXIS ANGULAR RATE A0
— INCREMENTAL THREE-AXIS
VELOCITY AV

PRODUCTION:
— 12 UNITS

SB-218
12/8/99
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SYNTHETIC APERTURE RADAR IMAGING

CUSTOMER/USER:
— ELTA ELECTRONICS
INDUSTRIES

EQUIPMENT:
— KN-4072

FUNCTIONS PROVIDED:

— POSITION, VELOCITY, ATTITUDE
INCREMENTAL ATTITUDE AND
VELOCITY

— BLENDED NAVIGATION WITH GPS

— POSITION AND VELOCITY
CORRECTIONS

PRODUCTION:
— 100 SYSTEMS

SB-228
12/9/99
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MULTISPECTRAL IMAGING SYSTEM

CUSTOMER/USER:
-- AIRBORNE DATA SYSTEMS

EQUIPMENT:
-~ KN-4072

FUNCTIONS PROVIDED:
- POSITION, VELOCITY
-- ATTITUDE, ATTITUDE RATE
— BLENDED NAVIGATION AND
STABILIZATION DATA WITH GPS

PRODUCTION QUANTITY:
— 12 PER YEAR

SB-217
1219199
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WE HAVE THE UNIVERSE COVERED !

SPACE PRODUCTS

PRECISION INERTIAL POINTING SYSTEM FOR
SATELLITES

DYNAMICALLY TUNED GYROSCOPE ATTITUDE
REFERENCE SYSTEMS FOR SATELLITES AND
INTERPLANETARY EXPLORATION VEHICLES

HIGH ACCURACY INERTIAL NAVIGATION
SYSTEMS (HAINS) FOR SPACE SHUTTLE
GUIDANCE AND CONTROL

THREE-AXIS ACCELEROMETER ASSEMBLIES
FOR SATELLITES

STAR TRACKERS FOR SATELLITES

POSITION SENSORS, MOTORS AND
ACTUATORS

40.103
1718193



it SPACE SHUTTLE PROGRAM

~ CUSTOMER/USER:
ROCKWELL INTERNATIONAL/NASA

* EQUIPMENT:
KT-70 INERTIAL MEASUREMENT UNIT
HIGH ACCURACY INERTIAL
NAVIGATION SYSTEM
(REPLACING KT-70)

©  FUNCTION PROVIDED:
ACCURATE VELOCITY AND ATTITUDE

INFORMATION FOR USE IN THE
ORBITER GUIDANCE, NAVIGATION AND

CONTROL SYSTEM

NS T 0
43.85

512100

TSR
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SPACE-QUALIFIED KEARFOTT INERTIAL
REFERENCE UNIT (SKIRU)

A .

* CUSTOMER/USER:

NASA/GSFC, JPL, LM-D,
LM-VF, LM-NJ, TRW

* APPLICATIONS:

PRECISION POINTING AND
NAVIGATION: VOYAGER 1
& 2, MAGELLAN, GALILEO,
MILSTAR, DCSC IlII-IABS,
MACS 4, MACS 5, GRAVITY
PROBE B, SENSITIVE,
TDRS7, TRMM, XTE, ECS
AM-1, ZODIAQUE, AXAF-1

®* FUNCTIONS PROVIDED:

PRECISION RATE AND
POSITION FOR ATTITUDE
CONTROL SYSTEM
TELEMETRY OF CRITICAL
PARAMETERS

43.115
52100



(s e [ oo . N (] o oy . - ) ]

e [ [R—

KEARFOTT LOW-COST SPACE-QUALIFIED SYSTEMS
CHOSEN FOR COMMERCIAL SPACE APPLICATIONS

* CUSTOMER/USER:
NASA/GODDARD - MAP
TRW - NASA: TOMS-EP, SSTI/LEWIS
SPECTRUM/USAF: MST! 2, MSTI 3

TRW - REPUBLIC OF CHINA -
ROCSAT-1

HUGHES SPACE AND
COMMUNICATIONS GROUP

TRW - GOVERNMENT OF KOREA -
KOMPSAT

* EQUIPMENT:
DYNAMICALLY TUNED GYROSCOPE,
TWO-AXIS RATE ASSEMBLY (TARA)
* FUNCTIONS PROVIDED:
RATE AND POSITION INPUTS TO THE
ATTITUDE CONTROL SYSTEM

