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1. INTRODUCTION

The Rotarcradt Digital Advanced Avionics Svetem (RODARS)
integrates a tomprehensive set of rotorcraft avionics functions
into an advanced hardware mechanization for rotorcraft
pilot/system interface research. This document presents a
functional definitiom of RODAAS. The emphasis iz on description
of function rather than implementation.

Major Séctions of the document are:

RODAAE SYSTEM DESCRIPTION ~ This section contains block
diagrams, descriptions of system and computer architecturs
and describes significant hardware zslements.

MULTIFUNCTION CONTROLS AND DISPLAYS - The RODAAS Contreol
Display Umit (COW , the Frimary Flight Display (PFL),
and the Horizontal Situation Display (HSD) are des-
cribed.

RODAAS SYSTEM FUNCTIOMS ~ This section describes the

functions that the RODAARE will perform. It is organized

by function. :
This functional definition is the hasis for the RODAAS hardware
and software design, hence any changes in the program hardwars or
system functions will be precesded by the corresponding
modification to this document.
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2. RODAAE SYSTEM CONCEPT

In 1982 the NASA Ames Research Center completed " a program to
improve avionics for general aviation by applying new developments
in computing and simsing devices. The overall ocbjective of this
Demonstration Advanced Avionics System (DAAS) Program was to
improve the safety and dependability (schedule adherencs) of
general aviation single pilot IFR operations without increasing
the requircd pilot training/experience by enplaoiting advanced
technelogy in computers, busing, displays and integrated systems
design. Tha program resulted in the development and flight
evaluation of an integrated suite of advanced avionics, DAAE, with
a unique architecture that has the potential for high reliability

with low weight, power and cost. These characteristices are
especially important for rotorcrast, as is the reqgquirement Jor
single pilot IFR operations. Therefores, NASA initiated a

procurement to duplicate the hkey DAAS avionicz as a first step of
a technoleogy transfer from tne aeneral aviation program to the on-
aoing rotoreratt program.

Although the basic DAAE hardware developed for general aviation
aircraft is suitable for rotorcraft applications, some hardware
revisions are required for rotorcraft. Therefore, a detailed
deseription of the rotorcraft funmtiions is requiread so that the
DAAS hardwarea and softwa~2 tan be taylored to the rotoreraft
scenario. To simplify the transition of the DAAS hardware 4dnd
software from fixed wing aircraft to rotorcraft and to exploit the
unigue capabilities of rotorcraft, the RODAARS implementation has
been planned in four phases, and the hardware is partitionsd inte
four parts corrresponding te these four phases. This document
provides the functional description for the rotorcraft hardware
amd software functions that provide the candidate rotorcraft with
the basic DAAS Functional capability through the aircraft
installation phase (phase I1l}. Subseguent hardware and software
modifications/additiens are planned for the remaining phases. At
the begimning of each phase this document will be. revised to
reflect the status of cach phase. '
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3. RODAAS SYSTEM DESCRIPTION

The RODAAS iz an integrated system, It parforms a broad range of
rotorcraft avionics functions wusing one distributed computer
system, and shared cantrels and displays.

This section introduces the RODAAS function set, and describes the
syztem architecture and its componentsz to provide backaround for
the detailed function definition of subsequent sections.

3.1. RODAAS FUNCTIONS

RODAAS Functions include:

Autopilot/Flight Director Modes

- Be-Arsund -~ Heading Select
- Pitch/Raoll/Cgllective Trim =~ Navigation (NAV)
- Altitude - Approach {(APFR)
- Altiiude Selasct - Giideslope
- Altitude Held : ~ Lateral Beam Following
- Vertical Navigation (VNAY) - Hover Hold
- Flight Fath Angle - Airspesd
- FPA Select - IAS Select
- FPA Hold - IAS Hold
~ Heading Hold - Stability/Control Augmen-

tation System
Navigation/Flight Planning

- VOR, DME, TACAN, RNAV/INS Tramsponder .
- Blobal Positioning System (Future expansion capability)
- 2% Waypeinte, 1T Navaid Staorage

Flight Warning/Advigory Sysgtbm

~ Engine Parameter Monitoring/Recarding (Instrument
Statistics, Chip Detectors, etc.) .

- Transmission Monitoring (0il Pressure, 0il/Bearing
Tamps, Chip Detector)

— Rotor Speed Monitoring

- Aircraft Configuration

- Marker Beacon Advisory

~ Alrspeed Monitoring

- Autopilet/Flight Director Monitoring

- Bi1t Fault/Warmning Recording

“l



Horizsontal Situation Display Fresentations

North Up Map

- Heading Up Map
Hover

- Weather Radar

- Tactical (Futurej

Frimary Flight Display Presentations

~ Farward Speed Modes
- Hover

GMT Clock Function

Fusl Totalizer Function

Weight and EBEalance Computations
Ferformance Computations

- Taizgoff Performance
~ Climk Performance
- Cruise Ferformance
~ Arrival Ferformance

Data Link (Future expansion capability)
BIT (Built in Test)
Normal, Emergency Checklists

The autopilet is digital. The inner loops were developed under an
earlier NASA Ames program and recoded for use in RODAAS., The
ocuter loop equations are a miit of DAAE and NASA supplied material.
The navigation/flight plannimg funztion computes aircraft position
with respect +to an entered flight plan by using an INS position
blended with poeition information extracted +from automatically
tuned VYOR, TACAN and DME receivers. (Blobal Fositioning System
Future). .

RODAARS includes eitemsive monitoring, with warning capability.
For example, the RODAAS system manitors engine performance,
aircraft configuration with respect to <flight condition, and
informs the pilot of undesirable situations, The RODARAS computer
serves as & BMT clock,

The fuel wused wvelue is obtainsed +from fuel Flow integration.
combined with capacitance gauge information,

The weight and balance calculations, and the takeoff, climb,
cruise, and arrival performance calculations can be quickly and
canveniently performed using RCDAAS controls and displays.



The RODAAS system will determine fusl and time regquired Lo fly
speczific segment distances givan altitude, tempersture, wind data,
and engine pawer setting or sirspeed desired.

A Ogta Link simulation has been provided.

The RODAAS svystem will detect and leogalize its cwn faults via
built—-in-test (BIT) . Fravisions area also inciuded for
troubleshooting the RODAAE hardware through RODAAS controls and
electronic displays. :

Nermal and emergency checklists are stored in the RODAAE camputer,
and are available for display at the push of a button.

These functiomns are managed via shared controls and displays,, and
performed in the common RODAAS computer system.

The <ollowing "is an introduction to the RODARS controls znd
digplays, computaer system architecture, and a description of
major RODAAS subsystems.

3.2. RODAAS CONTROLS AND DISPLLAYS -~ GENERAL

The ROD&AE system includes:
Controls and displays necessary to marage RODAAS funcztions.
Indapendent safety pilat insgtrument [nstallation.

These controls and displays of the control panel are laid out ag
indicated in Figure 3-1. The RODAAS pilot is in the right seax,
and the safety pilot is in the left seat. Electronic displays-the
Morizontal Situation Display (HSD), the Frimary Fl.ght Display
{(FPFD) and the Control DPisplay Unit (CDU) ~ are key elements of the
panel. -

The HSD presents a moving map display siiowing rotorcraft position
with rzspzct to desired course. The digplay is a 4.5 inch by 4.9
inch monochromatiz 8sll Brothers 1OTC CRT raster display wunit,
The display unit has 206 by 204 dot matrix display capability.
P47 phosphor is used Ltogether with zn appropriate narrow band
optical filter fo allow operation in bright sunlight. The HED is
controlled by functional control buttons .and a manual slaw
cantraller,

The Control Display Unit (CDU)Y is the pilot’s primary means aof
interacting with RODAAS. Included are a keyboard at the bottom of

the unit and a set of function buttons along the top. The
function buttons include a set of page select hHuttons whiceh
determing the information that is displayed. Four menu select

buttons are lecated on the left and right side of the CDU.

(1]
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The CDU uses a Sharp Corporation electroluminescent (EL} graphic
display. This thin—film EL display panel is known for it's high
brightness and long life. It providaes a clear, kthin display area
af 32.94 1inch by 4.72 inch which has a viewing angle of greater
than 120 degrees. The orange-yellow display color (peak
wavelength 5850 A degrees) provides a brightness of 29 +faoot-
lamberts without a filter.

The CDU can display 246 lines of I2 characters each. Line spacing

is 0.258 inch, character height is 0.081 inch, and character width

is Q.077 inch.

The FFD is a CRT Quilt by Sperry and it will be made available +4or
RODAAS by NASA.  The display is used for vertical situation
infaormation and includes vehicle flight path.

The altimeter iz an IDC Encoding Altimeter type S19-28702-S71.

The vertical speed indizator presents ratzs of climb, or descant,
in feet per minute.

The Indicated Airspeed indicator receives airspeed intormation via
the basiec aircraft pitot-static system. This airspeed informaticn
i3 considered unreliable below 40 to S0 knots.

The Low Range Rirspeed System (LORAS) svystem provides accurats
airspe=sd inftormation +oc the FFD for the Hover task. I+ is
suggested that consideration be given to repnlacing the current [AS
Indicator with a LORAS Omni-Airspeed Indicator <(QAI). For backup
a gmal 2 inch IAS Indicator using the pitot-static system can be
mounted Jjust above the DAL,

The RODAAS Autopilot Mode Controller is located on the center
pedestal, and the Autopilot Mode Annunciator is laocated above the
FFD.

RODAAS engine instruments are centrally located and ars accessible
to the RODAAS piiot and the safety piloet.

NAY Receivers are automatically tuned by RODAAS.

The =zafety pilot instrument set is independent.from the RODAAS
instruments, and adequate for safe instrument flight with RODAAS
inoperative.

The safety pilot’'s Fictorial Navigation Indicator (PNI) displays
aireraft magnetic heading (gyro-stabilized), selected heading and
selected course. Alse, VOR and localizer course deviation,
glideslope deviatian and a TO~FROM indication are presented.

The RMI displays vehicle heading, and the bearing to selected VOR
and TACAN stations.

fdircraft master power controls and circuit brealkers are located on
the overhead switch and circuit breaker panels.

o mm



S.3. RODAAS SYSTEM ARCHITECTURE

The RODAMAS system architecture is presented in Figure 3I-2. The
architecture is characterized by a modular computer system
structure; i.e., multi-microprocessors interconnected by an IEEE
483 data bus, Each processor bleock in Figure 3-2, represents an
Intel 80gd lo-bit microprocessor, 2K by 1& UV-EFPROM memory, and 4H
by 14 to L&k by 1& RAM memory. ‘

Each processor performs a function, and interfaces directly with
the subsvstems associated with that function. At power-on, the
bus controller Central Computer (CC) CPU-1 takes <functiaonal
programs from the nonvolatile EEPROM memory, and seguentially
loads each processor at the rate of approximately 1 processor per
szcond. When all processors are loaded, the bus controller
activates the system. The bus contreller then manages bus
communications duringa normsl operations.

There are four moditication phases indicated in Figure -2, The
phase O package provides a repartitioried DAARE system +to achisve
the architecture pictured. The autopilot iz also reprogrammed to
control  the UH~-1HW aircratt. In the second stage, phase I
indicated by the dashed lines, will add the automatic radiec tuning
Fystem, an external video input to the HSD, an electronic PFD and
& Honeywell consigned Laser lnertial Mavigation System (LINE) +to

the hardware already +abricated. Frogramming necessary to
implement these changes will also be accomplished; i.e.,
navigation radio control and sensor conditiening. This document

includes details on all modifications through phase 11 whigh
includes the installation of RODAAS in a UH-1H rotorcraft. Fhases
III and 1V provide RODAAS with more research flexability for NOE
flight, wvoice and euxpanded navigation capability., These added
features are included for reference in parts of thics document.

A portable TI ECilent 700 cassette uwunit or any other RS-2Z2
tompatible devige can interfsace with the bus contreller to allow
load or meodification of the functional software.

CC-CPU © is a spare processor. If processor CC-CPU 4 fails and
the bus controller detects the failure, the bus controller will
lgad CC-CFU T with appropriate software from EEFROM memory, and
CC-CFU $ will take aver the function of the +failed processar.
Such reconfiguration could be extended to other processors such as
CC-CPU 2, the autopilot. However, for such reconfiguration’ the
spare processor must interface with autopilot subsystems, which
reguires additional multiplexing of hardware. Reconfiguration was
thus applied only to a limited degree in this system.

The RODAAS architecture is modular. Functions can be added by
adding necessary standard protessor modules onte the 488 data bus,
and interfacing these processcr modules with the devices

associated with the mew function.
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Seven processores (phase 0) are contained in the RODAAS Central
Computer. Unit. One praocessor is contained in the CDU, and one
processor is contained in the radio adapter unit.

3.4. RODAAS MAJOR SUBSYSTEMS

RODAASE system components, and their interconnections are depicted
in Figure 3I-7, RODARAS System Diagram. Interconnection between the
RODAAS panel controls and displays, sensors, and the RODARS
computer system iz shown. The RODAAS Central Computer obtains
data +from the radie system (radio adapter umit), +flight control
sennors, engine instrumeénts, configuration status sensor, and COU.
Functional computations are performed on the input data and the
results sent to the HMSD, PFD, warning/cauviion annuncistions, and
autopilot servos. ’

Following is a description of the RODARAE major subsystems
including:

Central Computer Unit

fRadio System

Flight Control Sensors, Servo Actuators
Engine Sensors

Configuration Monitor Sensors

Data Link

Ring Laser INS

Miscellaneous Sensars

Selected devices are depicted in Figure 3-4,
3.4.1. CENTRAL COMPUTER UNIT

The central computer unit performs the functions of mavigationm,
erngine monitoring, flight control, .weight and balance
computations, performance computations and maintenance test.

The computer unit contains saven 16-bit, Intel BCBs
microprocessoars interconmnected through an IEEE 488 data bus
system,

Following is description of Central Computer elements including:

Frocesger
Input/Cutput

EEFROM Memory System
HSD Controller

Fower Supplies

Z.4.1.1. CENTRAL COMFUTER FROCESSOR

The Central Computer processeor, Figure I-4, is designed %o fit om
a single module. The 8084 Microprecessor, 4k RAM, 2k UV-EPROM,
interrupt controller, ctlock, memory chip—-select logic, bus—buffer
logic, and 488 bus interface are included on the procéssor module.
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The 8086 is a 14~-bit integer microcomputer. It containsg four 1&6-
bit index registers. The processor chip can address up to 1
megabyte of memory. The processgsor has adeguate throughput, and
PLM higher order language coampiler is available.

Each processor module has a 2k » 16 UVW-PROM and 4k it 14 to lé&k
14§ RAM memory. Software requirad to load each processor RAM is
located in the UV-PROM

Ultraviplet eraseable FROM is implemented using the 2k & 8, 271é
UV-EPFOM device, and RAM is implemented using the 4k 1, 2141
part.

Aralog and discfete 1/0 conversiens, and IEEE 488 data bus
transactions are contralled directly by the 8084 processor.

The Bus Interface Module (EIM) between the Intel BUB&
Microcomputers and the [EEE 488 Data Bus is implemented usimg a
TME 9914 Talker/Listemer chip, and 751460 and 75161 bus drivers,
The THME 9914 is designed to perform the interfatce function between
arn IEEE 488 bus and a microprocessor. IEEE 488 standard protocol
is handled automatically in Talker, Ligtener, or Controller
oparational modes.

T.4.1.2., CENTRAL COMPUTER INPUT/QUTPUT

— = o —

The central computer unit containes input/output (1/0) and controcl
cirquitry which is summarized as follows:
54 Discrete Input Chanmels
42 Discrete Output Channels
&4 Analog A/D Input Chanrnels
14 Analog Qutput Channels
1 Video Cutput to HED-CRT
& AC input signal conversions including a demodulator
controller, 1 Seott~T transformer, and T demodulztors.
1 Hardwarg Real-time-clock counter
1 I/0 contral leogic, including BIT logic circuitry
1 Master clear detection and timing circuit and .
cther special pewer handling éircuitry.

T.4.1.%. EEFROM MEMORY SYSIEM

The Intel 2814 Electrically Eraseable FROM (EEPROM) is uwsed for
the nonvolatile mass storage in the central computer umit. This
EEFROM memory system consists of two card assemblies containing a
total of 48 EEPROM devices, with s:upansion capability to &4
devices. The mass storage, which is accessed by using a bank
selact arrangemesnt, gives the system a base of 786 kilobits with
expansion te 1 megabit.
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Z.4.1.4. HSD DISELAY CONTROLLER
The HSD display 1is controlled by ALT-2 . dieplay controller
located in the central computer unit. The ALT=-S12 is & complets
graphics display controller on a single $-10G bus plug in board.
It containe its own refresh memory, TV sync and video generator,
and all I/0 +for the S-100 bus. Each display dot (pixel) is
addressable wvia X-Y registers and can either be written into or
raead out. The board has sii output and two inmput ports built-in.
The display field consists of two 28546 & 286 % 1 planes. Either or
both planes can be displayed in various combinations.

3.4.1.5. CENTRAL ECOMFUTER FOWER SUPFLIES

The Central Computer Unit contains system power supplies. Fower
supplies convert 28 Vdc input power to £ Vde (Abbott BN1OID-SA),
and to 1% Vdec (Abbott BENSOD-1SA). A 115 voit, 400 Hz power
conversion is included for + 21 Vde (unrequlated) and 26 Yaz power
needs. A master clear generation circuit is also incluged in the
central computer unit.

3.4.2. RODAAS RADIO SYSTEM

The RODAAS Radio System provides the communication anmd navigation
radios for RODAAS computer and the system radios. The radio system
is composed of th& fpllowina wunits;

Radio Tunimg CFU

EFE S98/KTR 908 King Digital Comm

Audio Panels and Marker Beacom Receiver
KFS S&4/ENR 674 kKing Digital New

KFS S7&/EXF 756 king Digital Transponder
Cable GE84%/KTU 70% king TACAN AZIMUTH/DME

Following is a description of thesz radic system elements.

T.4.2.1. RADIO TUNING CPU

The functions performed by the radio.tuning CPY include:

-Tune the radios as commanded by the navigation system or the
operator via the CDU ’

=FProcess VOR/LOC/GS data received from the digital NAV
—Proce=zs TACAN AZIMUTH/DME information

-Benerate a radiao system status word

-~Format all data for system usSage

-Exchange tuning and radic data via the IEEE-4B8 bus

In addition to interfacing with the radieo units, the radio tuning
CPU also interfaces with:
Marker Boacon Receiver

Auta/Man Radio System Tumne Switch
NAV/TACAMN Bearing Select Switch

i4



Complete piict control in a manual mode of operation is assured by
the manual position, A system interface diagram is presented in
Figure 3-5.

The RODAAS radioc tuning syztem uses the processor assembly similar
to those found in the zsentral computer unit to provide a flexible
interfsce for control and data processing. Communication with the

zentral computer i3 achieved wvia the [EEE 482 bus., The radio
tuming processor receives tuning frequencies from the flight
planning CPU and sends them tg the appropriate radios. The

received navigation data is processed and stored for bus transfer,
Radia information is exchanged on the 488 bus at a fized rate.

The Radio Tuning:System provides monitoring of the VOR, TACAN,
localizer, DME and glideslope sigmals to verify that a useable
signal is being received. Valid flags associated with each of
these gignals are2 sent to the RODAAS zystem via the radioc system
status word, to ensure an ingperative signal is not wused for
ajreratt control. The marker beacon receiver is also monitored
and reception of inner, middle and outer markers shall be
indicated to the RODAAS complex.

The KNR 434 Digital NAY provides a video zomposite with either VOR
ar LOC information modulated onts the 9940 HI subcgarrier, the
interface circuit identifies what type of informaticon iz present,

demcdulates the gomposite, and digitizes the result. Glidaslope
information is also available from the ENR &34 recaziver. The
signal will be conditiomed in the interface far gigital

conversion.

The radie tuning system has the capability to tume the KTR <05,
KNR 534, and KTU 709 remote radios. The interface will szimulate
the actions of the +Front panel rotary knobs by closing
increment/decrement switches electranically to change fraguency.
The standby frequency only is affected by the tuning process. Ta
change the agtive channel, the standby is tuned to the selected
frequency amd an  active/standby euxchange is executed. The
appraximate waorst case tunirig time for a NAV or COMM sweep full
band is 250 milliseconds. To erxecute an active/standby exchange,
approximately S0 milliseconds is regquired. For the transponder
and TACAN DME receivers, approiimately 250 milliseconds should be
reguired for tuning andg valid data acquisition.

S.4.2.2. COMMUNICATION RADID

The RODAAS Communication Radie is the King Gald Crown III1 ETR 208
remaotz maunted unit and the KFS S98 pan=1l mounted frequency
selector., The remote unift will be mounted in the electronics bay,
while the frazquency selectaor will be located in the pedestal (see
Figure Z«l)., The KFS %8 has standby and active frequency storaage
capability, It tumes a freguency range from (18,0 to 1Z3.975 MHZ
in 28 kKHI increments. Automatic squelch with manual override on
the frequency selector i3 also provided.

S T oo

e — T T



Figure 3-S: RODAARS RADID TUNING SYSTEM
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Fa4.2.3. NAYIGATION RADIO

The Navigéticn Radio is the King Gold Crown III KNR &34 remote
mounted wnit and the KFS Z64 panel mounted fraquency salector.
The remote unit will be mounted in the electronics bay, while the
fraquency selector will be located in the pedestal (see Figure
-1, Active and standby fregquencies are storzd and displayed in
the HKF3 S84, Automatic channeling of a KDM 708 DME recaiver is
also provided by the KFC Sé4 fraguency selechor The VOR/LOC
receiver tunes the frequency range 108.00 to (17.99 MHZI in S0 KHZ
increments. The 6S receiver is channeled from the localizer
freguency selecisd. Forty chanmels of GS are available in the
range of 329.15 to I3T.00 MHZI at 150 KHZI increments. As with the
comm transceiver, this receiver can be locally or remotely tuned.

Z.4.2.4. TACAN

The KTJ 709 remoke TACAN Unit can be automatically or manually
tuned. In automatic made, it i3 chamneled from the tradio tuning
gyetem, The DME tunes 2TZ UHF channcls, has a minimum output powsr
of 250 watts and a sensitivity of =70 db minimum. The bearing
compaonent has an accuracy of + 1 degras with 2 tracking rate of =
20 degrees/sacend. In manual mode, the KTU 709 accepts tuning
commands from the GABLES model GIZ849 TACAN control head.

I.4,2.5, TRANSFONDER

The KXF 756 Digital Transponder is a King Gold Crown III remotely
mounted wunit. It transmits on a freguency a+ LOF0 MHZ + 3 MHZ.
Transmitter output power is 250 watts peak pulse. The recelver
frequency is 1030 MWZI. The KAF 756 is remote tuned manually using
the KFS 374 frequency selector and control head. This unit may be
automatically tuned by the RODAAS system using the same techniques

used om the NAYV COMM and DME radios.

The KXP 735& i5 capable of locating the user through the air

traffic control system. Range and azimuth are established by the
return from the transponder’'s pulsed tramsmitter, in reply ta a
routine interrqgation from the graund radar site. When used in

conjunetion with an encoding altimeter, . the kEXF 736 is capable of
made C operation, and can be used to convey altitude infoarmation.

3.4.3. FLIGHT CONTROL SENSORS, SERVOACTUATORS

The feollowing flight control sensors, servoactuators are described
bel ow:

Encoding Altimeter (corrected altitude)
Autopilot Servoactuatars
Ring Laser Inertial Navigaetion System (future)
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The ercoding altimeter provides a pressure altitude signal ko the
Transponder and also a corrected alfitude signal to the RODAAS
computer, The corrected altitude signal is the primary RODRARAS
altitude reference,. When pressure altitude is required it is
computed From this signal and a pilot entered or automatically
enterad altimeter setting.

3.4.3.2. AUTORILOT  SERVOACTUATORS

The RODAAS autopilot servoactuators are currently undefined.
However, a scheme similar to that shown in Figures 3-¢&, 3I-7, and
-8 could be emplbyed.

The series servos are limiteg-authority, electrohydraulic position
servos that produce additive position changes {n the respective
rotor blade pitch angles which are not reflected in stick or pedal
positions. Mydraulic powsr is applied to the series servos by
energizing the solenoid valve. With the hydraulic power on, the
rate of lirear motion is directionally proportional to the current
through the transfer valve, With the hydraulic power off, the
actuator is centered and locked in position, making the whole
series servo a rigid link, The series serveo package would contain
LVDT "= for sensing zeries actuator position that is reguired for
serveo loop closure and monitoring.

The parallel serves are electromechanical rate servos that act on
the sticks, pedals and collective through the bungees to off-load
the zeries serves. The serves have split shunt-type DC motors and

& tachmeter for measuring rate for serveo loop closure. Magnetic
brakes in the servas prevent <¢reep in manual mode, i.e., when autg
or cantrol stick steering not engaged. The servos have clutches

which, when disengaged, remove the bungee forces from the sticks
and pedals.

o - ——

The Laser IRS system provides a strapdown inertial system that
performg all the computations related to pesition, course and
attitude and velocitiwes. It is a high accuracy reference system
providing all attitude, body rates and heading data (magnetic and
true) needed Ffor flight instruments, navigation and autopilot
imputs.

3.4.4. ENGINE SENSORS

The following engine imformation is sensed ard supplied to the
RODAAS Computer: .

E:haust Bas Temperature Tail Retaor Chip Detector
Fuel Pressure : Engine Fuel Fump Inop.
Engine Gil Temperature Right/Left Fuel EBoost Fump
Engine 0il FPressure Right Fuel Boast FPump OFF
Transmission Qil Fressure Fuel Filter Clogqged



Figure 3-&: CYCLIC CONTROL AND SEFVOACTUATORS

N
T T et -
T R |
. : ekl
oF ;JOOR et {
LVOTS2MEa) '
SERIES SERVOR !
(T AN AOLL) /
Qanes

CONTRGL
STOPS

MTSH AND AOLL
POSITION SENEOAS

—_— MreH
]
-2 El i nn::;ul.

RESLARCH MAGNLTIC

- AL BRAFY (ROLLI
PARALLE)
SERvo
RESCARCH BUNGELS
RISEARCH MAGNETIC MTEH AND ROLL)
ERAKE IPITON)

i9



Figure 3-7: DIRECTIONAL CONTROL AND SERVOACTUATORS
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Figure 3-8: COLLECTIVE CONTROL AND SERVOACTUATORS
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Transmission 0il Temperature Engine Air Filter Clogaed

Rotor Tachometer Emer Fuel Control On
Engine Tachometer : Hydraulic Fressure Low
Gas Producer Tachometer Fuel Quanmtity Low
Torque Pressure Engine Ice Detector
Engine Chip Detectar Engine Ice Detector OFF
Engine Inlet Filter Clogyged Engime Fire Detector
Transmission Chip Detector Fuel Flow Sensor

3.4.4.1. EXHAUST BAS TEMPERATURE

Temperature is taken from thermocouples mounted in  the enaine
exhaust diffuser section forward of the tail pipe. Ne electrical
power needed, 2 :

i:4

-4,4.2, FUEL PRESSURE

e —— S e

Transmitter is located prior to main fuel +filters and the enagine
driven fuel pumps. .

T.4.4.3. ENGINE QIL TEMFERATURE

An rlectrical resistance type thermocouple measuwres temperatures
ef oil inlet to engine. Electrical power from the DC essential
tus is required circuit protection is provided By a circuit
breaker.

T.4.4.4. ENGINE QIL FRESSURE

The transmitter and indicator require electrical power which is
supplied by the Z8-volt AL system. A circuit breaker protection
is provided. '

F.4.4,.5. TRANEMIESSION OIL FRESSURE

The +transmitter and indicator reguire electriczl power which is
supplied by the Z8-volt AC system. A circuit Sreaker is provided
for protection.

T.4.4.46. DUAL TACHOMETER

A dual tachometer iridicates both engine and main rotor RFM., Fower
faor the indicator is provided by tachometer generators on the
engine and transmission. The system is self—generating;
therefore, there is Ao connection fraom the helicoptéer ‘s electrical
system.

3.4.4.7. BAS FRODUCER TACHOMETER

The ga&s producer tachometer indicator registers RFM of the uwas ’

producer turbine and is self generating regquiring no powar from
the helicopters electrical system.



3.4,4,.8. TORQUE FRESSURE

The torque pressure Lransmitier is part of the engine oil system
and indicates torgue in pounds per square inck of torque imposed
on the angine output shaft., Electrical power is required from the
i8-volt .AC supply. A circuit breaker protects the system.

2.4.4.%9. ENGINE CHIP DETECTOR

i i B gy o o s v i

A magnetic znsert is installed in the o0il system to detect metal
particles. A circuit breaker praotects the circuit.

3.4.4.10. ENGINE INLET EILTER CLOGGED

e -‘-_

A differential pressure switch senses a clogged filter and
provides the resulting disecrete., The circuit is protected by a
circuit breaker,.

