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FOREWQRD

This report presents the results of a2 study of a Preliminary Candidate
Advanced Avionics Bystem for general aviation accomplished for the National

Aeronautics and Space Administration under Contract NAS2-9311. The NASA
Technical Monitor was George P, Callas.

Por the convenience of the reader the main body of the report is
preceded by an overall summary.

The authors gratefully acknowledge the fine work of the Systems

Technology, Ine., Publications Department in the preparation of this
repoxrt.
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PRELIMINARY CANDIDATE ADVANCED AVIONICS SYSTEM (ECAAS)
FINAL REPORT

Gary L., Teper and Roger H. Hoh
Systems Technology, Inc.

Richard K. Smyth

Mileo International, Inec,
SUMMARY
Background

The Preliminary Candidate Advanced Avionics System (PCAAS) is one impor-
tant element of the National Aeronautics and Space Administration's General
Aviation Advanced Avionics System Technology Program. The PCAAS progfém was
initiated in July 1976, 1t was preceded by a NASA-sponsored workshop on
 General Aviation Av1on1cs condncted in November 1975, Two additional pro-
gram elements served as 1nputs to the PCAAS program — namely, the’Computer
Technology Forecast for General Aviation and the Forecast of the Air Traffic
Control Environment for General Aviation in the 1980's. The final reports
from both of these stidies were available in June 1976.

‘These NASA/bAST supported studles are respon31ve to the nation's need
for reasonably priced general aviation avionics to make general aviation

aircraft travel more useful and practical for more people.
Scope of Study

Preliminary and final systems requirements specifications were prepared
which defined the functional requirements, the subsystem requirements, the
interface requirements, and other redﬁirements sueh as software, maintain-
ablllty, modularlty, and rellablllty. The scope of the PCAAS study included
the de81gn deflnltlon of all required avionics functions such as Navigation,
Flight Control, Engine Management, ATC Surveillance, Flight Management, Com-
munications, and the Pilot Controls and'Disélaﬁs, .



A risk assessment was performed Whlch examlned three categorles of risk:
that national or international systems are not 1mplemented that PCAAS
.mechanization techniques would prove ﬁnsatlsfactory, and that the component
technology would be unavailable, .

The study included the preparétion of & design report which described
the tradeoffs performed and the selections made to aryive at the PCAAS
deéign° The resulting PCAAS design included-the selection of off-the-shelf
avionies to be integrated with PCAAS-unigue elements inecluding new pilot
displays and controls and Microcomputer Control Complex (MCC). A distri-
buted system architecture was derived to permit system modularity. 4
mechanization of the MCC using off~-the-ghelf circuit modules was formulated.
The design is .sufficiently detailed to Pprovide the basis for- the next phase

" 6f the NASA General Aviation Avionics program,

The study did not inelude a detailed descripbion of the algorithms to
be 1mplemented by the MBC. HQWever,‘the functional descriptidn is suffi-
clently detalled that the algorlthms would be stralghtforward to develop.

- Basic Objectives

The hasic objective‘of PCAAS isto perﬁit.safehsingle pilot IFR {instru-
went flight rules) flight within the current or updated ATC (air traffic
control) environment. It is eﬁpecﬁed thgt.the PCAAS design will utilize
advanced technology to obtain the required caﬁgbility at an affordable cost
and with acceptable réliability. -

This basic objective is supported by a number of design guidelines which

1nclude the following:

® The Advanced Avionics System should result 'in a signi-
ficant reduction in 31ngle pilot workload during IFR
fllght -

o A 31gn1f1cant increase in eapablllty must be achleved
' without adding significant cost-or reducing reliability.

® The system architecture should provide modularity %o
permit: transition from current avionics systems to the
advanced system; addition or deletion of funcbions for



the wide spectrum of genersl aviation aircrafb: and
addition of functions to adapt to the upgraded ATC
environment .,

© The Advanced Avionics System should represent a major
departure from current system design and architecture
which integrates all avionies functions through digital
processing.

- System Design Philosophy -

*

The underlying motivation for the design of an advanced avionics system
is to enhance safetf by reducing- the pilot workload. Improvements in dis-
plays and controls on currently existing systems would reduge workload, but
not by the order of mégnitude required to operéte a complex aircraft in
high density terminal areas with on; pilot. . A system design philosophy was
adopted to achieve significant workioéd relief through the use of modern
digital technology %o perform part or all of the functions normally accom-
plished by a second pilot. This, resulted in two basic display and control
system elements: - the Integrated Data Control Center (IDCC),-and the Wavi-
gation Map Display (MMD). A Nlcrocomputer Control Complex is provided to
accomplish thé-Qequired computatlonsy‘ Tgese gléments and their specific

functions are.described in subsequent sections of the report.

The IDCC and IMD were integrated'witﬁ current state of the art instru-
ment displays on the panel. New and revoliutionary displays were not con-
sideréd because of their high risk,‘;’lai:ureo It is felt that separate
research programs should be undertaken to evaluate such (new) displays

before they are incorporated into an Advanced Avionics System.

Summary of PCAAS Punctions

This subsection containg a summary of the functions which comprise the
PCAAS. A more detailéd description of each of the functions is given in
the section entitled HFuﬁction&l Description.” The POAAS functions are
shown schematically in Fig. 1. This-fig&re indicates that each function
interfaces directly with the Integrated Data Control Center (IDCC). Data

are transferred from the IDCC and Microcgmputer Control Complex (via the
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displays)’ to the pilet, who in turn can request information via the con-
trols. The single line arrows in Fig. 1 indicate system mechanization,
whereas the broad arrows indicate interfaces with the pilot via the dis--
plays and controls. The stars shown above each function represent the
egtimated relative contribution of that function to the overall workload
reduction achieved by the PCAAS, Ttems with only one star (Surveillance
Communication and AFCS) indicate that these items are relatively indepen-
dent of the PCAAS., For example, the automatic flight control system already
represents a major reduction in pilot workload. Théﬂadditiohai reduction in
pilot workload of ?his system with the_addition of the PCAAS is not,expected
to be of major consequence. The same thing is true regarding communigations
and surveillance functions. On the obher hand, the flight management and
engine management/health funetions either dgznot exist or are primitive in
current aircraft. It is therefore expected that the addj:tion of the PCAAS
will allow mejor reductions in pilot workload via thesé functions. It is
also expected that the PCAAS will result in major workload reductions via
the navigation function (Nﬁvigation Map Display)., Integration of these
functions with the IDGC will allow the pilot to request and obtain such
eritical items as a continuous update of fuel reserves-at the planned
destinations or at selected alternates. -The -flight status correlation fﬁnc~
tion will provide workload relief by performing cross-checks belween various
gircraft systems., An example of flight status correlation would be the check-
ing of one VOR receiver against the other on a continuous basis. The Inte-
grated Data Control Cenfter will display information to the pilot via a dediw
cated CRT surface. The pilot/gystem interface will be accomplished using
‘question and answer prompting, thereby minimizing the need for the pilot to
learn special-purpose code .names and instructions. . A brief dsscription of

gome of the primsry functions is given in the following paragraphs.

Navigation.-Mest of the calculations to be performed in the navigation
function are not new and are representative of current generation area navi-
gation systems.‘.waever, the transformatibﬁ of processed ﬁavigation data
into a Navigation Map Diéplay (MMD), at costs consistent with general avia-
tion budgets, is felt to be a significant contribution towards reducing the

pilot's workload. Integration of the MMD with the Integrated Data Control



Cehter (IDCC) will allow the pilot to key in route structures based on VOR,
airport; aﬁd airway labels as they appesr on the IFR Charts. The corres-
-ponding latitude and 1ongitude entries corresponding to.the gelected route
structure waypoints are available from the data bhase stored in the MCC Mass
Memory. If VHF uplink becomes available,.the PCAAS wl1ll be capable of
accepbing and displaying ATC clearances on the IDCC CRT surface as well

as on the WMD. ’ ’ :

Flight maﬂagemént.—The PCAAS flight management function representé a

gignificant increase in capability cver current general aviation avionic
systems which are primarily area navigation systems with some additional
aids such as checklists., A summary of the features of the flight manage-

ment system is given below.

- ¢ Adrcraft performance:

1. Displays takeoff and landing performance as a func-
tion of aircraft weight, altitude, and temperature.
‘These parameters do-not require pilot enbtry as they - !
are measured or computed by PCAAS. -

2, Computes and displays maximum performance speeds.

® TFuel management:
1. Computes fuel used and remaining.

2, Continuous update of fuel reserves at destination
or selected alternates based on current winds as
computed by the navigation system.

e En route calculations: -

1., Computes climb or descent rate required to cross
a specified fix at a specified alt:.tuden

2, Computes range at current or selected power settings.
3a Computes altitude and power settlngs for maximum )
: range or endurance.,
© Weight and balance calculations: -

1. Pilot inputs weights and PCAAS computes point in
loading .envelope.

2. Provides continucus update of weight and balance
ag fuel burns off,



Engine management and health monitoring .-The engine management and

health monitoring function provides.the pilot with valuable, timely infor-
mation relative to. his power plant Whlch is usnally not available or dif-
ficult to derive from engine handbook curves and tables, It is expected
that a significant reduection in'gilot workload will result from the "mix-
ture flight director" which will allbw the pilot to lean with minimum
attention dﬁring all phases of flight. This flight director will be based
on BGT, fuel flow, manifold pressure and rpm, and will account for the

engine manufacturer's specifications and recommendations.

The engine management system will compute the manifold pressure and
mixture setting for any pilot selected horsepower, at a given engine rpm.
The true airspeed (TAS), miles .per gallon, and gellons per hour will be
computed for the selected power setting at the current sltitude and out-

side air-temperature,

The engine health system will display-itéms on the IDCC CRT which may
: lead.to an impending- failure. An example of this would.be excessive power
- settings for the current mixture setting. such as .might occur on.a missed

approach or balked landing climb. .. . - :

N

" Other PCAAé‘functioﬁéﬁ-Tﬁé:communications,”shrvéillance;'and aurbomatic
- flight control system (AFCS) Functions are also ineluded im PCAAS.. The
improvement in these functions over current technology is not expected to

result in major reductions in pilot workload. Howevexr, a VHF data link, if
it is implemented by the FAA, would reduce the pilot workload for routine

comunications and for ATC clearances.’ The lack -of.a VHF data link is felt
ts‘ﬁé a se}ious obstruetion to the'priﬁany PCAAS objective of reducing pilot

workload in the communications function.
Spectrum of Avionics

The spectrum of avionics functions and capabilities provided by PCAAS
is’ represented by three design points for the three selected categories of

general aviation aircraft:


http:would.be

e The Basic system corresponds to the advanced avionies
for the simple, ‘fixed:gear, single engine aircraft.

® - The Intermediate system cofresponds to the advanced
avionics for the well equipped, xetractable gear,
single engirie aircraft and the light twin.

o, The Upgrade system correspends to the advanced avionics
Tor the heavy twin and llght busmness Jeto

Empha51s has been placed on the Intermediate system during the PCAAS de31gn
study . . .

'The planned modular buildup of the IDCC functions for the Basie, Inter-
mediate, and Upgrade systems is summarized in Table 1,

The physical characteristics and cost are summarized for the PCAAS spec-
trum of elements for the three categories of systems in Table 2. The para-
meters presented -in Table 2 inclide the -system-elements arranged vertically
in the matrix, with the quantity per system, weight, power, and cost arranged
horizontally .for each of. the three categories.

The -PCAAS consists -of a large number of off-the-shelf avionics and sensors.

¥ ela-

The PCAAS funcblonal cepability is integrated by means of the Ynew PC
ments which are highlighted with boxes in Table 2. The Intermediate system
"new PCAASY elements include a 7 processor Microcomputer Control Complex (MCC),
Status Discretes, Integrated Data Control Center (iDCC), én& Navigation Map
Display (NMD). In addition to these new e}ements‘PCAAS includes & number of
sensors such as outside air temperature (OAT), indicated airspeed (IAS), mani-
fold pressure (MP), etc., whose electrical outputs are digitized and used in
various functional computations within the PCAAS. The total estimated cost

of the Intermediate system is $45,295, of which $11,900 is for "new FCAAS™

elements,

The vast majority of general aviation aircraft fall within the Rasic
category. A number of off-the-shelf items were deleted from the Tnbermediabe
system to arrive at the Basic system. Dual NAV]CQMM radios were selected to
provide dual VOR/IOC and Dual 720 channel communication. No DME, ADF, OMEGA
or Glide Slope are provided in order to reduce cost. The RNAV function ' )

would be ﬁrovided by dead reckoning updated with dval VOR position fixing.