43.192
512100



LAND PRODUCTS

"~ PRODUCTS |

VEAPON FIHE CONTROL SYSTEMS M-5UA3, CHIEFTALY,

ZE0) SIGHTS

M-l A

AS-9Y FIOWITZER,

ARTILLERS

,,m ; hnb<mqmgm LT, RADAR, L

3.&..... _ " 7

SAEAVIO

DRIVER ENHANCED VISION

35Y
AMD ucx,

WE HAVE THE UNIVERSE COVERED !

Suu "

L.CE(:

TYPICAL APPLICATIONS

MS-49,

Al

Zoxéu.u_n{/_

e

ERNIAL _«mz" USA,

- 4.‘ .-uﬁ.s« i

40.105A
12112196
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KEARFOTT PROVIDES EQUIPMENT
FOR TANK FIRE CONTROL SYSTEMS

* CUSTOMER/USER:
— GENERAL DYNAMICS/U.S. ARMY
— GENERAL DYNAMICS/U.S.
MARINE CORPS
* EQUIPMENT:
— LINE-OF-SIGHT DATA
SUBSYSTEMS
» SERVO TORQUE DRIVE
ASSEMBLY - SINGLE AND
DUAL AXIS
» ELECTRONIC ASSEMBLY -
ANALOG/DIGITAL
(VME BUS)
n » GUN TRUNNION RESOLVER
* FUNCTION PROVIDED:
— KEY ELEMENT IN FIRE CONTROL
SYSTEM WHICH ENABLES THE
TANK TO FIRE ON THE MOVE

st 1

B T LA e G TR RERT SR AR

34.92
52100
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- CUSTOMER/USER:
MARCONI RADAR AND
CONTROL SYSTEMS, LTD.

" EQUIPMENT:
TWO-AXIS DYNAMICALLY
TUNED CONEX MOD O GYRO
PACKAGE WITH CAPTURE
AND SIGNAL PROCESSING
ELECTRONICS

* FUNCTION PROVIDED:
ANGULAR RATE DATA FOR
TANK GUN CONTROL AND
TURRET STABILIZATION

42.345
5/2/00
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LAND NAVIGATION SYSTEM (LNS)
VEHICLE INSTALLATIONS

42.347
4{29/33



§ Kearfotl MODULAR AZIMUTH POSITION
SYSTEM (MAPS)

* CUSTOMERS:

U.S. ARMY AMCCOM
VSEL/UK
SWITZERLAND
JAPAN

NORWAY

AUSTRIA

* EQUIPMENT.:

RING LASER GYRO DYNAMIC
REFERENCE UNIT (DRU)

CONTROL DISPLAY UNIT (CDU)
— COMMANDER
— GUNNER
— DRIVER
VEHICLE MOTION SENSOR (VMS)
* FUNCTIONS PROVIDED:

PRECISION GUN LAYING
INFORMATION (HEADING/ALTITUDE)

VEHICLE POSITION DATA
(VELOCITY, ALTITUDE, ATTITUDE
RATES)

UPDATING VIA GPS, ODOMETER,
OR ZERO VELOCITY UPDATES

MOVING BASE ALIGNMENT
SURVEY
ANTENNA POINTING

42.267
&IHNO
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* CUSTOMER/USER:

— SWITZERLAND ARMY

* EQUIPMENT:

— KN-4053 MILNAV®

— DISPLAY

» COMMANDER
» GUNNER
» DRIVER

— VELOCITY MOTION

SENSOR

—- POSITION

y

* FUNCTIONS PROVIDED:

VELOCITY, HEADING

ATTITUDE AND GUN POSITION

* PRODUCTION QUANTITY:

— 200 TO 400 UNITS

5B-215
1219/8%



NEW HOWITZER

CUSTOMER/USER:
— SINGAPORE ARMY

EQUIPMENT:
— KN-4053 MILNAV®
— VMS

FUNCTIONS PROVIDED:
— POSITION, VELOCITY,
ATTITUDE, HEADING AND
POINTING

PRODUCTION QUANTITY:
— 100 TO 150

SB-214
12/9/99



Lo

L] ] AT L L o L (] - L Co : . | )

m,m Kearfott

COMMAND AND CONTROL VEHICLE

* CUSTOMER/USER:
-~ SINGAPORE ARMY

* EQUIPMENT:
..... KN-4051 MILNAV®
— VMS
— DRIVERS DISPLAYS

N * FUNCTIONS PROVIDED:

-~ POSITION, VELOCITY, HEADING
- ATTITUDE

— BLENDED GPS NAVIGATION

: — WAYPOINT NAVIGATION

* QUANTITY:
e | — DEVELOPMENT50
e — PRODUCTION 300

s R Y R BB R e

S8-213
1219/88
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CUSTOMER/USER:
— COMMERCIAL OFF-THE-SHELF
(COTS) TRIALED
INTERNATIONALLY

EQUIPMENT:
— KN-4053 MILNAV®
— CONTROL DISPLAY UNIT
— DRIVER DISPLAY
— VMS

FUNCTIONS PROVIDED:

— ON BOARD TARGET LOCATION
INTEGRATION WITH DAY NIGHT
SIGHT/LRF

— CONTINUOUS NAVIGATION OF
FORWARD OBSERVER VEHICLE
FOR RAPID DEPLOYMENT

PRODUCTION
— COTS

S$B-229
5/11/00



i Kearfott TECHNICAL FIRE CONTROL

MODULAR ARTILLERY FIRE CONTROL SYSTEM

(MAFCS)

CUSTOMER

SANTA BARBARA

EQUIPMENT

KN-4053 MILNAV®

6 x 8 COLOR DISPLAY
VELOCITY MOTION SENSOR
INSTALLATION DESIGN

FUNCTIONS PROVIDED

ON WEAPON FIRE CONTROL
¢ BALLISTIC SOLUTION

¢+ COMPENSATION FOR
MUZZLE VELOCITY AND
METEOROLOGICAL
REFRESH

¢ RADIO INTERFACE FOR
FIRE DIRECTION AND
SITUATION AWARENESS

PRODUCTION

100 - 200 UNITS

SB212.2
5/02/00
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TACTICAL FIRE CONTROL
BATTLEFIELD COMMAND & CONTROL
BCC-2000 |

— IN DEVELOPMENT

EQUIPMENT
- — COMMAND & CONTROL. -
COMPUTERS

— RADIO
FUNCTIONS PROVIDED

— TARGET SELECTION

— FIRE DIRECTION

— INTELLIGENCE DISPLAY
¢ SITUATION AWARENESS
¢ TARGET LOCATION
¢+ TARGET IDENTIFICATION

SB212-3
12/09/29
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MODULAR BATTLEFIELD FIRE CONTROL SYSTEM
KCS-2000

ARTILLERY/MORTAR UAVS CUSTOMER
o —  IN DEVELOPMENT
‘¥ <@,  FUNCTION PROVIDED

/.(. ;

— INTEGRATED BATTLEFIELD
COMMAND & CONTROL

+ WEAPON SELECTION
+ TARGET SELECTION
i s “FRIENDLY” LOCATION

R ,m?w ; + FIRE DIRECTION
wwwww,,ﬁwhmmhmmﬁwﬁmmﬁ_ : s WEAPON
BATTLEFIELD m MUNITIONS
CONTROL CENTER
FORWARD a TARGET
OBSERVER + DEPLOYMENT DIRECTION
s FORWARD OBSERVER
m WEAPON