T.4.4.11. TRANSMISSION CHIP DETECTOR

Magnetic inserts in the drain plugs of the transmission sump, the
intermediate {42 degree) tail rotor gear bou and the tail rotor
(70 degreel gear bax. Thege plugs pravide a means of inspecting
for metal particles. :

3I.4.4.12. JAIL ROTOR CHIF DETECTOR

Same as Transmiszsion Chip Detkector.

T.4.4.13. ENGINE FUEL EUME INDS
If either element of a dual engine driven fuel pump fails a
differential pressure switch senses the falled element and
provides the resulting discrete 4o the computer umit.

Pump failure is sensed by flow switches which clese energizing the
left or right pump caution discrete. Fower is provided for
switches from 28 volt DE essential bus. The circuits are
protected by circuit breakers.

S.4.4.15. _GHT FLUEL BROQST PUMPE OFF

Ne fuel flow is sensed and a warning- discrete pravided.
Annunciation prior to engine start tells the pilot the circuit is
functioning., Power is supplied by the 28 volt DS essential bus.

%.4.4.16. FUEL FILTER CLOGGED

A differential pressure switch senses a clagged filter and closes
cartacts provide the appropriate disecrete. Power is supplied from
the 28 volt DC essential bus. Circuwit protectien is providesd by a
circuit breaker.

2
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3.4.4.17, ENGINE AIR EILTER CLOGGED

A differential pressure switch senses the clogged Ffilter and

provides the associated discrete to the computer unit., Fower is

supplied by the 28 volt DC essential bus. A circuit breaker
protects the circuit.

3.4.4.18. EMER EUEL CONTROL ON

A discrete is provided to alert the pilot that the EMER FUEL
control is on. Power is supplied fram the 28 volt DC bus and
circuit protection is provided by a circuit breaker.

A discrete indicating that the hydraulis pressure is low is
provided by a pressure switch. Electrical jower is supplied by the
283 valt DC essential bus. A cirzuit breaker protects the circuit.

3.4.4.20. FUEL QUANTITY LOW

A fuel guantity sensor in the left fu=sl tank turns on & discrete
when 20 wminutes of fuel remains in the tank. Fower for the
discrete is csupplied by the 28 volt DC essential bus, The circuit
is protected by a circuit breaker.

3.4.4.21. ENGINE ICE DETECTOR

The detector senses ice in the engine air intske and issues - a
discrete., The detector is supplied with electrical power from 28
volt DC essential bus. Circuit protection is provided by a
circuit breaker. .

I.4.4.22., ENGINE ICE RETECTOR OFF

The wngine ice detector discrete indicates if the circuit breaker
is out, the probe 1is clogged or when there is an 2lectrical
malfunction. Fower is supplied from the 28 volt DC -essential bus.

T.4.4.2T. ENGINE FIRE DETECTOR

Fire detector units are strategically placed around the enaine and
attached to the engine cawling. The fire light and the detectors
are supplied power by the 2B volt DC essential bus.

Z.4.4.24. FUEL FLOW SENSOR

The RODAAE Fuel Flow Sensor is the Flo Scan 200 Turbine Flow
Transducer.,

Series 200 turbine flow tramsducers measure flows by hydrocarbon
fuels such as gasoline, kerosene, and No, 2 diesel fuel and other
light transmitting, nom—-corrosive liquids ef .similar viscosity.

‘e
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The transducers give linear signals on gasoline across a 100-ta-~{
flow range down tao 0.3 GFH. The transducers produce a currant
pulse signal from an opto-electronic pickup.

3.4.%9. CONFIGURATION STATUS SENSORS

The feollowing conditions are sensed and inbﬁt ‘to the FRODAARS
comprter to be used for status correlation and displayimg warnina
to the pilot as necessary.

CABIN DOORS - Switches are included to sense whether or not the
deors are latched and secure.

BIT ENABLE - Igﬁition lock ,roteor RPM and throttle at stop are
used to indicate on ground state. The BIT enable state is regquirsad
to perform the built in test checks,

RADAR ALTITUDE -~ Rader altitude validity status monitaring i3
provided. ‘

EXTERNAL POWER = Indicatioen of eaxternal power connection is
pravided.

T.4.6. MISCELLANEOQUS SENSORS

RODAAS True Airspeed (TAS), OQutside Air Temperature (0AT), +fotal
airspeed and atmospheric prassure (millibar) are pravided by a
FACER LORAS (Low Range Airspeed Sensor) system.

This output from the LORAS system provides accurate true airspesd
from © KT fto 200 KT, with accuragies of + 2 KT8 to + 4 KTS
respectively,

T.4.6.2. 0AT SENEDOR

Tm e e ———

This oautput from the LORAS system provides temperature in degress
centigrade in the range -35 degrees C tog +34 degrees C with an
accuracy of + 2 degrees C,

Z.4.46.7%. FREESLIRE SENESOR

The pressure output of the LORAS system provides barometric
pressureg in the range af 400 mb to 1100 mb with an accuragy of
+ 10 mb. {11.81 in te 32.48 in + 0.3 in). '

J3e4.7. DATA LINK
A demonstration simulation for the Data Link ie ineluded in  the

RGDAAS svystem. This function as described in paragraph 3.9, is
mechanized in CC CPU~é and interfaces with the CDU display.’
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3.5. RODAAS POWER DISTRIBUTION
The UH-1H power distribution system is illustrated in Figure 3-9.

The RODAAS power comes fraom the aircraft essential DC distribution
bus and iz backed up by a dedicated RODAAS battery, resulting in
uninterrupted DC power, )

When the RODAAS system circuit breaker is pulied, the RODAAS
battery and correspondingly the RODAAS =ystem, 1=z disconnected
from the aircraft bus so power cart or engins start trinsients are
avoided. When the essential bus is powered, the RODAAS battery is
connected and will be charged if it is low. The RODAASE system is
diode coupled to the esgential load distribution bus, so it is not
ugsed for starting and low-voitage transients will not propagate to
the RODAAS system. The RODAAS battery may be disconnected from
the essential bus at any time by pulling the RODAAS battery
gircuit breaker.

Aircraft and RODAAS power controls are located on the averhesad
switech panels. The RODARS locking power switeh is located on the
right lower overhead switch panesl. The guarded preflight-normal
switeh is located om the left lower overhead switeh panel. The
purpos2 oOf *this switch is to allow the use of the RCDAASE s=system
for preflight flight planning with minimum battery drain. The
RODARS battery supplies the power for thic function when the
aircratt battery switch is off. With the RODAAS power switch ON
and the preflight—-normal switch in the FREFLIGHT position, the
power is supplied only to the RODAAS computer, CDU, HSD, PFD and
LINS., 1In the NORMAL position, power is also supplied to the servo
actuators, mode selsct panel and RAU.

The overhead circuit breaker panel also provides circuit breakers
to protect cirosuits associated with RODAAS components.

AT b i s
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Figure 3-9: RODAAS SIMPLIFIED POWER DISTRIBUTION
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4. RODAAS MULTIFUNCTION CONTROLS AND DISPLAYS: CDU, MSD & PFD

The RODAAS system employs multifunction controls and electronic
displays including a Control Display Umit (CDU), a Frimary Flight
Display (FFD) &nd a Horiztontal Situation Display (HED). These
multifunction ceontrols and displays are involved in many of the
RODAAS functions and are thus introduced here preliminary te
discussion of the individual functionms in section 5.0.

4.1. CONTROL DISPLAY UNIT DESCRIPTION

The RODAAS CDU is shown in Figure 4-1, Two rows of push buttons
located across the top of the device are 1) NAV function controls,
and 2) display psage select buttons. Data entry kevboard and
special controls are located below the CDU digplay.

The following paragraphs provide a description of the CDU controls
and displays.

4.1.1. NAV FUNCTION CONTROLS

The NAY function controls, located above the CDU display provide
select commandz to the navigation system. These selection commands
are described more fully in section 5.0

4.1.2. PAGE SELECT BUTTONS

The page select buttons sbove the cDu display are used to call up
various function display pages.

4.1.3. CONTROL UNIT DISPLAY

The CDU uses & Eharp Corparation electroluminescent (EL) araphic

display. This advanced thin-film EL digplay panel is kmown for
it's hiagh brightness and long life. It provides a glear, thin

display area of 3.54 inch by 4.72 inch which has a viewing angle

of greater than 120 degrees. The orange-yellow display <olor

{peak wavelengtn SES0 A degrees) provides a brightness ef 25 foot-

lamberts withouwt a filter. The disglay general laveut is shown

-im Figure 4-1.

The CDU can display 24 lines of 232 characters each. Available
characters are presented in Figure 4-2. Line spacing is O0.25
inch, character height is C¢.0B1 ineh, and character width is Q.077
inch.

The display top line ‘g reserved for the label or title of the

page and the page number. The second line can be used for any
desired te:t. The lower left hand corner, 1O characters wide is’
reserved for data entry scratchpad. The remainder of the lower

two lines arg reserved for warning and error messages.
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-Figure 4-1; CONTROL DISPLAY UNIT (CDU)
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Figure 4-2: CDU CHARACTER SET DEFINITION

Standard page formats have been defined for the CDU display.
These are shown in Figure 4=-% and disgussed in section 4,1.7.

4,1.4. CDU BEZEL BUTTONS

The bezel puskhbuttons wuse RE-AL TACTI-MEM membrane switches
configured in a 1 X 4 layout. These buttons pravide tactile feel
and lomg life, while maintaining temperature resistamce. The
TACTI-MEM switches are mounted on the console using a pressure
sensitive adhesive and if reqguired, could be operate on a curved
swrface.

The bezel buttons are wsed in data entry and function or toggle
switching, The becel buttons and their touchpoint functions are
independant and may be arranged in any format, These uses are
discribed in later paragraphs. .
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Figure 4-4:1 CDU DISPLAY PAGE FORMATS (Cont)
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4.1.5. CDU KEYBOARD

The CDU kevboard, Figure 4«Z, allows both alpha and numeric
character entrwv, Each key has one numeral and three alpha
characters, Alpha character entry requires :twe butten pushes.
First one must press the key with the triad of alpha characters
that includes the desired alpha charactar, and then press one of
the three post designetion kevs to select the 1zt, 2nd, Zrd alpha

charachter of the triad. The software assumes a numeric sgntry
unless a poust designator is pressed. Thus, no post designator is
reguired +for numeric entry. The three keys along the bottom are

the paost. designatars.
Back space, enteri and clear keys operate as follows:

BACKSPACE - Used to backspaca {n scratehpad (SFAD) data entry
operation for erraor ccrrection.

ENTER - Transfers data from scratchpad to entered data.

CLEAR - The action taken when the CLR entry key is deprecssed
depends on the state of the CDU display when depressed.

ABC | |DEF | [ GHI

JKL | {MNO} {PQR

7 9
STU | (WX | |YZ/

‘e . BK

Figure 4-3: KEYBOARD LAYOUT

[ ¥,

i . LA TS | S onath e -

AT A e s

v/



4.1.6. CDU MISCELLANEDUS CONTROLS

The +our controle below the DU display (Figure 4~1) have these
functions:

BACK=FWD ~ Changes page selection to the previous page or the neit

page in a seguencea. If the last in a sequence is ancountered, a

next page selection will call up the first page in the sequ=nce.

WRN ACK =~ Used to achknowledge warning messages, remove tha
megssage, and extinguish the warning light.

DIM - The DIM control varies the liight intensity for night
lighting of the héyboard, all CDU NAV and page select buttons and
the HSD control buthtons.

DEC/INC - The DEC/INC control provides a means to decrement or
increment a selected data entry variable. This allows the data
variable to be changed- rapidly without entering through the data
entry keyboard, Units of increment/decrement are determined by
the data position selscted.

4.1.7. CDU DATA ENTRY

For pilot convenience, data entry on =& page sequences
avtomstically down the left side of the page and then down the
~ight =side. When the pilpnt touches & data entry touchpoint, a data
entry arrow appears on the screen at the item to be entered.
Atter the pilot enters that item, the arrow moves to the next data
entry location. When all re.ated data on the page iz entered the
arrow disappears. Data entry may also be accomplished in a random
arder supply by selecting the entry touchpoint and entering the
desired data.

Data can be entered one parameter per touchpoint (single parameter
gdata entry) or two parameters per toushpoint {(dual parasmneter data
entry). See Fiyure 4-2 and 4-4 for enamples.

The touchpoints may also be used for activating functions or
togaling between data items. For function switching a bezel button
activates a function, eg., sSelects & page or selects a functieon.
For togeling, activation of the touchpoint causes a "¢carrot" to
toggle hetween the selected data items. Far example, a touchpoint
may toyggle between MDA and DH active or not active mode.

4.1.7.1, SINGLE FARAMETER DAT& ENTRY

e i e i s

Fressing & touchpoint wil! cause the arrow to point te the entry

{see stamdard format, Figure 4-3). The current centents of the
entty selected will be copied to the scratchpad. This data may
then be slewed, using the DEC/INC knob. If dota is entered via

the keybcard, the scratch pad will be cleared and entered data
will be dizplayed. To conclude entry, push the ENTR key. If the
dats is valid it will be enter=d.
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[f data is found to be not valid, the arrow stays and an srror
message i3 displayed. Entry of blanks will leave data (n +khe
variabl=s space wnchanged. Touching the same toushpoint again will
cause the arrow ko diszppear.

If no entry is desired, depressing thua keyboard clear button (CLR)
with the scratchpad clsared will cause the smtry to change ko itks
power-up value.

When no entry arrow enists, neo data entry error ar systsam
operation error message is displaved and the SPAD iz clear, tha
CLR entry iz ignoread.

When & value enxists in the SFAD, but no warning or error message
exists, selectian of the LLR entry will clear the SFAD, but leave
the data entry arrow unatfechtad.

Whert a dafa zntry arror messsge anishz along with the ervonsous
2ntry in SFAD, selection of the CLR antry will clear the SPAD and
the error message, lgave the =2ntry arrow unaffected, and =snable
further sntriss.

Whean a system operation error message sxisis (discusszad in a later
paragrapihl), selesction of the CLE entry key will clesar the arror
message and 2nable further entries into the system.

4.1.7.2. DUAL EARAMETER DATA ENTRY

The touchpoint bazel button will producs an arraw  (Figura 4-3)
whizh will peoint to the first antry. I will +togglz with
subs2quent touches.

Data is entered the same as for single parameter entry. Om entry
of the first parameter, the arrow will move to the secord lins.
On entry of the second line, the arrow will procsed to the neut
data entry and entry is considersd complets. Blanks will be a
valid entry and will imply that data in the selected entry is not
ta be changed. "Na entry" can be effected in the same way as
stated asbove far single parameter data entry.

When a valid eniry is made at a towchpoint, the antry will be
traneferred to its indicated pesition am the display.

The entry arrow actomatically praceeds to the second data entry
whan the first entry is made. Entering data at the <Final dual
parameter entry cn a page clears the arrow.

4.1.7.3. DATA ENTRY BENERAL REQUIREMENTS

P LY

All data must be entared right justified. Digits will move from
right to left as additional esnirizs are made. A decimal paint is
assumed  after the last character sntered if no decimal peint has
bheen entared.
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When you leave a set .of pages and return, vyou will always go back
to page 1 with the euception of the WF DATA page.

When a WP DATA page is szlected by CDU push butteom, the waypoint
data page corresponding to the active waypoint will appear.

The scratchpad is cleared auvtomag.gally each time the data entry
arrow is moved.

Fower-up values shall in general be zerss or nominal values. Xs
are used if a specific objection tg the wuse of peros or nominal
valuees is apparent.

4,1.7.4. DATA ENTRY ERRORE AND SYSTEM OFERATION DIAGNOSTICE

A data entry error is defined as an illegal entry made via the -CDU
keyboard/enter key or the DEC/INC knob. A syzstem operation errurs
is defined as an action that commands the system to assume an
abmormal state. .

Either type of error, if detected, generally will result in RODAAS

rejecting the command that caused the error. A message will
eppear 1in the error statement portion of the CDU display upen
pushing the ENTR key or improperly using a touchpoint. The errar

statement s cleared by depressing the CLR key which also clsars
the scratchpad and allows subsequent touchpoint or bezel button
operations,

A data entry error is caused by keyboard entry of illegal
characters, illegal format, invalid frequency, estc. AN error
messaqe 1is displayed and the keyed-in value remains in  the
scratchpad. No system entry occurs.

A system operation error is the result of a touchpeint or push
button selection when incomplete data exists or the system state

is incompatible with that selection. For example. an attempt to
use a waypeint that is not defined will result in no sysztem action
and an aoperation error dizgnostic. In gome cases, the entered

data is accepted, and only am advisory message is displayed.

Entered data Fformat errors result in a CDU message "DATA ENTRY
ERROR", and disabling of CDU controls wuntil the message is
clzared. The following format errors are detected:

1} Too many characters teo left of decimal point
27 Illegal characsters; i.e., inappropriste alpha or

) numeric characters

) Qut of range entries; i.e., an entry which exceeds
the parameters scaling limits.

e

Data entry errors and system operation errors’ are tabulated in
Table 4-1.

l:.-.l
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Table 4—13

FUNCTION, COU FAGE

——

All functions,
all pages

NAVAID DATA page

[

NAVAID DATA page

WF DATA page

MAF EDIT page

WE JSE button

CDU DATA ENTRY OPERATION ERROR MESSAGES

MESSAGE

Entered data outside
acceptable range,
illegal format

Invalid frequercy
entry. Magnetic
variation faulty
prefis

Chamge in referenced
data

Invalid frequency
gntry

NAVAID number enter=d
with no stored NAVAILID
data

RMAY mode select with
LOC frequency

Start waypeint not
located

Inserted waypoint
enceeds 205

Active waypoint
detected

Fresent paosition
waypalint NAVAILD
not received

Waypoint resequence
attempted with un-
linked segments

USE attempted with
incomplete waypoint
data

USE attempted with
AUTO CRS SEE® on and
no Course 2 defined

DATA ENTRY ERROR

DATA ENTRY ERROR

*#NAY USED IN WF DEF

DATA ENTRY ERROR

NO NAVAID DATA

LOC FRE® SELECTED

WF NCT LOCATED

WF STORAGE LIMIT

ACTIVE WF

INVALID RARIO

INVALID FLT FLAN

WF NOT DEFINED

*#*CRE 2 NOT DEFINED

LT

PR e e

-

AR, W

[T W
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o
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CDU DATA ENTRY OPERATION ERROR MESSAGES (cont.)

FUNCTION, COU FAGE ERROR MESSAGE
CRE SEL function Selectgd cmurse not COURSE HMOT DEFINED
defined
AUTO CRS SE@ - Course 2 not defined CRS 2 NOT DEFINED
function _
AUTD WP SEG  ©  Next waypoint not WE NOT DEFINED
function defined
LAT DIR TO Active waypoint ILS LOC FREG SELECTED
functian .
‘Active waypeoint in- WE NOT DEF INED

camplete (NAVAID or
lat./long. miseing

DATA L INMK Incomplete data DATA INCOMPLETE
function request

#* fdvisory message only. Data azcepted into systenm.

4.2. HORIZONTAL SITUATION CISPLAY DESCRIFPTION

The HSD is presented in Figure 4~-4. HED caontrels are (Figure 4-7)
located to the left of the display on the cockpit pansgl,

4,2.1. HSD DISPLAY

The general HED display format is shown in Figure 4-&. The
fallowing paragraphs provide a general dessription of the
displayed symbolagy.

The heading scale is located scross the top of the display with
markers for each 10 degrese increment. Short markers are provided
betwzen the 10 dzgree marks for five degree heading increments.
The lettera N, 8, E, and W are used far North, South, East and
Wegt headings, respectively.

The current magrnetic heading of the airgraft is provided in the
centar of | the display boued by a rectangle. The bheading 1is
displayed as three digits. If any digit of a number aon the
heading scale starts to enter ihe ares of the rectamgle, that
number on the heading scale will be blanked.
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Figure 4-4: RODAAS HORIZONTAL SITUATION DISPLAY {HSD)
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The, selected heading is indicated by a heading bug, a digital
readout and a heading select arrow. The heading selectad is
presented on the upper left side of the display in digital format.
A heading select arrow isg displayed to the right of the digital
readout. HDG SEL is written on the bezel. The heading select bug
is shown in Figure 4-4, just above.the aircraft heading rectamgle.
When a heading is selected that is of+ the scale, one half of the
heading bug will position itself on the gide of the heading scale
where the bug will appear as the aircraft turns to the selected
heading.

The aircraftt symbol is near the center of the display. The wing
has a span of 0.9 inch and connects to a fuselage alsa of ©.5
inches. The aircraft symbol is drawn so as to create contrast

between the airplane and other course lines.

An active waypoint bearing needle pivots about a point just att of
tha fuselaaes nose. Next to the head of the arrow are the bearing
numbers and next to the tail are the reciprocal bearing numbers.
The bearing numbers are shown to the right of the arrowhesad if the
arrow points to the right and vice versa. The reciprocal bearing
numbers ars shown on the side opposite the bearing numbers. A
button, on the HSED control panel marked waypoeint bearing (WF BRG),
if pushed selects and deselescts the waypaint bearing needle
display. The purpose of the bearing needle is to help the pilet,
if he becomez confused, to determine his position. The waypaint
needle always points to the active waypoint.

A Course Direction Arrow (CDAY line is provided to assist the
pilot in getting on hisg selected course in an espeaditious mannesr
it he should become disoriented or positioned off the course line.
The CDA originates and is perpendicular to the tem course
deviation dots. The CDA is in the direction of +*he selacted
course &ahd has an arrowhead on the end. The CDA is coincident
with the gelected coursze line when the deviation is less tham ©
dote and limits at S dots for deviations greater than 5.

The symbol for a waypoint is a four—corner star similar to the ane
used in Jeppesen publications. The symbal for a VORTAC stationm is
a triangle with the corners cut off, with one base side at the top
and horizontal.

Waypoint numbers or ID letters are shown below and to the right of
the waypoint symbols, ID letters for the NAVAIDS are to the right
of the NAVAID symbol. These letters and numbers need to be close
te the related symbol. but emough away so that both are legibie
when & waypaint and NAVAID are co-located.

Gn the left side display bezel, printed belew HDG SEL, is ACT WF
(active waypoint). Sequenctially below ACT WF, CRE (active
course) DTWFP (distance to waypoint), TTWF {(tims to waypoint! and
NAY (navigatiom receiver) are printed.



Next to ACT WF is a number presenting the active waypaoint. If the
navigation system is in the dead reckoning mode {(due to a loss of
.radio signals and INS oft), the letters DR (dead rechoning) appear
next to the waypaint number and blink once every second. If the
navigation system is in VOR, ILS or TACAN modes, thess letters
will appear next tg the waypeint number. Mo letters next to the
waypoint number indicates the system is in the RNAV mode. When
the navigation systam is in the DR mode, the number of elapsed
minutes <+the system has been in the DR mode will be displayed
directly below the waypoint fumber.

Next +to CRS is a three-digit number that indicates the salected
coursa. Directly below the course number is a number which
designates whether cpourse 1| or 2 is achive. Course I may alsoc be
fallowed by an Ay indicating auto sequence moda.

Next to DTWF is moted the nautical miles from the aircraft to the
active waypoint. This distance appears to the nearsst tenth of a
nautical mile.

Next o TTWP iz noted the minutes the aircraft will take &£o reach
the active waypoint at the pressnt camputed ground speed. This
time is displayed o tha nearest tenth of a minute.

Next ‘to NAV on the display appear the lettsrs of the navigation
receivars being used Ffor the active WP.Failure annunciations
provided in the location will be determined by later simulation
studies. Annunciations such as the following may be implementead;
[/T (INS aided TACAN), I/V (INS aided VOR), I (INS), T {(TACAN) ‘or
v (VOR).

The current map scale is presented in the lowetr left corner of the
display. -SCALE is written on the bezel,.

The wind information is displayed in the lower right corner of the
display. WIMD i3 written on the bezel at the bottom edge of the
display. The wvelocity in knots is displayed above the WIND
legend. A wind direction arrow iz drawn to thes left af the
digital wvelocity readout and peints in the magnetig direction of
the wind re2lative to the displaved map.

WF AVAIL (waypoint availablae) is written on the bezel in the uppsr
right corner of the display. Next to this legend appears the
number ef the next available waypoint when the associated
navigation aid signal is such that the waypoint can-be used for
navigation. [+ the auto waypoint sequence mode has been selected,
the letter A will be attached te the next availabla waypoint
number.

4.2.2. HSD LZONTROLS

Figure 4-7 shows the HSD and FFD controls. The switches under
Horizontal Situation perform the follawing functions:
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HDG/NOR - HDG/NOR changes the map from heading-up to a North-up
orientation and vice versa. Lighted amnnunciation.

MAF/CRSR - MAF/CRER shanges the slew control to effect the cursor
or the map. In the cursor selected state a cursor appears
superimposed on the active waypoint. Lighted annungiation.

MAP RTN <~ MAF RTN returns the map to its normal positioen (not
slewed/map modg). "

MAP REVU - MAP REVU causes the map to appear when ho radio signals

are available. The active waypoint is located at the airplane
location, The purpose of MAF REVU iz to allow preflight review of
the gplanned flight using the map slew feature. The aircraft

symbol is not displayed during MAF REVU. Lighted annunciation.

2 NM/IN - Map stale select: Lighted & annunciation, HSD
annunciation. ’

8 NM/IN - Map scale select: Lighted annunciation. HED
annunciation.

40 NM/ IN - Map scale select: Lighted annunciation, HSD
annunciation.

SLEW CONTROL - The slew contrel is used to position a sursor on
the HSD map or to move the map itself. IFf the cursor is selected,
the purpose is to designate @ location on the map for a waypoint.
I+ map is selected, the purpose is to view portions of the nmap
which are otherwise out of view because of HSD scaling and size
limitations. The nermal mode will be the map slew mode.

The slew control is implememted using a nine-peosition switch.
Selection of the Map or Cursor Slew modes is made by depressing
the appropriate MAF/CRSR push button switch. Fressing the cursor
contrel lever all the way in any of the four directions as shown
will cause a fast slew of the map or cursor in a corresponding
direction. Fressing the lever half way results in a low speed
slew in that direction.

The switeh is spring loaded to the center off position. When it
is released in the cursor slew maode, the cursor will remain fiised
to the map and will translate -along with the other map symbology.

Upan switch release in the map mode, the map will remain at a
fined displacement +rom the aircraft’'s present position in
accordance with the past use of the slew control. The map may be
returned to its original airplane oriented position by activating
the "MAP RETURN" switeh.

The fast slew rate for either mode has been selected at l=-inch per
sacond and the slow slew rate is L.2-inch per second.




Figure 4-7; PRIMARY FLIGHT AND HORIZONTAL SITUATION DISPLAY CONTROLS
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WP BEARINB - Fushing the copntrol button causes the WP BRG
indicator to appear and if pushed & second time it will be removed
from +the display. The contral buttom is illuminated ‘when the
pointer is actiwve. The bearing in degrees to the WP is displayved
naixt ¢to the head of the pointer and the reciproszal displaved mnenxt
to the tail.

4.2. PRIMARY FLIGHT DISPLAY DESCRIPTION

The discriptions and figures presented in the following paragraphs
illustrate the initial starting point in the development of the
primary flight display. Final symbology and display presentations
will be determineq throuagh further simulation studies.

4.3.1. PRIMARY FLIGHT DISPLAY

The FFC format for departure, cruise and transition is shown in
Figure 4-8., The following paragraphs provide a general description
of the displaved symbology.

The red WARMING or an amber CAUTION indication is presented at the
center top oFf the display. Thie ares of the display is normally
blank until a message is sent to the pilot. The displey can be
cleared by the pileof by pushing the button to the left of the
display labeled CLR WRN/CAUT on the FFD digplay control pansl.

Radar altitude is displayed to the right of the &tank angle
indicator and will be blanked until the vehicls {s &t Z500 feet or

- below.

The MDA/DH i=s displayed in the lower right corner, The
appropriate display, MDA or DH, will depend on the programmed
approaci., MLS and ILS will display DH and other non-precision
approaches will display an MDA, As the DH or MDA is passed
through om descent the display will blink momentarily.

In the upper center below the zaution/warning, the marker being
passed is annunciated. The outer marker will be annunciated by OM,
the middle marker by MM and the inner marker by IM. These will
Blink during passage at the standard frequency. Also "DLNE"  and
"ALT AL" are presented here for data link message and aliitude
alerting, respectively.

The heading scale is located on the horizon line with markers at
even numbers esvery 0 degrees. Between the 1¢ degres markers are
short vertical marks to denote the § degree increments. Eunact
aircraft heading is shown with the inverted ¥.