TABLE 1. IDCC FUNCTIONS FOR BASIC,

INTERMEDTATE, AND UPGRADE SYSTEMS

IDCC FURCEIONS

LEVEL OF MODULAR BULLDUP OF IDCC

BASIC INTERMEDIATE UFGRADE
FLIGHT MANAGEMENT
.8 Flight planning ‘
" ~— Enter route data via VORs and airports or X X X
LAT-TONG .
— Display fuel required, ETE, reserves % X x
@ Fuel mansgement ” X % X
® Speeds for best performance %
© Optimum climb descent profiles ! X
© Weight and balance X
® Tskeoff and landing performance 4
.o Cruisp calculations . b4 %
ENGINE MANAGEMENT
@ WF and mixbure flight director .
~ Based on desired horsepower X b d X
— Based on desired TAS, mpg, zph x
— Baged on maximum endurance on range X
@ Displey standerd power setbing data {MAP and rom X X b
for given horsepower and albitude, ete,) -
ENGINE HEALTH )
@ Displey items leading to impending failure — x* X X
flesh on and off
@ Display stabus on request » X
® Display past tresds for a.nal;rsis by engine shop x
NAVICATTON
@ Nevigabtion map display A b
& Position display pg or pp from selected navaids X X X
© or dlsplay LAT-IONG — display glide slcope and
wind
@ Auto tune — autcmatica].]y "bune best navalds to x X
fix position on NMD
9 Status — Adisplay what nevaids are tuned and X 3
- estimated errors X
@ Compute ETA
=~ Point selected on keyboard - x ® ®
— FPoint selected from range cursor on NMD X b
CHECKLISE | . . .
@ Routine chec_kliats as requested from keyboard : x| b4 x
9 Automatically displayed emergency checklists X b4 X
FLIGHT STATUS CORREIATION
@ Navigation signals — compsre VOR-VOR; WOR-IME; X ®
I0C-10C, GS-0M .
© Instrument crosschecks X
STATUS OVEERIDE
(Engine problem or emergency checkiist) X ® X
NEAREST ALTERNATE . x x
SELECT MAP MODES X X




TABLE 2. PCAAS PHYSICAT CHARACTERISTICS AND COéTS

BASIC SYSTEM INTERMEDIATE_SYSTEN UPGRADE SYSTEM
SYSTEM_ ELEMENT QY WT  PWR_ T COST _ QIY__WT _ PUR COST QY WT _ PHR _ COST
NAV RADIO 1 2 106 20.0 2,00 1 3.7 112 1,400
NAV RADIO #2° 1 3.3 12.0 1,700 2 6.6 26.0 3,400
oME 1 9.3 24.0 4,200 2 18.6 48.0 g,400
ADF 1 6.8 5.5 1,50 2 136 1.0 3,000
NEW PCAAS 1 17.2 245 6,00 1 200 28.0 5,000
COMH RADIO 2 .6.6 67.8 2,000 2 6.5 67.8 2,000
“TRANSPONDER 1 3.0 4.0 600 1 3.0 4.0 600 2 6.0 28.0 1,200
WEATHER RADAR 1 200 68.8 5,500 1 1.9 980 7,100
RADAR ALTIMETER 1 2.5 8.4 1,000 1 45 151 2,300
ELT 1 3.0 -0- 125 1 3.0 -0- 125 1 30 -0- 125
ALTITUDE DIGITIZER 1 1.8 42 550 1 1.8 4.2, 50 1 18 42 550
TAS SENSOR 1 0.6 0.1 0 1 0.6 0.1 90 1 06 01 90
PRESS ALT SENSOR 1 0.6 0.1 g8 17 06 01 8 1 05 01 80
OAT SENSOR 1 0.3 0.1 2 1 0.3 01 30 1 83 01 B
" MP SENSOR 2 L6 0.2 170 2 1.6 0.2 170
FUEL FLOW RATE SENSOR 1 0.8 ~-0- 125 2 1.6 =0~ 250 2 1.6 -0- 250
EGT SENSORS 1 0.1 0.1 125 8 1.0 0.1 1,000 8 1.0- 0.1 1,000
DIR GYRO 1 50 150 2,300 1 5.4 20.0 3,000 2 10.8 40.0 6,000
ADI ¥ 20 - 1200 -1 5.4 10.0 2,600 2 10.8 20.0 5,200
YA RATE 6YRO 1 1.8 2.0 300 1 1.9 2.0 300
NEW PCAAS T 8.3 40 2,900 1  20.8 100 8775 1 208 110 9,700
[ sTaTuS DISCRETES | New pcAAs 5 1.0 05 0 10 2.0 1.0 600
NEW PCAAS 1 3.0 49.5 300 1 3.0 495 300
[ 1oce | wew peans 1 9.1 17.5 2,000 1 9.1 17.5 2,000 1 9.1 175 2,000
[ nav P D1SPLAY | New peass 1 9.0 16.0 2,000 1 9.0 160 2,000
AFCS ACTUATORS T 9.0 25 7 2 18.0 50.0 1,500 3 12.0 75.0 2,250
HISC 1%t 8.0 4.0 400 1ot 20.0 10.0 1,000 1lot 40.0 20.0 2,000
PCAAS TOTAL ' 70-24 144.14 $13,275 176¢ 5164 49,570 220.6¢ 890M $66,045

HEW PCAAS TOTAL [17.44. 57.54 $4,900] . [ 49.7¢ 2084 $17,900 | [ 63.9% 2220 520,600 |

1. NAV/COMM FUNCTION
2. INCLUDES GS RCVR
3. VERTICAL GYRO

10



The weather radar and radar altimeter are deleted to reduce cost. The Basic
system must depend.upon ATC advisories ‘to avoid weather cells. The "new
PCAAS" elements for the Basic system include a three-processor MCC and IDCC
but no moving map. The total estimated cost for the Basic sysbem is $13,275,
of which $4,900 is for "new PCAASY elements.

The Upgrade system uhiliZes more hardware redundancy than does the Tnhera
mediate éystem,'which is the primary reason for its greater cost. The Upgrade
system includes dual glide slope, DME, ADF, transﬁonders, directional gyros,
and ADI, and three'autopilot actuators (a rudder actuator is added). This
additional redundant eguipment amounts to $9,300 additional cost relative to
the Intermedi;te systen. The Upgrade system utilizes ugraded equipment for
the weather radar, rader altimeber, and MCC with wmore memory for added func-

tions., This upgraded eﬁuipment adds an increased cost of $4,300. The total
estimated cost for the Upgrade system is $62,645, of which $13,300 is for

"new PCAASY elements.

The off—the-éhg;f avionics for the Intemmediate system were selected on
the basis of the lowest cost element which provided the required function
with a few exceptions where the lowest cost =lement was unreliable or fiech-

nically obsolete.,
‘.Displaya

The key elements of the PCAAS consist of a Navigation Map Display,
Fig. 2, and the Integrated Data Control Center, Fig.-3, which are located

in prominent locations on the instrument panel.

The Navigétion Map Display has‘é nimber of modes including en roube
display with detail, as shown in Fig. 2, or decluttered in ﬁhich only the
major feabtures for the flight route are shown. Other modes include ‘an
gpproach.mode‘whicﬁ shows both the aﬁproach plate plan view as well as
the glide sl&pe cross section. The aircraft symbol.ls shown on the map
and moves relative to the background. The map swiﬁches when the boundary
of the map is approached. The map is "heading uvp' within the nearest
octant (45 deg): The map symbologies are stored on the data carbtridge

mass memory and called up to the MCC working memory as reguired,

"
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The IDCC consists of a Tixed keyboard for numerical daba entry and for
selécting functions. Variable selection keys are located adjacent to the
- CRT which displays variable selection options which depend upon the mode or
function selected by the fixed keys. This arrangement provides an unlimited
array of mode selection capability which can be changed by software in the

MCC.

The selection and location of othe¥ instruments and controls on the
PCAAS panel are discussed in the section entitled "PCAAS Instrument Panel.”

System Design

The PCAAS system design was supported by tradeoffs that' considered a
wide variety of PCAAS candidate_optibns. The emphasis in thé tradeoffs

was for the Intermediate system selections’y

™

System block diagram.-The PCAAS IntermediaqusyStém block diagram is
presented in Fig. 4. The heart of the ‘system consists of a distributed

processor architecture Microcomputer Control -Complex (MCC); . The PCAAS
functional computations are distributed among the seven processors with

software (firmware) functional redundancy provided.

_The“nayig@tion_apﬂkcommunicatiﬁn radios are interfaced with Microcom-
puter No. 1. (frequency management), This ﬁroceésor brovidés fréquehcy.
- commands to the radios and receives the navigation data in digital form
. from the radios., '

The low-cost OMEGA-navigation system intérfaces with the MCC via an
RS 232C serial I/O. The OMEGA s&steﬁ profidés line of position data in
digital form which is converted to la%itude and longitude position in
Microcomputer No. 2 Gnavigation)o“"Théfnaviggtion processor prqvides-all )

necessary navigation and guidance computations.

There is minimal interface betweén the surveillance eleménts and, the-
MCC. The transponder -codes are commanded ‘from the IDCC and the digitized

pressure altitude signal is transmitted to Microcomputer No. 3 (flight

14
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sensors). The radar -altimeter signal is provided to Processor No. 3 for

use in the ground proximity warning algorithm.

)

The flight management sensors provide the basic sensor data for a |
nuber of the flight management and engine management computation func-
tions, The electrical outputs'of these sensors are introduced through

appropriate analog to digital converts (ADC) in Processor Now 3.

The inertial sensors which provide attitude and rate signals for the
guidance and autamatic flight control computéfions are also introduced
through Processor No. 3.

[

The navigation map processor (No. 4) provides the computations and
interface for the Navigation Map Display (NMD). The navigation map re-

ceives navigation file data from the cartridge unit mags -memory .

The IDCC processor (No. 5) provides the -computations and interface for
the IDCC keyboard and disﬁlay. The IDCC processor also has access to the

navigation and other file data stored on the cartridge mass memory,

~ The autopilot computations are. divided between a lateral AFCS processor
(No. 6) and a pitch.AFCS procséssor (No. 7). Both of the AFCS processors
have digifal o analog converters (DAC) to drive the surface actuators.

The PCAAS unigue ifems are shown by a shaded corner in the block of

Fig. k. t ' R
Data bus.-The -PCAAS has £WO types of data.bus. One bus is internal‘to

the microéomputers for tranéfefriné data between the CPU and other asso-

ciated microprocessor éhips. The system data transfer bus utilizesithe'

TEEE 488 16-bit parallel‘datg bus. This bus permits any proceésor to be

a "talker" or a "listener," Each procéséér‘is assigned an addfegs to per-

mit system data to bé transmitted over the bus to the various users of the

data,.

A time slot concept permits transfer of the bus control from one pro-
cessor to another. In the event that the IDCC processor (No, 5), which is
the principal bus controller, fails, provision is made for transferring bus

control to ancther processor.

16



Modularity .-The PCAAS architecture is such that new sysbtem functions
can be easily added (or existing functions can be deleted). For example,
if the FAA should implement a VHF digital data link capability, the reguired
Modem to receive and transmit_the digital data in Frequency Bhift Keying
(FSK) format would be added to an existing I/b module of the freguency
management microcomputer INO. 1) . The data receiver would be placed on
the TEEE 488 bus for these users needing the data. In that case the firm-
ware in the IDCC would require a minor modification to permit the mode
control for the VHEF digital daka link.

Maintenance philosophy.-The PCAAS maintenance approach takes advantage

of the MCC capability to isolate failures using special test routines, The
MCC test routines would isolate a failure to a line replaceable unit (IRU)

or "black box." The IRU would be taken to the general aviation maintenance
shop at the airport. Repair of the black bhox would be_ accomplished by re-

" placing failed modules. ) o

Some of the more sophisticated avionic shops wduld have the capability
of repairing modules in the field., However, as a general rule the modules

would be returned to.the factory for repair.
Microcomputer Control Cpmplek

The MCd,configuration is illustrated in Fig. 5. The MCC is implemented
usingUstandard off-the-shelf modules. These modules include the central
proceésor unit: (CPU) cards, random access memory (RAM), and erasable pro-
grammable read only memory (EPROM) ‘cards, parallel 8—biﬁ I/O éﬁrds,_CBT/
keyboqrd I/b cards, arithmetic processor unit chrds; and 16-channel, 12-
bit ADC cards. The use of these off—the;ghelf cards which utilize the
8080 or Z-80 Microproceséor greatly reduces electronic non-recurring design
costs. Standard card cages and cabling are available to further simplify

the design task,

The approach to the MCC software is illustrated in Fig. 6. A higher
order language (HOL) will be used for programming the required PCAAS
algorithms. The HOL program will -be augmented with assembly language sub-

routines when necessary for such areas as I/b subroutines. A compiler

17
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will be used to convert the HOL program into machine code which can be
loaded into the 8080 or Z-80 processor memory. The PCAAS software will
be validated on.a Tlight simuletor and then loaded into EPROM's for the
flight software (firmware),
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Conclusions and Recommendetions

The PCAAS achleves increased avionics capability by:

A

Overall system integration through the MCC.

Central avionics system management by the IDCC,

Pilot orientation from Navigation Map Display.

new, low-cost OMEGA is required to achieve cost goals.

Existing NAV/COM radios need ‘provision for frequency command. -

The PCAAS utilizes considerable off-the-sghelf avionics in ful-

filling the objectives.

Advanced ATC functions are provided through modularity growth.

Key interim developments which NASA should support:

TLow-cost OMEGA.

Use of arithmetic processor unit for AFCS and naviga-
tion computations.

IDCC detailed specification and design.
IMD detailed specification and design.

No-gyro state vector sensor/processgr.