SB212-1
12/09/99



Kearfott

SEA

STRATEGIC MISSILE GUIDANCE SYSTEM
FOR THE USN TRIDENT MISSILE

INERTIAL REFERENCE SYSTEMS FOR USN
MHK-48 ADVANGED GAPABILITIES TORPEDO
(ADCAF)

NAVIGATION SYSTEMS FOR 209 CLASS
SUBMARINES

NAVIGATION SYSTEMS FOR 1200 TON
CLASS CORVETTES

POSITION SENSORS, MOTORS,
GEARHEADS FOR SHIPS

ACCURATE MARINE GYROCOMPASS
SYSTEM

POWERFUL MODULAR OPERATOR
COMMAND AND CONTROL CONSOLES
FOR SHIPS AND SUBMARINES

STATE-OF-THE-ART, LIGHT WE!GHT, LOW
COST, RING LASER GYRO SEANAV FOR
PATROL BOATS AND UNMANNED
VEHICLES

ELECTRONIC CHART DISPLAY SYSTEMS

SEABORNE NAVIGATION SYSTEM
{SEANAY)

LAND

MOBILE HOWITZER POINTING AND
NAVIGATION SYSTEMS (MAPS, MILNAY®)

PRECISION GUN LAYING SYSTEM
TARGET ACQUISITION SYSTEMS
LAND NAVIGATION SYSTEMS

NORTH FINDING SYSTEMS

TANK RATE GYRO UNITS

TANK GUNNER STABILIZED SIGHT$ . .

COLOR LIQUID CRYSTAL TANK DRIVER

DISPLAYS

TANK VIDEQ DISPLAY UNITS

INTEGRATED FIRE CONTROL SYSTEMS'
FOR TANKS AND ARTILLERY ‘

INERT!AL SENSORS AND NAVIGATION
SYSTEMS FOR SURFACE-TO-SURFACE
MISSILES

POSITION SENSORS, MOTORS,
ACTUATORS FOR LAND VEHICLES

POSITION SENSORS, MOTORS,
ELECTRONICS FOR THE MACHINE TOOL
INDUSTRY

INTEGRATED LAND NAVIGATION AND FIRE
CONTROL SYSTEMS

MINIATURE LAND NAVIGATION
SYSTEM {MILNAV®)

WE HAVE THE UNIVERSE COVERED!

AIR

USAF STANDARD HIGH ACCURACY
PRECISION INERTIAL NAVIGATION
SYSTEM {SPA)

IMPROVED USN STANDARD ATTITUDE
HEADING REFERENCE SYSTEM ISAHRS
WITH GP5 CAPABILITY

DYNAMICALLY TUNED GYROSCOPE
INERTIAL NAVIGATION SYSTEM FOR
AIRCRAFT

RING LASER GYROSCOPE STRAPDOWN
INERTIAL NAVIGATION SYSTEM FOR
AIRCRAFT, ANTENNA POINTING, AND
TACTICAL MISSILES

INTEGRATED INS/GPS SYSTEMS

AUTOMATIC DEPOT INERTIAL NAVIGATION
TEST SYSTEM (ADINTS)