Attitude lines parallel to the horizon have 10 degree attitude
division marks with the attitude called out by number. A sheort
horizontal line marks the I degree attitude position. i



Ve

Cr, Pull QUALITY

WARNING/CAUTION

HEADING
EADLN ANNUNGTATION
\
) . BAROMETRIC
\ L~ ALTITUDE
r”’
\ ALT
WARNING 2000 MARKER
oM ANNUNCIATIONS
C
—_— - olify VELOCITY
HEADING SCALE oL 2q0 2 —-:,,zqo. 230 ° ' VECTOR
S S G~
COLLECTIVE o o ;
FLIGHT OIRECTOR —t poa = S P4 T — VERTICAL
COMMAND ._— o A TRACK ANGLE
PITCH/ROLL }° 10 .
FLIGHT 0&5557% W ° AR
A °10 |
D D ALTITUDE
680 {zooﬁe’/
INDICATED W\
AIRSPEED | T |aS 90 / \

GROd;D ;>NK

SPEED ANGLE

Figure 4-8: RODAAS PRIMARY FLIGHT DI:PLAY (PFD)



A simulated aircraft reference is fixed on the center of the
display. Tha center circle is see through and when the velocity
vector is linped up exactly with aircraft reference the crass of
the wvelaocity vector will show and the circle of the wvector will
show arcund the center of the reference.

The wvelocity vector symbol is a clrcle T/7186 inch in diametar with
z dashed line connezting the center of the symbol with thz center
nf the fired aircraft reference. The position of the velocity
gymbol shows the direction the venicle is moving with respect teo
tha horizen. If the wvehicle is moving backward, the symbol will
blink,

The flight director command reference indicators are two
gxtensions of the wings on the simulated eircraft reference.
Matching the simulated aircraft references with the wing like
extancions will command the aircraftt to the Flight Director
instructed flight path. There is a light line connecting the tweo
flight director irndicators.

The left middle side of the FFD has a collective command
indication, Matchina &me moving indicator to the fixed indicator
by pesiticoning the collective will satisfy the flight director
commands.

Indicated airspeed in displaved in the lower left corner of the
display.

Barometric altitude i¢ presented in the upper right corner of the
display. : :
\\

The bank angle indicator looks like &2 T with ground speed shown
under the left side and radar altitude under the right side when
below 2ZU0O0O feet. The stem of the T points at the bank andle
indications, with marks at 20,40 and &0 deagrees of bank. Between
the 20 degree bank increments are short line indications for 10
degree bank increments,

Eee Figure 4-9 for examples of FFD departure and cruise transition
displavys.

The WVartical track Angle is displayed along the right side of the
FFD. The marks are currently defined at 2 degree increments. The
scele can be changzd to meet operational needs later in the
program. The moveable indicator shows the actual track angle or
the pre-selected track angle.

The Hover display format is shown in Figure 4-10. When Hover is
selected on the PFD display controls, changes are made in the
display as noted in the fellowing paragraphs. '

Fercent torgus is shown on the left side just below the middle of
the display. A small tact on the line just above the torgue numbier
gives the pileot an analog indicator of where he i= with respect {o
100% torgue. Torgue from SO % to 100 % through a2 90 degree angle
iz digplaved by the analog indicator,
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The compufed wind is displayed in the upper right corner of the
dizplay. The wind notation iz numerical with velocity in knots
over the direction im degrees from which the wind is blowing. For
less than S knots, no wind infermaticon is displayed.

Upon selection of the Hover Mode, tha veloeity vactor indicator
circle expands in diameter from 3/1i& inch to Z/8 inch.

The top of the bank angle indicator acts as a rising runway
presentation starting at 100 feet of altitude. The stem of the
indicator will extend with the point of the bank angle remaining
always at the same position relative to the bank anale marks. The
around speed and the radar altitude information moves up with the
rising runway, indication. If ground speed is zero, only the G will
be displavyed.

The landing gear symbol appears below the fijxed aircrafi raferesnce
svmbol as an upside down T. The rising runwey just deszribed will
meet the upside down landing agear T at ground contact,

Ses Figure 4-10 Ffor examples of the FPFD Hover transition
presentationes.
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5. RODAAS FUNCTION DESCRIPTION

RODAAS funciions include:

Autopilot/Flight Director Modes

- Ge-Araund -~ Heading Select
- Fitch/Roll/Collective Trim ~ Navigation (NAV)
- Altitude - = Approsch (APPR)
- Altitude Select - Blideslope
- Altitude Hold - Lateral Beam Following
- Vertical Navigation (VNAV) - Hover Hold
- Flight Faths Angle - Airspeed
- PPt Select - IAE Select
- FFA hold -~ IAS Mold
- Heading kRolu - Btability/Control Augmen-

tation System
Navigation/Flight Flanning

- VOR, DME, TACAN, RMAV/IMNE Transponder
- Blobal Position System (Future enpansicn capability)
- 25 Waypeoints, 15 MNavaid Etorage

Flight Warning/Advisory Syzstem

-~ Enging Farameter Monitoring/Recording {Instrument
Statistics, Chip Detectors, etc.)

~ Transmission Mepnitoring (Qil Fresgure, 0il/Bearing
Tempz, Chip Detector)

- Rotor Speed Monitoring

—- Airgcraft Configuration

- Markesr Epacon Advisory

= Airspeed Monitaring

- Autopilet/Flight Directeor Monitoraing

-« Bit Fauwlt/Warning Recording

Horisontal Situatien Display Fresentations
- North Up Map

~ Heading Up Map

- Hover

- Weather Radar

- Tactiueal (Future)

Frimary Flight Display Presentations

~ Forward Speed Modes
- Hover

GMT Cloek Function

Fuel Totalizer Function

)]
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Weight and Balance Computations

Performance Computations

- Takeoff Parformance
Climb Performance

- Cruise Ferformance
- Arrival Ferformance

Data Link (Future enupansion capability)

BIT (Built in Test)

Ncrmal; Eme;gency Checklists

The following paragraphs provide more detsilaed description of

these RODAAS functioans.

Sel. RODAARS AUTOPILOT/FLIGHT DIRECTOR FUNCTION

The Aubtopilot/Flight Direstor Funchtion computes commands te the
yaw (tz2il rotor!, pitch, roll and cellective servos to provide

stability augmentation and auvtapilot functions.
The =tatus of the system is reportad by
panel. The autopilot/flight

signals to the PFU.

messages oh the mode annunciator

director mocdes are: .

So~-Aaround .
Piteh/Foll/Collective Trim
Altitude

- Altitldde Sele=ch

- Altitude Hold

Vertical Navigation (VNAY)
Flight Fath Angle

- FPA Salect

- FFA Hold

Heading Hald

It also provides

Heading Selact
Navigation (NAV)
Appreoach (AFFR}

~ Blideslape

- Lateral EBeam Fallowing
Hover Haold

Alrspaed

- IAS Select
- IAS Hold
Stability/Control Aug
System

The modes which follow the radio signals of VYOR, RNAVAINS, TACAN,
localizer, and glideslope have submades for arm, capture, and
track gf the Beam. Automatice tranmsition from heading held and
heading select with navigation or approach modes armed is previded
when (he navigation or léocalizer beam is captwred. Automatic
transitions from vertical navigation, go-arpund, and altitude
select to altitude hold are alse mechanized. 148 select provides
selection tp IAE hold,. The autopilot and flight director revert
to heading hold or rell attitude hold, pitsh attitude hold and
altitude rate hold, if no modes are selected.
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The mode switching laogic interprets inputs from the pilot and
status signals from the system components to select the proper
piteh, roll, ctollective and yaw calculations. Autopilot and
flight director signals are provided whesnever the autopilot or
flight directocr are engaged. The mnode logic directs synchronizers
on pitch, roll, and collective commands tog eliminate bumps upon
engagement of the autopilot servos,

S.1.1. AUTOPILOT/FLIGHT DIRECTOR CONTROLS AND RISPLAYS

Autopilot/Flight Directwr controls and displays are indicated on
F.gure SO=1. The Autopilot/Flight Director modes are mansged wvia
the modified KMC 340 Mode Comtroller wiith auxillary mode switch
pan2l  and miscel laneous special switches. . Medes are annunciated
on the glectroluminiscent annunciator panel, Flight commands are
displayed on the Frimary Flight Display (FFD!.

S.t.t.0. AUTOPILOT MODE SONTROLLER

The following wmode comtreol functions are performed wusing a
modifisd EMC 7I40 Mode Controller and ths auxillary mode switeh
panel (Figure 5-2):

Flight Director VNAV engage

SCAS engage FFA select engage
Autopiiot engage FPA engage

Appraoach mode =ngage IAS select engage

Nav =ngage IAS engage

Altitude hold engage Heazding seiect engaage
Altitude arm engage Hover engage

The switches at the right are the primary engage switches which
are used to engage or disengage the flight director, autopileot,
and SCAS. The flight director switeh is a momentary contact type
which is used to toggle the 2ngage state between on and off. Thea
autopilot and SCASE switches are soleneid held toggle switches.

With *he autopilot engaged and no other modes selected, the
autopilaot will wtilize the bhasic SCAE signals to command aliitude
rate hold, pitch attitude hmid, heading hold if rell attitude is 5
degrees ar less; roll attitude hold made otherwise, during cruise

+light. In the hover condition, the control laws Zommand the yaw
servos to held heading when the pedal farce i3 below 28 pounds and
propartional heading rate when pedal force enxceeds 8 pounds. Iin

the cruise conditian, the vaw servos receive +turn coordination
commands.

Haver and cruise conditions are defined as follows:

True Rirspeed for barometric altitude > 40 feet

Sround Speed for bharometric altitude = 20 feet
YHT = "

Linear blend of True and Ground aircpeed for

20 4 Baro Altitude 4 40 feet.

S3



Cruise condition = VHT > 25 Knots
Hover conditien = VHT 4 25 Knots

The heading is selected by means of the knob located on the left

of the mode controller. Rotatimg the knob to either the left or
right precesses the heading pug on the HED at the rate
proportional to knob deflection. The smelacted heading is

presented to the pilot on the HED.

The switches on the ce2nter of the madified EMC 240 mode panel are
push button mode select switches., Pushing the buttons will togale
the state of the mode between the engaged and disengaged state,

/HDO SEL ~

LAy 0 FLT DIR @
) ==L

NAY VYNAY [w] L‘

Qa Ot Cr

wnx
o
o

S E—~04 D

@ -

FPA
SEL FPA

&

nx

{AS HOV

Figure 5-2: AUTOPILOT/FLIGHMT DIRECTOR MODE CONTROLLER PANEL

The aupxillary mode switch panel provides six  additionsl push
button mode select switches. Uepressing these buttons will toggle
the state of the mode between the erjaged and disengaged state.

5.1.1.2. SPECIAL SWITCHES

Four switches alter the state of the system. These momentatry
tontact switches are called -

autopilot/SCAS dump switch f(om cyeclic grip)
cyclic QGES switch (on cyclic arip)
go-around switeh (on the collective)
collec¢tive CES-switch (on the collective)
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A diagram of the autopilet dump switeh {s shown in Figure S-3.
Depressing the bultton energizes a relay to open the power saurce
to the Autopilot and to the Stability and Control Augmentation
System.

AUTOPILOT
DUMP SWITCH
(ON CONTROL STICK)

NG AUTOPILOT POWER

.-

o

AUTDP!LOT - | source

ReLy _;

AYTOPILOT
28 voC

e ak i Sw s e S mam— b -

Figure 5-3: AUTOPILOT DUMP SWITCH

The cyeclic OS5 switch, when depresesed, disengages the avtopilot
outer loops, and allows the operator to manually introduce
commands to the aircratt through the SCAS systam. Upaon returning
from the detent position, sgyrmchronizing registers which have
faollowed the aircratt state allow the autopilot to hold the new
conditions, .

The go=-around switgh puts the autopilot flight director
computation in the go<-around mode whizh calls for wings lavel,
SO0 fpm collective and a preassigrned S0 knot airspeed held.

The collective C8S switch disengages the parallel serva clutch,
adllowing the collective stick to be moved freely. Upon relszase of
the CS8 switch, altitude rate qoncurrent with existing conditions
will be synchronized.

_———= e S

S.1.1.35. ELECTROLUMINESCENT MESSAGE DISFLAY MODE ANNUNICATOR EANEL

The status of the system iz reported by the computar on the mode
annunciatar panal. This panel is located directly abave the FFD
as shown 1in Figure S-4, A preliminary definition of items
displayed on the annunciator panel is presented here. Final mode
presentations will be determined through Jfurther simul ation

studies. -

Flight Director Altitude Arm Mode on
(FLT DIR) (ALT ARM)

Autopilot on Altitude Hold Mode on

. (AUTOFILOT) (ALT HLD)

SCAS on (SEAS) Yertical Mavigation Mode on

Navigation Meode Armed (VNAY CPLD) '
{NAV BRM)

————— A —
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Navigation Mode Coupled
INAV CFLD)

Approach Moede Armed
(mEFR ARM) .

Approach Mode Coupled

Slideslope Coupled

(G8 CPLD)
FFA Select (FFA BEL)
FFA Hold (FFA HLD)
Go-Arournd Mode Engsged

(AFFR CRLD) {GO=-ARGCUND)
IAS Hold an Reverse lLocalizer on
({IAS HLD) (REYV LOC)
IAS Select on Hover Hold on (HOV)
{IAS SEL) Heading Select Mode on
{HDG SEL)
SCAS
CA AUTOPILOT FLT DIR LEVEL I
HDG SEL | | FPA HOLD
IAS HOLD
| NAV ARM | | ALT ARM WARNING
SPEED MODES  LAT MODES VERT MODES LEVEL

Figure S-4: ELECTROLUMINESCENT MODE ANNUNCIATOR PFPANEL

A deteriorated function warning is provided in the system state
warning area. The warnings presented here are discussed in detail
in the flight warning and advisory function sectien.

The mode annupnciator panel is a 1.8 in ® 7.2 in EL graphic
display. Future expansion, wusing this display Ffor parameter
warnings, etc, is foreseen,

§.1.1.4. ERIMARY FLIBHT DISFLAY

The FFD digplays the following informations

Decision Heiéht (DH)
Warnings/Cautions/&lerts
Martker Beacon Annunciation
Flight Fath

Mimimum Descent Altitude (MDA

Fiteh and Roll Attitude
Pitch,Roll % Collective Commandsg
LOC Deviation

Elideslope Deviation

YNAY Track Angle

[
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The Frimary Flight Display is shewn in Figure S-6.
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- The selector provides the pilot with altitude preselection
flight path angle selection and vertical track angle selaction
capabilities. The selector contral head is shown in Figura S35,

The set knob in the right lower corner af the selector is a dual
oparation device. The lower pertien of the knob selects the
parameter to be selected. Six positions are available, only two
are currently defined (ALT SEL and FFA)., The inner set control is
used to set the digits in the display. A cleockwise rotation
selects increasing data values, while counter-clockwise selects
decreasing data values. The mechanism has no mechanical stoeps. The
following range limits have been designated +far the defined
selections.

SELECTION BANGE
ALT SEL . 0 to 20,000 feet .
FFA =1 o +10 degrees

2300

Vi ALT

Figure S-5: ALTITUDE AND FLIGHT PATH ANGLE SELECTOR

In the ALT SEL position, the contraller provides normal altitude
select and sltitude alert functions. .

When the pilot selects FPA on this selector, the display initially

syncs +o the flight path angle 2xisting at the time of selection.
The pilot may .then select a mew FPA with the set knob.

‘ _ ' S7



S5.1.2. AUTOPILOT/FLIGHT DIRECTOR ALGORITHMS
Autapileot/Flight director algorithms described belaow include:

Mode Logic
Control Laws
Monitoring Functions
5.1.2.1. AUTOFILOT/FLIGHT DIRECTOR MODE LOGIC
The autopileot/flight director mode logic may be described as a

hierarchy of finite-state machines as diagrammed in Figure &-7.
This decompositipn permits an organitation of the detaile and a

precise representation of the relations. The lateral, vertical
and spead mode logic machimes control the auvtopilot/+light
director calculations. Several of the modes (states) of these

machines have submachines for arm, ceptuwre, and frack submodes. A
diagram of the machines is shown in Fiaure £-8.

WARNING/CAUTION
HEAD!;:G ANNUNCIATION

INDE
N\
AN ' L~ %f??‘?quEDTER ¢
\ WARNING “LT//
0 2000 MARKER
oM ANNUNCIATIONS
c , |
HEADIN - ~ e it VELOCITY
EADING SCALE t U200 210 o /3207 zgoJ VECTOR
COLLECTIVE L = 1Y
TG T S T i s
v 0 A - -
PITCH/ROLL .;J/ 10 :
FLIBHT oégsamg N _ .
10 RACAR
: D "/ 1" AL TITUDE
INDICATEDR / W
AIREFZED Tt |as 30/ %

GROK:D ;}NK

SPEED ANGLE

Figure S-—-4: RODAAS FPRIMARY FLIGHT DISPLAY
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S.1.2.2. THE SYSTEM STATE MACHINE

This machine performs the tasks of the system switch
configuratian, representing the states af the flight director, the
SCAS and the autopilot. The state table is presented {n Table S-1
and §—2. The entries in the body of the table show the new state
to which the system trangitions when & given =vent occurs. ALl
states and svents are independent. ashes indicats "dom't care”
conditions.,

The state transitions are controlled by the:

Flight Director Button Autopilot Engage Signmal
SCAS Engage Signal Cyclic C85 Switch
Go-Araund Switeh Calleactive CES Switch

The definition of th2 system—state machine takes into account the
mechanization in hardwera. The pertingnt points are:

The SCAS switch and the autopilot switch are mechanically
linked so that turning on the autopilot switch carries the
SCAS switch; turoing off the SECAS switch carries the auto-
pilot switch.

The events belaw must act through the solencid enables of
the autopilot and SCAS switches:

SYSTEM-STATE
MACHINE

LATERAL MODE VERTICAL MODE SPEED MODE
LOGIC MACHINE LOGIC MACHINE LOGIC MACHINE-

Figure S-7: ABSTRACT MACHINE HIERARCHY

. R~ 4




EXTERNAL
SWITCHES

Figure 5-8: THE SOFTWARE MACHINES

ENABLES
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SYSTEM
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SWITCH
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|

LATERAL
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LOGIC
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scas AUTORILOT

Ga~Around Swibkch ON - -

Autopilot Dump Switch ON disable dige, .8 ,
Nat INS Valid disable -dicsable
Mot Bit Report OF disable disable

1+ the conditions for a servics ars naot met where the
service is requested, the reguest is ignored.

The conditions listed may be abbreviated by the fsollowing flags:

SCAS flag =‘not autopilot dump sw on and LINS valid
and BIT reports ak.
AF flag = SCAS flag.

These flags must be true for the SCAS and autopilot o be enablsd
raspectively.

Far the flight director to be =2nabled, the fligh" directorr flag
must be true.

Flt Dir Flag = INS valid and EBlT reports ok,

The system state machine (Table ZI-1,5-2) is started with the
flight director, SCAS and autopilot in state O and the SCAS and
autopilot flags hrue. The flight director switch and the other
mode switches have momentary contact action. The souftwars mush
look for an off pericd before it can interpret the signal as a new
command. This sort of thing has not been modeled in the +inite—
state machine repressntations.

S.1.2.3. THE LATERAL MODES

o e L e

Avtopilot/Flight Director lateral modes are:

Roil Attitude Hold Navigation (NAV)

Heading Hold Approach (AFFR)

Heading Select Control Stick Steering (CSS)
Hover Go—-Around

In addition to these separate meodes, the syshtem may be in heading
hold or heading select with either navigation or approach armed.
The mede them autaomatically switches from heading hold er heading
select to navigation or approach when the respective beam is
captured.

BANK ANGLE HOLD - These are the basic signals which are componants
of all lateral modes. They are computed when the bank angle is
equal to or greater than five degrees.

P



Table S-1:

EVENT
STATE

FLT DIRECTOR
F1LAG FALSE

0. FLIGAT DIRECTOR OFF
" SCAS 2oy
AUTOPILOT ofF

LY DIR SUITON
OH ARG FLT 010
FLAG TR

TT0N oM & FLT

-AN0UHD
LR _FLAGC TAUE

A MODE BUTTON

v fou & FLT DIR

FLAG TRUZ(NOT FI}
AP ENGAGE TRUR

SYSTEM STATE MACHINE

TRUE

STARTING; STATE O

+ FLASE AUTCPILOT HEQSAGE FOTR TUM
AND SOUND VAKNINCG WORR

& cONTROL STICE S$TETRING ALTERS FLICGHT
DIRECTOR OUTPUT
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SYSTEM STATE MACHINE (Cont)

Table S-2:
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HEADING HOLD - This is the lateral mode fo which the system
reverts when nome of the other modes controlled by the but+on= has
" been selected, the roll attitude is less than five degree and
the aircraft is rnet im a hover condition. -

HEADING SELECT - A desired heading =5 be preselectad or adjusted
by positioning the headirng bug on the HSD (Horizontal Situation
Display). This 1is done with the HDG SEL knob on the made
controller, Trne command indicator will deflect in the direction
of the shortest turn to satisfy the commard, or if the autopilot
is =2ngaged, the aircraft wilil automatically bank~turn to, rellout,
and Dhold the preselectsd heading. fis the selected heading is
achieved, the command indicator will command a rollout to hold the
heading. s

With the heading select mode in operation, subsequent chanaes
indicated in the heading "bug" position on the HED will
immediately cause the command bars on the flight command indicator
to call for & hurn tc the new heading, unless the heading s2lesct
button on thz mode controller has been depressed again tao cancel
the heading select made,

The heading select mode is cancelled when NAV or AFFR coupling
occurs,

HOVER - When the hover condition is krue, this submode of the
lateral anis is active. The hover mode provides banie commands £0
maintain a wings level attitude.

NAVIGATION - The NAV mode provides bank commands to interczept and
trac’t a YOR course, RHNAV coursa, or TACAN course.

Operatiorn of the navigation mode requires the pilot to proceed acs
follows:

1. Enter the navigatien receiver frequency on the COU or
define a waypoint.

B3

» Enter the decired course on the CDU.

A

. Depress the MNAV button on the meode contreller.

Whem the NAY button on the mode2 controller is depressad, NAVY ARM
will e presentec on the annunciator panel indicating the arm
state and the automatic capture logic is armed, provided a valid
VOR, VORTALD or INS signal is being received. Heading heold or
heading select, if operating, are retained until capture occurs.

The following equations described the switching criteria for the
navigation capturs, track arm and track states:

&4
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NAVIGATION BEAM CAFTURE = TRUE 4 when the courss deviation
"1 and the rate of xhange of the
course deviation LMY 1.+ the .
cowrse deviation ) ars of opposite
gigns (sign P+ # sian (M1

NAVIGATION BREAM TRACK = .TRUE when MNAVIGATIGN BEAM CAF-
ARM - TURE is truese and the roll anale
»S degrees.

TRUE when the course deviation
43 dats and roll angle 44
degreas.

NR\ IGATION EBEAM TRACK

n

I+ the NAV mode is selected with the wings level within + 4

degrees of bank and within three dots of course deviation, NAY ARM
will be bypassad and NAV track will engage dirsctly,

Transitican frem caphure to Erack is made through a2 traclk srmed
ctate This is entered from capture when & Sank greater than O ,
degrees iz made. Then the track mode is ongaged when  khe

navigation beam track flag becomes true.

The VOR, ERN&V, or INS “"gourse-capturz" point is variabls £o
pravent overshoct and depends om distanmge, angle of intsrgep:, and
spead o capture. Upon zapturs, a bank command will be introduced

oen the FLT DIR. The heading s2lect, if on, will be zancelled, =and

N&V  CFLD indicatinmg track of beam, will be prasentz2d on the -
annunciator panel.

The pileot can manually bank the aircraft £o satisfy the command
bars which will call for a rollout £to wings level when on course.
Crosswind compensation is provided as necessary o track course.
If the autopilot/flight dirzctor is engaged, the airsraft will
bank to satisfy the command display and rollout on courss !
automatically. If the active course is subsequently changed dus
to pilot action, the autopilok/flight director will revert +rom i
coupled te NAV ARM. .

The NAV mode is canc=lled by depressing the navigation button or
selecting heading s=lect or approach modes.

GO0—-ARQUND - The ao-around mode of the lateral anis orovides bank
commands to maintain a wings level attitude.

APPROACH - The appreoach made provides bank and piteh zammamds o
captuwre and ftrack precision ILS (Localizer and Glideslepe) beszsms
or bank commands for non-precision VOR or RNAV courses.

Operation of the approach mode reguires the pileat to -

1. Enter &he navigation receiver frequency on the CDU
for a YOR/ILS approach or define a waypoint fer a
RNAY approach.



2. Enter the course to the runway cor ILS approach front
course on the CDU.

Z. Depress the approach button on the mode contraoller.

Tha auvtomatic approach function will be immediately ar-med
(provided NAY receiver and/or RNAV computer signals are valid).
AFPFR ARM will be presented on the mode annunciator panel, %o
indicate the approach arm state.

In approach arm mode, the heading mode is retained until capture.
This allows the pilot t9 adjust the heading tu approach control
vegtoring instructions.

The LOC beam or VOR/RNAV “"capture" point will vary depending on
airspeed, angle of intercept, and rate of closure. Upon capture,
& bank command will be introducted on the FFD, the enisting
heading mode will be cancelled, and AFPFR CFPLD will be lighted on
the annunciator panel. '

The Following equations describe the switching criteria for the
approach lateral mode capture, track arm and track statss:

LATERAL EBEEAM CAFTURE = TRUE { when the cowrse deviation
tM1 and the rate of change of
the course deviation [FH] + the
course deviation lare of opposite
signs (sign(M+%)# sign ™.

TRUE when LATERAL BEAM CAFTURE
is true and the rell angle »Z
degrees.,

LATERAL BEAM TRACE ARM

LATERAL EEAM TRACK TRUE when the couwrse deviation
#I7 dots amd roll amgle <4

degrees,

n

The pilot may manually bank the aircraft to satisfy the command
gars which will command & rollowt to wings level when the sircraft
is an coursa. Automatic crusswind compensation will provide
precise tracking. RNAV/VOR/LOC deviation is shown or the HSED and
actual crap angle will be shown by offset of the course arrow from
the aircraft symbol,

Throughout & precision approach, LOC deéeviation is displayeﬁ on
both +the FFD and HSD. Glideslope deviation is displayed on  the
FFD only.

If the autopilot is engaged during operation in the approaczh mode,
autsmatic stesring response will folleow the command display on the
FFD.

Whenever & LOC fregquency is selected and the aircraft intercepts

the LOC course at an angle greatéer than 90 degrees from the
inbound front course, the REV LOC mode is automatically acztivated.

. o b&



The LOC regeiver s 'nals are reversed to permit the FFD steering
command display to oparate aon a fly-to rather than a fly—from
basis on the reverse course. REY LOC is sutomatigally present=d
on the dAnnunizator panel.

When capturing the localizer at an angle gra2ater than 0 degrees
to the fromt course, the system will command flving outhound an
the front course or inbound on the back course.

Operation om REV L0OC is identical ko front course operation,
except that automatic glideslope capture is “"locked out" by the
switching logic.

The switching of' the lateral mode is modeled by the finite-state
machine in Table S-7. The submachines for navigation and
appraoach-lateral control are integrated in the lateral mode logic
machine,

CONTRAQL STICK STEERING - The Control Stick Steering (285! mode
provides the pilot with the capability for manusl maneuvering of
"the aircraftt without the need to dissngage and reengage ths
autopilot.” The SCAS system will bhe retained to aid in aircraft
stabhility.

The CSS mode is =sngaged by continuous pressure on the cyclic CSE
button. Operation of the CSE buttom causes immediatzs release of
the autopilot outar loops and allows the pilot to assume manual
cantrol, while avtopilet coentral funchions .and all engsged lateral
moges are placed in a synchronization state.

This m=ans all lateral modes remain in comtinuous synchronization
with the pilots aircraft maneuvers so that upon relesase of the CSS
button, all previcusly engaged modes will smoothly reassume
control of the aircraft unless decoupled or reprogrammed by the
pilot.

Since all engaged modes remein coupled (in synchronization) during
operatiaon of the C38 mode, their annunciations will continue to
show on the annunciator panel. The CSE mode is not separately
annunciatad.

S.1.2.4. IHE SEEED MODES

Autopilot/Flight Director speed modes include:
Fitch Attitude Hold IAS Select
Go-Around IAS Hold

Caintrol Stick Steering

PITCH ATVITUDE HOLD ~ When no other pitgh mode has beem selected,
the system raverts to this mede.

G8-AROUND -~ The Go-Around mede assists the pilot in establishing

the proper aircraft conditions for missed-approach procedures.
The go—-around switch iz lecated on the coallective.

. &7



Table 5-3: LATERAL MODE LOGIC MACHIMNE
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Depressing the go-around switch will instruct the autopilot to
command Wings level, 200 fpm collective and a S0 knot preassigned
airepeed heold.

CONTROL STICK STEERIMG - Control Stick Steering (CSS) provides the
pilot with the gapability for manual manrsuvering of the sircraft
without the need to disengage and reengage the autopilot. The
SCAS systam will alse be retainad to aid in aircrafht stability.

Tha CSE mode iz @ngaged by continucus pressure on khe gyelic CSS

button. Operation of the CSE button causes immediate release of
the autopilot outer loops and allows the pilaot to assume manual
control, while autapilaot control functionms are placed in &

synchronization state.