INTRODUCTION

Objectives of Préliminary Candidate '
Advanced Avionic System (PCAAS)

The PCAAS systemAhas two primar& objeétives. They are:

e To assist a single pilot in conducting a safe (IFR) or-
high density (VFR) flight in a complex general aviation
aircraft.

e To utilize advanced technology to enhance general avia-
tion avionics capability and relisbility at affordable
COoSts,

System Design Philosophy

The underlying motivation for the design of an Advanced Avionic System
is to enhance safety by reducing the pilot workload. Improvements in dis-
plays and controls on currently existing systems would reduce workload but
not by the order of magnitude required to operate a complex aircraft in
high dengity terminal areas with one pilot. A system design philosophy
was adopbed to achieve workload relief through the use of modern digital
technology to perform part or all of the functioﬁs normally accomplished
by & second pilot. This resulted in two basic display and control system
elements: the Integrated Data Control Center (IDCC) and the Navigation Map
Display (WMD), A Microcomputer Control Complex (MCC) is provided to accom-
plish the required computations. These elements are described in subsequent

sections.
Design Guidelines

The development of the Preliminary Candidate Advanced Avionic Syatem

was carried out under the following design guidelines

e Allow single pilot IFR in high density terminal control
areas.

e The system costs shall be no greater than the installed
cost of current light twin avionics.

21
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The system shall be de31gned for both sirgle engine and
light twin engined airplanes,-

The required proficiency shall be no. greater than the
current IFR pilots. - * .

The reliability of the PCAAS system shall be equal to
or greater than current avionies.

'The system shall "be modular - to allow the user to update
" the avionics.

_The system shall be compaﬁlble with the UG3RD air traffic
control system’ currently being planned by the FAA,



PILOT WORKLOAD CONSIDERATIONS

Tasks which are considered to be major workload contributors are listed
"in Table 3., Also listed in Table 3 are current methods of workload relief.
The aircraft industry has paid a great deal of attention to Items 1 and 2,
control of aireraft attitude and keeping the aircraft on course and altitude.
As a result of this research, general aviabion manufacturers offer a wide
range of autopilots and flight directors. It will be noted, however, that
the only current‘method to relieve the pilot'éf the workload represented by
Ttems 3 through 8 is to have a second pilot. In cases where this is not
possible these items are accomplished nsing rﬁles of thumb under the assump-
tion that an approximate solubtion is better than no solubtion or, in some

cases, accomplished at the expense of some other in-flight task.

' Eased on the above considerations, it seems obvious %ha% major pilot
workload relief could be obtained if the copilot functions can be defined
and méchanized q;ing advanced digital microprocessor technology. To satisfy
this need, we have developed the Integrated Data Control Center (IDCC) and
the Navigation Map Display (MMDP) supported by the MCC described in the

following sections of this report.

It must be recognized that if the IDCC, NMD, and MCC are to achieve the
primary objgptiv§ of the PCAAS program in reducing pilot workload, relia-
bility mﬁst be very high. ,This stems from the fact that more excess work-
load capacity can be used up in verifying that a system is working than the

achievable workload reduction of the system in the- first place.

Finally in addition to the design of the IDCC and NMMD, the PCAAS system
also takes into account the cuirent state—of-the-art-of instrument displays
and location on the panel., New- and revolutionary displays- were not selected
because’ of their high‘r;gk_nature. Tt is felt that separate research pro-
grams should be undertaken to evaluate such (new) displays before being

incorporated into an Advanced Avionic System,
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TABIE 3

PTLOT WORKLOAD -SURVEY METHOD USED:BY PCAAS

[

5-

6o

.Major Workload Contributors

Control of pitech attitude.
(6), heading (V¥), and
roll angle (@)

Keeping aircraft on course
and altitude

Maintaining orientation
with respect to major
navaids and airports

Using proper rpm, manifold
Pressure,, mixture,. and .

wastegate for current
flight condition.

Route caleulations

-Nonroputine calciilabions:

e Nearest alternate at any
. time

@ Possible alternates if
destination closes

Laying out a new routing
assigned by ATC

Monitoring health of air-

plane systems -— in parti- -

cular autopilot, engine,
and avionics

Current Methods of Workload Relief

Autopilot with heading hold or co-

pilot takeover,
Couplers or copilet monitoring.

Copilot is only current solution
in general aviation,

Approximate (e.g,, inefficient)

. rules of thumb or have copilot .

look up required data.

Approximate (e.g., inefficient)
rules of thumb or have copilot
look up reguired data, -

Approximate (e.g., inefficient)
rules of thumb or have copilot
Jook up required data,

Approximate (e.g., inefficient)
rules of thumb or have copilot
look up reguired data..

Approximate (e.g., inefficient)

rules of thumb or have copilot
look up required data,



FUNCTIONAL: DESCRIPTION

) This section contains a summary of the.functions-which comprise the
PCAAS system. A more detailed description of each of the functions is
given later in the section entitled "IDOC- Mode Descriptions.” The PCAAS
functions are shown schematically in FPig. 7. This figure indicates that
each function interfaces directly with the Integrated Data Control Center
(IDCC) . Data is transferred from the IDCC to the pilot (via the displays)
who in turn can request information via the controls. The single line
arrows in Fig. 7 indicate system mechanization whereas the broad arrows
indicate interfaces with the pilot via the displays and controls. The
stars shown above each function represent the estimated relative contribu-
tion of that function to the overall workload reduction achieved by the
PCAAS system, TItems with only one star (surveillance communication and
ATCS) indicate that these items are relativély independent of the PCAAS
system, For‘example, the automatic flight control system already repre-
sents a major reduction in pilot wérkload. Thé additional reduction in
pilot workload resulting from the PCAAS digital AFCS mechanization is not
expectéd to be significént. The workload reduction of the PCAAS mechaniza-
tion communications and surveillance functions are also expected to have
minor reduction in workload. On the other haﬁd, the flight management and
engine management/health functions either do not exist or are primitive in
current aircraft avionics. It is therefore expected that the addition of
the PCAAS éystem.will allow major reductions in pilot workload via these
funetions., It is also expected that the PCAAS system will result in major
workload reductions via the navigation Punction (Navigotion Map Display).
Integration of these functions W;th the IDCC will allow the pilot to request
and obtain such critical items as a continuous updateyof fuel -reserves at
the planned destinations or et selected alternates, The flight status cor-
relation function will provide workleoad relief by performing cross-checks
betueen various alrcraft systems. An example of flight s{atus correlation
would be the checking of one VOR feceiver against the other on a continuous
basis. The Integrated Data Control Center (IDCC) will display information
to the .pilot via a ded?cated CRT surface, The pilot—éystem interface will
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be accomplished using question and answer prompting, thereby minimizing the

need for the pilot to learn special purpose code names and instructions.

Pilot control of the system will utilize both the distributed and cen-~
tralized function selection technigues. Distributed functions imply that
the pilot input is made at some dedicated positioh on the panel where the
function 1s 'displayed. Distributed functions will be utilized for radio
frequency inputs as well as selection of autopilot and automatic flight
control system modes. Centralized function selection will be utilized for
all other functions. As discussed in Ref, 1, all distribubted functions
will be post designated, whereas the centralized functions will be pre-
designated. For example, in order to select a radio frequency the pilot
will first key-in proper number at a centralized.point on the panel (IDCC
panel) and secondly will designate which radio that funetion is to be

assigned to (post designation).

It is felt that items which have a direct effect on the control of the
aircraft should have a distinct locailon on the instrument panel and should
be changeable at any time without dlsturblng secondary calculatlons which
are being performed. For this reason, the automabic flight control system
and. autopilot mode controls are not only functionally distributed but also
.physically located away from the “IDCC panel. It might -be: argued that this
is consistent with the pilot-copilot interaction wherein one crew member
will assume responsibility for conbrol of the aircraf£ while the other per-
forms the other functions such as engine manggement, flight management, and

navigation. .

The control-display format of the IDCC has not yet been finalized.
Because the success or failure of thé PCAAS. system is so heavily dependent
on the pilot/system interface, it is felt that a simulation program is
necessary before the final format can be selected. A preliminary - -format
is shown in Fig. 8. In this example the pilot has selected the navigation
function. The system has responded by informing him of each of the options
available in this function. Upon selecting one of the options shown, the

" gystem would thenlleéd him through the selection of waypoints via prompting

messages. The decision tree type logic utilized to develop the prompfing
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iessageé also répresents a key interfacé item and should be refined &uring
a piloted simulation period. It should be hoted that this simulation need
-not involve mbving base or exotic Gisual displays. The objectives of the
control/display interface of the IDCC should include: an easy to read CRI
surface area; allowance for the effects of turbulence in utilizing the
pushbutbon controls; provision for inmputting flight plans from an external .
source (such as a pocket balculatb})' and finally the ability of the system
to display frgent megséges without losing the current program. The IDCC
format in Fig. 8 is probably inadequate because the CRT surface is too
small and because the function select switches arve located below the CRT
and therefore on the instrument panel. Tﬁis is a %erf.poor location for
function select switches in that the pilot's arm must be éxtended in a
cantilever fashion making it fery aifficult to push the desired button

iﬁ turbulence. It is therefore ékpected that the fuﬁctidn select panel
will be located on the riéht of left pilot's arm rest thereby allowing

‘the pilot to use his forearm as a reference point. The data-caffridgé

slot shown in the example control display format ‘in Fig{ 8 illustrates

that ubdatgd navigational data will be entered into the Systém via tape
cartridges. It is expected that these cartrldges will be supplied as
revisions much in the same way that JéppeSOn or the U.S. Government Chart

Service supplies revisions to airway menuals at the' present time.

Naviéation Map Display

Malntalnlng orientation with respect to major navalds, mountaing, and
alrports in IFR or VFR low V131b111ty conditions currently consumes a major
part of the pilot's worklvad. The reason is that with current displays it
is necessary for the pilot to convert needies and numbefé into a location
on a map which is usually located on thé pilotts lap. The introduction of
a Navigation Map Display on the instrument panel would greatly reduce the
pilot's workload by keeping him oriented at all times. With very few
exceptions Navigation Map Displays heve involved hiéh cost and heavy pro-
jection systems. However, with the advent of microprocessors it is felt
that a Navigation Map Display can be developed at a reasonable cost and

without the weight penaltﬁ incurred by projection systems and the associated
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synchro-servo hardware.. It is proposed that all the. required map data can
be stored in the microprocessors and displayed on a CRT surface. Congidera-
ble research on moving map displays (see Ref. 2) has shown that pilots pre-
' fer heading-up over north-up displays, -and that the-map should move and the
airplane should he stationary on the display. The reason that heading-up
displays are preferred over north-up displays is that north-up displays tend
to induce control reversals when the aircraft is proceeding in a southerly
direction. In order to preserve the proper right-left orientation, without
incurring the cost of a heading-up display, it is proposed that an octant-
wp display be utilized, That is, the display shall be oriented so that "up”
is within 45 deg of the aircraft heading. Inasmuch as this display repre-
gsents the ultimate in horizontal situation indication, a conventional HST

is not proposed on the PCAAS panel, - In order to provide the scale and
declutter required for compensatory tracking, an. HSI mode is added to the
Navigation Map Display. Hence, the Navigation Map Display can be operated
in the en route mode for orientation and in the HSI mode for tracking. An
example of each of these modes is shown in Figs, 9 and 10. It will be noted
that the vertical situation is also shown in the HSI mode. A horizontal
card type heading scale is electronically generated on the navigation map
CRT surface., The electronic bug and open diamond is shown on this display
to indicate the heading selected eitﬁer manually or by the aubtopilot. A
conventional compass card will alsc be included on the panel to allow the

pilot to select headings more than 30 deg from the current heading.

The HSI mode (see Fig. 10) utilizes the full CRT display surface. All
information except for major navalds is eliminafted from the display. It is
expected that the pilot will spend most of his time in the HSI mode in order
to monitor his deviations from the’selected course, The en rowbte mode will
be commended momentarily to indicate overall orientation with respect o
navaids, key obstructions, and airports. It is felt that enough informa-
tion must be included on the Navigation Map Displeay sc that the-pilot does
not feel bompelled to refer to other maps during the flight, Therefore, as
a minimum we have proposed that the maps show airports, key obstructions,

and navigational aids.
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The en route map display has selectable scales to provide more sensi-
tivity or a larger overview as desired. Also the NMﬁ can provide a "split
‘screen” display with the HSI and VSD displays shown simultaneously, each on
one half of the NMD display surfaceo-

One of the more difficult piloting tasks involving orientation is the g
circumnavigation of storm areas in low visibility or IFR conditions. One
possible solution would be to superimpose radar information on the Naviga-
tlon Map Display. However, because of cost considerations and because of
the possibility of overclubtering the Navigation Map Display, we have pro-
posed a system by which the pilot can set a cursdr on the radar display
which when selected will transfer that point onto the Nﬁvigation Map Display.

Automatic Flight Control System Functions

As discussed esarlier, the PCAAS system is orgénized so that the auto-
matic flight control system is essentially independent of the Integrated
Data Control Center and Navigation Map Display. That is, the mode select
and display is located at é separate section on the instrument panel from
the IDCC or the NMD. However, autopilot modes and aircraft attitudes are
avallable to the IDCC for computation of other functions. In addition,
navigation and automatic flight control system functions are integrated
through the TDCC so that the pilot may allow the system to fly the selected
courses auntomatically. A summary of automated flight contrel system fune-
tions which are available on current general -aviation autopilots is given
below. It is not felt that additional functions would appreciably reduce
pilot workload. Inasmuch as the primary objective of PCAAS is to reduce
pileot workload, no new auvbomatlc flight control system functions are recom-

mended. .
¢ Stability augmentation (where required):
—  Damping of spiral-mode
—  Damping of dutch roll mode

— Damping of roll subsidence mode
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- Longitudinal control:
- Atfitude hold
— Altitude hold
— Airspeed hold
—  Vertical navigation coupling

— @lide slope coupling

® Iateral control:
— Standard rate turn command
— Heading hold and command
—~  VOR coupling/RWAV coupling

~  TLocalizer coupling

The integration of weather avoidance into the IDCC was discussed in the
previous section., In addition, the ground proximity warning will also be
incorporated into the IDCC to provide flight status correlation between

glide slope tracking and terrain avoidance.