INERTIAL INSTRUMENTS AND ACTUATORS
FOR AIRCRAFT, MISSILES AND REMOTELY
PILOTED VEHICLES

FLIGHT CONTROL ACTUATORS FOR
HARPOON ANTISHIP MISSILE

PRECISION RCTATING COMPONENTS
LINEAR VARIABLE DIFFERENTIAL
TRANSDUCERS FOR COMMERCIAL
AIRCRAFT

FLIGHT DIRECTOR AND AUTOPILOT
SYSTEMS

CARGO LOADING SYSTEM FOR
COMMERCIAL AIRCRAFT

FLIGHT AND NAVIGATION INSTRUMENTS
CENTRAL DIGITAL AIR DATA COMPUTERS

COLOR AND MONOCHROME CRT AND LCD
AIRCRAFT DISPLAYS

DISPLAY PROCESSORS

._ - N I It

md

SPACE

PRECISION INERTIAL POINTING SYSTEM
FOR SATELLITES

DYNAMICALLY TUNED GYROSCOPE
ATTITUDE REFERENCE SYSTEMS FOR
SATELLITES AND INTERPLANETARY
EXPLORATION VEHICLES

HIGH ACCURACY INERTIAL NAVIGATION
SYSTEMS (HAINS) FOR SPACE SHUTTLE
GUIDANCE AND CONTROL

THREE-AXIS ACCELEROMETER
ASSEMBLIES FOR SATELLITES

STAR TRACKERS FOR SATELLITES

POSITION SENSORS, MOTORS AND
ACTUATORS

TWO-AX!S RATE GYRO PACKAGES FOR
COMMERCIAL SATELLITES

RING LASER GYRO INERTIAL REFERENCE
SYSTEMS

BP-150/40.76
516199



—Amm—:—c.:@:o_mzom & Navigation Corporation

A Subsidiary of Astronautics Corporation of America

Kearfott Guidance & Navigation Corporation
150 Tolowa Road

Wayne, New Jersey 07474-0946

Telephone (§73) 785-6000

FAX {973) 785-6025

Website. www keaifott com

Printed in U.S.A.
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e ADVANCED
AT TECHNOLOGIES
| INCORPORATED

AN EmpLoYEe-OwNED COMPANY
ComPANY PROFILE

sdvanced Technologies Incorporated (ATI), an employee-owned
-ompany, began business operations in 1988, establishing itself as
a reliable supplier of research and development products, primarily
in the United States and international aerospace domain.

ATI has the resources needed to analyze, design, manufacture and
test your development hardware. Our engineers and technicians as
employee-owners are committed to customer satisfaction and prod-
uct quality. State-of-the-art 3D CAD/CAM software and multi-axis
CNC machine centers
complement our custom-built 52,000 square foot  3-D Cap Screen
facility. The facility houses a full precision ma-

chine shop, wood and sheet metal shop, high-bay hanger and a com-
posite laminating-clean room with low temperature material stor-
age and software controlled curing equipment. Cleared strong rooms
with secured computers and communications protect our Customer’s
classified/proprietary data.

Douste Corumn C.N.C.

VerticAL MacHINING CENTER
OUR EXPERTISE AND QUALITY IS RECOGNIZED

U,5. Small Business Administration U-S- SMALL BUSINESS
Administrator’s Award for Excel ADMINISTRATION

J— “OuTsTANDING CONTRIBUTION
Ad d logi .
vanced Technologies, Inc 70 THE NATION”

ATI’s Quality Pro-

gram is ISO 9001

compliant, ensuring a
9EOFIGE M. Low Awarp total quality manage-
“Commmovoré . mentapproach to our
10 THE NASA SPace ProGram” products and services.
Our customer base en-
compasses all of the
principal airframe manufactures and govern-
ment research centers world-wide. ATI has
received several “outstanding supplier” and
“awards for excellence” from our customers,
and was honored to received NASA’s highest
award for quality and excellence, the George
M Low 2000. This was in recognition for
ATT’s contribution to the advancement of ex-
cellence to the NASA space program.

Howaro HuGHES AWARI
= = “OUTSTANDING IMPROVEMENT .
FUNDAMENTAL HELICOPTER TECHNOLOGY

For more information on Advanced Technolo-
gies, Incorporated (ATI), or visit our website.




— AL e COMIPOSITES

An Empioyee-Owned Company

o - R Tem TS ST L Lo WMeemomemcos

ATI has an extensive background in aerospace composite structures. We have
in-house software to analyze structures of hybrid composite materials, both
in static and rotating environments. ATT has produced tooling for autoclave,
pressure bag and closed die part curing. Components ranging in size from a
few square inches and weighing only 150 grams to 60 square feet weighing
1,000 pounds, have been designed, tooled, and fabricated by ATI. Computer
controlled presses and ovens and large material freezer storage complement
our 10,000 square foot clean room facility, fully conforming to FAA
requirements. :

e WIND TUNNEL CoOmMPOSITE COMPRESSOR BLADES

ATI developed the manufacturing plan, designed and fabricated all tooling, and
produced 210 production composite compressor blades for the NASA Ames
Research Center’s Unitary Wind Tunnel. The all-composite blades replaced
existing aluminum blades to provide infinite life and reduce operating
maintenance. 18 proof test blades were also fabricated, static and endurance
tested.