The CESS mode has no effect on the IAS HOLD or the [AS SELECT speed
modes. Upon release of the C88 buktom, the previously selected
airspeed will be commandsd. The pitch attitude hold mode will
remaim in synzhronization while in C8S so fhat curresnt pitch
attitude will be held upan CSS button relaase. *

Since zll engage: «irg remain coupled {(in gynchronization) during
aperation of the L4585 mode, their annunciators will continue to
show on the znnunciator panel. The CSE made is not separataly
annunciatsd. '

The transition of the modes of pitch axis are specified in Table

—gea4. — - ———— -

IAS SELELT - When the [AS SEL mode is engaged, the control laws
far the flight dirsctor and autopilot will cause the indicated
airspeed tg anpraoaach the selected value an  the Ias select
display on the airspeed indicator., When the actual airspsged is
within 2 feet/secand of the specified value, 1AS SEL will
automatically tramsition to IAS HOLD. |

IAS 3EL is engaged by first selecting the desired new airspeed via
the IAS pesition on the altitude s2lector and then pushing the IAS
SEL mode pushbuttan. IAS SEL will be presentad on the annunclator
panel.

When the go-around mode is selectad, IAS SEL wil be sngaged with a
selected vaiue of S0 knots. Tramsition to IAE HOLD will then occur
automatically as defined previously.

IAS HOLD - The [AS HOLD mode computes the pitch commands to the
auteopilot and/or flight director to hold indicated airspeed. The
refarence airspeed iz the selected value on the IAS digplay if IAS
HOLD is  engaged automatically in transition +rom IAS &EL.
Otherwize, the reference airspeed is =2qual to the actual value
coincident with mode engagement.
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[IAS HOLD may be engaged by pushing the IAS HOLD button or by
enaaging any other speed or vertical mode except go-around when
IaS GEL is not sngaged. When go-around is engaged. IAS SEL is
engagea. IAS SEL transitions ¢to IAS HOLD when the selected
airspesd is reached. 1AE HOLD zan be disergaged by pushing the
IAS HOLD button only if no other speed or vertical mode is
engaged. Engagement is indicated by IAE HOLD on the autopilath
annunciator panel. ’

e —— . ——————

Autopilot/Flight Director Mades include:

FFA Select : ALT Hold

FFA Hold VNAV

Go-~Around HOV

Glideslope CFLD Collective Contraol Stick Steering

ALT Select

FLIGHT PATH ANGLE SELECT - The guidancz laws in the FFA s=lect
modz command & change in the flight path angle ta the pileot
salectaed valus. When the actual flight path is within 0.2 degrees
of the selected angle, FFA SEL converts to FFA HOLD.

FFa SEL may be =ngaged by first selectimg a flight path angle via
the FFPA position on the altitude selector and then pushing the FFA&
SEL button., The displayed value may continue to be changed while
FFA SEL is engaged.

FR& SEL. is disengaged by pushing the FPAa SEL button or
automatically upon tranmcsition to FFA HOLD. The annuncisator panel
presents FFA ZEL upon mode engagement.

FLIGHT PATH ANGLE HOLD —~ In the FFA HOLD mode, the altitude rate
commands necessary to hold & constant airspeed-rzferenced flight
path angle are computed and introduced to the autopilot and +flight
director. The reaferenced angle is the selectsd value on the FFA
SEL digplavy when FFA HOLD {s= engaged automatically in transition
from FPA SEL. Otherwise, +the referenced anglie is equal to the
actual angle coincident with the mbds sngagement. This mode is
engaged by pushing the FFA HLD button. It &also engages
avtomatically in tramnsition from FFA SEL. FFA HLD causes IAS HLD
engagemant unless 1AY SEL already is engaged. The annunciator
panel presente FFA HOLD upon mode emgagement.

GO-AROUND - The Go-Around mode assists the pilot in establishing
the piroper aircraft conditions for missed approach precedures.
The go-around switch is located on the collective,

Depressing tne go-around switch will instruct the autopilot/Fflight

director to .command wings level, hold of existing heading, an.

altitude rate of Z00 fpm and a selected airspeed of 0 knots.

A



The go~around mode may also be ueed on takeoff for climbout. When
usaed for takeoff, it may be followed with heading select for
continuous heading control during deperture. JAltitude,
navigation, and approach modes may also be armed .for automatic
capture and guidance during the departure sequence.

The go~around made (s disengaged by the selection of any other
vertical autopilot mode, GO-AROUND is displayed for engagement of
this mode.

GLIDESLOPE CPLD - The glideslope mode is armed Jor automatic
capture when front course cagture has occurred. Automatic
glideslope capture occurs as the wotorcraft approaches the beam
fram above or bal bw.

Upon capture of the glideslope beam, G685 CPLD is lighted on the
annunciator panel and & caphture command is displaved by, the
command bars. The pilot (or autopilot) controls the rotorcraft to
satisfy the command bars.

Upon glidesiope capture, altitude haold is cancelled. However
sltitude hold may be manually reselecisd tso meintain sltitude upon
descaent to DH i+ visual contact iz not established.

During VOR,RNAY or leocalizer backcourse approaches, glideslope
capture will not ocecur becatse the absence of LOC frequency locks
out this functior,

The approach coupled mode is cancelled by selection of the heading
select, navigation, or go-arcund modes.

ALTITUDE ARM - This mode allows the pilot to sel=ck an altitude
and upan approaching that selected altitude, obtain an automatic
altitude rate command to capture and hold the pre-selectied
altitude. To operate in this mode the pilot must proceed as
follows:

1. Enter the desired altitude on the altitude selector.

2.'Deprsss the altitude arm butiton on the mode comrtrollaer.
ALT ARM will engage.

3, Use othetr vertical mods to proceed to the selected
altitude (ie. FFPA SELECT, FFA HOLD, etel.

ALT ARM is lighted to annunciate activatianm of this mede.

As the -aircraft approaches the selected altitude, the altitude
rate command will autonatically guide the pilot to it at & 1low
rate. As  the aircraft reaches the selected altitude., altitude
held will sutomatically engage and light on the amnunciator panel
and altiture arm will disappear. )

fltitude arm is disengaged by depressing the altitude arm button,
by engaging altitude hald, and by glideslope capture.

. - 72
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ALTITUDE CAPTURE - This provides the transition from altitude
gselect to altitude hold,

ALTITUDE HOLD - This meode will cause a computed collective
command to hold the aircraft at the pressure altitude eiisting at
the time it was activatad.

The mode is activated either automatically by the altitude capture
_function, or manually by depressing the altitude button on the
mode controller. ALT HOLD is lighted on the annunciator panel
when this mode is sckive.

I+ *he autopilot i{s engeged, it will automatically hold the
rotorcratt at that altitude. Altituda hold engagement causas [AS
HOLD to engage.

The altityude heold mode is cangelled by automatic glideslope
captura gr selescticn aof the altitude selecy FFA SEL, VYNAY, or go-
around modes.

VNAY - The YNAY mode pravides computed collective commend &0
caphture and maintain a vertical &rack, in ascent or deszent, to =2
pradetermined altitude with reuspect ko an RMAY waypaint (which zan
be over a YORTAC). To sperate in thig meode, the pilot muszt

pracead as follows:

1. Establish an RNAY waypeint aon the CDU and selsct
RMAY mod=.

2. Establish the course to the waypoint.

Z. Set the desired aliltude aver the waypoint on
the CDU.

4. Set along-trachk bias teo reach desired altitude
affset along course from the waypaint.

S. Set the approximate VYORTAC station elevation to
obtain slant range correction.

The vertical track angle will then be displayed eon the FFL. As the
rotorzraft flies toward the waypoint at a constant altitude, the
vertical frack angle (VTA) will slowly increase or decrease. When
the desirasd vertical track angle is indicated on the display
scale, the pilot engages vertical navigation guidance by
depressing the vertical navigation button on the meode controller.
The autopilot/flight director will then control the aircraft in
the vertical ' plane to fly a straight patk from engage peint to the
preselected waypoint altitude at the offset position,

VNAV CPLD will be lighted on the annunciator panel and the
vertical track angle is indicated on the FFD display szale and on
the altitude selector. Engagement of VMAV causes IA§ HOLD and ALT
ARM to engage.

2y



The FFD command bars will deflect to command the pitch and
collective maneuver tfo acquire and hold the flight path and
airspeed. ,
Emgagement of the VYNAVY CFLD mode a2lso automatically activates the
altitude selact function ko capture the selected altitude. As the
rotorcraft approaches the selected altitude, an altitude rate
command will automatically guide the pilot 2¥ it at a low rate,
As the rotorcraft reaches the selected altitude, vertical
navigation coupled will auteomatically disengage and altitude hold
will auvtonatically engage,- altitude hold will light on the
annunciater panel, and altitude select will disappear. The
command bars on the FFD will call for level flight at the selected
altitude and airspeed.

If the autopileot is engaged, capture and holding of the vertical
track angle and subsequent capture and holding of the desired
altitude will be automatic.

Waypoint distance bias is providad teo permit the pilet to acquire
a decsired altitude at 2 point short of the waypoint. For example,
thie waypoint could be established at & runwaey threshold with the
desired MDA altitude selected and the waypoint diestangz biased 1
to 2 miles short Lo position the rotorcraft +for a straight-in
approach. Waypoint bisz adjustment should not be made while VRAV
is coupled.

The WVNAV coupled mode is deactivated by selection of any other
vertical mode or by pushing VYNAV, .

HOVER HOLD - The HOYER HOLD mode provides directional and altitude
helding capabhility whem the hover conditions exist. {Hover
conditions are defined in secktion S.1.1.1)

The hover hold meode is engaged by depressing the HOV button on the
mode control panel. It provides altitude hold of the aljtitude
presant  at the time of engagement. The heading at the time of
engagement or i1if the foot pedal force of S pounds is euce=ded,
commanded heading is 30 held.

Disengagement of hover hold may be accomplished by pushing the HOV
pushbutton or by any other mode selection. Display of HOV HOLD is
pravided upon activation of this moade,. ’

COLLECTIVE CONTROL &TICK STEERING ~ This mode is engaaged by
pressing the gollective 85 switch on the collective stick. When
ehgaged, the collective parallel serve is steopped and the
associated clutch is disabled. Under the basgic vertical control
law, the altitude rate command signal is synchronized to the
concurrent altitude rate, and while the command buttomn remains
preesed, charpes in collactive stichk position result in changes in
rotor blade pitch. When collgective CE8 is released, the altitude
rate command signal is held zonstant at the concurrent value, the
collective parallel serveo clutch is re-engaged and rEsumes
‘operation.

4



All mades except VNAY and ALT HOLD remain in continuous
synchronization with the pilot’s aircraft maneuvers so that upon
releas® =~Ff the CSS button, all previcusly engaged modes will
gmoothly reassume control of the aircraft unless decouplad or
repargrammed by the pilat.

When in altitude hold, *the airecraft will hold that altitude which
was pres2nt upen relesase af the CSE butteomn. YWhen in VNAVY, the
aircraft will revert to altitude select and altitude rate hold
when the C8S button is released.

Since all engage modes remain coupled, execpkt YVNAY, (in
aynchronization) during operation of the =3 modea, their
annunciators will ‘continue to show on the annunciator panel. The
CES mode is not separat=2ly annunciated.

The fransition of the modez of the collective axis are specifisd
in Table &-S. The glideslope mode is armed from the approach-
lateral control machine when the lateral beasm is capturad and the
approach is sn the backcourse of the lozalizer.
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STATE

BACKCOUASE TWUE
GLIDESCOPE VALID
AKD €S ENG

TRUE

GO-ARCE:D
COLLECTIVE

CSS SWITCH on
ALTITUDE BUTTOM
VALID

ALT ARM SUTTION
ALT SEL 8OT
VALLID OR BARD
ALT NOT VALIO
VHAV BUTTON OM
& VHAV ENG
TALID

VNAV HOT WaALID
LAT HACHINE HOT
IR APPROL
GLIDESCORE

HOT WALID -
ALTLIUDE
CAFTUAE TAUE
ALTEIUDE
EHGAGE TRUE

0. ALTITUDE RATG HOLD

.

* los aip ALTITUDE

w JoN & (ALT VALLD
s srsLwman

Table S-S: VERTICAL MODE LOGIC MACHINE

STARTING: FTATE O

~ (35 ALTERS THE FLIGHT DIAZCTOR

oY

GLIDESLOPE FLAC = LOC VALID AND
NOT BACKCOURSE VMAV EVC VALID =

VHAV VALID AND VTA VALID
HOVER COMDITION TRUT -

VETC 15 FXOTS

D WILL CYCLE BAG TO 3 EvEx 1r
ALY SEL 15 ROT VALID

1. CO—AROI'HD

T

%Y
-

1. ALTITUDE ROLD

3. ALYITUDE STIZET AND
ALTITUDE RATE HOLD

&, ALTITUDE SELECT
AND GO=ARDIND

5, ALTTYUDE SELECT
AND VRAV

5. ALTITUDE CAFIURE

‘7. GLIDESLOPE COUPLED

2. CLIDESLOPE STANDSY

7. FPA BOLD

in. ALTITUDE SELECT
AND TPA BOLD

il. FrA STIECT

32, FPA BELECT AND
* ALTLTUDE SELECT

10

13. TOVER ROLD

L
AL
e M [
i k] - - 0 -
1 13 - -
1l D - -
12 13 - 0
3 1 - 1
| 1l . )
n 11 - 2
7 ? - -
] [ ] - -
1 j. 13 - -
12 n - 1
] 13 [) -
3 L‘lr 10 n
ul o} - -
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5.1.2.2.1 Autopilot/Flight Director Control Laws - Tha Autopilot and fiight
director control laws, duescribed below, are summarized in Figures 5-9 thru
5-12 for collective, pitch, roll and yaw axis. Terms included are discussed
in the follewing paragraphs.

5.1.2.2.1.1 Collective Axis Terms

§.1,2.2.1.1,1 Collective Qutput Equations

Collective Series Serva Command -

ss (1]

Cis = Ky (AR - Ky g5 P

where
CSS = collective serias servo command {deg BCOL)
Ko = altitude rate gain
h = 0.1875 deg/ft/s
ﬁc = hARH if collective button aut

]

ﬁARH + Kog {8y - 8;9) 1f collective button in

- £
hARH = most recent of

o f concurrent with collective CSS, AP, FD, or AH rate hold
engagement, ° . "

. ﬁc concurrent with release of collective CSS button.

e 8.33 ft/sec at go-around engagement.

KCOL = collective stick sensitivity
= 10 ft/s/in
5 = 2 ] ScoL
S+2J
5c0L = collective stick position {in)

§;9 =&, concurrent with collective CSS button engagement

h = altitude acceleration (ft/s2)
o .| = altitude acceleration gain _ ___ __
h -

4

0.025 deg/ft/s” IE-T

. A



Collective Paraf]el Servo Command -

Coe = K

ps = Keps * Css

where

EPS = ¢ollective parallel servo rate command (deg eco]/sec)

K: = collective parallel servo gain
CPS . 1.6 deg/s/deg

Collective Flight Director Command - )
= BIASED OUT OF VIEW WHEN FLT DIR NOT ENGAGED,

$ep o 5
=l 1 Kogn B = K.
l:-'rs-r'r] CFDE " Teh TR

where
§pp = collective flight director command {fraction of full scale)
K = collective flight director altitude gain
CF0 = 1.0 ful) scale/ft/s
X = ¢collective flight director altitude acceleration gain
¢h) = g.007 rs/s?
HE =lwashout altitude acceleration
=\ s
S$+1
h = altitude acceleration
s s . 1 .
hE 11m1t hc Tss—-;-r ‘ =fi
(3333 ft/s) rate 11m1§
L (¥2000 ft/min) J +1.5 ft/s
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where
ﬁE = altitude rate error {ft/s)
ﬁc = raw altitude rate command {ft/s)

R = altitude rate {ft/s)

5.1.2.2.1.1.2 Collective Mode Term Equations

Collective Synchronfzat{on -

ﬁARH = the f coincident with the most recent of:

¢ basic mode engagement

e AUTOPILOT engagement

¢ FLT DIR engagement if AUTOPILOT not engaged
s Engagement/release of CSS button

Flight Path Angle Hold -

fiepn = Yy [ta“ "c]

where
YT- = true airspeed

= vy coincident with FPA HOLD BUTTON selection where

¥
¢ ¥ tan'l (ﬁ/VT) = flight path angle (dey)

Yo =Y coincident with FPA SEL TO FPA HOLD TRANSITION

Flight Path Angle Select -
Bepa™ Vo [tan v¢ |

where

Yo T Y4sp T selected FPA angle -

The FPA capture flag is true wheniyc - yl & 0.2 deg.

P)gnr_*‘x s




Altitude Hold -
s Kn (hsEL - h) (AUTOPILOT)

Te

HLD

where
k » altitude hold gain
h = 0.5 ft/s/ft
h = altitude abovg sea lavel
hSEL = 3ltitude selected
K = gltitude capture gain
hCAP

0.125 ft/s/ft

If the ALT HLD button is pushed when ALT HLD not previously engaged,
ALT HLD becomes engaged and

hsEL = hDSP = h cofncident with ALT HLD selection.

Altitude Select -

1f the ALT ARM button is pushed and this mode was not previously engaged,
ALT ARM will engage. Altitude select maybe on with all vertical control
modes {FPA select, FPA hold, etc) and with all pitch control modes (pitch
attitude hold, airspeed select, airspeed hold, etc. When the altitude
hold engage flag is true, ACT select will transition to altitude hold,

AseL = Kncap (Psg = M) .
where . .
hSEL = hdsp cofncident with ALT SEL engagement

K = altitude capture giin
hCAP = 0.125 ft/s/ft

ALT HLD engage flg true when
sign {hsel = h) # sign (hSEL - h) E’l

B4



At capture flag is true when:
sign [((hsel - h) * Kncap) - A ] ¢
sign [((hsei - h) * Kheap) - B ] E'l

vertical Navigation (VNAV)~-

Aynav ® Kncap 4N7
where . $
U vertical navigation deviation

= (hynay cmp = ™

\ altitude

(
= altitude capture gain

Khcap |
= 0,125 ft/s/ft

L3

Gl1ideslope Coupled -

n "1 . .
figs * Xncap [Tss":'r ] h Koo (vdev) + VeKe

where .

o g g o

Kpe~ = 1382 ft/deg )

= a 183 ft/deg after middle marker sensed

Ydey T ILS glideslope deviation (deg)

VG = ground speed

ke * tan vper

YReF S Yis ° 3 deg



5.1.2.2.1.,2 Pitch Axis Terms

§.1.2.2.1.2.1 Pitch Qutput Equations

Pitch Series Servo Command -

8§

where
SS

Kper

co

1

0 when SCAS not engaged.

Z . 2
5 65 $¢ + 68
K [ ]e +|((a-a)-l<[ ] ]
PFF §f¢'§, C e '°C Qi85 + 1 sz+2 3 sas+682

q - Keg CSS {AUTOPILOT)

S & 2 2
K . + Ko {gp = 8) = K 65 5 + 68
PFF [ ] ¢ c q
S+8 85+ TJ | 522 .3 pes+68°

9 - Keg G55+ (8 = 6g9) Koo + KseFFErééjv] go  (CSS)

pitch series servu command (deg)

pitch command feed-forward gain
3 deg/deqg

eco if research CSS button in second detent

8cg * Ky (83 = &3p)

]

¢ concurrent with CS5 engagement, disengagement

pitch stick sensitivity
4 deg/in



w R TR R

. . ,
& o [zs TN S+ SJ 48

$20

8

Kserr

1

Most recent of

&, concurrent with CSS engagement

pitch rate (deg/s)

pitch rate gé1n
0.45 deg/deg/s

piteh stick position (in)

pitch stick feed forward gain

1.35 deg/in

Pitch Parallel Serva Command =

= pitch parallel servo rate command {deg/s)

Kpps Pss

= pitch parallel servo gain

0.75 deg/s/deg

Pitch Flight Director Command -

SoFD

= BIASED OUT OF VIEW

limit 1| {Kepp| [1imit
+15,-10 deg D EIE +20 deg
! 551 *
“KaFD * o + Xarn1 * St



where
8ypp = Pitch flight director command {(deg 1 in = 15 deg)
KeFD = pjtch flight director gain
= 1 deg/deg
%o = 255 1,9 (initialized when FLT DIR engaged if
255 + 1 AUTOPILOT not engaged)
K e pitch rate flight director gain
GgFD

0.5 deg/deg/s

65
qwo‘[+]'q

pitch fiight director feed forward gain

K
8FDL . 3.0 deg/deg

s
®wo * %¢° [S‘FE]

§,1.2,.2.1,2,2 Pitch Mode Term Eguations

Pitch Synchronization -

8¢ = § coincident with AUTOPILOT engagement
6 = limit [ ecp*'ecd
(#20 deg)
1
6p = {Kyp1 Ve) EEE;:;¥;it all modes
45 deg/s

6 « Timit 1 Timit K o e v]
¢ (+10 deg) | [ (45 deg) [ 6cz € ]

' ;ate Timit

1 .
v, =) | T ] ] - Vm
+1.5 £t/5? . e



vFa » VTE true airspeed for [AS SEL/HOLD modes
where .
= pitch attitude command (deg)

ocp ° proportional component of Bc

integral component of ac

A

-
H

E velocity error (ft/s)

KeCl = proportional velocity gain all modes (deg/ft/s)
0.5 deg/ft/sec

K = {ntegral velecity gain
8C2 . 0,05 deg/ft/s
Airspeed Hold -
1 - 158 ¥y ]

M DR R S ARG I o 2|
where

Vs = true airspeed (ft/s)

;a‘ = ai{rcraft x-axis acceleration (ft/sz)

kXa = 4

5.1.2.2.1.3 Roll Axis Terms

£§.1.2,2.3.1 Roll Output Equations

Ro11 Series Servo Command -

= 0 when SCAS not engaged

2 + 6a?

' 5
z K [ ¢ + K (¢ = 9) =KyP
RSS RFF | 3% ] c* s ‘% P s%42 .3 685 + 68°

= ¥ 5 + ¥ ’ S
RFF [m] T Lag - ) KeP | Ky [S‘:‘m] 5

-t

(AUTO)

(CSS)



roll serias servo'command (deg)

Ro1l feed forward gain
2.25 deg/deg

¢co if K5¢ (63 - 630) otﬁerw1se

) concurrent with CSS engagement

vehicle roll attitude (deg) -

roll stick sensitivity

B deg/in
1
' ' ]
2, ¢
st + 1.4
3 _3...54.1

roll stick pesition (in)
8y concurrent with CSS engagement

roll attitude gain
0.5 deg/deg

‘roil rate gain

0.2125 deg/deg/s

roll rate (deg/s)

roll stick feed forward gain
0 deg/in

0




o1l Parallel Servo Command -

Ros = Kpps * Res

where
hPS = roll paraliel servo rate command (deg/s)

K = roll parallel servo gain
RPS = 0.125 deg/s/deg

Roll Flight Director CQﬁmand -

= BIASED OUT OF VIEW (FLT DIR NOT ENZAGED)

§
gFD 1

‘. 1
[TIS‘?“I ] [(°c = ¢} = KoppP + Kippr ¢cwo_i

where
5¢F3 = roll flight director bar position (LS8 = 0.9/667 in, F.5. = 1 inch)

K o roll flight director position gain
Y 2 0.015 in/deg

KpFD s roll flight director rate gain

= 0.4 deg/deg/s
P = roll rate (dea/s)

K s roll flight director feed forward gain
$FOL 2.0 deg/deg

Ro1l Synchronization -
= ¢ coincident with most recent of:

s ¢ AUTQ engagement
c < e FLT DIR engagement if AUTOPILOT not engaged
o A1l other nodes disengage and AUTO or FLT DIR remain
engaged.

\= 0 at go-around engagement

e ‘ N ‘91
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r\

Gl : .
OF POC.K (o o v o

Roil Contral -
1 ' -
(e | 5541 Hmit e * (WDB SEL ENBAGED)
' rate @it | 320 deg
R.5 deg/ ‘
1
’cl « | .55+1 T4mit #‘c (HDS HOLD ENGAGED)
rats 1imit 220 deg
5.0 deg/s
1 ]
Lo | .85+ 1 Tsmit ¥ (NAY MODES E:GAGED)
rate limit 25 deg .
o 35.0 deg/ ,
where

¥ © ROLL ATTITUDE command (deg)
; “ws-vswg 1a HDG SEL/HOLD MODE

= .:“ (B‘Y + 1'5’57) + {1imit Eé’r [‘ihrlt (KDID'Y)]] otherwise

1 deg *1 deg/s

Vg ® ground velocity (f%/3)

V. = heading errse (deg)
s 1

KWB piv]

Ray @ crossirack displacement gain
s {},08 deg/f%

By = g;ﬁsgagk dfigacm (perpendicular %o the right of the track),
ned for ezch mode



¢rosstrack rate time constant

= 20 sec¢ for 0, > 2000 ft

Y
= 10 sec for DY < z0 ft

= a linear blend from 10 sec 4o 20 see for 5Q < DY < 2000 ft

DY s crosstrack rate, defined im each mode

KDI » crosstrack 1nte§raf gain
s 0.003 deq/s/ft

{ 0y = Dy {f @ £ 5 deg and if “on course” conditions met
. = (Q otherwise '

1

Heading Hold
{ )
| % * Yrer -
¢E = heading error {deg)

wREF = ¥, coincident with mode engagement or in transition from HOG SEL (deg)
¥, * afrcraft heading (deg)

Heading Select -
Ve *Vper V4
Heading HOLD capturs flag true when _ '

1¢E| 25 deg



Course Datum Gommand -

/ Kg * 80_,, for navigation capture,

limit 1 .
K4 * [1 N (2300} [20 S + 1}} M’C:I'J'I

for navigation track
*cde = ﬁ

Ky * Kbc » A¢cd’ for approach beam capture,

Timit 1 .
Ke * l: " (230°) [*10 oW H (Kpe ™ Mgl

for approach beam track,

k 0, otharwis.
Kg = course datum gain = 1.5 deg/deg
K._ = +1, not backcourse r-] beckcgur:a1
he L J
A¢cd = course datum sigral from navigation computer
The backecourse flag is true 1f the magnitude of the course datum signal {s
greate~ than 90 degrees.

Lateral Beam Flags - The navigation and approach modes have submodes.for arm,
capture, capture with track armed, and track. These are switched on flags
computed from the following quantities:

Tom 8y,

-
P 1] . [.._.lé_-i_. . 1], r
n +1 0s+1
r a,‘|’1L‘],,[1:z.7ss e 1. T
2 [Ls+ Lisse1

A¢]b = poll comnmand from the navigation computer for latsral bean
deviations



Y

The flag, navigation capture, is true when I' and I'_ are of opposite sicas. THe
flag, navigation track, is true when|r|5_3 dots and|¢Li 4 deg. The fl.ag, )
lateral beam capture, is true when I and T'_ are »f oppasite signs. " ne flag,
lateral beam track, is true when{T}< 3 dots and|9[5 4 deg.

Laterz] Beam Comman&s for Approach -

Iy

My, =

30

b _

roll command for- lateral beam deviations from the navigation
computer .

0.5 T, (navigation track or approach beam track) and not
Tocalizer

T, otherwise

0.5 * Pl, localizer backcourse and approach beam track

-Pl, localizer backcourse and not approach beam track

.+P1, otherwise

0S 7. T,p approach beam track
105+ 1}

fz + P30, approach beam track
PZ’ otherwise

14mi
(3953)

11r‘3
{+1u") ° [%4 * P3] , approach beam track

° [%4 i P3 » approach beam capsure

[ X



4.0 deg/dot on NAV track znd LOC

1.0 deg/dot on NAV capture and LOC

8.0 deg/dot on NAV track and YOR

40.0 deg/dot on NAV capture and YOR ar RNAV
40.0 deg/dot on NAV track and RNAY

2.5 deg/dot on LOC after middle marker

r4. approacht beam c¢aptyre or approach beam track

bea = 0, otherwise

Latsral Beam Command for Navigation -

ro. o4
*1b

Ale = prgll conmand for lateral beam deviations from navigation computer

PO w[[ 120 § ] * i for navigation track
205 + 1

po e T rO' navigation track
50)s T, otherwise

= rSO' navigation capture or navigation track

= (), otherwise

= ]1m15 .
(+107) ° [KS * rél navigation or lateral beam %rack
= 1im15

\  (+#607) °

[Ks * I'J, otherwise

. 4.0 on NAV track and not RNAY
K5 = navigation gain « 5.0 on NAV track and RNAY

16.0 on NAV capture
e '!‘ o r
_ -
g

é} navigation cupture or navigation track
R

b
Tben
0. ytherwise approach beam apture or approach beam t~ack
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£5.1.2.2.1.4

§.1.2.2.2.4.1 Yaw Axis Outout Eguations

ORIGHIAL ¥,
OF POOR GuAwit:

Yaw Axis fems '

Otrectiional (Tafl Rotor) Series Serve Cammand -

f

e~
[ ]

whers

0 {CSS or AUTOPILOT NOT engaged)

Xens [-;-i-—l] Gm_ + K9 (9. tc) + Kr (r - rc) (hever mode)

o [] ol L]
wimr o

directional series sarvo command (dag &)
total collective piteh {deg)

haading hold gein
1 deg/deg -

aireraft heading

Tateral accaieration gain

2 deg/ft/s? :
lateral iccslerometsr signal (facluding gravity camponen’.) (ft/sz)

it FFP > “F‘P‘T‘ otherwisa most recsnt of:

o ¥ cotneident with CSS disangagement
o V¥ coineident with FFP droping below Repr

o ¥+ 1 (8 - 0SS +Kkr (r=re)) coincident with hover mode
. engagemant.