Communicetion Function ‘
f
) PCAAS provides dual 720 charmel VHF communications with the COMM (com-
munications) receivers remotely tunable from the IDCC. Backup tuning means
is also provided. Provision is included in- PCAAS for a digital data link
over the VHF (very high frequency) channels. At present the FAA (Federal
Aviation Administration) has no facilities for transmitting or receiving
digital data. Such a capability would greatly enhance the capabllity for\
PCAAS to receive revised ATC clearances and display the same to the pilot
for acknowledgement., Such digital ATC clearances would provide an easy way
to revise ATC clearances en route without the necessity for the pilot to

key in a revised route structure.
Sufveiliance Funetlon

The PCAAS surveillance function includes the ATC survelllance elements
as well as means to avoid extreme weather and to provide ground proximity
warning. The surveillance function includes issuing transponder code

commands to the ATC beacon received from the IDCC. The surveillance
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function also inecludes the altitude reporting function associated with the
transponder and provided by an altitude digitizer. The digital altitude
is furnished to other functional users of altitude such as navigation and

engine management,

Ground Proximity Warning (GEW) is provided by means of a radar altimeter
sensor which provides terrain clearance information used in the GPW computa-

tion.

The surveillance function includes a weabher radar, Provision is made
for tying in the range and azimuth cursor information from the weather
avoildance radar to the navigation function for lateral guidance around

areas of heavy precipitation return shown on the radar screen,

This tie-in is included in the upgrade system with provisions only for
the intermediate system. The desired flight path is selected by manually
setting a range and azimuth cursor and then designating the intersection
of the two cursors as a weather avoidance waypoint. Such flight path devia-

tion requires ATC approval under current IFR procedures.,

The survelllance function includes provision for the Discrete Address
Beacon System (DABS) and the VHF digital data link should the FAA choose
to implement these elements.

The surveillance function includes the mandatory Emergency Locator
Transmitter (ELT) which has no interface with other PCAAS elements,
i
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PCAAS INSTRUMENT PANEL

The instrument panel laycut for the PCAAS system was primarily oriented
toward the intermediate level and more specifically for the Cessna 402 as

being representative,

The instrument panel currently envisioned for the PCAAS gystem is shown
in Fig. 11. The rationale used in the selection and location of the display

shown in Fig, 11 is given in the following two subsections,
Digpleys

The key elements of the PCAAS system consist of a Navigation Map Display
and the Integrated Data Control Center and are located in pfominent loca-
tions on the instrument panel, As discussed earlier, the version of the
IDCC shown in Fig. 11 requires further refinement and is not considered to

be complete at this time.

A careful review of the literature was made to determine the current
state~of-the~art for each of the other flight instruments., The results of
the tradeoff analyées for end against the Electronic Attitude Director
Indicator (EADI) and the mechanical Attitude Director Indicator (ADI) are
given in Table 4, As can be seem from Teble 4, a mechanical ADI is the
logical choice at this time. The decision to use a mechanical ADI was
heavily influenced‘by the argument that a large colored display could be
developed at reascnably low cost., This is not the current situation in
general aviation. Current low-cost attitude gyros are all of the standard
three and one-eighth inch variety which we consider to be too small. Un-
fortunately the large five inch display instruments are built only for
upgrade systems and are therefore extremely expensive. The cost drivers
on the large attitude gyros do not stem from size but rather from the fact
that most of them are driven remotely and involve expensive synchros, erec-
tion cutout systems, and other exotic features normally not associated with
low-cost general aviation instruments. TFor the development of the prototype
PCAAS system it is recommended that a large attitude indicator be purchased

without the remote gyros and synchros, and a standard geneval aviation
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vertical gyro be installed to mechanically drive the ADTI, It is felt that
the risks involved in such a modification is relatively low when compared
to the tremendous improvement over current general aviation attitude indi-

cators.

The digital plus pointer type altimeter shown in Fig. 11 was selected
on the fact that it sppears to be superlor to vertical tapes or counter
drum pointer instruments. The three~pointer type altimeter which is cur-
rently most popular in general aviation ailrcraft should be avoided in that
both research and practical experience indicate that it is prone to both
100 and 1000 £t reading errors., The altimeter shown in Fig. 11 is priced
well above the cost goals established for the PCAAS system, However, the
availability of digital altitude information from the IDCC will make it a
simple matter to modify the existing three pointer altimeter to the display
shown in Fig. 11. This is one of many examples which illustrate how the
concept of an integrated system can bring the co;ﬁ of exctic displays within
the realm of péssibility for general aviation. The required reliability
will be provided by transmitting the output of the pressure transducer
directly to the instrument (without passing through the IDCC) to avoid
the possibility of losing altitude information in the event of an IDCC

failure,

A conventiocnal vertical speed indicator has bheen implemented in the PCAAS
system., References 3 and L} indicated that vertical tapes and circular dizls
are about equal in terms of errors susceptibility. The circular dial was
picked on the basis of minimizing changes that did not appear to have a

significant impact on pilot workload.

A round dial format was used for the radar altimeter since it has none
of the deficiencies (interpretation of trend and rate) of a vertical tape
display and none of the 1000 or 10,000 ft discrepancies associated with
round dial altimeters.

Dial format was also used for the airspeed indicator. The vertical tape
and thermometer type displays were eliminated on the basis of previous
experience (U,S. Air Force) which indicated that the increments were too

small on these types of displays, It is expected that angle of abtack will
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be the primary flight reference during approaches and climb outs. The angle
of attack display'shown.in Fig. 11 was bQEfowed directly from the Ndrth
* American B-1, This display is attractiﬁé in that it shows angle of attack
trends via the thermometer display as well as discrete chevrons which have

been found to be ex@remely successful by Navy pilots.

Thermometer type displays have been used to allow a presentation in
which all the engine indications appear et a straight line across the
panel, While this is an attractive display format, it is not felt that
the contribution to the pilot workload reduction will be significant,

It may therefore be desirable to utilize the existing engine instruments

in order to keep the PCAAS design cost within bounds,

The mixture command indicators are an integral part of the engine
management system. These indicators shall be compensated in the same
fashion as a flight director to allow the pilot to lean rapidly, there-

by decreasing workload.
Orgenization of the PCAAS Instrument Panel

The PCAAS panel is organized so that quantities used for inner-loop con-
trol‘are displayed in a central location. Thus, the Attitude Director-
Indicator (ADI) is located in front of the pilot at eye level, The instan-
taneous vertical speed indicator is located just to the right of the ADI in
that it represents an intermediate control loop. The radar altimeter is
located just below the IVSI, It represents the outer loop during the later
phases of the approach when rapid efficient scan is critical. The digital/
pointer altimeter is located Just to the right of the Navigation Map Dis-
play and below, the rader altimeter. This location was selected because the
barometric altitude is primerily used in conjunction with navigation activi-
ties of the pilot. Hence, it is located next to the Navigation Map Displey.
Angle of attack is defined as aﬁ inner loép during critical phases of the
approach., Therefore, the angle of attack meter is located next to the ADI
{on the left). The backup attitude gyro is located to the left of the angle
of attack indicator and is in line with the ADI to maximize pilot awareness

of discrepancies between the primary and backup attitude instruments., The
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alrspeed indicator is located just below the angle of attack indicator.
Alrspeed is considered to be an intermediate loop and therefore should be
as close as possible to the ADIT, .

The lateral displays are similarly orgénized in that the needle and ball
(inner lcop quantities) are located directly at the bottom of the ADI., The
heading indicator which represents an intermediate loop is located just
below the needle and ball at the top of thé'navigation map CRT display.
Heading command and turn rate are also shown on the heading indicator. The
Navigation Map Display represents the outer guidance loop—and is therefore
located below the heavy indicator. As discussed earlier, this display can
be utilized in the map mode as shown in Fig. 9 or in the H3I mode as shown

in Fig. 10.

The controls and displays for the Integrated Data Control Center are
located on a large panel area Jjust above the throttles. This is done so
the pilot's right hand can select IDCC commands with a minimum of motion.
Additionally, no leaning or head motion is required to read IDCC messages
or make gelections on the IDCC panel, As discussed previously, the IDCC
keyboard will probably be located off the instrument panel and possibly on
the right or left hand arm rest to account for the effects of turbulence.
The autopilot select panel is located just below the IDCC. It 1s separate
from the IDCC to allow the pilot to select different flight modes without
interrupting the information flow between the pilot snd IDCC. The loeation
of the IDCC panel or the pilot's mode select panel should be located such
that the pilot's right hand should be convenient to both the throtile and
the mode select panel. ' )
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PCAAS SYSTEM MECHANIZATION
System Configurstion

The overall:system configuration for the Intermediate system is shown in
Fig. 12. The Basic system is obtained by deleting system elements. The Up-
grade system is obtained by adding system elements and upgrading other ele-
ments, The heart of the system is the seven processor Microcomputer Control
Complex (MCC). Data is transferred among the seven processors by means of

an IFEE 488 parallel bus.

The MCC receives inputs from the navigation radios, the OMEGA navigation
subsystem, the surveillance elements, the flight management sensors, and the
inertial sensors. The digplays and controls include the Attitude Director
Indicator (ADI),‘Naqigation Map Display (IMD), and the Integrated Data Con-
trol Center (IDCC). A 100 K byte mass memory (data cartridge) is provided
as a part of the MéC; )

The two automatic flight control subsystem processors drive the aileron

and elevator actuators through digital to analog converters (DAC's).

The PCAAS system elements for the Intermediate system are summarized in
Table 5. The PCAAS 15 configured using off-the-shell elements except for
those items denoted as "new PCAAS" in Table 5. The physical parameters for
PCAAS tabulated in the table include the weight, volume, power, failure
. rate, and estimated user cost. The totals for the "new PCAAS" elements are

summarized in the last line of Table 5,

The off-the-shelf elements were selected on the basis of the lowest cost
element which met the functional requirements for PCAAS. Although specific
models were selected, in each case there are several alternatives to chooge
from with similar cost and characteristics. Consequently, PCAAS is not

committed to any of the selections.

Navigation and communication radiocs.-Navigation receivers: The naviga-

tion znd communication radios were cdnsidered together during the selection
process for the PCAAS. Many of the general aviation avionics manufacturers

combine the navigation (VOR/IOC) receiver with the COM transcelver in a
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PCAAS ELEMENT

NAV RADIO #1 ,
NAV RADIO #e
DME
ADF

MODEL

TABLE 5. PCAAS SYSTEM PARAMETER SUMMARY

COLLINS VIR-350
NARCO 1222

kING KDM 705A
NARCO ADF-141

OMEGA NAV

NEW PCAAS

COMM RADIO
TRANSPONDER

WEATHER RADAR

RADAR ALTIMETER

ELT |

ALTITUDE DIGITIZER

IAS SENSORS

PRESS ALTITUDE SENSORS
OAT SENSORS

MANIFOLD PRESSURES

COLLINS VHF-250

_KING KT78A

KING. KWX-40

BONZER MINIMARK

NARCO MRB 510
AEROSONIC 1019
BOURNS 503
BOURNS 408

BOURNS 409220

1. A1l faflure rate data estimated

2. Includes glide slope & marker baacon receivers

3. During transmit, 23.5W on receive,

QTY/

- SYSTEM

1

= pa

— [

1
1

2

WEIGHT

3.7
3.3
9.3
6.8
17.2
6.6
3.0
20.0
2.5
3.0
1.8
0.6

IN LBs.

v

0.6
MICROSYSTEMS -40 to +150°F 1 0.3

1.6

4.
5.

(continued on following page)

VOL.

CuU.
101

114
252

" 98
737

203
83

- 2624

105
85
54

[-- N R -]

POWER  FAIL/ USER

IN. ~  WATTS 106 HRS!  COST
11,2 1000 $1,400

12.0 1000 1,700

24.0 800 4,200

5.5 500 1,500

24.5 2500 6,000
67.83 2200 2,000

14.0 250 600

68.8 4000 5,500

8.4 500 1,000

-0- 250 125

, 4.2 125 550
| 0.1 50 90
0.1 75 80

0.1 75 30

0.2 150 170

Plus 12" anterma in radome
DC output



TABLE 5. (Coneluded)

' : QTY/ WETGHT VOL. PONER  FAIL/ USER
PCAAS ELEMENT MODEL SYSTEM POUNDS Y, IN.  _MATTS 105 HRS! _ COST
FUEL FLOW RATE2 WAUGH MF-16-50% 2 1.6 12 ‘, -0~ 100 $ 250
EGT SENSORS AVICON SAFE SENSORS 8 1.0 8 0.1 200 1,000
HSI & DIR GYRO - NARCO HSI 1008 1 5.4 150 20.0 1000 " 3,000
ADI 1 5.4 150 © 10,0 1000 2,600
YAW RATE GYRO HONEYWELL - JRH 20 1 1.8 13 2.0 250 300
MCG [ NEw peaas | 1107 20,8 450 10,0 250 8,775
STATUS DISCRETES NEW PCAAS 5 1.0 10 . 0.5 125 300
B ress mecna—"—C . - ,
TAPE CARTRIDGE 3M 0C0-1 Co1 3.0 - 60 49,59 250 300
h— ' . :
10CC NEW PCAAS 1 3.1 287 17.5 1000 2,000
NAV MAP DISPL NEW PCAAS l 1 9.0, 286° . . 160 850 2,000
AFGCS ACTUATORS ° 0TS ELECTRIC . 2 18.0 150 §0.0 1000 1,500
MISC ©1LeT 20,0 " 280 10,0 500 1,000
PCAAS TOTAL . 176 1b 3940 cu. in. 516w 20,000 $49,570
: , (2.28 cu. ft.) (37 amps)(50HR MTBF)
(™ New PCAAS Total ] [ 9.71b " 1830 cu, in. 208w 4,975  $17.900 ]

1. A1l failure rate data estimated
2. freq proportional to flow rate
3. 11,0 watts when idle



single case which has shared power supplies., The navigation receivers
provide automatic channeling for DME by selection of the VOR frequency and
automatic channeling for the glide slope by selection of the localizer

frequency.