* NASA 40 x 80 Winp TunNEL (NFAC)

ATT is currently under contract to replace the existing fan drive blades in the
NASA Ames 40 x 80 x 120 National Full Scale Aerodynamic Center (NFAC)
wind tunnel. The 90 existing wooden blades will be replaced with all-composite
blades offering longer life under higher operating conditions. ATT has designed
and analyzed The comp051te/f0am blade structure and is currently buﬂdmOr the
tooling string and 5 test articles’ which will undergo
quality, structural and fatigue testing prior to product
manufacture. Each blade assembly will consume over
600 pounds of composite matenial to produce the 50 square foot surface.

o S-67 ComposiTE ROTOR BLADES

Full-scale main rotor and tail rotor blades were designed, analyzed, fabricated, and tested
to meet FAA certification requirements. The all-composite rotor blades incorporate
advanced airfoil technology, twist and swept tips for improved lift performance and
infinite life cycle. ATI designed and fabricated the tooling string, developed the
manufacturing plan, and quality control plan for FAA conformance.
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» Mockups AND TRAINING SYSTEMS

ATI has developed several full-scale mockups of advanced aircraft and helicopter
configurations to validate engineering and supportability analysis, and to support major
marketing media presentations. Engineering and supportability mockups can include
replica access doors and internal equipment such as drive/propulsion systems, Weapons
.. baysand cockpit layout and
AT T B cquipment. Marketing
i B mockups produced by ATI
have included complete
passenger configurations
with all support services to
static display models.

Cockpit simulators and escape system sled test equipment along with
repair and maintenance training stations have been produced.
ATI has produced the following full scale vehicles: the F-22, Comanche RAH-66 Helicopter, Sikorsky $-92 and
S-92M Helicopters, the JSF One-Team Display Model, Korean Air Multipurpose Helicopter, and several F/A-
I8E/F training stations.

* RADAR CROss SECTION & ANTENNA MoDELS
ATT produces fulI-\écafe ii{c'idelwfégt amdes with replicated external surfaces for

materials and core are formed and cured i in soft toohng to produce the skin
sections. These are mounted onto light aluminum truss frames to produce the
final external configuration. Laser placement and inspections ensure that the
final product meets the customer’s specifications of both quality and dimensional

. accuracy. For aluminum skinned aircraft, the truss frame contains accurate
stationed bulkheads and lonorerons similar to the production airframe. Sheet [ '

aluminum is roll formed, trimmed, and attached to produce the external
configuration.

ATT has produced the following test articles: the Joint Strike Fighter (JSE),
the Comanche helicopter airframe and rotor components, and several
generic test shapes for radar cross section models, the F-22 and F/A-18EF.
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RAPID PROTOTYSING

ATT routinely executes extremely aggressive build schedules for various
prototypes of aerospace products. These are used as first test articles,
tooling and process proof of part and/or proof of totally new concept.
ATI supports the customer’s products from conceptual design through
tooling and manufacture to testing and data analysis. We have always
met our customer’s schedule and technical requirements within the
funding allowed. ATI is sensitive to the customer’s requirements and
proprietary data and will always deliver a quality product on schedule.

® FLIGHT VEHICLES

ATT developed from concept to production, a one- and two-man rated
lightweight experimental helicopter including the developmnt of the
power train, rotor hub and controls, fuselage structure, and composite
rotor blades and tooling. ATI provided the preliminary design and
wind tunnel testing, the dynamic and steady analysis, proof loading,
crash-worthy structural integrity analysis and all flight testing of the
prototype vehicles. Direct liaison with FAA staff insured compliant
and safe flight oprations. To date, over 100 rotorcraft are flying with
several thousand flight hours accumulated. In recognition of this
program. the American Helicopter Society awarded ATI the “Howard

Hughes Award.”