FP
Kepr

Typ =

Kr =

rc a

FPH

Fep

Directional

Bps *

where

ps
Kpps =

foot peda! force {1b)

go?t pedal force threshold
b.

piteh attitude command (deg)

yaw rate gain
0.6 deg/deg/s

[}

yaw rate {deg/s)

“epy Fopp (deg/s)

foot pedal sensitivity in hover
1 deg/s/1b

Fep = Kepr 1f Fep > Kppr

O 1f ~Kepr < Frp < Kppy
Frp * Kepr 1 Fep < Kepr
[_1'.0_5__] {r- - lgﬁ sin ¢] (deg/s)

108 + 1 Vor

yaw/roll rate decoupling gain
0.1 deg/deg/s

roll rate. (deg/s)

(Tail Rotor) Parallel Servo Command -

*ops Oss 1 Fra < Kepr
0 otherwise

directional parailel serve rate command (deg/s/deg)

directicnal parallel serve gain
0.4 deg/s/deg

'y



£.1.3. AUTOPILOT/FLIGHT DIRECTOR SYSTEM INTERFACES

The autopilot/flight director funztion involves a numnber  of
devices:

mode controller

special switcheg

dynamic Sensors

navigation, radico, INS and altitude devices
mode annunciator

primary fliaht display

piteh servo

callective servo

roll and yad sarvos

The connections to the computer are i1llustrated in Figure S-17,
The astatus of the flight control system is controllsa by the
switches on the mode contraller ,four segarates apecial swiltchas,
switcnes on the control pansel for the navigation computsr, and ov
gaveral signals specifying the validity gof sensor and radic
information, = Several capture and krack signals alszo switzh modes
ar submordes,

5.2. NAVIGATION/FLIGHT PLANNING FUNCTION

RGDAAS Mavigation/Flight Flanning Function enables the pilsot  te
plan and <etore his fligltt plan, and momitor his status with
respect to plan throunkost khe flight. In flight a movirg map
display is presaentad aon the RODAASE HED which pictorially shows the
alireratt peositign relative to the s=lected waypoint course and

NAVAILD. In the heading up mode the ar@a directly ah=ad of the
ajircraft is mapped straight up from the aircraft symbol. &}
selectable "North Up" mode ig available to allow more convenient
comparison 9f the moving map display with & conventional map. A

map slew featuwre is provided which allows gne to view portions of
the moving map which ar= otherwis=2 out of view as a result of map
scale.

The RNAYV function smploys VORTAC-INS with automatic look—-ahead to
the next waypoint. The pilot is informed when the signal quality
associatead with +the next waypoint 13 adequate for systam
navigation.

3.2.1. NAVIGATION/FLIGHT FLANNING CONTROLS AND DISPLAYS

The navigation/flight planning function emplovs the CDU for aLa
input and r=adout, and the HSD for the map display. Follawing i3
A description of these various CBU ang HSD controls and displays.

S.2.1.1. NAVIGATION/FLIGHT FLANNING CDU COMNTROLS AMD DISFLAYS

DY Controls and Displays invelved wikth NavigationsFlight Planmning
are shown in Figure S-14, '
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o
z 00LL SERYD COuUAND B-r RoLL
= 31 TI0N FEEDBACK
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SEAYO EROADE
frimm ey z h
2
-
COUREE DATUW o x
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YOR/TACAN 400 0N 3 v
RADIOS A TITu08 SELEST qTviaTion 2 '«
HAVIGATION ALTITVOE BELECY vALID E‘-—"B s
COMPUTER LOC FAEQ SELECTED el =
GLIDESLOPE YALID g r
Y o a
8L IOCBLUPE DEYIATION o § COLLECTIVY SERVD AOSITION L COLLECTIVE
__AACREOUASE On Bl POSITION FEEOBACE pr-YAS
WIDOLE WARKER Siaual o SERVO §NOAGE ==
na¥ SRCUENCE =
VT ¥aLID .
WAYPOINT SEQUERCE
HITRILOT OFF T Mi’t:gm[lﬁg.r
L]
PITCH STICX POKITION —
STICK AOLL STICK POSITION = ~ -
POSITIONS PEDAL POSITION .y 1
TOLLECTIVE POSITION AL TITUOE »DLD FARTR
gl 'EE AL TITUOE YALID AR
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_'é ja2 HOLD EARDR COMPUTER
|AS E30ADE =
ALTITUDE Ewdidl b

Figure S-13: AUTOPILOT/FLIGHT DIRECTOR INTERFACES

ORIGHIAL PAGE I3
OF POOR QUALITY.
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The NAVAID DATA i1information is enter=d on the MAVAID DATA page,
and is tabulated for review under DATA BASE SHY. Waypoint data 1s
entered on the WP DATA page. Flight plan editing 1is possible
uw2'ng kthe MAP EDIT page. Flight status i1s available on the FLI
SRl page. Flight plan date may be cl=ared on tne INIT page. The
use of these pages is described below.

NAVAID DATA PAGE - NAVAILID data is normally enterad as a preflight
aperation.

If NAVAID data pages are selected, tLae NAVAID page number 1 will
appear., I+ i3 neczessary to access the desir=ad MAVAID number page,
if different from NAVAID 1, through the back/fwd control or by
direct data entry of the de=zired MAVAID number on the CZDU

-

NAVAID data can be stored in the EEFROM memory for future use by
using the FLT PLN SAVE touchpoint on the INIT page. Thiz data
base 13 then automatically raloadad 1nto the appraopriats  RAM i
pawer  up. Subsequent changes of the NAVAIDsS will not affect tnho

stored information unless FLT FPLN save is re—initiated.

The NAVAID DATA can be cleared by means of the DATA CLEAR
=)

touchpoint on the IMIT p

The N, W, and € associated with LAT/LONG and VARIATION asecd not oe
antzrea if they are applicable. They may be averridden with an
alphabetical input procaeding the rwmerical input {f appropriat-e.

I+ NAYAID data far a NAVAID usad in a waypoint definition is
changed, a CDU data entry advisory "MAVY USED IN WF  DEF" 13
displaye=d.

In addition to format checks., enter=sd NAVAID data is checked as
follgws:

l. Frequencises between 102 and 118 MH:, and multiple of

0,03 MHz,

Z. NAVAID number betwsen © and 13.

J. Latitude between O and 20 degress, N or § or no prefix.

4. longitude between O and 180 degrees, E or W or no prefix.

S+ "Regre=" entries tetween O and T9.% minutes.

4. Magnetic variation prefii E or W, or no prefix and
magnitude le2sgs than 100,

7. NAVAID ID has three characters.

I+ the format checks detect a wvialatiomn, the data entry i1s not

allowed to be entered, and an error message "DATA ENTRY ERROR" 13
discitayed on the CDU.

FLT PLAN SMY - The FLT FLAN SMY page provides menu selection of
the wavpoint summary (WF SMY) and NAVAID summary (NAVAID SMY) .

When "WF SHMY" iz act.vated, page ane 2f three waypoint sunmary

pages i35 dizplayed. Fageus two and three are displayzd by togglinc
the page Fwd/Back control.
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Displaved information includes:

1Y Waypoint No.

2} Waypaint ID

I} NAVAID ID

4} Radial/Distance

The WF NO will contain & number from 1 to 25 providing a numerical
list of the waypoints within the asystam comple:. The WP 1D 4111
contain up to a five letter wavpoint identifier. The MNAVAID ID
will contain a three lestter NAVAID identifier. The radial/distance
column will contain the computed ar entered radial and distance
for the wavpoint. |

When the "NAVAID SMY" ig activated, page 1| of 2 NAVAID summary
pages 1= displavyad. Fage two may be displayed by togaling the
page Fwd/Back control.

Dizplayed information includes:

1) NaAaVAID NO
2) NAVALID ID
Z) Freguency
4) Latitude/Longl tude

Tae NAVAID NO will contain a number from 1 to 13 1ndicating  the
numerical seguencz ot the navaid within the svystem complex, The
NavAID ID will contain a three NAVAID lestter identifier. The
enterad  NAVAID freqgquency and itts latitude and longi*ude will be
presented in the remaining columns.

Xs in the ID column designate a wvalid NAVAID facil:ity for which
identification code has not been ente: ed.

Xs in latitude 3and longitude columns desianate a wvalid BMAVAID
facility Afar which latitude and longitude has not be=sn entered.
Waypoints referencsd to such MNAVAIDS will not linmk.

WP DATA PAGE - The WF DATA psge comes up with the active waypoint.
Upon initialization waypoint 1 is ths2 active waypoint, Ancther
waypaint i3 made the active wavpolnt by displaying the desirad
waypoint on  the WF DATA p.Je2 and depr=essing the CDU  "WF USE"
button. Changes ta the active waypoint will be immediately
reflected in the displavyed map, and afresct the guidance signales
zent to the Autopilot/Flight Director function. '

Wavpoints are definmed from this page. If a NAVAID number 1is
entered for a NAVAID with staored cata, the NAVAID ID will be
transferred to the WF DATA page.

Entry of a new NAVAID number will causz2 a new NAVAID ID to appesr.
The radial and distance are cleared to zero, New courses a&are
computed based on this and other waypoint information, If new
radial and distance are now entered, & appropriate new courses are
compubted when sentry arrows ars clearsad.

- 103
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Entry of a NAVAID number ar a wa.point latitude ang longlritude will
cauze appropriazte new courses to be generated, a3 well as s new
radial and distance.

I+ a new NAVAID number or & new MNAVAID ID is enterzd following the
2nty of a MNAYAID number, the related data aof the new numpber or ID
will be =ntered.

I+ the NAVAID number or the NAVAID ID =2ntry is gttemptsd on ths WF
DATA page bDut no data is stored for this MAVAID, the curranc
infarmation will remain unchanged. An grror message "NJ  NAVAID
CATAY ia displayed.

Upon first selection af a particular WP DATA page, the DA o  DH
taoggale index and the NAY mods shall i1ndicate "NO" and "“RNAV"  for
touchpoints 7 and &8, respectively.

Witeh AUTD CRE ZED oFf, passing over 2 wavpoint does ncthing %9 fhe
course  selectad. It coupled, control continues to  the  2amo
outbound fram the stat:ion unless the course selection {3 chanoed.
[ the course selzciion is changed. &4he Auiooilot/Flight Directaor
reverts o H2ading Hcild and Nav arm. I[¥ the course sslaction was
made  prior fa  ar during the Lime the MNMav Capturs flaa pecomes

true, fthe new cours2 will be capturad automatically.

Waypaint data can be stored in the EEFROM memcry for futlrs wuse Dy
using the FLT PLM SAVE touchpoint on the INIT page. This asts
base 1is then automatically relcaded into the appropriste FAM =2+
pawer up. Subseagquent changes to the waypaints will not ariect the

stored intormation unless FLT FL SAVE 138 re—-initiated.

The waypoint data can be cleared by means of the DATA CLEAR
touchpoint on £the IMIT pzaas.

The GEL annunciation displayed undesr GRSL/CRST 1e  controlied
manually by the CRS SEL button, Fushing this button willl fogglsa
the &SEL bestween CRE1 and CREZ. With AUTO CRES SE® on, this
trans.tion from CRE1 to CRSZ will be accomplished auvtomatically.
The couwrse selescted far the active waypoint will also be displaved
orn the HED.

All wavpolnts that are inactive will show the SEL opposits  courss
1. Only the active wavpoint SEL iz toggled by the courss salech
pushbutton.

A waypoeint is linked i+:

The waypoint and the pravious waypoint are located, ie, a latitude
and langitude have been defined using eithar INS
latitude/long: bude or NAVAIDS for which the latiifude and lang:tude
have been entere=dg.

Course 1 has not been manuslly gntersed for this wavypoint and

W38 & was = entare or e prior waypo 2 .
cowse 2 was noat manually ent d f the p ypoint
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If data i3 changed for the NAVAID numbar to which the waypaoint i
referenced, the NAVAILD number on th2 wavpoint data page will go
beck to an X, and a data sntry advisocry NAV USED IN WP DEF i
displayed.

I+ a previouslv linked waypoint is unlinked from either of its
neighbors by the manual s=ntry of zZzourse 2 on the previcus
waymoint, the courses on the wavpolnt data psage will reEmsin
unchanged.

All courses associated with the active waypoint will be displayed
on the HSD urnless they are ({Xs.

I+ latitude and longitude are not defined on the NAVAID DATA pone
and this HNAVAIDE is used to define a wavpoint, the dasta wili
properly fransfer to the WF DATA page, but linking of the wavpoint
to anotiher iz nct allowead,

ALT/CFFESET - Derines the waypoint altitude and fhe veriticsz.l
wavpaint positiaon offset. The aftfset is negative for a verhtios!
waypoint befarza an FINAVY waypoirz gr positive if bawvaona. Tha
antaraed altitude iz the refaerence for VMAY and iz tha MDA 2 Dh

reference sltitude ¥ so designatsd by the lower right touchgolint.

FLT STAT PAGE - Data on thes= paqges reprasents current conditisns
a5 measured or computed. Fage 1 presents current sircraftt status

-

while pages 2 thru 4 present intormation far the active wavpoint
and all wavpoints linked to the active waypaoint.

Fage 1 presents the fallawing:
GMT - Current GMT clock time in Hours: Minutes: Seconds.

TRGQ MAX AVAIL - The masximum torgue available (FSI)Y for continuous
gperation under the current conditions.

TEE — The current torgque (FS1) imposed upon the engine output

shati.,

FIJEL FLO ~ The cuwrrent fusl {flow in pounds per hour.

TAS - The current trus airspeed (ENOTS! received from the tbrue
sirspeed sesnsor.

GE - The current computed ground speed (ENOTS) based on navigation
and winds aloft computations,

WIND DIR - The computed winds aloft dirsction (DEG)
WIND SFD - The computed winds alafth velaocity. (ENOTE)

FUEL REM — The current ftuel ramaining (LES) based on initial fuel
load and fu=l flow.

-



FUEL FREM - The current time remaining (MIM) based 20 current fuel
remaining divided by the current fuel flow.

Fages 2 through 4 presant the following -information:

WF — MWavpoint numbers.
ID — A three letter wavooint identifisr will be presentzsd here, if
it has bs=en so specifiaed.

DTWF -~ The distancs to waypaint based on WF DATA position entries
is pressnted under this column.

[f off course, the distance to the active waypoint is the straight
line distance to thz active WP if courss | is selected, and ths
straight line distance %fo +the nmext waypoint i€ course 2 ig
selacted.

TTWF - The time, based on known disftances and computsd ground
speed i3 prasentad under thiz column.,

ETA - The astimated time of arrival, based upon the time to the

waypoint and referenced to the GMT clock, 1s prasenited in  hhis
column.

EFR - The estimated fuel remaining, based on fuel losd, current
fuel flow and =2stimated time Lo destination, i35 presentsd in this
column.

MAP EDIT PAGE — This page may be used when it is desirsd to =zlter
a previous flight plan or to generate waypagints along a prasc-ibed
course.

When "“WF INSERT" is activated:

The waypoeint as indicated by the number =sntered wunder INSERT  WF

and all subs=gquent wavpoinmts are renumbered.

WF DATA is then selectzsd automatically for the new waypoint numbisr
to allow iLnsertion of new waypoint data.

khen'" WF DELETE" is mxct:ivated:

The wavpoint, as indicated by the number =sntered under delete WF,
is deleted and all subssouent waypoints ars renumbered.

WP DATA page is then selected automatically for the waypoint
number that was deleted.

Whean "WF GENERATE" i3 activated:
Waypaints will be genarated to sequentially fill the set defined

by the "START WF" and "END WF". Eoth start and end waypoints must
be referencad.
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The waypoints gererated will be erually spaced on a cowsze line
drawn from the "START WPF" to the. "&ND WE",

Each gensa
on %

shown

Led waypoint will be refsrenced to ths closast NAVAILD
] L)

ra
he "NAVAID SUMMARY" nage.

When WF FPRES FUOS iz Louched, an entry: arrow wWwill appesar opposite
the "u* beneath the touchpoint. Upon entry of a number Lo
designate the dezired waypoint identificatian, the data
corregsponding to the aircrafis present position will be copied
onto the designated waypoaint data page which will be displeved
automatically. A!l data on the decsignated waypoint data page will
be takem the same az that af the active waypaint except ReRD, DIST,
and CRS, which, are computed +for pressent position,

Wherr "INV WF SEQ" is activated:

Waypoints will be ressquenced to fFill the s=t defined by "START
wWPY and "END WP, All wawpoints including beth start and end
waypeints must exist and be referenced. All altitude znd offset
values, as w=ll =z MDA/DOH altitudes will be returned to Hower uj,
values,

vt
i
S
i
1y
n

Faulty entrv dicgariostic messages assaciatsd with map =di
foliows:

ENTRY FAULT CDU MESSAGE
START WF Start waypoint not derined WF NOT LOCATED
END WF Dasignated end waypoint WF LESS THAN START

number less than start
waypoint number

ENC WF End waypoint not defined W NOT LOCATED
INSERT WF Inserted waypoint is Z4&th WP STORAGE LIMIT
aor higher waypoint
DELETE WF Delseting active WF ACTIVE WF
For the woccurance of kthe diagnestic messages listed above, the

data will not be accspted ints the system and the massages must be
cleared wvia the CLR kevy.

INIT PAGE - Navigation/flight planning stored data can be sleared
using +touchpoints on the INIT page. Stored NAVAID and waypoirint
data can be cleared separately.

Touching +the DATA CLEAR touchpoint causes an entry arrow %o

appear. Subsequent tauchpaint touches will taggle the arrow
betwesn the two types of dats. To cl=ar either type of data from
the zyst=m, bthe LCLR button s depressed with a ¢lsar scrateh pad.

Selecting another touchpeoint will cause the arrow to advanoe
without clesring the data from the system.
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INS INIT PAGE -Touching the IMS INIT touchpoint causes the INS
INIT" menu page to be displayed, The ftouchpoints and their
functions. are tabulated belaw:

,-r
2

~a

NS FOWER OFF/0ON ~ Twne to [NS systew on, initiateg zelt—-ta &
alignment  procees. The alignment time varies from 2 1/2 *g

minutes depending upon measured alignment performancs parameter
Ir the previous flight used a full inertial alignment and &
airgcraft has not heen moved, stored headimg and present position

information can be used to reduce alignment time o 2 1/2 minutes.
During alignment, the aircraft muset be stationary. The remaining

alignment time is displayed at the top of INS INIT page.

[
m

o -

-

FRES FOS ~ Alrcratt present position muszt be entersd prior to  the
system entering navigatiaon mode. This touchpoint provides =ntirv
capability to accomplish this requirement. I+ the system attempis
to enter the Navigatz2 mode wibthout & "prasent pasition” snirw, a

L

NG FREZENT FOSITION maution message will occur as a  raminder  to
the pilot.

NAVIGATE OFF/0N - This touchpoint provides seliscticn of the NS
navigata made. This tauchpint mav be salscted immediat=ly atter
svstem power haz be=sn turned on to provide aubtsosmatizs navigatzs mode
endgagam=nt. Howevsr, entry into navigats mode will Ge inhibinsd
until a "pressnt position' has beesn sntered undsr the FRES  FOS
touchpaoint.

ATT REF ONLY — The eattiitude mode selection touchpolnt 1s used only
during specific fault conditions that allow valid sttitude outputs
(pitch, roll &and heeding) but position and/or velocity autputs
are invalid. [n this mode, all navigation ouktputs are 1nvalid Lut
attitudes ar= still provided. Heading aoutputs are relative to
aircraft heading a2t "ATTITUDE" mode engagement which is initially
set to zZerc degraes. The actual magnetic heading at mode
engagement can be entsred uws.ng the ATT REF HDS touchpaint.

NOTE: The Navigates mode cannot be re—sntered once Atfitudes mode

is select=ad. Alsn, no further correction for magnetic variation is
provided since latitudes and longitudes are no longer computed.

ATT REF HDG =~ The ATT REF HDG touchpoint provides magnetic heading
entry capability to be used during specgific fault conditions or
marnual zelection of attitude reference only engagerent.

The following INS status information is displaved on the INS  INIT
page:

REM ALIGM TIME - Time remaining in a&alignment process, The
alignment time varies from 2 1/2 to 7 minutes.

INS STATE - ALN - Indicates INS system is in the align state.

NRDY = Not ready - Mavigate ready conditions have not besn

satisified, but alignment process has been completed.
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NAY - Navigate IMode Engaged
ATT - Attitude Mode Engaged.

$.2.1.2. NAVIGATION/FLIGHT ELANNING CDU
Navigation/flight planning fumction controls located on the DU
{see Figure S-1%) are as follows:

WP USE - USE will activate the wavpoint displayed on the CDU. If
the WF DATA page is mot on the CDU, nothing will happ=sn when the
USE buttcn is pushed. The USE butten is only usad for sslecting
active waypoints. . If the displayed waypoint data 13 incomplete, &
CDU data entry "WP NOT DEFINED" is displayed.

CRS SEL - CRES SEL will toggle the WP DATA pags CERE {/CRS 2
touchtipolint SEL mnemonic between CTRS | and CRE 2 for %he active
waypoint. The HSD display will change Lo snow the new Zoursz=z =nd
couarse deviation rezlative to the newly selected courss, I+ A/UT0o

CR3 SEE has be2n selected, the CRS SEL buthbon will  change the
selected couwrs=2 and cause the system to revert to manual sequence
(AUTO CRS SEQ OFF) . If the selectad courss 1= not defined, tha
messaga “COURSE MNOT DEFINED" 15 displayed.

AUTOD CRS SER - The AUTO CRE SEQ {Autoc Course Seguesncsa) button

is pushed to togale bstwesn the ON and OFF states for auto coursa
sSequencsa. ALTO CFS SEQ ON will cause RODAAS o transiticn
automatically from the "in" course {course 1) to the "gut" coursze
(course 2). The auteopilat/flight director cantral laws arz such
that a gmooth asympiotic capture i3 erecuted for course

interssction angles less than 90 degrees. The AUTDO CRS SER  OM
state 1s indicatesd by lighting the pdshbutton and attaching an A4
to the course mnumber on the HSD. Activation of the autocourze
sequence  (or activation of WF USE with auto-couwrse-segquencz  an?’

with nmo course 2 defined for the active WP will result in an  CDU
data entry advisory "CRS 2 NOT DEFINED".

AUTO WP SEQ - The AUTC WP SER (or Auts Waypeint Sequencs2) buttan
iz pushed to toggle between the ON and OFF stat=ss for auto
waypolint sesquence. AUTO WF SER will cauze RODRAS to  transitian
automatically from the "outbound"' course (coursz 2} on the current
waypoint to the "Inbound”" course {(coursa 1) of the next waypoint,
making it the active waypoint at the halfway point and upen nent
WF  availabilitfy. The AUTO WF SEQ an state i{is indizated by
lighting the pushbutton and attaching an A to the WF number an the
HED.

Activation of the AUTO WF SECusnce (or achivation of the WF  use
with auto-wavypoint-sequence on) with the next waypoint undefined
will result 1n & CDU data entrv advisory "WF NQT DEFINED™.

LAT DIR TO - LAT DIFR TO will set course 1 to the course which
would direct the aircraft to the active waypoint and makes caurcss
1 the s=slectad couwrse,.
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Activation of LAT DIR TO0 when the active waypoint i3s3 an ILS
wavpoint results in the CDU data entry advisory "LOC FREQ
SELECTED". LAT DIR TO with an incomplete active waypoint resulis
in the CDU data entrvy advisory "wWF NOT DEFINED™, LAT DIR TO 1n
YOR changasgs CRS | to the «urrant bearing to the station.

5.2.1.3. NAVIGATION/FLIGHT FLANNING HSD CONTROLS AND DISFLAYS

HED displays asscociated with Navigation/Flight Flanning ars shown
in Figure S-16. HSD controls assgciated with navigation/flight
planning are shown in Figure 4-7. They include the following
functions:

HDG/NOR - HDG/NOR changes the map from heading up to a North-up
orientation angd vice versa. Lighted annungiation.

MAP/CRSR - MAF/CREFR changas the slew controgl tgo affect either Lhe
cursar ar the map. I+ zhe zursor is the selectsd stats, & Ccursor
appears suoaerimpossd on  the active waypoint. Cursor moda
opetration is defined DElow Lighted annumciation.

MAP RETURN - FAF RETURM returns *he map to the normal position
{not slewed/map model.

WP BRG - WP BRG causss the active waypoint bearing needle to be
delsted +From fhe display if prezsent or te bao displayed if not
present,.. Lighted annunciation.

MAFP REVU - MAF REVU causes the map to appear when no radio or  1ThS
signals ars availabls. The active waypoint is located at the
airplane location. The purpgoase i3 to allow preflight revisew ar
the planned +Flight wusing the map slew feature. The aircraft

symbol is not shown in MAP REVU mode.

MAP SCALE - Changes 1n the map scale ars initiated by engaging one
of the threze following map scale buttons.

- 2 NM/inch map scale select: Lighted amnunciation, HSD
annunciation .

- 8 NM/irnch map scale zelect: Lighted annunciation, HED
annunciation

= 40 MM/inch map scale select: Lighted annunciation, HED
annunciation

The Z-NM/inch scale is suitable faor tight control situations such
ag approach, and the 8-MM/inch i3 suitable far enroute. The 4G-—-
NM/inch allows for display of approwimately 100 NM forward of the
HSD aircraft gsvmbol.

tateral deviation is present=d by five dots on either side of the
airgraft svymbaol. The dots are ©..(25 inch apart. The 2 NM/inch map

scale results in 0.29 MM/LOT, 8 NM/inch results in 1.0 NM/DQOT, and
40 NM/1inch resuits in © NM/DOT scaling.
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The VOR scale is 2 degrees/dot deviation 1s limited to S dots.

Erxamples of HSED map displays set up using these controls are
illustrated in Figure S-1l&. Included are:

RNAY MODE, 2 NM/INCH AND 8 NM/INCH - These scales are bhest suited
far operations in a terminal contral area (TCA) or in perfcrming
an RNAV  approach. In this illustration the aircraft 1S
appraaching WF4 NLS, a VORTAC which is providing the signals for
defining WF3 and &, The flight plan is for an RNAV approach to

Nelson Alrpart, Kansas. WPS is the initial approach fix (IAF) and
WFé 1s the missed approach point (MAP). The auts WF SELQ mode is
on providing automatic waypoint switching showld a missed approach
be executed. !

RNAY  MODE, 40 NM/INCH - This scale is most suitable for viewing

the Tlight plan. Th2 1tllustiration shows the airgrafh enroutae Lo
Nelson VORTAC. At Ehis moment the =sircraftf is & miles ta the

right of the selected coursse.

vOR MODE, 2.0 DEG/DOT - This mode. since no distancs is availablse,
cannot show a map. The airecratt is far to the right of the
selected course. The distancz ko the VORTAC will he displaved
adjacent to the DTWF if the VOR being used has DME available.

ILS MODE — This modz is zimilar to an EMAY type preszantatian with

the INS active. The lateral deviation {s computed based on
loecslizcer deviation. The aircratt is seen 2.0 dets tog the +right
of the lacalizer course. Maximum localizer deviation is limited

to I docts. TTWP and DTWF are based on distance information fram a
colocated DME facility o~ upon INS data.

KRNAY MODE, UNLINKED WAYPQINT, 8 NM/INCH - This figure shows an

unlinked RNAVY displavy. Waypgint 4 is the active waypocint. The
twao courses entered for the waypoint are shown as course lines
extending through the waypoint. Caurse 1 (291 degrees) has been

selected as indicated by the CRS entries at the left of +the
display, and the course direction arrow,.

Waypoint S is also shaown on the map. If the active WP NGVAID i=
located (1.e., has latitude and longitude defined), then all other
located waypoinkts and NAVAIDs will be drawn, In this case,

waypaolnts 4 and 5 must both be referenced to located NAVAIDs such
as MEC as shown an the map.

RNAYV MODE, NORTH UP ORIENTATION -~ This ftigure shows the same RNAV,
40 NM/inch situation as 1t would appear with a naorth up
orientation. The airplane occupies the same location as for the
heading up orienmtation and the map maves with regpect to the
airplane a5 the flight progresses. The airplane will rotatz as
the heading is changed. I[f desired, the map slew feature may be
used to reposition +the airplane (and map) toc a mare desirablsa
pasition.
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The HSD will only show NAVAID i1dentiviers entered by the oi1lot.
Where a wavpoint identifier has been entered, this invormation
will also be displaved, in li=u of a waypoirt number.