Separate units were selected for the navigation receiver and the
communication transceiver for the Intermediate system in order to have
independent units with éeparate powef supplies. NWavigation Radio Wo. 1
is a Collins VIR-350, which has 200 channels in the frequency range of
108 %0 117.95 M Hz for ILS localizer and VOR. The DME is automatically
channeled when a VOR channel is selected. The unit inclﬁdes a standby

indicator of VOR/iOC,deviation end complies with TSO C36b and Choa,

Favigation Radio No. 2 is a NARCO NAV-122 which has the same features
as the Navigation Radio No. 1 plus it also includes & 40 chamnel glide
slope'receiver and indicator and a 3 lighf marker beacon receiver. The
NAV-122 complies with TSO C35d, (36a, Choa, and C6ba, The glide slope
freqﬁeﬁcy range is 329,15 to 335.00 M Hz,

Communication transceivers: The Intermediate system uses dual 720
channel VHF transceivers which cover 118.6 to 135,975 M Hz. The radios
gselected are the Collins VHF-250 with 10 watts transmitter output, auto-
matic squelch, and self-test, The units comply with TS0 C37b and C38b.,

Distance measuring equipment (DME): The King KDM-705A DME, which is
all solid state electronics, was selected for the Intermediate system.
This unit has 200 chammels, a peak power of 1000 watts, and has distance
accuracy of #0.1 N mi, or 0.2 percent of distance. The unit complies
with TS0 C66. The output is digital and displays distance in the range
of 0-399 ¥ mi, ground speed in the range of O to 999 kt, and time to sta-
tion in 0 to 99 min., The ground speed and time to station- are only valid
_ when the DME station is a waypoint. "Consequently, these outputs are un-
neceésgry to the gystem, THE PCAAS navigatién processor derives true
ground speed and time to any waypoint which is generally valid., The lower

cost DME's use tubes which are considered to be too unreliable.
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Automatic direction finder (ADF): The NARCO ADF-141 was selected for the
Intermediate system. This unit tunes over the low frequency and broadcast
bands from 200 to 1799 K Hz, The unit is digitally tuned in 1 K Hz steps.
This unit uses an RMI for display and complies with TS0 Chic, ’

The ADF is not a critical element in the PCAAS system, but rather pro-
vides an additional cross-check for the navigation functicn. The ADF does
provide useful functional redundancy. A reasonably accurate position fix
can be obtained from successive "euts" (lines of position) to a station of
known 1atitude/iongitude position using a least squares algorithm. This
multiple LOP position fixing mode using ADF is considered an optional back-

up mode and is not part of the PCAAS navigation software.

OMEGA navigation receiver: The OMEGA navigation receiver is a "new
PCAAS" element. There are a number of excellent OMEGA navigaticn systems
currently available off-the-shelf at prices ranging from a low of $20,000
to a high of $59,000. These systems are intended to compete with inertial
navigation systems (INS) which are two to three times the cost of the (MEGA
system. Consequently, a new low cost OMEGA is mandatory if the PCAAS cost
goals are to be met. This low cost OMEGA need have only those elements
needed to interface the PCAAS navigation processor. The cost objective
for this new low cost OMEGA is $6,000 which appears to be a reasonable
goal based on the following factors:

e Ohio University is designing a low-cost OMEGA.*

€ NASA Tangley is supporting & low-cost OMEGA development
with a cost goal of $5,000.

o Teledyne has produced a low-cost Marine OMEGA system
with latitude/longitude output expected to sell for
$10,000.%

¢ Tow-cost Marine OMEGA sysfems with digital LOP outputs
now available for $2,000.%

*¥Lilley, R. W., and R. J. Salter, A Microcomputer Based Low Cost OMEGA .
Navigation System, Chio University, July 1976.

TStoltz, J. R., Applications of Microcomputers to OMEGA Radio Navigation,
Teledyne Systems Company, March 1976.

*Micro Instrument Co., Model DC 1127, January 1976.

k7



OMEGA .is a very low frequency (VIF) radio navigation system operating in
the internationally allocated frequency band between 10 and 14 X Hz, It is
capable of providing all weather navigational service throughout the world

with-a complex of eight 10 KW transmitters.

The OMEGA navigation receiver provides PCAAS with a world wide naviga-
tion capability particularly over water or at low altitude where reliable

VORTAC reception is not available.

Air traffic control surveillance elements.-The ATC surveillance elements

are shown in Fig. 12, and their characteristics are summarized in Table 5.
‘The interfaces between the surveillance elements and the PCAAS Microcomputer
Control Complex (MCC) include: the digitized altitude derived from the ATC
transponder altitude encoding mode, the transponder code select from the
IDCC, and the radar altimeter output which is used in the Ground Proximity
Warning (GPW) algorithm in the Intermediate system. In addition, the Up-
grade system includes tie-in with the weather radar in which the rangg/
azimuth cursor intersection may be designated as a waypoint to the naviga-
tion subsystem to facilitate weather avoidance around heavy precipitation
returns on the radar display. In the case of the Intermediate system, a
weather avoidance waypoint may be entered from the Integrated Data Control
Center (IDCC) by observing the range and azimuth to the waypoint on the
radar PPL display and manually keying in the waypoint,

Growth provisions are made in PCAAS to add modules for the Discrete
Address Beacon System (DABS) and the Flight Service Station (FSS) VHF Digi-
tal Data Link. DABS includes an up-link message of 8 bits representing a
data command, and a down-link message of 32 bits consisting of a data iden-
tifier and parametér value. The up-link is addressed tc the specific air-
craft within the ATC controller's sector which assures that only returns
from the addressed aircraft are displayed on the ATC ground radar display
to eliminate clutter. The down-link message can be encoded with aircraft
speed, altitude, magnetic heading, and other data in accordance with the

message Tormat,

The FSS VHF Digital Data Link (DDL) provision permits digital data up-

link such as coded weather sequences or ATIS data to be transmitted o the
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aircraft for display on the IDCC display surface. The down-link message can
gend various standard message formats to the ground as selected from the
IDCC interactive display.

Both the DABS and FSS DDL would be implemented using spare serial I/b
channels on the MCC modules. The appropriate firmware would be added to
the IDCC processor of the MCC complex.

ATC transponder: The ATC transponder is a 4096 code unit with altitude
encoding which includes interrogation modes A and C. The King KT T6A was
selected for PCAAS., This unit has a peak power output of 150 watts and
includes an automatic reply light-dimmer., The transponder code may be
selected from the IDCC or by backup code select knobs. The unit complies
with TSO C74b, Class 2, The transponder IDENT ("squawk") function is
obtained by depressing the IDENT button located on the transponder front

panel,

Altitude digitizer: PCAAS utilizes an altitude digitizer which converts
the altitude signal into a form suitable for the altitude encoding mode of
the ATC transponder., The altitude digitizZer converts a servoed altimeter
pressure altitude into digital form compatible with the transponder mode C.
The Aerosonic Model 1019 selected for PCAAS has an altitude range from
~1000 £t to 20,000 ft. This unit uses an optical encoding method and can

be remotely located from the servoed altimeter,

Weather radar: A conventional weather radar was selected for the PCAAS
Intermediate system, Consideration was given to the use of the Ryan "Storm-
scope' which utilizes an ADF receiver and CRT to display the azimuth and
amplitude of lightning strokes on a 360 deg type PPI display where stroke
amplitude is coded as "pseudo range" on the display. As presently imple-
mented, the Stormscope displays a number of previous strokes and does not
vary the azimuth of these strokes as the aircraft heading changes except
in the long term. The decision to use a standard weather radar was based
on both functional and cost considerations. The Stormscope has the advan-
tage of being applicable to both single engine and multi-engine aircraft.
However, the use of podded weather radars or wing array antennas will permit

future weather radar for the single engine aircraft,
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) The King KWX 40 was selected for the Intermediate system, This unit

operates in X-band (9375 M Hz) and has a peak power output of 2.5 KW. The
unit operates over a range of 25 to 100 N mi and covers an azimutﬁ sector
of 90 deg with a beam width of 5.6 deg. The unit is not pitch staﬁilized,
but can be tilted #15 deg using the manual tilt control. One disadvantage
of the unit is that it uses a direct view storage tube (DVST) rather than
a raster scan TV tube which limits its versatility in interfacing with

digital electronics.

Radar altimeter: The radar altimeter selected for the Intermediate
system iIs the Bonzer Mini-Mark pulse type system which has a range of 80-
1000 £t with £ percent accuracy over this range. The unit is operable
over piteh and roll attitude limits of 430 deg. The linear analog output
is converted to digital form by the Flight Sensor Microcompuber No. 3.

The radar altitude is displayed digitally on the Navigation Map Display
(IMD) during the approach modes and is used in the Ground Proximity Warning

algorithm,

.

Emergency locabor transmitter: The ELT has no interface with other

elements of PCAAS but is an FAA required umit.

Provisions for ATC upgrade: Provision is made in PCAAS for adding
elements to the system to permit upgrade to the new ATC environment as
it develops. -Spare serial and parallel I/O capacity is provided on the
MCC circuit card modules to provide needed interfaces. Specifically
prévision for Discrete Address Beacon System (DABS) and Flight Service
Station (FSS) Data ILinks is planned for PCAAS. The modular nature of
PCAAS would permit other interfaces to be added as well.

Flight management sensors. The PCAAS utilizes a number of off-the-

shelf sensors to provide the data reguired by the flight management func-
tions. Thié information is converted to digital form (as required) by the
analeog to éigital,converter of the flight sensor microcomputer (Processor
No. 3). Some of the sensors have digital output in which case the data is

transformed to the parallel form required for transmission over the IEEER

488 parallel data bus,.
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Air speed sensor: An ideal sensor for the PCAAS airspeed sensor wouid be
the vortex generator sensor which counts von Karman vortices shed by a small
vertical wire located in a flush mounted channel perpendicular to the air-
flow. A turbulence sensor is located a fixed distance behind the wire
vortex generator. The true airspeed (independent of temperatufe or pres-
sure altitude) is proportional to the vortex rate as detected by the tur-
bulence sensor. EFach pulse measured corresponds to incremental distance
travelled through the air mass corresponding to the distance between the
vortex generator and the turbulence detector. Conseguently, the von Karman
vortex transducer has been selected for PCAAS, The true airspeed (TAS) and
indicated airspeed is computed by algorithms in the flight sensor micro-
computer which uses total vortex count, outside air temperature (OAT), ana
pressure altitude for the computation. It should be pointed out that indi-
cated airspeed (IAS) is normally used for flying the airplane, since for a
given weight the approach speed {and stall speed) is by reference to IAS
rather than TAS. The TAS is used in navigation computations, however,
Therefore, it is necessary ‘to have both TAS and TAS for use in PCAAS compu-

tations and displays.

Pregsure altitude sensor: The PCAAS does not require a separate pressure
altitude sensor, but utilizes the remote altitude digitizer which ties into
the altitude reporiting transponder, The pressure altitude signal is used
for a number of flight management functions including engine power compu-
tations and true airspeed computatlions., Pressure altitude is used in the
pitch AFCS altitude hold mode. The pressure altitude signal is distributed
over the IEEE 488 bus. ’

Manifold pressure (MP) sensor: The PCAAS MP sensor utilizes an absolute
pressure transducer the output of which is converted to digital form by the
ADC of Microcomputer No. 3. For turbo-charged engines the transducer must
have a range of 50 in. of mercury. For conventionally aspirated engines a
range of 30 in. of mercury is adequate. The manifold pressure signal is

used in engine percent power computations,

Tachometer sensor: A tachometer sensor is used to measure engine revolu-

tions per minute (rpm) which are used in engine percent power computations
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in conjunction with MP and outside air temperature (0AT). The tachometer
has an output of pulses per second proportional to rpm which must be con-
verted into rpm by the flight sensor microcomputer. The revolution counts

are accumulated in a memory buffer located in Microcomputer Mo, 3,

Exhaust gas temperature sensor: The PCAAS includes an exhaust gas
temperature (EGT) sensor for each cylinder of the engines, It is impor-
tant to use sensors constructed of alloys which are not fouled by the hot
exhaugt gaseg., Buildup of deposits on the sensors can cause & change in
calibration with time if care is not given to the sensor materials selec-
tion. The sensors selected for PCAAS are the AVICON* EGT sensors which
are constructed of special nickel alloys which resist deposit buildup.
The EGT sensor output is converted to digital form by the flight sensor

microcomputer,

The BEGT information is presented to the pilet to permit accurate leaning

of the engine. The procedure recqmmeﬁded by AVICON is to adjust the EGT %o
a preset value which is selected to be some specific temperature difference
below the peak EGT reading. If this temperature is approached by slowly
leaning to achieve this temperature, then it will be on the rich side of

the EGT peak. Alcor,T another manufacturer of EGT sensors, recommends in
their sales literature that the engine be leaned to "find" the_peak and
then move the mixture control back toward "rich" to ensure operating on

the rich side of the peak. ZEither procedure should achieve the same end

result if carried out pfoperly.