* Rotor BLADES

ATT has provided design, analysis, tooling, fabrication, and FAA STC

certification of composite main and tail rotor blades for the Sikorsky S-61

helicopter. The blades incorporate advanced cambered airfoils and swept

tip geometry. All structura] (steady and dynamic) fatigue testing and

manufacturing processes have been conducted by ATI’s staff. Flight test

results show an 11% increase in hover performance with lower vibratory
- loading than the originally supplied rotor system.

ATT has developed the Vigilante unmanned helicopter based on a version of our
lightweight helicopter. The Vigilante can carry a 300-pound payload for 3 hours,
takeoff and land with the push of a button, navigate by pointing and clicking on
a digital map, fly by vector commands from a joystick, and auto-rotate to the
ground with a 4:1 glide ratio. Customized fuselages accommodate payloads ranging
from gimbaled FLIR turrets, to radars, to communications relay antennas. A turbo-
charged 4-stroke engine provides consistent power under hot and high conditions.
Customers include NASA, the US Navy, and the US Air Force.
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o PrecisioN Force & MomeNT MODELS

Qur projects have included simple, straight-forward low speed lift
and drag models, and close tolerance, precision metal high-speed
performance models. Models are instrumented with static and
dynamic pressure taps, thermocouples, and stram-gaged hinge moment
balances. Jet effects propulsion models, hot and cold flow propulsion
exhaust models, precision 2-D airfoil models, hypersonic models
and models for cryogenic testing conditions have been designed,
analyzed and fabricated.

e Dynamic ScALED MODELS

5

Most all mass / inertia scaled models have similar construction techniques.
An extremely durable but light composite wing and fuselage skins are
formed and cured in female tooling, these are assembled over composite
bulkheads and stringers to form a monocoque structure. Remote control
actuators and linkage to activate control surfaces are installed, and the
required target mass, roll, pitch and yaw inertias matched by adding
discreet weights internal to the structure. Low and high speed dynamic
models (mass and stiffness scaled) have similar construction-methods, -
the exception being the skins are tailored in thickness to meet the .
required stiffness (EI, GJ) and frequency. ATT has designed and built the following dynamic models: F-22 Spin
Model, P7-low Speed Flutter Model, F-22 Drop Model, JSF High Speed Tail Flutter Model, JSF Spin Model, S-
92 Helicopter Ditching Model and a NASA Free Flight Model.

e RoTor BLADES

ATI is a leader in producing all-composite rotor blades for sub-scale
performance or dynamic wind tunnel testing. ATTuses in-house developed
software to predict rotating frequency placement of the blades and
retention hardware and performs internal installation of strain gage and
pressure instrumentation. ATTis currently working on low noice planform
and smart material blade structures.

o FaciLiTy & TESTING EQUIPMENT

Rotor test stands, force and moment measuring balances, actuated control
systems. remotely actuated instrumentation probes, model support stings
and struts. and balance adapters have been designed and fabricated to support
wind tunnel model testing. ATTs rotor test stands have been powered by
electric, hydraulic, or pneumatic motors up to 500kw with strain-gaged
rotor balances to measure six components of steady and dynarmic loading.
Servo actuated rotor controls integrated into data and operator control
consoles have been produced by ATIL. Turnkey programs from design,
fabrication. EMI/EMC testing and facility installation and acceptance testing
can be provided by our experienced staff.
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875 Middleground C. Harry Parkinson R.Toby Roberts
&g Blvd. President, CEQ VP & Contrgcts Admin.
Newport News, hparimsonéati-asi.com troberts@ati-asi.com
VA 23606, USA william K. Bracshaw, Jr. (Bill
- Director of Fabnication
Phone hbraashaw2ati-asi.com
757-873-3017
Fax Peter G. Dixon . Paul W.Thomeer
871 Director, Engineering Engineenng Manager
757-873-3711 pdixon@ati-ast.com pthomeer&ati-asi.com
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