CUREOR CONTROL - The pi1lot calls up the WP DATA page on the C0OU
and selacits the waypoint number he wants to assign Lo the cursar
waypoint, If he wants to insert, he zalls up the MAF EDIT page.

The pilet thaen pushes the CURSOR button on the HSD Control Fanel
and the following things happen:

The cursor appears on the HSD superimposed on the active waypoint.

The cursor czan be‘movsd usimg the slsw zontrol. Attar the cursor
is moved to the desired location, pushing the ENTR button will
cause the active wavpoint data modifiea for the cursor radial and
distance information to be copied on the displayad wayomint data
page. New zcocurses are computed and app=ar on the WF DATA page 17
the waypoints ars l.nked., The waypoint can then be made active by
touching WP USE,

If the cursor designated waypeint is the active waypoint, kbhs sams
map sSlaw fzature 13 provided whigh allaws one tg view portions of
the moving map which &re otherwise outr of view as & result of mAaD
scala.

The curscr moved or inserted waypoints must be refsrenced Lo the
active waypoinh refarance.

Depr=ssing a touchpoint or any CDU key other than MSG ACK, CLR or
LATA LIMK will cause the cursor mode to be disengaged. The
entering of both radial and distance aor latitude and longitude of
the cursor designated waypoint (by pushing the ENTR button) will
cause the cursor to disappear.

MAP SLEW CONTROL ~ Map slew (s accomplished uwsing the slaw
controller. Slew range limits are 3T degrees of latitude and
lomgitude or 999 miles. GSlew rates are + 0.2 inches/se=cond or
+ 1.0 inch/second depending an slew caontroller displacement. The

map can be recentered using the MAF RTN control.
G.2.2. NAVIGATION/FLIGHT PLANNING ALGORITHMS

EALMAN FILTER MECHANIZATION ~ The RODAAS navigation/flight
planning function employs a kKalman filter Yo determine . aircratt
position. The Ffilter blends inertial aircratt position with
TACAN/YOR/DME radic data which has been corrected by dead-
reckoning true airspaed and heading infarmation.

This implementation allows &ll available signsals to be wused 10
determining aircratt position and provides a method of estimabing
mean winds and can provide goasition estimates betier than VOR/CDME,
TARCAN, INS or dead-rechkoning alone. Thiz improvement depends upon
how the error sources are modeled and in particular, th=sir
fraquency cantent,
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Aircraft—-to-station geometry enters the meEasurment equation. This
is true whether one works in a Rho-Theta coordinate frame or an
X~Y cogrdinate frame. In the RODAAS deslign a steady state solutian
was aobtained for a wvariety of a&ircraft-station geometriss. The
Kalman filter gains were kihen plotted as functions of Rho and
Theta. Flots of these gaine were used to schedule tha gains with
range2 and bearing to the station. Thiz appraoach reducszd the on-
board comgutations required without sacrificing performance.

The resulting filter 1s depicted in Figure S-19, Filter gains are
tabulated in Table S-é&.

The blending function of this kKalman filter is apparent i+ oane
examines the continuous version af the filter at © degr=es
bearing. The X and Y estimates decouple and =2ach has the +orm orf
Figur=s S-17.

Im Figure 5-17, Wihat is the wind state 2rd ihat the nositisn
astimate. The transfer functian for Xnxhat is: ;

S+e ‘l —~ K| (S+E) + KI TS
| T, + ¥
S*+(!+KL)S+K2+GK]J __Sz+(!+K:,)S+K-;+EK1J

Jﬁxz

I

>0
)
I =

1
LS
€

€= o, IF THE WIND IS ASSUMED CONSTANT

Figure 3-17: KALMAN FILTER, SIMPLIFIED FORM
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Thus fdxbat is high-passed Uhat (dsad-reckaning v1a air deata) and
low-passed Yuhat (position from VIWR/DME}. Typical values for the
galns ares

B = 3 Nm B = S0 NM
KL = .26 Kl = 0,28

X anis
K2 = 0,031 2= 0,031
KL o= 0,22 i = Q.07

Y auis
2 = 0,032 2 = 0, 0023

Thus for the X axis, the second order filter has W= ©.13 and §‘

= 0.77 in the denaminator. Note its dvnanics don’'t change wihh
range since delta o errors are due Lo R O(DME wrrors). For the Y
aniz=, 2 similar filtaer is obtained. However, as R lncresasss. the
filter bandwidth decreas==. This 13 aupected since delta v arrars
are R delta theta. Thus, as thz ¥ measurmen* becomes less ac=wrate
wrth rangs, kthe filter reduces the bandwidth,.

Finally, the scheduled gains develsped accaount for 3l1 couol:ing
and geometry and ara direchily computed.

The relative position estimates of the Kalman filter tAhat JYhat )
ara blended with statien latibtude/longrtude tao generata &
corrected aircraft latiltude and longitude,

The relative ground speeds determined by the kalman filtsr and the
LING svstem could also be blended. Furthar study 'as to signal
frequency and 2rr-or content) iz ne=ded, however, o determine the
feasibility of blending these Ltwo signals Lo form a more accurate
result., One such possibility ig ghown in Figura S-18.

INS GND Speed High
x Axis Pass
Corrected GND
Speed x Axis
@ND Speed x Ads Lag SRR—
H
INS GND Speed Ioh
¥ Axfs Pass
- Corrested GXD
—i  speed y Axis
*—
GND Speed y Axis Lag

Figure S—18: GROUND SFEED FILTERING (PROPOSED)
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Table S—-&: NAVIGATION KALMAN

FILTER GAINS

Natural Frequency (sec) of X Filté} to X

Error

W ® 2 '&354}79 - 17
N

sin25

Natural rrequency (sec) of T Fiiter to ¥

ZTror

uyy=.2+ Qig— .17

-t

cos28

Where: R = Measured range corrected for altitude 1in NMI

8 = Weasured bearing to statian in Deg.

X = Distance in NMI WRT NORTH

Y = Distance in NMI WRT EAST

4 = Damping of 2nd order filter =

.7

Filzter Gains

kll = 2.:..Jxx = 1.4 Wy

k 2

31 = W o

k2l a 27 {(.075in268).1s51in26

]

kys = (.0751n26)%s1n28
[(.07s4n28)! x (.07sin28)

b

22

42

21

41

= 2w 1.4 w

n

[}

Yy Yy
u2
vy
k21 = _15in2¢
k32 = {(.07s51in28)| «

(.07sin28)
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MAP COMPUTATIONS -~ The HSD map is drawn to look like the aircraft
navigation maps: i.e., Lambert conizal projection maps. On such =
map, great cilircles are drawn as approwximate straight lines. This
means that the lines of longitude will be s4iraight, but #ot
pnarzalisl and that the lines of tatitude will be curved.

The mathematics 2f the canical orojection ar= too compl = to be
wged when drawing the RQADAAS HED map. Instead, a plane praosection
is used with the projected distance between the map basis (ihe
airgplane cr the active waypoint) and the point to be mapped being
the true great circle distancs. See Figure S-20. This projsction
is wvery close to that of the aircr-att navigation maps. and for
distances less than 200 miles, the relative error is less tfhan
Q.05 '

Lvaen though the mathematics of great circle distance and courss
camputation are too camplex to be dused when drawing fhe H5D mao.
with  +the help aof som2 approximaticons, ®he circla formulas can be
reddiced Fo manageabla2 axpressziogons for computing the cocordinaktes o
thea HSL map. The acproximate map cdordinsts camputzaion  =zguations
ara;

ip = (Lp - Lm)

¥Yp o= {Am - Ap) % cas Lp
Where Lp and p are the lat-lang of an arbitrary paint P andg  Lm,
Am ars the lat-long of the map basis (a/c or active wavpoint), and
ip, Yp are the rectangular coordinates 2f the point P on the HED

map . The rasult of this approximatian on the map iz like making
the curved lines of latitude into streight lines. See Figure S-Z1,
In the 40 nm/inch scale, the display is 180 X (8¢ nm and the worst
case relative error in distance across the HED map 1s about A and
the relative 2rror in radial iz about L1.3%.

MAFP SLEW - The map slew function gives the pilet the possibility
to move the map relative to the display screen or as it alsc could
be wnderstocd, move the display screen window over the map.
Independent of the map slaw, the msp is rotatsed and scalad

relative to the map hasis which, eaxcept in map revisw, 1s the
alrcrati., Aftzr  the map computations, the zlswe xrz  addsd  as
dizsplay offs=t=.

The advantagse of this mechanization is that the aircratt does not
move af+ the map when it is turning, which could happen it the ths
center of the display was used as the point around which the map
rotated.

There are, however, some disadvantages. If we use the map slaw to
slaw off ta a relative distant point, we cannot use the map scales
to blow up that area, since Lthe eupansion is done arcund the mao
basis (l.e. the aircrafti}. The map prajecticn described earlier
also produces the sffect that if we slew off some distancs, then
the compass directions will change relative to the display.

’ 11<
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Figure S-20: PLANE PROJECTION

/ X HORTH

o . — -

=5 A
Xp coS

M N——
: Yp=bSINA

b = GREAT CIRCLE DISTANCE SETWEEN M (MAP BASIS)
AND P (POINT) ' '

= INITIAL COURSE FROM M TO P

A
X_ = bCOS A = PLANE PROJECTION DISTANCE IN X DIRECTION
P BETWEEN M AND P

Y_ = bSINA = PLANE PROJECTION DISTANCE IN Y DIRECTION
P BETWEEN M AND P
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Thesa disadvantages can be avaolided by using map review and narth
up modes, and as long as the slew offsets are short, the slew will
be mors usatul for positigning the aircraft sysmbeol and related
information on the display.

The mapping of an arbitrary point F on the HED display is computed
as follows (ge=e Figure S-~21).

12 Frojected distances relative to the aircraft:
p = (Lp - Lag)

fp = (Aac - 7\;:) #+ caos Lp

2. FRotation with respect to aircraft heading i+ in heading up
mode:
Arp = Xp +* cos P Yp * sin'?
Yrp = =~ Kp # 51n‘§‘+ Yp # cos ¥
S. Addition of slew offeets and conversion to display cogrdinatss:
Adigp = = (Xrp — Xslaw}
Ydisp = {Yrp = Yslaw)

The map sla=w ofisets come from integration of constants:

Xslew = fg::dt

Yslew = j.gydt

where g, gy = 2, + 0.2, + 1 inch/seg depenaing on the pesition of
the slew switch. g, gy are forced tc tsro whan not in map modse
and the integratigns ares raset to zero if M&F RTH button 15
depressad or if change of map basis is done., Chamgs of map bDazis
is daone by entaring mep raview mode or chamging active wavpoint in
map raview mode.

MAP REVIEW IMPLEMENTATION - Hap review 1c entered if the MAF REVU
button is depressed while the HSD is in narmal mode. In map revisw
mode the map basis is the active waypaint instsad of tthe airgraft,
and at zero map slew, the map basis is centered on the display
insteaa of slightly below the center of the display. The aircrafc
symbol is not shown in the MAFRF REVU moade,

In heading up mode the map will be arientsd as the »sircratt
griented, and the map will rotate around the active waypoint
the aircratt turns. -

o
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CURSOR SLEW IMPLEMENTATION — The cursor is us2d to maove waypoints
and therefare, the. cursor slew has to be map oriented. That 1e. it
has to keep its radial and distamce reiative to the active
waypoint independert = of the map modes and the map scales. The
cursar pgsition displacement components are computed in the same
manner as the map slsw components previowsly described.

LATERAL BEAM CAPTURE LOGIC - DAAS simulation studies gromphed
developmaent of improved lagic for capturing courses, The resulting
lateral besm capture is as follows. The lateral beam capture flag
becomes true when:

R — g[signl"} [1 - <08 (¢ = Crs Sel)] -(%U)

[y{/ - Crs Sel + tan-l(%r)]‘

wharea:
(v = lateral displacement from selected courses (positive to
right o¢ courss - ft.
Ut = truw airspeed — filsec
Crs Sel = 2rs L or Crs 2 as appropriate — degreaes
VD = Alrplane heading - degrses
W = Component of wind that is normal to selected course

(positive when wind vector points to right of course)
- ft/sec

Whern Flving course L of an RNMAY waypoint and courss 2 is selecitesd
manuwally, the autopilot will revert to the heading hold mode until

-~ .

the capture fiag becomes true. I+ the capturs flag for cowsa O
had become true priar to manuwal sslection af course 2, a capturs
turn will be initiatsd immediately.

Whean fFlving cowrsz | af an RNAV wWaypailnt and suto ssquenca has
heen selected, the capture criterion for course 2 is sxamineso
while tracking course 1. When the capture flag becomes tirue, the

-

autopilot imitiates & turn to capuire course 2 and *the systam
automatically seguences Lo course Z provided the time ta the
waypoint is less tharn &0 seconds. Should the time to go be greatar
than 60 secands, the capture turn and auto sequence step will oe

delayed until the time to the waypoint is &2 seconds.

S.2.3. NAVIGATION/FLIGHT FLANNING FUNCTION INTERFACES

i
-

At

i

Navigation/Flight Flanning Function Intarfaces are shaw in Fi
§-22. The navigaticn/flight planning functisn reczives flight p
and NAVAID data from the CDU. 3elected radic frequencies are s
tg the radio adapter unit which tunes the selected receivar
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Figure 5-22: NAV/FLT PLANNING FUNCTION INTERFACES
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respands with extracted radio position informaiion. " Heading, IMNS
and true airspeed information are blended with radio pos:ition data
in the navigation computations. Reasults of the Mavigation/Flight
Flanning computations are displayed on the HED moving map, and
deviation signals are supplied to the Autgpilot/Flight Dirsctour
Funct+ion for guidance. )

S5.3. VERTICAL NAVIGATION (VYNAV} FUNCTION

The vertical navigation mode provides computed collective commands
to maintain a defined ertical path. To operate in this mode, the
pilot must:

1) Establish an RNAV waypaint

2) Establish course on the wavpoint

Ty Be on courss laterally {(=ee YNAY prode Monitoring, Warning.

4) Set waypeint altitude on WF DATA page

€7 Set along frack offcet from 30 to <50 NM if Lt 12 deeired
taoa r=ach the desired sltitude before or afizr the wayoointh,
respectively

FEFD  and DU displays associated with VNAV are shown in Fiogure  9-
=z, The VTA indicator on khe FFD shows the track angle raguireqg
ta arrive at the active vertical waypoint (wikh due consideratian
to offsets) at the waypainit altitude as entered on the WF  DATA
page. By pushing the VNSV bDutton, the system will become coupled
to  that angle grovided that the aircraft is laterally an courssz,
and vertical track angle.is within ~-10 < YTA < +10 deqgrsess.

Upan reaching the waypoint altitude, the system will revert to
altitude hold.

VHNAY is monitored at VYNAY mode engagement to preclude  inadverient
largse pitch commands. The Autopilot/Flight Director VMNAY mode
engage and disengsage criteria are defined in a later paragraph.

S.4. FLIGHT WARNING/ADVISORY FUNCTION

The RODAAS Flight Warnimg/Advisory Function includes Lthe following
elenents:

Engine parametar maonitoring, warninag

Alrcratt configuration monitoring, warning
Airspesd and blade stall monitoring, warning
Comtrol auntheority monitoring

Altitude advisory function

Marketr bzacon advisory function
Autopileot/flight director monitoring, warning
RIT fault warning



Figure 5—23:

VYNAV DISPLAYS
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The Flight Warning Advisory Function controls and displavys ars
shown in Figure 3-24,

Two means of annunciation are provided to call atvention tao
warning and advisory functions. First the PFD shows a flashing
warning or caution alert, AN sssociated texit message then sppzars
on the I2-charactear. zecond-from—bottom line of the CDU displav.
A pushbutton, WARN ACK, 12 used tao acknowledge the CDU message and
extinguish the {flashing FFD alesrt, A broader form of system
warning capabilitZy iz provided on the autopilot mode annunciator
pan=1. A deteriorated function level warning is presented on the

system state message ar=2a  (see Figure I-4) which provides
infarmation regarding the integrity aof the RODAAS complex. These
messades, Level I, Il, I11, once presented, are not erxtinguished
unless tha fasled Ltemi(s) are corrected. General guidelinas <ar
the causss which result 1n Level I, I, 1l illumination are
Fummarised 1a Table I-3,

In general, the FFD "WARN" message 18 used for never-—-giicesd
alrspeed warning. autopilol watnings and BIT warnings. Tha FFD
"cautian message iz used ta gQen=rally annunciste caution
gituations., Table -7 summarizes the conditions that causes tne
"WARMN" and "CAUTIOMN" iLndications,

MDA or DH anpnunciation meEssages ars pravided on the FPFD. Data Tim
annunciations are also providead or ths FFD. An aural horn 12 &also
used 1n association with saome warnings, as well as the altitude

advisory function.

Airway, outer and middle marksr beacon annunciations are pravidead
on the electronic FFD.

ChU warning and caution messages are retained until the conditions
nc longer exist. The retained warning or cauticen messages are
stored according to one of the following three classitications:

Unacknawledged warning messages
Unacknowledged caution messages
Acknowledged wairning or caution messages

If any unachknowledged warning messages wist, the FFD  warn®
message will remain and the first received warning messacs will be
displayed on the warning and caution message line of the CDU. ¥

the WARN ACE button on the COU iz depressed, 1=
message will be hransferresed to an acknowledged message stors
location and the next unacknowlsadged warning message is browught
the CDU display. I+ no unacknowledged warning necsssages i1zt
FFD warning message will be extinguiszhed and the first recetv
unacknowledaged caution message iz digplayed. When all messages
have be=n acknowledged and displayed, the warning line on the CDU
will be clear=d.
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Unacknowl e2dged cautlion messzages are prasented and acknowlesdged

in the same way az unacknowledged warnings. Caution messagee are
sacond in priorttvy £to unacknowledged warning messages. The FPFD

caution message is extinguished whenevar all caution messages ar:
acknowl 2doed.

ARcknowle2dged warning or caution messages are stored in a stack
until such time as the cadsitive coanditions csase to exist, [+
all warning and caution messages are acknowledged, both FFD "warn'
and “"caution” messages are extinguished.

Gnece a warning has been acknowledoed, bthe syztam no longer retains
knowledge of that message’'s priority. CDU warnings and assc.iated
messages will 'extinguish adtomatically prior to pilot
acknowledgement i+ the warning conditions are ramoved.

ep MESEAGE
RN CAUTION

F
WARMINMG - FIINCTION, FARAHMETER Wh

EGT v
= L T N N N T N T R T R R R
o
A

EMBGINE OIL TEMF . i u i e it isiarsnnrrastonrnnssnanas ceiaes .
ENGINE OIL PRESSURE........... terazrzazak
TRANSMISSION OIL TEMF .. iu i et st isnamsastsarasassnnnnsans?
TRANSHMISSION QIL FPRESEURE. . vivivivrnaasaa X
ROTOR TACH. s it et it sttt e eia s iasnenaannns X
ENGINE TACH. ...ttt in it ansnsssaanaX
BAS FRODUCER TACH. . i i it evsenssarvasnannsaX
TORGUE PREGSIUME . v i v e ncsnsuosasananesanssssssansssnalk

2) CONFISURATION MONITORING

HYDRAULIC FRESSURE. v e v vveenssnnnesonnntnessannonnsaans
CHIF DETECTORS. . ivt et rrmsnnoereoannsrnnasX

ENGINE INLET FILTER CLOGGED. . uiesenenaosnansrnnssnanss
ENGINE FUEL FUMF .. o iie e eeronnannnncansnsasoansrnns
LT/RT BO0ST PUMFS. ity ii i aranastnarcaanssnnsonansas
FUEL FILTER CLOGEED. s tuavrrneensnresnnsandonnranatnsss
ENGINE AIR FILTER CLOBGGED. . .ceurenrransrratansansanann
FUEL GUANTITY LOW. .t evuienanaroa-nanntssateasicnsnsens
ENGINE ICE DETECT .. vevveennrrnnnnnnn chenaans ciraraases
ENGIME FIRE DETECTORacnvroanesranaasnaresk

D0R . s et v e s et taasaoaassoaaea i e et
G e

EMERGENCY FUEL CONTROL .. .0vees v e tn e ttcnanrtsnnnnaas

.
>

P T T TR
Pl i e L

»

s s .
Pl o

T) PERFORMANCE WARNING
VYNE INEVEF ZXCEED) @ v i v s vavianosnesssessanaek
BLADE STALL .t .ie i teceessiessnnssacanssrnaosnsssnatasnasanassash

COMTROL AUTHOR L TY e e s esentvnancesssnsnassnssnnnssssasared

4) AUTOFRILOT DISCONMEC T vt tc s vartannenasaX

Table S-7: FLIGHT WARMINS SYSTEM
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DETERIORATED
FUNCTION LEVEL FAILURES

' Reconfigured System . :
: LEVEL [ Non-Critical Sensor Failure :
' Fadio System Inoperative '

' LEVEL ITI Loss of a RODAAS Fower Supaly !
g Loss of Critical CPU 4

' I
! LEVEL IV Less of RO
! FE

Loss of mertial Flatform !
DARS Power \
Loss of D ;

Tahie S-8: DETERIORATED FUNCTION LEVEL
Ffollowing 1s & description of the variouws Flight Warning/Advisory
Function elaments. ’
S.4.1. ENGINE/TRANSMISSION MONITORING

The Engine/Transmission Monitoring functicn provides various typas

of engine and tranzmission monitoring functions. AN appropriate
caution or warning message ig displayed at the bottom of the CDU
for oubt-of-tolerazncz conditions, A description of the warning

conditicns and connective advisories for operational menitoring
follows,

S.4.1.1. EXHAUST Bag TEMFERATURE

The &GBT 13 continuously moniitared and warning given 117 the
fallaowing exhaust gas temperatures exist. See Table -9, Cihaust
Gaz Temperature Warning Logic and Messaqe.

S.4.1.2, ENGINE OIL TEMFERATURE
The engine cil temperature is continuously monitared and warning
given if the engine oil temperature limits are exceeded.
o a
Warning Logie: (EQT>»9Z C and QAT<3IQ C} .or.
a o}
(EQT»100 C and OATX31 C)
ChU Message: HI ENG OIL TEMP
PFD Message: CAUTTION )



ENGINE TYFE WARNING LOGIC CDU MESSAGE FFD HESSAGE
aQ a . )
400 CIEGBTCAL10 C NONE MONE
o aQ
(611 CEGTC628 D) EGT MIL FWUR LIM CAUTION
and (TIMELZO MIMN)
o Q
TSZ-L-13 (2T CIEGT<CH7I ) EGT TROF LIN CAUTION
and (TIMEX»1O SEC)
Q [}
(&74 CLEGTL7S% C) MAX START £6T WARM
and (TIME-T S&EC)
[}
7560 CEGT MAX EGT WAFRN

Table S5-%9: EXHAUST GAS TEMFERATURE WARNING LOGIC &ND MESSAGE

S.4.1.35. ENEINE OIL

FRESSURE

The engine oil pressures is continuously monytorsed and  warning
givenif the 2ngine oii: gressure limits are excezded.

Warning Lcgic:
e

CDU Messag
FFD Messace

SOF42S FEI EDE 100 FSI
I_0 ENG OIL PRES HMI ENG OIL FRES
WARN WARN

S.4.1.4. TRANSGMISSION OIt TEMFERATURE

The transmission 0il temperature is continuwously monitored  and

warning giwven if

excaaded,

Warning Logic:

CBY lMessage:
FFD Message:

the transmission o1l ftemparaturz limit =

- Q
TOTF110 C
HT XMSt OIL TEMF
CAUTION

T.4.1.53. IBANSMISESIOMN £1IL FRESSURE

The transmizsion oil pressurse  is continuously monitor

warning given if
enceaded.,

Warning Logic:
CoU Messags:
FFD Message:

=3 and
the transmission 01l oressurs limits

TOFL{Z0 PEI TOF =70 FSI
Lo XSMN OIL FRES HI XsSMn OIL FRES
WARN WARN

131
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S.4.1.6.

The

rotar tachometer ie continuously monitored ard warning

1+ the rotor tachometer limit is exceeded.

Warring Logic:
COU Me=z:sge:
FFD Mussage:

Warning Logic:
CbU Message:

(RRFM:ZZ24 RPM JAND. NOT AUTORODTATE)
HI ROTOR RFM

WARN

(RRPM:ZZS W AND. AUTOROTATE)

MAX ROTOR REM

FFD Message: WARN

Warning Lagic: (RFM<254)

CDU Message: LO ROTOR RFM

FFD Message: WARM
S.4.1.7. ENGINE TACEJMETEZ

Warning Log
CDlJ Message:
FFD Messaqge

Warning Logic:
CDU Messag=:
FPFD Message:

The

Qiven
Warning Logics
ChOU Meszage:
FFD Message:

S.4.1.%.

The torgue pressure is continuously monitored
limit is

the htorgque pressures

Warning l_ogic:
COU Message:
PFD Message:

3.4.2.,

1’.
Hydraulic Prassure,

The girera
F.'
Fuel Filters

£t cunfiguration

and Fuesl

is continuously monitored and

limits are esuxcesded.

WaFm1ng

52T ERFMLSTO0
MAX ENG RFM
CAUTION
(ERFM;4900 AMD. TIME=Z SEC
ENG RFM LIMIT

WARN

is euceeded.

GRPTrLOL.S%
MAX GPT
WARN

TORGCUE FEESSURE

2nd warning

anceedad.
TFR:250 PSI

MAX TORE FRES
CAUTION

AIRCRASTT CONFIGURATION MOMITORING

monitor
Chip Detectors,
Ruantity,

continuausly
Engine Inlet,

checks
Engine Air and
Engine Fuel Sfump and LT/RT

given

gas producer tachometer is cantinuausly monitored ang warning
if the gas producer tachometer

g1van 1f

the

EBaost

Fumps, Engine Ice Detectar, BEngine Fire Detector, Doors, Emerasncy

Fuesl Control

cand extarnal pawer.,



The warning messages far the aircraft configurstion monitor are
shown in Table S5-10. '

COWFIGURATION LTEMS CDU MESSAGE FED MESZALL
l. Hydraulic FPressurs Low LD HYD FRES CAUTIDN _
2. Chip Detsctor

- Engine ENG CHIF DET WARMN

- Transmissian XSMN CHIP DET WaRN

- Tail Rouer TAIL CHIF DET WAaRM
Z. Clogged Filher

- Enagine Inlet INLET FILTER CLOG CAUTION

— Engine Air AIR FILTER CLOG CAUTIOM

- Fuel FUEL FILTER CLOG CAUTION
4, Fuel Ruantity Low

- Mains LO FUEL-MAINE CALTION
S. Pumps

- Eng Fus=l ENG FUEL FMF INOF

=~ Rt Boocst RT BOOST FMF OFF CAUTION

-~ Lt Boost LT BODSET FMF OFF AUT TONM
9. Engine Ice Detaciar ENG ICE DETECT WiERN
7. Engine Fira Detsctor ’ ENG FIRE DETECT WARN
8. Door DOOR NOT LATLCHED CaLTION
F. Emergency Fuel Control EMER FUEL ON CAUTION
10.Enxternal Power EXT POWER OM CAUTION

Table S-10: AIRCRAFT CONFIGURATION MONITARING
S5.4.3. PERFORMANCE WARNING

The airspeed warning funchtion will detect 1f the never-=zxcaed
airspeed VNE is reachad. VNE i35 zomputed from indicated airspeed,
free air temperzture and pressure altitude.The FFD will shown «
flashing "warn" message and kthe CDU generates the messasge. "HNEVER
EXCEED AIRESFEED".

J.4.4. BLADE STALL AND CONTROL AUTHORITY WARNING

'l

o

The blade stall warning will detec
rotor blades, The algorithm fgr det
getermined by NASA at a latzsr date.

t impending skalling of
ecting this conditicon will

311}

The contrcl authority warning will detect whan conbtral  auwthoriisy
limits are reach=d. The algorithm for detecting this condition
will also be determinsd by NASA at a later date.

S-4.9. ALTITUDE WARNINGS

Altitude slert annunciations are given for altitude command modes
and for altitude refeorznce modes. In both zases, the altitucs
alert function will alert the pilot when approaching or departing
T the reference :zlrituda, This alerting is accemplished by an
&ltitude alert light on the a.timeter and in soms cases, an aures’
tane.



The alkitucde comnand mode alert annunciatiaon and awral warning ars
armed | whsn & reference altitude is s2ntersd on Lfthe altitude
selactor and ALT ARM s selected: ar when thea auvkopilotsfliagnt
director A&ALT HOLD mode is eng. =d:; or when & VNaY altiiude
raferancs phaz been =2nter=a2d on the D4 WFP DATA page fgr the active
wavpoint. The ALT HOLD altitude referznce takes precedencs  over
the altitude preselector or WP DATA osage altitudes. Altitude

alerting criteria 15 indicated in Figurs S-2%.