The EGT datbe is also used for the engine health monitoring function.
The EGT is a sensitive, fast response, indicator of problems in the .engine
combustion process. The EGT trend data can detect insipient failures in
the engine before they occur. The engine health monitoring function exam-
ines tempersture spread among cylinders and can display abnormally cold or

hot readingé which may occur,

¥AVICON is located in Addison, Texas,
tAlcor is located in San Antonio, Texas.
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Cylinder head temperature (CHI) is another parameter which is useful in
monitoring the engine combustion process. However, since EGT and CHT tend
to yield the same information regarding the engine health and since EGT is

a more sensitive indicator, then CHT will not be used for PCAAS,

Fuel rate sensor: The fuel sensor selected for PCAAS is a turbine type
sensor which is self-generating with an output of pulse rate proportional
to flow rate. The total accumulated pulses are proportional to the total

fuel consumed. Therefore, counting pulses is equivalent to measuring the
fuel consumed.

Care must-be exercised in instaliing the fuel meter in the fuel line to
the engine. In some engines (e.g., fuel injection engines) a constant fuel
rate is drawn from the active tank with the unused fuel returned through a
return line to a given tank. For this type engine the fuel flow rate sensor
must be‘plaéed in the fuel line in such a place that the net fuel rate is
'measured. It is possfble in some ingtallations that two fuel rate sensors
may be required to measure the net fuel rate: one.on the total fuel input
line and one on the fuel return line with the differenﬁe between thgse two

sensorsg being propoftional to the net fuel.rate.

Inertial sensors.-The inertial sensors are required to provide aircraft

attitude and rate information used for instrument flight display and for
auntomatic £light control system stabilization and control signals., The
output of the inertial sensors is converted to appropriate digital form
in the flight sensor microcomputer. The inertial sensors are alsgo used
to drive the ADI and HSI displays.

A nuﬁber of low-cost alternatives to the inertial sensors were con-
sidered for PCAAS. However, thé selections made represent é low risk
approach. The potential cost savings of nonconventional instrument plus
digital processor approaches to measure the aircraft state vector deserve
continuing consideration for the General Aviation Advanced Avionics Pro-

gram .,

Magnetic heading sensor: A directional gyro was selected to provide
magnetic heading., This gyro is slaved to a magnetic compass at a rate of
2 deg/minute. The NARCO HSI 1005 was selected for PCAAS, Counsideration
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was given to using a two-axis strap-down magnetometer with computation to
compensate for turning errors and variations in the vertical component of
the earth's magnetic field. " The magnetometer approach has the potential
for lower cost but has problems of pilot acceptance as a primary source

for heading reference.

Attitude gyro: A conventional attitude gyro is provided for roll and
pitch attitude signals, This gyro drives the Attitude Director Indicator
(ADI)., The pitch and roll attitude signals are also directed to the flight
gengor microcomputer where they are converied to the reguired digital

Fformat .

Yaw rate gyro: The yaw rate gyro is provided as a stabilization signal

if the directional stability of the basic airplane is inadequate,

Intégrated Data Control Center.-The IDCC is illustrated and functionally
described in the subsection entitled "Automatic Flight Control System Func-

tions." The IDCC utilizes a CRT display surface with a keyboard for enter-

ing data and selecting functions and modes., One processor of the Micro-
computer-Control Complex (Microcomputer No. 3) is dedicated to the IDCC.
The MCC includes a CRI/keyboard interface module which provides for decoding
up to 128 key inpuﬁs and for providing the IDCC raster scan display refresh

and character generation.

An RS 232C serial interface is provided for transfer of data between the

tape cartrﬁdge nass meméry and the IDCC data memory.

Navigation Map Display. The NMD is illustrated and functionally

described in the subsection entitled "Navigation Map Display." The IMD
utilizes the MCd Microcomputer No. 4 for performing the necessary compu-
tations and data handling. The NMD micrpcomputer includes a CRT/keyboard
quuie for interfacing with the CRIT and the mode selection switches of the
IMD.. The NMMD ma& also iﬁterface with the data base on the fape cartridge

mass memory through an RS 232C serial data interface.
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Mlerocomputer Control Complex

The MCC is shown in Fig._&j which is organized into T sep;rate miero-
computers performing the following functions:
® TFrequency ménégement and navigation radio interface
@ General navigation computations
° Flﬁghtvsensor data management and interface "
® Navigation map computations ‘
o IDCC data handling and computaticns
o Tlateral AFCS eguations and interface
@ . Pitch AFCS equatlons and interface

The 7 processors communicate with one another using the IEEE 488 external
data bus which consists of 8 bits of data and 8 blts of status ahd command.
Care has been taken in allocating functions among the seven microcomputers
to réqu%re only relatively slow data to be transmitied.between m@crocqmputers.

The dsta -rates on the TEEE h88 bus are summarized in Table 6.

MCC block diagram.-The MCC block disgram shown in Fig. 13 displays the

gtandard modules used in the MCC implementation. Figure 15 shows the
internal 8 bit -data bus and 16 bit address bus as well as the external 16
bit IEEE 488 data bus. The reader should note that the internal buses are
actually separated in accordance with the seven MCC éroceSSOrs with the
modules numbered in accordance with the CPU module numbers. For example,
Microcomputer No. 1 includes a 16 channel 12 bit ADC card: (80- 050), a CHU
card (80-010), a 4 X RAM/4 K EPROM card (80~024-10), and & quad parallel
I/0 card (80-0h1)° ’

The data carried on the TEEE 488 bus and the preliminary data rates are
summarized in Table 6, The prelimivary estimate of the total data rate on
the line is only €85 bytés/sec which represents a very small percentage of

the data rate capacity of the bus, which is- approximately 1 megqbyte/éec.
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Flgure 13.

PCAAS Microcomputer Conbrol Complex (MCC)
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SIGNAL |
VOR/LOC #1 ERROR
VOR/LOC #2 ERROR

DME DISTANCE
GS ERROR.
ADF BEARING
OMEGA POSITION
PRESS ALTITUDE
NAV #1 FREQ CMD
NAV g2 0
coMM 41 " "
CoMM g2 M v
RADAR ALTITUDE
IAS

OAT

TABLE 6

PCAAS DATA RATES ON IEEE 488 BUS

SOURCE DESTINATION

NAV RADIO #1 NAV COMPUTER
NAY RADIO #2 ?

DVE #1 :

6S #1 "

ADF #1 N

OMEGA NAY SET "

ALT DIGITIZER "

I1DCC FREQ MGMT COMP

RADAR ALTIMETER NAV COMP/IDCC
FLT SENSOR DATA COMP "

NO

. BYTES

2
2
3
2
3

10

no

W W W W W

DATA RATE

1/SEC

1/4 SEC
1/SEC

10/SEC
1/SEC



ol

SIGNAL

MANIFOLD PRESSURE
RPM

EGT

FUEL FLOW RATE
DIRECTIONAL GYRO
PITCH ATTITUDE
ROLL ATTITUDE

YAW RATE

AFCS MODE

AFCS CMD

AIRCRAFT POSITION
NAV CORRELATION
AIRCRAFT HDG & SPEED

TABLE 6 (CONCLUDED)

SOURCE DESTINATION

FLT SENSOR DATA COMP IDCC

IDCC AFCS

NAV COMP "
" IDCC/NAV MAP DISPLAY
! IDce
. IDCC/NAY MAP DISPLAY

TOTAL DATA RATE

NO. BYTES DATA RATE
2. 1/SEC
"
2 n
3 "
3 40/SEC
3 "
3 "
2 "
2 1/SEC
6 10/SEC
10 1/SEC
"
6 10/SEC

685 BYTES/SEC



The estimated cost of the MCC hardware is estimated to be $6,975 as
shown in the breakdown in Table 7. This cost does not include non-recurring
engineering for packaging the system or for the software development costs,
However, the MCC uses largely off-the-shelf (OTS) modules installed in an
OTS card cage which includes a backplane circuit board (mother board). The
dimensions of the total MCC package are 4.6" x 6.6" x 1.5" and weighs
20.8 pounds,

The memory allocation for MCC microcomputers is shown in Table 8§ for
each of the 7 processors. The total data memory (RAM) is estimated to be
17 X bytes., The total program memory which utilizes ultraviolet Erasable
Programmable Read Only Memory (EPROM) is 18 X bytes. The memory to be used
will be sufficiently fast to use microprocessors with higher clock rates
than the standard 8080. For example, the Z-80, which is downward compati-
ble with the 8080, uses a 2.5 M Hz clock. The option of using either the
8080 or Z-80 is open.

Standard modules .-Standard -circuit modules are used for PCAAS MCC in

order to reduce the non-recurring cost. The advantage of using the 8080
family of microprocessor chips is that there is a wide selection of stand-
ard modules to implement the required functions, Small size circuit cards
which are 3.8" x 6,5" were selected for PCAAS,' These cards are available
from muPRO, Inc., located in Sunnyvale, California., The standard card
cage complete with motherboard is 4.25" high by 7.6' wide by 15" deep. The
standard modules are described below,

CPU card (P/N 80-010): Seven CPU cards are cequired for the Intermediate
system. The CFU card has the following features:

e Buffered data, address, status, control lines
° Crystal oscillator 350 NS -period

& Direct iuterface to static RAM'% and PROM's

® Eight-level vectored priorify interrupt

e A3l sta%us/bontrol functions available .for complete
system design flexibility
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CARD NAME

CPU
QUAD PARALLEL 1/0:
PERIPHERAL 1/0 :

16 CHANNEL 12 BIT ADC

4K RAM/4K EPROM WITH 1K RAM
EPROMs

RAMs

CARD CAGE

POWER SUPPLY

CHASSY ASSEMBLY

CABLES

DIMENSIONS: 4.6" x 6.6" x 15"

TABIE 7
MCC COST SUMMARY

PARTNO. QY UNIT COST
© 80-010 - 7 $240
aoﬁoélf 5 225
' 80-040 2 290
80-050 - 2 300
80-024-10 7 200
2708 18 40
K x 1 8 652
1 450
1 160
1 s
1 LOT 85

TOTAL

EXTENDED COST

$1,680
1,125
580
600
1,400
720 -
50
450
160
125
85
$6,975




" TABLE 8

MCC MEMORY ATLOCATION

MICROCOMPUTER

Frequeﬁcy Management (Wo. 15
Navigation (No. 2)

Flight IVBnagemént Sensors (No. 3)
Navigation Map (Wo. h)

ee (Mo, 5)

Iateral AFCS (No. 6}

" Pitch AFCS (No. 7)

DATA PROGRAY
RAM EPROM
K 1K
LK LK
2K 1K
hx kg _
Lk by
1K K
X 2K
17K ‘bytes 18K bytes
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° Power-on reset circuitry
e On-card regulators for +12V and —5V

e FPower requirements: +5V @ 940 mA
+15V to +18V @ 6
L

5 mA
—15V 4o =18V @ 45 mA

"6  Physical: 3.8" Tx 6.5" W

° Environmental

— Temperature: - Operating: 0° C to 50° C
Non-operating: —20° C %o 65° C

—  Humidity: 5 to 95 percent (noncondensing)

Note: All modules have the same physical and environmentsal characteristics

as the CPU module,

4 X RAM/% K EPROM module (80-02%-10): Bach of the 7 MCC microcomputers
uses a bk K RAM/L K EPROM module to provide both the data memory and program
memory required for each processor. The board is populated with sufficient
RAM chips and EPROM chips to provide the memory allocations summarized in
Table 8. The memory modules have the following features:

¢ Address and data bus buffering
® On-card address selection
Y
¢ (On-card regulators Ffor +12V and —5V
e Memory organization: 4096 x 8 PROM
hogt x 8 RAM
(May be populated in increments of 1 K bytes of 2708 PROM
and 1 K bytes of static’ RAM.)
e Access/cycle time — PROM and RAM: 450 nS
e DPover requirements: 45V @ 500 mi
+15V to +18V @ 150 mA
—15V to —18V @ 110 mA

In the event more RAM or more EPROM is requlired, there are alternate
memory cards which provide more memory on a single card., For example,
there is an 8 K EPROM board which provides space for eight 1 K by eight
2708 EPROMS .,
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Quad parallel I/0 card (80-041): The MCC uses five of these quad parallel
I/0 cards. : Each card has two 8255A Programmable Peripheral Interface (PPT)
chips. Each PPI has 24 bits of I/0 which can be programmed in three major
modes: (1) each group of four pins can be programmed as input or output,

(2) each group of eight pins can be programmed as input or output, and (3)
eight’ lines for a bidirectional bué and five lines for handshaking and inter-

rupt control are provided.

The quad parallel card is used for the IEEE. 488 bus interface as well as
other parallel I/b requirements. The feabures of +the quad parallel card-are

© Forty-eight programmable 1/0 lines

e Two 8 bit ports éapéble of bid;rectional data transfer
® User selectable driver and termination options

° I/b device or memnocry mapped'operation

) Iﬁﬁeirupt driven or ‘softwire timed data transfer -

o TI/0 modes: all 8255 I/0 modes

o Addressing

- I/O device: occupies-eight consecutive I/ 0 device -
codes (jumper selectable)

— Memory mapped: occupies a 2 K byte block of memory
( jumper. selectable)

e Interrupbs: priority lével independently selectable for
each 8255 function . :

e Power requirements: +5V @ 800 mA (nominal without
terminations) . - ’ <t

Peripheral interface card'(SO—OhO)é Two .peripheral .interface cards are
used for Processors No. 4 and No. 5. Eaéh card has 2 serial interfaces and
twe 8 bit parallel interfaces with handshake capability, The card uses 2
programmable commmication interface (PCT) chips (8251) for the serial 1/0
and one 8255 PRI dhip fo;.the dual 8 bit parailel ports, An on—cérd crystal
controlled baud rate genersator provideé a number of serial baud fates which

are Jumper selectable,
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The serial ports are used to interface with the tape cartridge. The
parallel ports provide the IEEE 488 bus interface., The features of the

card are summarized as follows:
¢ Two serial interfaces
o RES5-232C or 20 mA current loop
. Selectable-crystal-controlled baud rates
¢ Two 8 bit parallel interfaces with handshake
. I/b device or memory mapped operation
¢ Interrupt driven or software timed data transfer
@ On-card regulators for +12V and —12V

o Parallel I/b functions: two 8 bit parallel ports with
handshake and two auxiliary controls (8255 mode 1)

e Serial I/0 functions: two serial RS-232C or 20 mA
current loop ports (8251) with independently program-
mable baud rates: 27.5, 37.5, 45, 75, 110, 150, 300,
600, 1200, 1760, 1800, 2k00, 2880, 4800, 9600, 19200,
and 38k00.

¢ Addressing

- I/O device: occupies eight consecutive I/b device
codes (jumper selectable)

— Memory mapped: occupies a 2 K byte block of memory
(jumper selectable)

e Interrupts: priority level independently selectable
for each serial and parallel port

® Power requirements: . +5V @ 825 mA
+15V to +18V @ 20 mA
—~15V to —18V @ 10 mA

.

Sixteen channel, twelve bit ADC card: The MCC uses two of the analog
%o digital converter (ADC) cards for Processors No. 1 and No. 2 for con-
verting sensor signals to digital form. The characteristics of these

cards are summarized below:



Twelve bit resolution

#0.,025" percent accuracy
_Sixteen single-ended or eight differential channels
Sglectablé input gain orli, 10, or 100 | ‘
Sample~and-hold

For‘l}y microsecond -conversion speéd (masci mom)

User selectable unipeclar-or bipolar full scale range

Unsigned 5inary or 2s complemént with sign extension
data formats '

User selectable conversion rate and sampling time

-Boftware channel selection or auntomatic n-channel
scan mode )

On-card buffer memory -

Input impedance: 100 M ohm resistive (without termi-
nations) :
10 pF Off channel
30 pF On channel

Input signal renges (gain = 1): —i0V to +10V
—5V to +5V
- =25V to 2.5V
oV to +10V
OV to +5V
Accuracy
— Offset error: adjustable %o zaro
— Tinearity: #/2 I1SB
— Quantizing error: iL/E ISB
—  Overall sgystem accuracy: ﬁD.déB'percent of full scale

‘Conversion characteristics

-~ - Sample-and-hold acquisition time: wuser selectable
N % (7 psec) L

;C ‘Apertg}g ti@e: -i5§ nS ‘—

i

" —  (Conversion speed: user selectable N x (20 usec)
per channel. Note: N = 2 to 16
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L Channel selection

~— Mode 1: channel selection and channel sequence
software controlled

— Mode 2:. channel 1 through X {up to 16) scanned
sequentially, with highest channel number (X)
software selectable. Opbtional interrupt after
each scan

e DPower requirvements: +5V @ 640 mh
+15V to +18V @ 40 mA
~15V to —18V @ 40 mA

Digital to analog converter card (80-097): The digital to analog con-
verter card utilizes a 12 bit binary digital to analog converter chip
(the National DA 1200 chip). Two of these cards are used by the MCC, one
for Processor No. 6 and one for Processor No. T, to provide a signal level
input to the pitch actuator and aileron actuators. The features of the

DA 1200 chip are summarized below:
e (Circuit completely self-contained
¢ Both current and voltage-mode outputs
e Standard power supplies: #15V and +5V

o Intérnal reference: 10.24V for binary
' 10.00V for BCD

e Ot 2mh, #0V or O to 10V output by strapping internal
resistors; other scales by external resigtors

¢ /2 ISB (binary) or #/10 LSD (BCD) linearity

L] Fast settling time: 1.5 psec in current mode
2.5 usec in voltage mode

e TTL and CMOS compstible complementary binary or BCD
input logic format

e Tyelve bits, expandable to fourteen or sixteen bits

CRT/keyboard card (80-099): The MCC employs two of the CRT/keyboard
cards, one for the NMD and one for the IDCC. These cards provide the CRT
interface and the keyboard strobing interface for both the MMD and IDCC.
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The cards utilize the 8275 programmable CRT controller (PCC) chip and the
8279 programmable keyboard/ﬁisplay'interface (PKDI) chip.

The 8275 programmable CRT controller is a gingle chip device designed to
interface CRT raster scan displays with the 8080 Microcomputer System. Its
primary function is to refresh the display by buffering the information from
main memory and keeping track of the display position of the screen. The
flexibility designed into the 8275 will allow simple interfage to the raster
scan display with & minimum of external hardware and software overhead. The

8275 interface diagram is shown in Fig. 1k.
The features of the 8275 are as follows:

® Programmable screen and character formats

¢ Six independent visual field attributes

e Bleven visual character attributes (graphic capability)
e Cursor control (four types)

e TILight pen detectién and register

® Dual row buffers

e Programmable DMA burst mode

e Single +5V supply )

¢ TForty pin package

MEMORIES P POOR QU GE IS
| [ ST
§ ) 8080 SYSTEM BUS {
oE,, .
_| memm
oW ciD
TAEMW 08, ,
10R WR
cs RD
HAQ os
HACK N
‘} <~ LHARACTER
Tya GENERATOR
= 128.7x0. VIDEO SIGNAL
DRO it L.
Bata [ — —1,> HiGH MORIZONTAL SYNC
DMa 8275 r,.ﬂ SPEED !
CUNTROLLER | UACK Cye b —-vsn'nm o
AT CHAR CLK TIING e
CONTHOLLER - AND
" ILTERFALE INYENSITY
.
vIDEO CONTROLS

Figure t4. The 8275 Interface Diagram
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The block diagram for the programmable keyboard/display interface (PKDI)

chip is shown in Fig, 15.
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Figure 15. 8279 PKDI Chip

The 8279 is a general purpose programmable keyboard and display I/0
interface device designed for use with microprocessors. The keyboard
portion can provide a scanned interface to a 6l céntact key'matrix which
can be expanded to 128. The keyboard portion will also interface to an
array of sensors or a strobed interface keyboard such as the Hall effect
aﬂ& Ferrite variety. Key depressions can be 2 key or N key rollover.
Keyboard entries are debounced and stored in an eight character first in
first out register (FIF0). If more than eight characters are entered,

overrun status is set. Key entries set the interrup output line to the
CFU.

Arithmetic processor unit (APU) module: The arithmetic processor unit
(APU) module is used by those MCC processors which have considerable arith-
metic computations, particularly frignometric functions and multipliers. The
APU modules are used for the Navigation Processor (No. 2), the Navigation
Map Display Processor (No. %), and the two AFCS Processors (No. 6 and No. 7).



The APU module ubilizes the Am 9511 chip and the 8238 system controller
and bus driver chip for interfacing with the 8080 CPU module. The AFU pro-
vides processing of arithmetic functions in parallel with the CPU, thereby
greatly increasing the MCC throughput. The availability of the AFU chip
makes use of an 8 bit microprocessor (the 8080A) for the PCAAS MCC feasible.
Otherwise certain of the MCC processors would require a 16 bit microprocessor
to achieve adequate throughput for the MCC computation functions. TFigure 16
illustrates the APU concept. The 8080 CPU issues an operand and a command,
to execute an arithmetic function to the 9511 APU. The APU computes the
function, issues an inbterrupt to the 8080 CPU telling it that the answer

ig ready.

There is some overhead associated with the 8080 CPU setﬁp time and
answer retrieval. However, the net result is arithmetic functions being
executed 100 to 200 times faster than software.

The features of the Am 9511 APU are summarized below:
¢ Performance advantage of 100-200 times over software
® TExecubtion overlapped with CPU processing

¢ Single/double precision (16/32 bit) fixed-point arith-
metic (add, sub, mul, div)

® Floating-point basic functions (add, sub, mul, div)

¢ TFloating-point trigonometric functions (32 bit)
{including inverse functions)

e TFloating-point exponential, logarithm (32 bit) powers
and roots

s TFormat conversion commands

e Data manipulation commands

e TReverse Polish data/command entry sequence
e (eneral purpose 8 bit data bus interface

¢ Designed to work in systems that use polled status,
interrupt, or DMA functions
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Figure 16, Arithmetic

Processor Unit Concept



The APU interface with the 8080 CPU through the 8238 system controller
and bus driver is shown in Fig. 17. The Am 9511 AFPU arithmetic commands
-are tabulated in Table 9. SADD means single precision (16 bit) fixed-point
add. DADD means double precision (32 bit) fixed:boint add. FADD means
floating point (32 bit) add. All of the transcendental functions (i.e.,
SQRT, SIN, COS, ebe.) are 32 bit floabing point .

Data cartridge mass memory: The PCAAS utilizes a data cartridge mass
memory which has & 100 X byte storage capacity. This memory unit is
physically packaged with the IDCC panel for access to the minicartridge
which holds the data on magnetic tape. Figure 18 shows the data cartridge
drive unit (DCD-1) and the minicartridge (DC 100A). The characteristics
of the DCD-1 data cartridge drive unit are presented in Table 10.

IEEE 488 external bus interface.-The IEEE 488 digital interface was

devised for programmeble instrumentation devices and consists of a 16 bit
bus of which 8 bits -are for data and 8 bits are for addressing and handshgke
functions. A single bus is used in the PCAAS MCC for communicating among
the seven processors of The Intermediate system. A redundant bus iz not
required for PCAAS hecause no flight eritical or flight safety items are
carried on the bus. Redundant and backup means are provided for the-flight
critical functions of communication and navigatfon in the event the bus
should suffer a failure. Care is taken in the interface circuit design-

to prevent component failures from eliminating the complete bus.
The details of the bus structure are presented in Fig. 19.

MOC software {Ffirmware).-The Microcomputer Control Complex {(MCC) soft-
ware will be resident in Erasable Programmable Read Only Memory (EPROM's)

which is veferred to as "firmware." The distributed architecture of the

MCC imposes a modular software approach for PCAAS. The principal software

moduleé are described in the subsections below.

Frequency Management Microcompubter No. 1 software: The Frequency Manage-

ment microcomputer software includes the following routines:
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TABLE 9

Am 9511 INSTRUCTION SET ARITHMETIC COMMANDS

INSTRUCTTON TPIME® TNSTRUCTION TIME®
SADD 8.0 SGRT 322
SSUB 13.0 SIN 1882
SMUL k1.0 cos 1856
SDIV b3 .0 TAN 2498
DADD 10.0 SIN-T 3038
DSUB 19.0 gos-1 3151
DMUT, 69.0 PAN-T ohgp
DDIV 69.0 In 1908
FADD 28-168 eXx 1955
FSUB 35-169 LOGy g 1968
FMUL 57‘.0‘ x¥ 3863
FDIV 57.0

*NOTE: All times are given in microseconds with
2 M Hz clock input.
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Figure 18.

DC100A Data Cartridge and DCD-1 Data Caxtridge Drive



Gl

Cartridge:

Speed:

Average
Transfer Rate:

Data Capacity:

Interrecord Gap
Length:

Start Delay:
Stop Delay:

Tape Head:

Interface Logic:

DCD-1 DATA CARTRIDGE DRIVE

Uses the “Scotch” Brand
DC100A Data Cartridge

30 IPS {76.2 cm/sec) forward;
30 {PS (76.2 cm/sec) or

60 IPS {152.4 em/sec) reverse
{factory set)

2530 bytes/sec (formatted)

100,000 bytes, average

1 inch {2.54 cm} nominal
27 milliseconds
& miiliseconds

Single channel, single gap,
full width

TTL compatible

Power:

Ambient

_ Temperature:

Ralative
Humidity:

Duty Cycle:

Size:

Weight:
Finish:

+5VDC 4 5%, 1.5 amps
+12VDC (+10.8 to +15VDC),
3.0 amps peak, 1 amp average

0°C 10 50°C

20% to 80% noncondensing

7 start/stop operations per
second, maximum

Drive
5in. wide {12.7 cm)
4 in. high (10.2 cm}
4% in. deep+(11.4 cm)
Electronics
Two 5in. x 12 in. cards
{12.7 x 30.48 cm)

3% pounds max. {1.47 kg}

All metal surfaces finished
per best commercial practices.
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Issues frequency commands to the VOR navigation receivers,
the communication transceivers, and the transpconder.

Performs frequency tuning of dual VOR receivers for area
navigation, using "best geometry" stations with tuning
performed by an algorithm,

Performs single VOR receiver frequency hopping for single
receiver operations.

Inputs VOR bearing measurements, DME distance, and ILS
errors and formats data for IEEE 488 bus,

Acts as "listener” and "talker" on IEEE 488 bus.

"Listens" for freguency commands, "talkse" of VOR

radials, DME distance, localizer error, and glide
slope error.

Performs self-test functions.