AUTOPILOT OR ALERT MODE ALTITUDE REFERENGCE ANNUNCIATION
NOME MONE NONE
LLT AR Al.T SELECTOR ALT ALERT & HOFN
ALT HOLD ALT HOLD REFEREMCE ALT ALEART % HORN
VNPV CIL WFE DATA FAGE ALT ALEST % HORRM
MDA CDU WF DaTA FASE MDA ALERT on FFD
oH CDU WF DATA FABE bH ALERT on FFD

Table S—11: ALTITUDE REFERENCE AND ANNUNCIATION

The zaltitude referance alsrt annunciatar 1s armed when a reaf
altitude iz entered on the WF DATA page and MDACDH is =21
The a&altituce command mode alasrt apnunciatar (an assocciate
15 inhibited i+ MDA or DH has been selected, unless the altibude
hold mode 1s engaged. Figure I-24 shows the altitude alert
corntrols and displavys. Table S—-1il provides a svnopsis of modes,
altitude referances and anmmunciators.

MCA or DH alert annunciations are armed wh=n MDA o DH 1s
indicated on the DU WF DATA page as 1ndicated in Figures S—-24.
The MDA ar DH annunciation will be sctivated when passing  throwgh
the active waypaoint altitude for RMAY/YOR approach or ILE zpprosash
respactively, when MDA ar DH is select=d on the CDU WF DATA pags.
When active, the MDe or OH magnitude is also displayed arn the FFD.
(S22 Figure 4-3)

S.4.46. MARKER BEACON ADVISORY FUNCTION
The marker bDeacon recsiver provides the RODAAS Central Comnputer
th

&
with dizgcrztes to indicate the wnite airwa~ marker, 2 blue ouker
markar and the ambher middle marksai-. When the aircraft passezs over

an airway marker or runway threshold, a Z000-HZ zone iz genersatsd
and the message "AM" will be presented an the FFD displav. (Eesz
Figure 4-3). Jutar marter pazsade 15 (dentifisd by a 400-HI audio
series of dashes at 2ZHZ with an accompanying FFD messags of "OKY
Flashed also at 2HZ, The middle marker is identifi=sd by
alternating 1Z00HZI audis dots and dashes accompanied by the

flasting FFD message "MM",
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Figure S—-2%9: ALTITUDE ALERT FUNCTIOM ALERTING CRITERIA
S.4.7,., AUTOPILAT/FLIGHT DIRECTOR MONITORING, WARMIMNG
Autopilot/flight dirmctor monltoring includes

YNAY monitoring
ILS appraach monitoring
Mizscellaneous monitoring

Autmpilot di=zenqgagement during flicht is annuncisted by auwral and
visual means dependant upon  <ariteria of dissngagement., I+
apprapriate, a warning messags will be displaved on the LDU.

S.4.7.1. YNAY MODE MONITORING, WARMING

The autopilot WHNAY mode is menitored ah =ngagement fa pracluds
inadvertent larqQe ocitoh commands., The follaowing parametars are
monitored at engagement:

. Mavigation RMNAYV mode =2naaged
Active waypeoint altitude defined
- Aircratt position with respect to active waypoint

in acceptabhlie ragion as indicated in Figurs Z-27.

e

4. Vertical krack angle -1i0 < YTA < +10 degrees
i+ any of conditions l-4 are viclated., 2ngagement is innmibifted ana
the amber cauticn lamp will bhe lit. The warning messagse YHNAY
INVALID iz alsa displayed. VMAY  dizengagement occurs 1
zorditions -2 are violated aftsr sngagemsnt or 1i+¥  the active
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Figurea S5-24:

ALTITUDE ALERT CONTROLS AND DISPLAYS
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Figure 5—27: VNAV MODE ENGAGEMENT CRITERIA
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waypaint is changed in any way. Again, the message VNAY INVALID
is Zisplavyed, The zutapilot/flight director reverts to altitude
arm, fliaght patn anale hold and airspeed hold when so disengaged.
For normal VYNAVY termination, no warning is given.

5.4.7.2. MISCELLAMEOUS AUTOPILOT/FLIGHT DIRECTOR MONITORING, WARNING
Tha systesm monitaors validity of the senscrs, the RODAAS computars,
and the gerva actuator control loocps to alert the pllot  and
disconnect the autepilot and SCAS when the information is faulty
or when the system (s not responding correctl’y tao command signals.

Invalid signals provide both visual warning and inhibit signals,
which are routed to the switching logic to "“lock cut" modes &nat

will not ocperate reliably. Visual warnings are provided by flaas
and annunciators. Thiz not only warns the :ilat, but also males
it impossible %o =2ngage the system in & mode which haz invalid
intarmatiaon. For exampls, wihen 3 vertical rafara2nce Jailure
2xists, no vertical modes can be selected and the autopileot cannot
be engaged., Specific mode logic 1is presented in the
Astopilet/Flight Director Function desczription.

The RAODAAS autopilot or 3CAS 1= disengaged for  the
zandi tions:

-}
[u]
r
-
i
b3
*
a
W

Manuzl dissngagemant

Autopilot Dump Switch ON.

Stick overforce monitor trip

Encessive normal acceleration indicated

21T FAULT indication

~ Servao command wraparaund test fail

- Analog, digscrete wraparaund test fail

- Servo monritor test fail

(BIT monitors and tests are described in the BIT Controls
and Displaysz dizcussiand

[N I O B

The RODAAS autopilot dizengagament is accompanisd by the following
warning indicaticons:

- Autopilot messzage on autapilot made annunciator pan=l is
$+lashed four (4) times at t Hz for 2ll conditions listed
above.

- Aural Horm warming for all conditions.

— RED warning message., AUTOPILOT INOP warning on CDU
far conditions I, 4, .

S.4.8. BIT FAULT WARNING

RODAAS  inflight BIT monitors system operation and will detect
fallts which effect functiaonal perfarmance Fault defircition oan
the CDU display is accompanied hy a red or amber light depending
on eriticality of the fault. RIT fault warning messages are logic
are defined in the RODAAS Built-In-Test section.

1=8



5.3. BMT CLOCK FUNCTIOM

The RODAAS GMT clock function gt and readout are 1ndicated in
Figure Z-23. The clock is initjialized at power-on tgo OO0, ar
can be set to correct time on the CDU INIT page. The clock fime
is displayed on the INIT page, and on the FLT SVAT page. FLT STAT
page Z waypoint ETA data is based on the GMT clack time.

S.4. FUEL TOTALIZER FUNCTION

y

RODARE continuously computes and displays aircraft gross weight
and fuel remaining as depicted in Figure S-2%, Graoss weight and
fuel are initialiged eithsr directly on the INIT page, or initiral
values are transferred to the INIT page from the WEIGHT AND
BALANCE function. Curr=nt values of fuel remaining and weight ars
determined using capacitance fuel gauge data and the int=gral of
measurz2d fuel flow as detarmined {fram the fusl flow fransducers.
Wetont and fuel compunaticns are rainitiraliz=sd whensver new
initial values are i1nput to the system.

Current valuesz of fuel remaining are displaved on the ZDU FLT S7TA
page 1, and EFR values on FLT ETAT page 2 arz xlsa based on the
fuel fotalizer computation.

Current aircraft weight can be transferred intoc +the TAKEQFF
FERFORMANCE , CLIMEB PERFORMANCE., CRUISE PERFORMANCE aor AFRRIVAL
FERFORMAMNCE page bv use of the AUTO DATA ENTRY function.

The INIT page 1s the firgst page displaved at powsr—up. Appearr-ance
of the page indicates passsge of power up test, and cuss the pilot
to initialize clock and fuel tatallizer compubations,

S.7. WEIGHT AND BALANCE FUNCTION

Weight and balance function input/output CDOU displavs ars
pregented 1n Figurs S-30,

Computation algorithms are summarized in Tahle S-12, Fassenger
and fuel weight can be entered om CDU WEIGHT AND BALAMCE page 1
and 2. Waight and location of an arbitrary gbjzct can slso
entzred on page 2, wWikth location sntsrzad wikbth respect ko se
Total aircraft weight, total fuel, and center-of-gravibty pod
with respect to limits are pressntad on page T.

m

- e
r
[ L
i RN

Total weight and total fuel can be transferrad toe initialize the
fuel totalizer fumnctiom {INIT page’) by using the bottom touchpoint
on weight and balarnce page =.

5.8. PERFORMANCE COMPUTATION FUNCTION

The rotorcraft takeeff, wlimb, cruise and arrival fumctions ars
shown in Figur=s $5-71 through Z-34, Tha FRODAAS crulse performancs
computation includes fuel/diztances/time calculations for a defined
trip segment. Four candidate performance funchtions and displavs
are described in the following paragraphs.
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Figure 5-30: WEIGHT AND BALANCE FUNCTION "DU CONTROLS AND DISPLAYS
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Final algerithms and displavs will be determined during later WNASA
studies. ' .

5.8.1. TAKEOGFF PERFORMANCE FUNCTION

The taleotf performance function input and output CDU dieplavs arz
shown in Figure I-70. Computation slgorithms are gummartzed 10

fable S-12. The AUTO DATA ENTRY function on the TAKECFF FERFORMANCE,

page | will continuowsly BEransfer currsznt  barcmetric  albitude,
parometric pressure. outside air temperature (NAT), current
aircraft gross weight, wind dir=sction and wind spe=ed into the
parformance compyutations, These auto entry parameters are
annunciated with an A on the data entry lina. When in the AUTO
DATA ENTRY mode, it is not possible to manually =nter the
adtomatically entered data items. It is possibla to overwr:ite fhe
avtomatic entries using the manual data entry mods

Fage 2 of the taksoff performarnca functiorn shows parfinsnt
caomputed takeoff performance parameters.

5.8.2. CLIME FERFURMANCE FUNCTICW

The climb perFDFmance functicon input and goutput CDU dizpla
P P

Ay D i =2
shown in Figuwre S-T1. Computation algorithms are summarizsg Lo
Table S—-14. The AUTD DATA ENTRY funcition on the CLIME PFERFORMAN
page | will continuously enter the "A" markaed data entry lLtems.
Again, 1t i=s nnt possible to manually antar the autcmatic ent

data it=ms when in auto entry mod=a.

mn

‘age 2 of the climb performansg: funchion shows pertinsent camputed
climb performance parameters.

3.8.53. CRUISE FERFORMANCE FUNCTION

The cruisa2 performancs. fusl/distancestime input and oukput CDU
displays are shown in Figure S-I2, The computation algorilbhms ars
presented in Table Z-~15. The AUTO DATA ENTRY function an *the
CRUISE FERFORMANCE page | will continuously enter ths= “"A" marled
data entry items. When AUTO DATA ENTRY is selected, it 1s notb
possible to manually enter these variables.

Fuel /Distance/Time is computed for = Lrip segment when the ssgmant

distance (DIST) igs entered in the input data, Estimated tims

aaroute (ETE! and estimated fuel required (Fuel REQ) ars includsea

”

in the crulse performance output data on page 2.
3.8.4. ARRIVAL PERFUORMANCE FUNCTION

The arrival performance funcition input and oukput COU displays ar

i

-

shown 1n Figure 3-72, Caoamputstion algorithms are summarized 10
Tablae S-14. AUTO DATA ENTRY i1ta2ms are annunciated with an "A", It
is not peossible tg manually enter these items whan in the  =autoe

centry mode,

. 144

n

5y



Figure 3-31: TAKEQOFF FPERFORMANCE FUNCTION CDU CONTROLS AND DISPLAYS

Aumﬂ AUTO 1| vav
UWSPE crs 4|1 we | |lons '! aip |||rered|fraerr 110900 IFES'E
SEQ ATA

LaT {llicrs AP _ FLT wT BlisiMAll cHi
DTlg SEL ﬂ s”on', ‘sur gaL JiiTEsT]|iLiaT
= ]
INPUTS S T T e
PERFORMANCE MENU P1OF 1t . Oty 0
. OF POGR GUufe
» TAKEGFF PERF .
# CLIMB PERF ] e
. AUTPUTS
* CRUISE PERF ) s i e e
* ARKIVAL. FERF .
WARNINGS — 32 CHARACTERS .
SCRATCHFAD ERROR STATEMENTS ., . TAKEDFF PERFOMANCE P 2 OF 2 .
. L T/0 GRWT = LBS.ccoseoo.0000 .
. 2 TR MAX AVAIL - PSI....00.0 .
. 3 TRQ HOVER S5 FT — PSI...00.0
- . 4 TRG HOVER 50 FT - PSI..00.0
. S FUEL FLOW S50 FT - PPH...000 .
[
TAKEOFF FERFORMANCE P 1 OF 2 . * 3 g:igsgggﬁgaz FP5T5°""6ggg ‘
. . 8 MAX GRW LIFT S FT-LBS..0000 .
* DATA ENTRY * WIND DIR/SPD. . 9 MAX GRW LIFT SOFT—-LBS..S000 .
> :3?0 2 ggg 252'-—--—45. 10 CLRNCE AT OBS - FT.....0000 .
. ‘ . . 11 MAX GRW TO €L OBS—-LBES..4Lul0 .
* ALT/BAROD SET * T/0 HDG .
NI eaSSAN 000 DEG. . WARNINGS -~ 32 CHARACTERS .
. CAT « OBS HET/DIST. . SCRATCHPAD ERROR STATEMENTS .
A 15 = 0000 FT .
0000 FT .
* A/C GRWT % BLEED AIR .
A 0000 LES > ON .
OFF —
o N = —
WARNINGS -— T2 CHARACTERS : aTe PR NN ARE
SCRATCHPAD ERROR STATEMENTS . LUES
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Figure 5—32:

INPUTS

CLIME PERFORMANCE FUNCTION CDU CONTROLS AND DISPLAYS

WP
USE

AU TO)|§aUTO
CRS WE

' DAT Aj|[EME
PERF '””E LInkf[PROC

wt sawq CHK
gaL {[TzsTd|ILTaT

FERFORMANCE MENU

# TAKEOFF PERF

#+ CLIMB PERF

* CRUISE PERF

* ARRIVAL PERF

P 1 OF

WARNINGS -~ T2 CHARALTERS

SCRATCHPAD

ERRTR STWTEMENTS

1

L] a

o a a a a L] L] v [ ]

CLIMB PERFORM

# DATA ENTRY
> MAN
AUTO

#* ALT/BARC SET

ANCE

P 1 OF

#* A/C GRWT
A Q000 LBS.

A 00000 FT

A 29.92 IN
* WIND DIR/SPD
Q00 DEG
Q00 KTS
* O0AT/CRS
A i C

A 000 DEG
WARNINGS -- I2 CHARACTERS

SCRATCHPAD

ERROR STATEMENTS

* ANGLE/RATE

2 =

000 DESG.
XXXX FPM.

* DESIRED IAS .

000 KTS.

e e . gt = n

. oL ik

b TEL

OF PCOR QUALYY

QuUTPUTS

B g % b e & ¥ & o °

o e ®

147

CLIMB PERFURMANCE p 2 0OF 2
TRA MAX AVAIL - P8I1....00.0 .,
TRQ RER LEVEL - PSl....00.0
TRG REQ CLIMB - PSI....0Q0D.0
FUEL FLCW CLIME - PFH...000
MAX R/C IAS - KTS..anas - 000 .
RATE OF CLIMB - FPM....0000 .
R/C ANGLE = DEGu:cassos-00.0

~NOo U bW e

WARNINGS — 32 CHARACTERS .
SCRATCHPAD ERROR STATEMENTS

NOTE: VALUES SHOWN ARE
POWER~UP VALUES
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Figure 3S-3I3:

INPUTS

CRUISE PERFORMANCE FUNCTION CDU CONTROLS AND DISFLAYS

we HiauToll[auTo p b nav AT Al EM
use §1hcrs HE we i loaT A Al0 pere HiniT {19950 ERGE
A
A —
LAT ilicRs l:_mp et T T h] wr g sl crx
T SEL thTr v | STAT BAL_l ESTI])L19

PERFORMANCE MENU

* TAKEQFF PERF

# CLIMB PERF

+ CRUISE PERF

# ARRIVAL PERF

QuUTPUTS

A

———— - ——— ¢ e e e . . e

CRUISE FERFORMANCE P2 0F 2
TRE - PSleccaccssasansa00.0
IAS — KTSueanaransanesa0OO
DISTANCE ~ WMi.vasaiaeaa 0O
ETE = MINcosoacoanaannass Q0O
FUEL REG — LBS..e..casa.a000
TRG MAX RANGE — PSI....00.0
IAS MAX RANGE - KTS.....000
MAX RAMGE = NM..ooe....0000
TRGE MAX ENDUR - PSI....00.0
IAS MAX ENDUR ~ KTS.....000
ENDURANCE - HRS:MIN...Q0:00

= O 0@~ U I LY e

Ll =

WARNINGS -— 3I2 CHARACTERS
SCRATCHPAD ERROR STATEMENTS

. WARNINGS — 32 CHARACTERS .
. SCRATCHFAD  ERROR STATEMENTS .
. CRUISE PERFORMANCE P 1 OF 2 . :
. * DATA ENTRY * A/C BRWT . :
. > MAN A 0000 LBS. )
. AUTO
. * ALT/BARC SET * DISTANCE . X
. A 00000 FT 000 NM . :
. A 29.92 IN . .
. % WIND DIR/SPD # TRQ OR TAS . .
. 000 DEE A 00.0 PSI. -
. 000 KTS A 000 KTS.
. # OAT/CRS * BLEED AIR .
. A 15 ¢ > ON .
. 4 000 DEG oFF .
. WARNINGS — 32 CHARACTERS .
. SCRATCHPAD  ERROR STATEMENTS .
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NOTE: VALUES SHOWN ARE
POWER~UP VALUES
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Figure 3-34:

ARRIVAL FERFORMANCE

FUNCTION CDU CONTROLS AND DISFLAYS

we HiauTolifalTol|Twe 1 wav | OAT
USE “CRS m DATA aIn | IPERF imT %mi\ 34
LAT dlicRs wmap 1 Fl FLr |l wr IHsivA |l on]
QIR iiseL 1| [EONT L ANt ISTaTH | BAL || ITEST]|[LIST
INPUTS
- Of\f‘i(;fj‘jg_f_i‘ P
. OF e sy
. PERFORMANCE MENU P L OF 1. POoOR QUALITY
. * TAKEOFF PERF o
. % DLIMB ®ERF .
. ®* CRUISE PERF ;
. . QuTPUTE
. #* ARRIVAL PERF . e e
. WARNINGS -~ T2 CHAFACTERS . S TETT T e T
. SCRATCHPAD ERROR STATEMENTS . -
. ARRIVAL PERFORMANCE P 2 OF 2 .
. 1 TRQ MAX AVAIL - PSI....00.0
. 2 TR RER LEVEL - FSI....00.0
. 3 CLIMB ANGLE — DEG.:s:oas.Q0u
. 4 TRQ REQ CLIMB - PSI....00.0
. ARRIVAL PERFDF\'M N a 5 DESCENT QNGLE - DEGe. a ..000
: ANCE B L OF 2. . & TR@ REQ DESCENT - PSI..00.0
. % DATA ENTRY * ) - 7
] > MAN Agc gggg LBS. . B8 TRQ HOVER S FT = PSI...00.0
) AUTO " . 9 TRQ HOVER S0 FT ~ FSI..O00.0
|+ aT/maRo sET o ansie ci/oes 1 AN SIme las - 7S ode
. A Q0QOQQ FT 000 DES. ° cosuow
; A 29,92 IN 000 DEG. :
- -+ wINﬁ DIR/SPD * DESIRED IAS . ° WARNINGS - 32 CHARACTERS
. 500 DEG 000 KTS . SCRATCHPAD ERROR STATEMENTS
. Q00 KTS o
« #* 0AT/CRS # BLEED AIR a
. A 15 € > ON .
. A GO0 DEG oFF .
. WARNINGS -— I2 CHARACTERS
. NOTE: VALUES SHOWN ARE
« SCRATCHFAD ERROR STATEMENTS . PONER-UP VALUES
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age 2 of the arrival performance function shows pertinent
omputed arrival performance parameters.

[

5.9. DATA LINK SIMULATIOM FUNCTION

The RODARS DBata Link Functiosn 1s  intended to orovide &
demaonstration data link simulation for use in the developmesnt and
dafinition of a good z2irborne datsx link configuraztion. The
following documents were revigwsed in defining ths RODAAS data link
simulation function: AFC Working Faper Na. 42WF-S0BIZ DATA  LINK
Applications Faormats (Revision 1) 12 Feb BO by J. L. Leeper and R.
s. Fennady. A literature review and a discussion with the FAaA
MOBE € Engines=ring Group in Washington, (D. Hodgkins/W. Collins
202=-426-T1548), wazd pertvormed October 198737,

MooE 8§, 2 now planned, would not aonly provide conventional
position and altitude information but alsc recsive air tLraftfic
cantirol, weather deliverwv, and terminzl informstion from ground
based zamputers. This air Qrounc data link 135 92ing develanzd as

a supp.ement Lo voice communication,

Lem includes the necessary hardwarz and sofiware Lo

The RODAAS svsth
ate the follaowing DATA LINK applicstiong:

demonstr

Air Traftic Control Clearance

Takeaft Clesrance Confirmation

Altitude Assigned Confirmation

Minimum Safe Altiftude Warming Alert (Terminal Araa)l
Advigory Notices to Airmen (NOTAMS)

beather Advisories (Severe/Hazardous)

Weather Requests:

a) ZBurface Obserwvations

b} Farecasts Tzrminal and Area

=) Pilaol Reports

d) Winds Aloft

B. Air Traffic Message Acknowledgement to Sround
7. Terminal Information (ATIS)

a = 2 s x *

~NEe s )

Growth provisions and hardwarz compatihbility;

. Digiticed Westher Radar Maps

Cownlink of other Comm. B Alrborine ressages

Enhanced Terminal Infarmation Services

Uplink of National Weathesr Service S—-EBand Radar Infarmation

£ k3o

Technaology 1s avaitlable for the uplinking af Nationzal Weather
Servicz Eg-Band Radar Intormation for display on airborne CRT
displayzs. This would grovide the nen-radar eqguipped aireraft with
access ta radar information and other weather information from the
100 plus Netionl Weather Servicz stations  acrozs  the antirs
continental United States. Given a CRT 2nd data link devics the
pilot would hava a wesather delivary device of enormous value,

3N



Filot i1nterfaces *to the Data Link Simulaticn are through the:

DATA LIMNK PFD Annunciation
Horn -
CDU Comp =3

which are indicated on Figure 3-35,

The DATA LINK "Message Fending" alert i1s presentsd on the FFD,
This &lert is lit whenever a DATA LIMK uplink message is pending.
The horn (not shown) is sounded along with the light if the uplink
message is a priority messagQe. The CDU complext is the pilot’'s
primary intsrface, with the DATA LINK function. Thie BATA LINK
page select button is used to call up CATA LINK pages on the CDU
CRT. The ksyboard is used to enter data.

The pilet responds te a DATA LIMK  “Meszage Fending” alerd
annunciation by pushing the DATA LINK funztion button on the CDd.
This action will =all up the PATA LINK page. Gnly cne message
will e dizplaved at a time, However, up o five messzage will be
queued v the 0ATA LINK processor. Frigority messages will alwavs
be moved to the top of the queus. Tha ‘“Message Fsnding”
anrunciation 13 extinguished when all stored messages ave besn
displavyed.

PATA  LINK CDU pages are chown in Figure S-T74. oAaTA LIMKE page !
displays received messages and provides capability for meczage
acknowl edgemant and message clear., DATA LINK page 2 is &he

de

weather regquest data input page, and includes capability %o

command the Lransmiszion (SEND) o+ the weather request messags.

The DATA LINK page | MSG CLR tauchpoint is used to remove a
receivaed message from the CDU display, and allow display of the
nent penairg message. [f no additianal DATS LINK uplink messages
ar= pending, Ehe message fizld of the CDU will go blank and the
DATA LIME light will go cut. The DATA LIMK page | MSGE ACK
touchpoint will send a message acknowledge downlink tranmsaction fo
the ground station.

Examplas 27 received messagss associated with minimum  sate
altiftude warning, ftakeofs clearancs confirmation, and altifude

assignment are as follows:

MEESAGE TYFE EXAMFLE MESSAGE
Minimum Sate Altitude Warnming "MSAW [TO0r
Takeoff Clearance Confirmation "TAKEQOFF Z7R"
ATC Altitude Assignment "MNTN SO
"CTAM FLZZQV
"DTAM 20"
Weakther rapart messages are presented wsing ztandard

abbreviations.

g e man



DATA LINK SIMULATION CONTROLS AND DISPLAYS

Figure $-35;
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Figure 5-34&: DATA LINK éUNCTIDN CDU CONTFILS AND DISPLAYS

WEATHER REQUE
# TERM FORCST
XXX LO

XX G™

* AREA FORCST
XXX LO

XX GM

# SURFACE OBS
XXX L0

#* PILOT RPTS
XXX L0
XX G

WARNINGS —-— 32 CHARALCTERS

. SCRATCHPAD

3TS -
# WIND ALOFT .
(™ XXX LOC.
T XX GMT.
# WIND ALOFT .
C XXX LOC.
T -
* HAX WEATHER .
c XXX LOC.
>» SEND -
c L]
T .

ERROR STATEMENTS

we J[uTol|f UTO-n_?P NAV | DAT Al [EME
CRS i WP E ﬂ ; perAl[{iniT
USE £ by DATA :IPA LINK]{[PROC
LAT Lifcrs “im FUTE e+ 1 wr IMsimA|l crix
OIR =3
& {liseL E0IT | Lﬁ‘, STATY a:«yﬂrem L1a7
« DATA LINK P 1L OF 2 .
- MESSAGES .
- * DATA MSG # DATA MSG .
. ACK CLR o
e WARNINGS —— 32 CHARACTERS '
. SCRATCHPAD ERROR STATEMENTS .
o DATA ILINK P 2 0F 2 .

>

ATA LINK
MESSAGE FIELD
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Input data required faor various weather reparts iz indicated on
the CDU DATA LINK page 2. Three letter location ID (LOC) must be

gntered for any requesh, Twa—-digit GMT at which 2 forecast 13
desired must be entered for any request exncept Surface
Obzervatian, Altittude in feet must be entered for Winds Alaoft
raguest.

The SEND touchpoint 1s usad to send a weather request message.
The COU ecl=mar key and enter kevs are used alang with the
alphanumeric keys to enter data into the pilot request for data
page. The SEND command will send weather requests as indicated by
a "+, The » will point to the last selected touchpoint,

Figure S~37 shows the basic DATA LINMK infarmation flow in the
RODAARS system. Uplink and downlink transmissions ars sent on
dedicated serial busses between the tranmsponder and the DATA LINE
processor, This processor formats and contraols &1 CATA LIMNE
intarnetion. Uplirk messages are sent ta the COU for diszplavy o
the 488 system bus, Filot enterad deatas and responsz=2:s arz raturned
o the system bus te the DATA LINK processor. Filot alsri signals
are also sent by the DATA LIMK processor via the syvstem o the FFL
Frocessor which controle the annunciat:on.

S.10. RODAAS BUTLT-IN TEST (BIT)

RO0AAS includes built-in  test (RITH Ta assizt 1in in—~Tlight
monitcoring, maintenance and fault iszlatien. The EBEIT is designed
to facilitate avianics testing in the context af projected
advanced rotorcraft aviation maintenance corcepts, The ultimate

objective of the BIT appraach {s syetem fault detection and fault
iocalization to a replaceable unit with confidence ovar S0 percent
without speciz] test eguipment RODAAZ includes a sampling of the
BIT requ.red to accomplish this objective,

RODAAS BIT tezt modez include:

In—flight t=st

Functional test/fault localizstion — automatic
Functional test/faule localization - interactive
Maintanance troubleshoocting

-

Characteristics of tne various mades are summariced in Tsabie S-17.

[

The in-flight test is continuous, and will generate & warning and
cause a disengagement when a detected failurs will dizabls =
system function. The RODAAS will automatically reconfigure for
some coamputer unit processar failures.

In—flight failures that are detected by BIT will cause a flashing
warning or cautian annuncizator to b2 displayed on  the FPFD. &
meszage identifving the fault wili be displaysd on the CDU on the
line resgrvaed for warning msssages. Failur= messages are defirned
in Table Z-14.

pa
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Figure $-37: DATA LINK

DATA LINK
FUNCTION

<

UPLINK TRANSMISSION

INFORMATIGN FLOW

DATA LINK

DOWNLINK TRANSMiSSION |  STMULATION

UPLINK MESSAGE

v

_DOWNLIMK MESSAGE tou

=71 DATA LINK ACK ® KEYBOARD
< ® BUTTONS
AT gl

< o FCTN KEYS
MESSAGE ON CMD o

HORN CMD

* ALERT * 'SAGE

1/0 & FLIGHT CONTROL
© HORN




TEST MCDE

Table S—17: RADAAS BIT MECHANIZATION

INPUTS, COMMANDS

ouTPUTS

IN-FLIGHT TEST

Continuous, no input required

Warning, Failure
Identification

In Flight Failure
Data Recording

FUNCTIONAL TEST/
FAULT LOCALIZATION
AUTCMATIC

Automatic Initiation at Fower
Up

Warning, Failure
Identificatiaon

egulty LRY, Faulty
Module Identification
for Selectedd Faul+ts

FUNCTIONAL TEST/
FAULT LOCALIZATION
INTERACTIVE

Tes:c Pattern Command

CDU Test Pattern
HSD Test Pattern
PFD Test Pattern

MAINTENANCE TROUBLE
SHOCTING

In Flight Failure
Data Declaration

DC Signal
Generation

Disgrete Signal
Generation

BC Signal
Measurement

Discrete Signal
Measurement

Memory Word Address

PC Signal Address, Magnitude
Desired

Discrete Signal Addreswu,
State Desired

Signal Address

Signa’ Address

159

Memory Word Cantents
Displayed (Sample at
1 s=cond intervals)

DC Voltage Applied on
Selected Caomputer
Output

State Applied on
Selected Disor-ete
Quput

Selected DC Voltage

Magnitude Displayed
(Sample at 1 second
intervals;

Selected LUiscrete

Signal State Displayed

(Sample at 1 second
intervals)
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Functional-Tast/Fault-Lacalizatiaon-Automatic 13 perfarmead at
power-up or Wwhen commanded by the operator and tests system
componants as fzasible without gperator interaction. This test
function exercicses RODAAS equipment and identifies failsd LRU s as
well as failed modules wWwithin the LRU as fes=:i:ble.

The CDU INIT page is the first page displayed after power-up.
Appaarance 2f tha INIT peiz indicates passage of power-up test.

Functional Localication/Interactive Testing is performed an
cammand and allows testing of devices where operator achions  ar
observations are necessary to complste a test, Cbu, HSD anmd FFD

test pattern fesie are included in RODAAS as enamples of avionics
interactive testing.

MAINTEMNANCE TROUBLESHOOTING allows the operator to apply signals
and measure signals wvia CDU with hardware installed 10 the

alireratt without using gxternal test =2quipment. Memory words can
be d:isplayed. Analag and discr=te zigrnals can be applied at
computesr outputs, and sarious svstem snaleg and discrets =i1gnals

can be measursd and dizplaved.

S.10.1. RIT CONTROLS AND DISFLAYS

BIT UDLU pages are shown in Figurs S-38. The MAINT TEST page |
alliaws selection of the warn message zummary., monitor test pattsrn
select, signal gen=arate and measure or memorv monlitor pages, the
EEPROM fault storage area to be clesred or the aircraft simulation
page.

A summary of all acknowledged cauticn and warning oessages csn be
obtained on the CDU by pressing the WARN MESSAGE SUMMESFY
touchpeint on the MAIMT TEST page. Messages are displayesd with
acknowl edged warning messages listed - first, fol lows=d by
acknowledged caution messages. As fault conoitionms cease to exist,
the messags will be removed from this page and all  subsequent
messages will advance.

Tha system test command initiates the hardware and software checks
described in the BIT Mechanizatian section.

The HSD, CDU and FFD test patterns are checksrboards whizh allow
evaluation of display linearity and correct graphics aperation.
These can be selected by pressing the MON TEST FATTERN touchpeoint
an the MAINT TEST paage.

Selecting SIG GEM/MEAS calls the 515 GEN/MEASURE sage far display.
The signal operations are performed in the autopilest and I/0
processor. The CDU buffers the dats and sends it to the autopilot
I/0 procsssor wherz command signals ars applisd and reguested
signals are resad, 1if fthe aircratt is on the ground and tne
hydraulics systam iz aoff.
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Figure 95-38:

BIT CDU CONTROLS AND DISPLAYS

s Ut 'AUTO]( NAY oAt =
i cgsa we Bl JH ATo | pERAGIINGT .E?N: lggaj
T |SiM/ CHK
‘TTEST' L'eT
« MAINT TEST P 1 OF 1 . . SIG GEN/MEASURE P 1 OF
. # WARN MESSAGE * SIG GEN/ ¢ g« * DC GEN/VOLTS # DISC BGEN/VAL.
. SUMMARY MEAS . . 00 ADR 0 ADR.
. . . +Q0.,.0 V | Q00NN ValL .
. #* SYSTEM TEST * MEMORY ™MON . % DC IN MEAS # DISLC IN MEAS.
. INITIATE . 00 ADR 0 ADR.
. #+ MON TEST # FAULT MEM . .
- PATTERNS CLEAR . »
a . 1 DC IN - VOLTSA...---"'OO-O %
- +* ® A/C SIH o 2 DISC IN - VAL-a-‘u-nOOOO -
. WAFRNINGS —--— 22 CHARAUTERS s . WARNINGS -- 32 CHARACTERS .
. SCRATCHRPAD ERROR STATEMENTS . CTRATCHPAD ERROR STARTEMENTS -
« A/C SIMULATION P 1L OF 1. . MEMORY MONITOR P 1 OoF i
. ¥ ALTITUDE * A/C SIM . . % ID/LOC 1 * ID/LOC 2
. QOO0 FT > OFF o . Q000 1D oQB0 1D
. O ° N QNGO LOC 0000 LOg
« #* SPEED o . « IDADOC 3 * DISP MODE
N Q00 KTS . a QOO0 1ID > CONT
o o [ 00‘)0 LDC STUP
N * CRS/HDG a N
° 000 DEB ° . 1 MEM NDRD licensaces 0000
. - s 2 MEM WORD Z2.caicena.R000 .
« % FLT PATH ANGLE . s I MEM WORD Sececansss0000
. Q00 DEG - .
«  WARMINGS —— 32 CHARACTERS - «  WARMNINGS — 32 CTHARACTERS .
= SCRATCHPAD ERROR STATEMENTS . .

ECRATCHPAD ERROR STATEMENTS

NOTE: VALUES SHOWN. ARE
POWER-UP VALUES



AT < S T

To generate an guhtput voliasge, the least significant two bytes of
the output sample and hold hex address (see Table 7-2) i1is sntered
at ADR and the gelacted output woltage at V.

An  analog input signal may be read by selecting the appropriats
hex signal address <(least two significant bytes) from Table 7-1
and entering it at DC IN MEAS: ADR poesition. The DC voltage level
for the selected signal is present=zd at item 1, DC IN.

RDiscrete signals may be generated wusing +the DISC CEMN/ VAL
touchpoint. The l=ase significaent byte of the dizcrete output
word ad<ress is sntered at ADR. The bit packing for the output
wards and their addreszses are presented in Table 7-4. The desired
discretes to be set are enter=d at VAL,

Ta view discrste input state
selected. Entering 'the le
in ADR wili zause the zelec
at 1tem 2, DISC IN YAL.
przszanted in Tabiz 7-73.

. tha DISC IN MEAS touchpoint may be
t significant byte of the heir address
d discrets input word to be dizplavyed
The bit packing and word address are

nwmom

ri W

Memorv monitoring can be pe~formed using the MEMORY MOMITOR page.
FProcessor ID numberz and the memary location Ko be viawed are
enterzd as hesxldeczimal nfumbers at entry locations D ang  L2C

t -
Thras such variables, in tarss ditferent processors may be viaewad
simul taneously. The memory resadout is als=s heiidecimal and may be
prasented in s2ither continuwuous (CONT) or frozen (STOQF) modes.

The stered faulft code history can be cleared using the FAULT MEM
CLEAR functicn towchpoint.

Selectiaon of the &A/C SIMULATION @ page provides a means ko
initialize simulation parameters and energizes the A/C simulation
modea. Altitude, epeed and initial couwrse or heading are enterad

at their respective fouchpoints., The simulation c<can  them  be
engaged by togagling the A/C SIM “ocuchp3int to the on candition.

S.10.2. BIT MECHANIZATION

RODAAS BIT tests are listed in Tabhle $-18.

Shown are the CFU’'s that perform the tests, tne2 test mode that
activates the tests, and the ssfety intarlocks to prevent the
tests during unsafe conditions. In-fiight =leven ta2sts ar=
active. These are:

{. Processor Selt-tast Sample Froblem - A short sample praoblem

is performed in =ac processor Lo test itz operation.

2. Watchdog Timer - The Autopilot /0 Frocessor ang DU watchdog
timers are Lestad to meks swe that neither has ftimed out.
I+ the CDU watch dog timer times out, the CDU scrosn goes
blank.
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4.

10.

11i.

Fawer Sumplies - The power supplies are tested tor proper
outputs.

Frocessor Yalid Bus Test - The Buas Controllsr and the Auto-
pilot I/Q Frocessors monlhor khe valid words sent from

each processor. These procsssors store failure indications
and print warning measures for systam failures.

Bus Monitoring - The Autwupilot I/0 Processor and the CDU
test for pericdic transmission from the bus controtiler to
detect a dead bus.

Watchdog Timar of Bus Control Algorithm — The bus contreller
tests itsels via the rzal time clock interrupt far proper
sequancing through its program,

Sarvo Command Wraparound - The servg commands arz Lested
via wrap arounds for proper conmand responses.
Data Valid Tests — The valid discret=s from the imertial

navigation systzm, radsr altimeter, baro altimeter and
airspeed g=nzgor, are htested.

pre Hardware Test - Check to ses that IEEE 4238 bus drivers
are capsble of sending zand regeiving a2ll 1's and O s.

Servo Model Comparizon - The servo pasitions are compsrsd
against a software sesrvo model ta verify caorrect opersation.
Sensor Reasonablness T
to nominal =sensor res
operatian.

ts - The sensors inputs are comparad
nee characteristics to verity correct

T m
DU]

Tests auvtomatically intiata2d at pow=sr up concsist of the followina:

i.

e m

-
-t

4.

Th
th

m =

i.

a2

Frocessor self-—test

Sum Check™ - Aftar loading from the EEFROM memory, sach mamory
is sum checkad to verify the lcad.

WDT Hardwares Testzs— The Autopilot @I1/0 Frocessor and CDU
Procassor check their watchdog timer circuitry.
T

Feal Time Clock Hardwarz Test - Check far running clock.

s tests are perfarmed in the Autopilat I/80 Frocessor  when
system test i35 commanded.
Discrete Wraparcound Tests - The Autopilet I/0 Frocessor tesits

the discretz wraparounds for both states.

Analog Wraparound Tests - Analag outputs and inputs are tests=d
via wraparound tests.

Servo Monitorzs - The servo amps and servos are test=d faor
groper opsration.



The operation of bath thes CDU, MAED and FFD are also tsstad on
command., These tests check the CRT memories as well as displaving
a kest pat =rn, Additional tests include s sum check whern lasding
the EEFROM memorw, signal generate and measure tasts, 3nd memory

acce2ss testing.,

BIT hardware logig ts illustrated in Figurs S-2%, Hardwarse logic
is included ko control:

Autopilot engagement enable
Autopilat clutch engagement emable
CbU blanking

The SCAS enable,’ autopilot snable. and autopilot ciuteh  en

able
will be deactivated by the autopilot 1/0 processor for detected
processor  faults. The autopilot I/0 procestor watch dog timer
(WDT)  will time out for am autopilot [/0 processor  fail.uwe and
will dissnage the SCAS solomoid autcpilot =lutch.
The CDUJ procsssor will command the display to be blanked for a
cerfain  detected processor or bus faults. The CDU WDT and fhe
autopilot I/0 proceszor WODT also blank the dizplay for dervsciad
processar or bus faulte.
AUTOPILOTS t/0 £ E#GAGE | ‘ 1-"5,'? CTETETT QISPLAY SaIT
Yy Loaie St A
14 FLIGHT —
» PWR SUFPLY REF TES [ 0
s CPU vALID TEST | w
o SYS vALID TFL.- ol E
o JATXL VALID (ESY
o SERVO CMO wa THIT o
IN FLIGHT
e CPy SELF TEST
BUE COUTROLLER * COU WOT TEST
M PLIGHT * Bug TEST
® CPy SELF TEST
o CAY VALID TEST -
o EEPRDOM wd TERT
© AuS muT TEST
HADIO ADAPTER
BATA LiNE | o (N PLIGHT
14 FLIONT ® CPU SELF TEST
o CPu SELF TEST ® RAQIO VALIDS
PLIGHT PLANNING -
i PLIGHT
° CPU 3ELF TEST N ( i
- 13 FLIGHT
weD [ s ® CPu 3ELF TEST
e FLiGeT 1 o BUS MONITDR TEST
] ]' — _‘
o CPY SELF TEST ) | (
PERFORWANCE/BFARL r
1N FLIONT T T
© cPy SELF TEST e e
WAVIGATIOD R
W FLIGNT \ #‘“'*-
& GPU SELF TEST AT I N
o INS VALID VEST 00 il i

Figure 3-I%9: RODAAS BITE HARDWARE LOGIC
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RODAAS BIT TESTS
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3.10.3. SIMULATCR MODE

The RODAAS system has the capability of simulating navigatzon and
aircraft senscr signals an the ground 1n order to  test ar
demanstrate the navigation and flight control featurss of  tne
system.

hil

In order Yo uze the simul ator., the operator must first st up th
aircrafh simulation page with appropriats initial conditians.  Th
initial zimulation altitude, spessd, course or heading and desirs
flight path angle may be entered on the A/C SIMULATION page.

@

The operator enite2rs the simulator mode by pushing the simulator
mode tguchpoint af the A/C simulation page (se2 Figuwrs= Z-728). The
statyus arrow will move from OFF to ON. If the hydraulic pressure
is on, the system will not go inte the simulator mode and the CDU
screen will indicate simulator mode +or l-secons befors returning
Lo simulator off,

Mavigation is simulatad &5 follows: Wh=n the pilcot puts tha
system 1int2 tha simulabtor mode, the aircrathk  location L=
initigalized +o [ oincide with the active wavpoini, In =11
navigation mades bthe waypoint distance, hesring and courss
deviation are found by integrating 2ir speed to calculate tne
aircraft’'s latitude and longitude. Wind spsed is assumed to oe
=2ra,

in ILS approach
limiting the 4i
course to + I degree

course deviatien signal 1s simulat=d
ce tatween the waypoint bhearing and &

TR
1]

All  required radio and inertial signals are assumed to ba wvalid.
Any waypornt specified asz RMNAY iz assumed to have a walid DHE
signal from its NAVAID.

The =zimulation of the zircraft dynamics will be gimilar to that
shown in Figure S-44,

S5.11. CHECKLISTE, EMERGENCY PROCEDURES

Tvpical storad UH-1H zhecklists and emergency procsdures will  be
implemants=d. Individual rotarcrati checklist and emerg=ncy liams
{(Figure S-41,3-42) ar=z ta be definad at a later date. The CDU
pege back/advance =ontrol can be used to steg from checklist  fo
checklist. The checklist or procedurs item arrow can be advancadg
by hitting the ENTR button. The arrow cannot bs backspaced.
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Figure 5-40: RODARAS AIRCRAFT SIMULATION
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Figure S—41:

CDU CHECKLISTS

Wi AU TOR I BALTO WP NAV : DAT MEF
: CRS ||} we a0 tHliPrErRA|tvIT

use ] £ SR 1A d ILINK RAC

LAT HicRs M FLT R FLT | wr BlisimAgld crx
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CHECKL.ISTS P X OF XX
TBD

WARNINGS —— 32 CHARACTERS

SCRATCHPAD ERROR STATEMENTS
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Figure 3-42: CDU EMERGENCY PROCEDURES CHECKLISTS

O] Ftan

OF PG
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I
'.‘;LJ.‘ .-

e N RoTol R To) e 1 T mav ] DATAlEME
usg CRS WP OAT A ‘ ‘,\“'PA PERA|GINIT §iE [k ROC
LAkl ==

LAT |l cRs MAP “FLT FLT [if wr sau/JicHn
OIR “ PLAN
0 Sel ED‘LJ_euv sTAT(|]8AL HITESHIILIST
. EMEREENCY PROC P X OF XX .
. TBD .
. WARNMINGS -— 32 CHARACTERS .

. SCRATCHFPAD ERROR STATEMENTS .
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&. PILOT INSTRUMENT PANEL

The lett si1da cockplit panel (Figure 4—-1Y Has all instruments

requlred for IFR  flight. The atftitude indicator 135 A
alectrically driven artificial horizon. It 15 1sclatea fraom . Zha
RODAAE system, as are all satety pilot elegtraonics, in the
untihkely event of RODAAS electrical failure. The Mairizontal
situation Indicator provides digital re=adoutr of  TACAN omMe
distance, «comput=d grourdspe=d and time-to-station asz well as 2
pictorial navigation indicater. The safety pilaot NAV receivar and
compass system pravide data far thigs inst, ument. Standard

rotorcraft engine instruments and status panelz ars arrangsd  for
convenient use of' both right and left seat pilots.

The safety pilot communlication transceiver, as well as the NAV
recaiver, ars located on tha center pedestal. Thege radios arsz
independent of RODAAS and are for use of thg saftety pilot, bur ars
alzo awvailszble to the RODAAS pllot. ALl ragig sy=tem augiao 12
controlled through the duel pllotssafety pilot audico panels,

ThHe safety gilat NAY raceiver i1s connectes to the haorizcontal
situation indicator on the satety pilobk silde. OCME 1tnvormation 1s
giravided by one af kthe RODAAS reczivers, proviadaed that ths ragcio
tuning select switch is in the manual pasition. This switch i3

located on the =zenter pedegtal,

For safety pilot uwuse, the automatic/manual tuning zwitch is olscad
in the manual position and the radios tuned uzging their fregquency
selectors. The desired radio informati:on Lo be displayed on the
RMI iz selected using t'2 hearing sel=ct switch an the RMI, Both
VOR or TACAN bzari~g information is available,

The KFS 75 Digital Transponder is indapendent of RCDAAS and can
be operat=d oy =zither piilot,

Engime starting, +uel ananagemant . and power  switchses will  be
centrally locatsd, sa that the safety pilot will have adegquate
access.

An  aoverhesd circuit breaker pansl will provide the pilots with  a
means to disconnact RODAAS fumctions,

The safety pilot panel, including central instrumentsand controls,

thus provides complete facilities for IFR flight independent of
the RODAAS svystem.
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7. RODAAS SYSTEM INTERFACE

The RODAAS svystem block diagram is shown in Figures -2 and 7-TI.
The i1nterfaces connecting the system elements ars as {ollows:

Computer [/0

Computer /CDU interface
Computer/HSD 1ntrnrtace
Computer/RAL 1nterface
Craputer /FFD interface
Computer/IRS interface

7.1. COMPUTER /0’

The computer /0 is the systam interfacing with the aircratth, It
includes all  aircraft semsor inputs and  coemmand  axtputs. it
cunsists of analog inputs, =snaleg outputs, discrecte inputs, andg
diszrete sutputs. All  inputs and outputsz are memory mapped.
Table 7-1 shows the analog inputs aleong with the sensor ocutpart
scaling, prefilter characteristic=s, and prefi.ter output scaling.
There are 44 an¢log inputs, including 13 spares. Table V-2 shows

the analcg outputs together with the sanple and held ounput

gcalinmg and the computer box outpuht scaling where applicable. &
total af 1o gutputs are provided. Tables 7-7 and V-4 1list Lhe
discrets inputs and autputs. As shown there are 48 disczrste
cutputs {ncluding nimne spares and 48 discrete inputs including two
gspares. EHoth the discrets 1.puts and oukputs ares implementsd as
bit packed words. The 1nputs ara implemsanted with four words ang
use 12 bits of 2ach word.. The outputs arz implemented with threes
words that use 14 hits =ach. The complement of the output af word

1 is "wrapoed arcund” to input word 4 for momitoring purposes.
7.2. COMPUTER/CDU INTERFACE

The computer/CDU 1nterface is accomplished over the TEEE 422 bus.

This bus iz a 1&-wire, 2-bit parallel bus. The data transmitted
over this bus includes kevbeoard cutput data, ©©OU nessages, HSD
display relatad information, afte. Yarigus dats buffer contants

that arz transmitted aver the bus are TED,

7.3. COMPUTER/HSD INTERFACE

The computer/HSD interface consists of & coamxial video cabls. The
videa infgrmation for the HSD display is generated in the HSD
refresh memory which is located in the computer box. This wvideo
information i{s trangmitted over the coair cable o the HSD. The
coax has an imp=dancs af 75 ohms.

7.4, COMPUTER/RAU INTERFALE

The computer/RAU interface is accomplished over ths IEEE 428 bus.
Data buffer cantents Lhat are Ltransmittsed to/fraom the ReJ aver the

IEEE—-438 bus ars TED. -
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7.9. COMPUTER/PFD INTERFACE

The camputer/FFD interface is accomplished over the [EEE 488 bus.
Data buffer cortents that are transmitied over the I[EEE 438 bus
are TBD. )

7.48. COMPUTER/IRS INTERFAZE

The computer/IRS 1nterface is accomplished over tha [EES 488 bus

ta the navigation computer. The MNAY computer then uzes an ARINC
429 bus to communciate with time  IRS  hardware. Data bufdier
corntents  that are tramsmitted over the IEEE 4838 .re  TED. Arlnc

429 data bus buffer data presented :1n Table 7-9.



SIGRAL NAME

LORAS TRER.  ..SPEED
LORRS ( AT )

FUEL PRESSHRE

FUEL QUANITY (MAIHS:
FUEL QUANITY (AUI)
ISMK QIL TEWP

ISHN QIL PRESSURE
IRBICATED ALRSPEED
BARC. ALTITUDE
RADAR ALTITUZE
ENSINE OIL TEWP
ENSINE QIL PRESSURE
EYHAUST BAS TEMP
TORQUE PRESSURE
ENGINE RFR KO. |
EHGINE RPM R0, 2
64S PRODUCER YACH
PITCH RATE

LOfkS PRESSURE
PITCH SERVO FEEDBCK
ROLL SERVD FERDBACK
¥A¥ SERVO FEEDBaCK
COLLECTIVE SERVO FBK

H - 307

PITCH SERVD CND WA
ROLL SERVO CHD YA
ThE SERVC CMD M@
COLLETVE SRVD CHD WA
BIT COMNAND A

FLUS 3 voC
PLUS 26 VAL
FLUS 15 vOC
RINUS 15 vOC
PLUS, 21 VIL
RINUS 21 VEC
PLUS 28 vAC
PLYS 12 v
AINUS 12 vOC

REF
L]

- OO 4 O 0 e g B -

i0
i
iz

i3
14
13
14
17
18
19
20
2!
22
23
24
fa
%
7
i
29
30
b3}
32
1
3
33
34
3
34
19
4
4
42
43
44
43
44
7
4
49
0

SENSOR
QuUTRUT

19N

| ¥/v

I WY

1w
A
LV
Ly
Ly
1wy

Table 7-1:

PREFILTER
GAIN

f

0.2 YOS / vag
0.3

0.3

0.249

0.249

. 249

0.3

0.3

FILTER  PREFILTER
TIHE gureuY

0.02
.02
0.02
0.02
0.02
0.02
0.02
200
0,02

+3 VBC

0.27 VOC / VAC

0.3 Vv
6.5 vV
0.249 919
¢.249 V1V
2,249 ¥
0.5 vV
8.5 WV
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SENSOR
FULL SCALE

RODAAS ANALOG INPUTS

FULL SCALE FULL SCALE

¢ A/C

1 A/

HEX
ADDR

dbiEH

10 VOE + 37 VAL B426H

843EM
B65EH
B4ICH
8437
867EH
B65CH
847CH
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Table 7-2Z: RODAAS ANALDGE QUTPUTS

SIGNAL NAME

PITCH SERVO CaOmMAND
ROLL SERVO COMMAND
YAW SERVO COMMAND
TOLLECTIVE SERVO CMD

QuUTPUT

2 5

QUTPUT
¥ CC BOX

HE X
~ADDR

BOQOH
BOOZH
BiO4H
BOOAH
BOOBH
00 A
BOQCH
BOOEM
801 0H
8012H
8014H
801aH
8t18H
801AH
BCG1CH
80O1EH



BIT
NQ.

" HOV

INFUT WORD 1
8800H

IAS *1=0N)
HDGE SEL. (1=0N)
APPR  (L1=ON)
NAV (1=0N)
VNAY  (1=0N)
ALTITUDE (1=0N)

ALT ARM  (1=0W)

SYS INTLK (O=LCK)

FFRA (1=0N)
(1=0N)

G0 AROUND  (Q==0N)

MM SENSE

AM SENSE

01 SENSE

TRIM/FREE 18T DTN

Table 7—-3: RODAAS

INFUT WORD 2

880°H
AFENG (1=ENG)
stAS ENG (1=ENG)

AR SCAS DISCONNCT

FLT DIR (1=0N)

ENG ICE DETECT
ENG FIRE DETECT
EMERG FUEL CNTRL
EXT FOWER ON
DOQR3 OPEN
FREFLT TEST

FLLT TEST # i

F.T TEST % 2

INS ON DC

INS FTCH RATE VAL
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DISCRETE INPUTS

INFUT WORD 3
8804H

HYD PRESS LOW
ENG CHIP DETECT
XSMN CHIP DETECT
T RTR CHIP DETECT
ENG IN FLTR CLGD
AIR FLTR CLGD
FUEL FLTR CLGD
BARO ALLT VALID
IAS vALID

AIR DATA ALT VAL
RADAR ALT VALID
INS ALIGN

ENG FUEL FMP VAL
RT BOOST PMF ON
LT BOOST PMP ON

INS FAULT

INFUT WORD 4
8806H

AF CLTCH ENG
AP SOL HOLD
SCAS SOL HOLD
ALTITUDE SNG

CLCTVE SOL ENG

CMFTR VvaLID
INS MODE SEL #

INS MODE SEL #



Table 7-4: RODAAS DISCRETE QUTPUTS

BIT QUTFUT WORD | QUTFUT WORD 2 QUTFUJT WORL 5
ND. g8200H BZOZH 8204H

15 AF CLTCH ENGAGE
14 AP SOL'HOLD

13 S8CAS SOL HOLD
12 ALT ENBAGE

11 COLLECTIVE ENG

10

& CMPTR VYALID

INS MODE SEL # 1

U]

4 INS MODE SEL # 2 WARNING HORN

it

(A
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Yablae 7-3:

SIGNAL

HRZ ACCEL ALONG TK
BODY LATERAL ACCEL
BODY LONGIT ACCEL
BODY NORMAL ACCEL
BODY FITCH RATE
BODY ROLL RATE
BODY YAW RATE
CROSS TRK HRX ACCEL
DRIFT ANGLE

E - W VELQCITY
FLIGHT FATH ACCEL
FLIGHT PATH ANGLE
GROUND SFEED
GROUND SFEED - BCD
INERTIAL ALTITUDE
INERTIAL YERT SFD
IFS DISCRETES

IRS MAINT DISCRETE
MAGNETIC HDG - BCD
MAGNETIC HEADING

N - 8§ VELOCITY
FPITOH ANGLE

PITCH ATT RATE
PLATFORM HEADING
POS LATITUDE

FOS LATITUDE - EBCD
FOS LONGITUDE

FOS LONGITUDE - BCD
ROLL ANGLE

ROLL ATT RATE

TREK ANGLE RATE

TRK. ANGLE TRUE

TRK ANGLE TRUE - BCD

TRK ANGLE - MAG
TRUE HEADING

TRUE HEADING - BCD
VERTICAL ACCEL
WIND DIRECTION

WIND DIRECTION -- BCD

WIND SFEED
WIND SFEz=D - BCD
BITE TEST WORD

POTENTIAL VERT SPEED

ARINC 429 BUFFER DATA

FPOSITIVE SENSE

FORWARD

RIGHT

FORWARD

uP

up

RIGHT WING DOWN
MOSE RIGHT
RIGHT

RIGHT

EAST

FORWARD

UF

ALWAYS POSITIVS
ALWAYS POSITIVE
uF

ur

N/A

N/A

CW FROM NORTH
CW FROM NORTH
NORTH

uF

UF

CW FROM O DEG
NORTH FROM O DEG
NORTH FROM O DEG
EAST FROM O DEG
EAST FROM O DEG
RIGHT WING DOWN
RIGHT WING DOWN
cu

CW FROM NORTH
0w FROM NORTH
CW FROM NORTH
CW FROM NORTH
CW FROM NORTH
UP |

CW FROM NORTH
CW FROM NORTH
ALWAYS POSITIVE
ALWAYS POSITIVE
N/A

uP
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" MNEMONIC

AATO
ALLAD
ALONGO
ANORMO
Qo

PO

RQ
ACTO
DRIKTF
VEF
AFFTHO
EAMIF
VGEF
VGF -~ BCD
HF

VIF
IRGSDIS
ISRNT
FSIMF-BCD
PEIMF
YNF
THTF
THTDF
PSICF
ELATXF

ELATXF-BCD

ELCONXF

ELONXF-BCD

PHIF
PHIDF
TKRTF
PSITF
PSITF-BCD
PEITMF
PSIF

PESIF = BCD

AVERTO
FSIWF
PSIWF-BCD
VIWF

VuF- - BCD
IRS BITE
PYS

OCTAL
LAEBEL

362
332
331
oy oo
P SN P
-

o

327
33T0
363
321
&7
323

-y
S22

312
o112
361
&I
270
250
014
320
S6é
324
334
>34
S10
019
P
Q11
325
-

335
313
044
317
Fid
044
364
316
014
315
015
277
3&0
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