Navigation Microcomputer No. 2 software: The Navigation Microcomputer

performs the computation and mode logic associated with the general navi-

gation function of the PCAAS. The Navigation Microcomputer software

includes the following routines:

Computes best estimate of present position in latitude
and longitude coordinates by combining position in a
Kalman Filter sense from the following sources:

—  OMEGA SIAT, SING

- p/o RNAV from VOR/DME
= p/fe RWAV from MUX DME

~ /e RNAV from Dual VOR

- 8/e RNAV from MUX VOR

This routine includes the logic which selects the
optimum set of position data sources.

Derives present position from initial LAT/iNG and up-
dates by dead reckoning computation. The DR position
is updated at a slow rate {once every 40 sec) by the
Kalman Filter best estimate. ’

Computies range and bearing to selected waypoints.
Celculates ground speed relative to the selected
waypoint..

Computes wind direchbion and speed.
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Iszsues commands to arithmetiec processor unit for compu-
tation of arithmetic and transcendental functions and
receives computed function values.

Acts as listener and talker on IEEE 488 bus. Acts as
backup controller to IDCC microcomputer.

Performs correlation on navigation position for flight
status correlation function.

Computer vertical navigation trajectories and determines
VAV error signals.

Computes RNAV error signals.

Issues guidance commands via IEEE 499 bus to lateral
AFCS microcomputer ineluding:

— RNAV intercgpt/coupling

—  VOR intercept/coupling

— LOC intercept/coupling

Issues guidance commands via IEEE 488 bus to pitch
(longitudinal) APCS microcomputer including:

—  VNAV intercept/éoupling

~— GS intercept coupling

Flight Sensor Microcompubter No. 3 software: The Flight Sensor Micro-

computer performs various computations associated with the flight sensors

and performs certain flight management functions. The Flight Sensor Micro-

computer software includes the following roubtines:
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Performs analog to-digital signal conversions on flight
management sensors and formats the digital data.

Computes true alrspeed from IAS, QAT, and pressure
altitude.

Computes engine horsepower being developed as a func-
tion of manifold pressure, rpm, OAT, and pressure
altitude by means of look-up tables.

Issues "leaning commands" to pilot display based upon
EGT measurements made on each cylinder.

Issues throttle setiing commands to achieve selected
horsepower or for best ranhge based upon selected rpm
and using measured pressure altitudes and OAT.



Implements Ground Proximity Warning élgorithm and issues’
warning on IEEE 488 bus for display on IDCC and for aural
warning.

Inputs digital pressure zlbtitude signal and formats for
TEEE 488 bus.

Receives input from fuel rate sensor and computes amount
of fuel used. Formats data for 488 bus.

Performs analog to digital sighal conversicn on inertial
sensors and foriat the digital data for the 488 bus.

Acts as listener and-talker on IEEE 488 bus.

Navigation Map Microcomputer No, 4 software: The NMD Microcomputer

provides for displaying riavigation map data and aircraft position on &

CRT surface for pilot orientation. The IMD has a number of modes including

en youte m&p, area map, approach, and HST. The latter mode is used to pro-

vide lateral guidance for manual flight.

The NMD software includes the following routines:

Access of navigation data base from data certridge and
transfer to data memory in the microcomputer through a
serial port.

Acts as "listener" and "talker" on IEEE 488 bus.—
Provides CRT interface functions including refresh and
symbol generation via commands to the 8275 CRT controller
chip. )

Implements logic and compubation for the various NMD
medes and responds to mode selection logic.

Accepts and displays coordinates from IEEE 488 data
bus from navigation computer for display.

Accepts and displays magnetic heading for heading
indicator display.

Tssues commands to APU and receives computed functions
from AFU.

Integrated Data Control Center Microcomputer No. 5 software: The IDCC

mierocomputer provides most functions and mode selections for the PCAAS
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except for the AFCS and frequency select which are dedicated control panels.

The IDCC software includes the following routines:

@

Responds to the keyboard inpubts via programs to the
8279 PKDI chip on the CRT/keyboard card.

Provides interfece commands to the CRT via programs
to the 8275 CRT controller chip.

Implements all mode selection logic and displays selec-
tion "menus" on CRT display.

Acts as principal controller for IEEE 488 bus and also
acts as "listener" and "talker" on 488 bus.

Access of data base from the data cartridge mass memory.

Iateral AFCS Microcompuber No. 6 software: The Lateral AFCS Microcomputer

provides the computations associated with the lateral autopilot modes. The

Lateral AFCS software includes the following routines:

Receives lateral guidance commands, inertial sensor
data, and flight sensor data over the IEEE 488 data
bus. Recelves mode selection from AFCS model select
panel,

Issues commands to APU and receives computed functions.

Tmplements following lateral AFCS modes:

—  Yaw augmentation ’

— Turn rate command

—  Hold/set heading

— Respond to lateral guidance commands for RNAV and
localizer .

Sends command to aileron actuator via digital to analog
converter,

Normalize inner loop gain as function of IAS.

Provides outer loop gain changes for various lateral
modes . .

Iongitudinal (Pitch) AFCS Microcomputer No. 7 software: The Longitudal

(Pitech) AFCS Microcompuber provides the computations associated with the
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pitch aubopilot modes. The longitudinal AFCS software includés the following

routines:

® Receives the longitudinal guidance commands, inertial
sensor data, and flight sensor data over the IEEE 438
bus . Receives mode selection from AFCS mode select
panel.

¢ TIssues commands to the APU and receives computed func-
tions.
e Tmplements the following longitudinal AFCS modes:
—  Phugoid damping from normal accelercmeter
~  Hold pitch attitude ‘
— Hold pressure altitude
— Hold IAS

— Respond to pitch guidance commands for VNAV and
glide slope

— Pitch support signal during lateral turns

. Sends commands to the elevator actuator via the DAC
medule .

® TNormalize inner loop gain as function of IAS.
®  Provide outer ioop gain changes for various pitech modes.

Software functional redundancy: The purpose of software functional
redundancy is to provide backup of primary software functions in the event
of a microcomputer procsssor failure. Since no flight safety items are
implemented in the MCC without providing manual backup, the functional
redundancy is not a flight critical or flight safety item.

The software functional redundancy provided is summarized in Table 12,
Systen Modwlarity

The PCAAS system mechanization features system modularity to permit
transitioning from current avionics systems to PCAAS, and to permit adding

or deleting functions to cover the spectrum of general aviation aircraft.
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TABLE 12. SOFIWARE FUNCTICWAL REDUNDANCY
REDUNDANT FREQ MGMT NAYV FLT SENSOR [NAV MAP Ipce LATERAL AFCS {LONGIT AFCS\
SOFTWARE ROUTINES nCOMP #1 nCOMP #2 nCOMP #3 nCOMP #4 HCOMP #5 uCOMP #6 uCOMP #7
®SELF TEST Primary ‘Back-up
@p/6 RNAV Back~-up Primary
o Dead Reckoning Primary Back-up
e Computes Leaning Cmd |Back-up ' ' Primary
& GPU Back-up Primary
@NAV MAP HST Mode ‘ Primary Back~up
‘@ NAV MAP Approach Mode Primary Back~up
oEmergency Checklists Back~up Primary
eMode Selection Display Back-up | Primary
® IEEE 488 Bus 6ontr011er' ' Back-up ' Primary -
e Turn Rate Command Primary Back-up
eHold Heading Primary Back-up
aHold Altitude | Back-up Primary




The PCAAS modularity assumes the following forms:

@ Avionics equipment elements mey be added to or deleted
from the Intermediate system 1list.

e A particular avionic element may be exchanged for an
upgraded or downgraded element .

¢ Modes may be added to or deleted from the Intermediate
mode list by modifying the software (firmware) of the
IDCC microcomputer. :

® Software (firmware) required for new functions is added
to the appropriate processor.

¢ Spare I/b capacity is used for new functions added. Or
a new I/b boerd may be added to spare card slots in the
MCC in the event spare I/0 is not available.

The modularity characteristics of PCAAS are illustrated in Table 12
which shows the changes in avionic elements from the Intermediate system
to achieve the Bagic system or the Upgrade system. Elements are deleted
from the Intermediate system to obtain the Basic system. Elements are )
added to the Intermediate system to obtain the Upgrade system. Corres-
ponding changes to the software accompany the hardware element additions
and/or deletions. ’

Adding a new function to PCAAS must include the following considerations:

® The data reguired for the new funchtion must be formatted
- and introduced onto the IEEE 488 bus for the processor(s)
! involved in the new function.

® The processor implementing the new funchtion's algorithms
must "Llisten" on the bus for the -data required for the
function.

e The "menu" of mode sélections for the new function must
be added to the IDCC software such that the mode selec-
tions are offered to the pilot on the IDCC display.
An example of adding a new function, namely, FSS Data Link, is oubtlined
helow:

¢ A modem module must be added to the VHF transceiver %o
permit the reception and transmission of digital data.
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¢ The output of the transceiver modem is arranged to
comply with the RS-232C interface.

e A spare RS-232C I/0 channel on the I/0 module of the
: Flight Sensor Microcomputer is utilized.

® The data received by the Flight Sensor processor is
formatted and issued on the IEEE 488 bus.

6 The IDCC microcomputer listens for the digital data
on the 488 bus and displays the message on the IDCC
display. .

Bystem Interfaces

Electrical power.-PCAAS is powered with either 12V dc or 2 dc with a

power option strap required to select between these options. Each element
hag its own rggulated pover supply to provide those power supply voltages
required for the operafion of thaé element. A variation of #20 percent in
the primary power is permitted. However, the power to the PCAAS power

buses will be mainbtained within less than 1 percent.

Volatile memory protection.-The MCC uses volatile memory for the data

memory storage buffers. Consequently, protection is provided in the PCAAS
power supply to protect against power transients causing a loss of data

being used in the processor computations,.,. This power transient protection
is provided in the form of batterie§ located in the MCC to protect against

power transients which may last for up to a second.

Prior %o power shutdown the data memory is off loaded on to the tape
cartridge so that the volatile mission data may be recalled upon start-up.
This feature permits several stops during a long flight plan without having
to load all new data in prior to the flight. A battery in the microcomputer
supply voltage lines provides for long power transients in flight. ILogic
is included to prevent accidental shutdowns from power transients during
flight.

Serial digital interface.-The RS-2%2 is the standard serial digital

interface used by PCAAS. The intermediate system includes four channels

of BRS-232 I/O. Two of the chamnels are used for the interface between the
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data cartridge mass memory and the NMD processor and the IDCC processor.
The other two channels are spares.

Parallel digital interface.-The IEEE 488 bus is the standard parallel
digital interface used by PCAAS. The Intermediate system-utilizes seven

488 channels, one for each processor. In addition, there are five spare
16 bit cheanels which can be used for either IEEE 488 bus or for general
parallel 1/0.

The design of the IEEE 488 bus gives careful attention to preventing a
component failure from causing a loss of the entire 188 bus, no redundancy

is required or provided.
Cost Considerations

The summary of costs for three design points in the spectrum of PCAAS
avionics is presented in Table 13. Thé costs used in Table 13 were based
upon the list prices in 1977 dollars using the April 1977 issue of Business
and Commercial Aviation magagine as & reference. A number of the sensor

prices were taken from current catalogs on commercial transducers.

The cost of the Microcompubter Control Complex (MCC). was based upon cff-
the-shelf modules used to implement the MCC CPU, memory, and I/b. The costs
used were list prices for quantity of one in 1977 dollars.

It is common practice in the general aviation avionics business for
fixed-base operator to install avionics at the list price unless some
unusual installation expense accrues. Consequently, no installation costs

were included.

Thé cost of the MCC does not include non-recurring costs nor does it
include any separable cost for software. However, the trend in cost reduc-
tion for microprocessor components is gignificant. The downward cost trend
has been significantly greater than the inflation rate because of two
factors: (1) the technology "turnover" is great which contributes to
cost reduction (e.g., the bit density on RAM chips is quadrupling in
sbout two years), (2) the application of microprocessor technology to a

variety of commercial products is accelerating at an exponential rate.
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PCAAS PHYSICAT CHARACTERISTICS AND COSYS

HEW PCAAS TOTAL

1. NAV/COMM FUNCTION
2. INCLUBES G5 RCVR
3. VERTICAL GYRO
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[17.4¢ 57.5W .$4,900 |

176# - 5164 49,570
[ 49.7¢# 2081 517,500 |

TABLE 13.
SYSTEM ELEMENT QT$ASICN§YSTEMPHR CoST anrNTERtr‘%DMEPaESTEEUST mgpemg; TR cosT
NAV RADIO #1 2 196 20.0 2,00 1 3.7 1.2 1,400
NAV RADIO 22 1 3.3 12,0 1,700 2 6.6 24.0 3,400
DME 1 9.3  24.0 4,200 2 18.6 48.0 g,a00
ADF 1 6.8 5.5 1,500 2 13.6 1.0 3,000
NEW PCAAS 1 17.2  24.5 6,000 1 20,0 28.0 6,000
COMM RADIO - 2 6.6 67.8 2,000 2 6.6 67.8 2,000
TRANSPONDER 1 3.0 14.0 600 1 3.0 14.0 600 z 6.0 28.0 1,200
HEATHER RADAR 1 20.0 68.8 5,500 1 14.9 88.0 7,100
RADAR ALTIMETER | 2.5 8.4 1,000 1 4.5 151 2.300
ELT 1 3.0 -0- 125 1 3,0 -0- 125 1 3.0 -0- 125
ALTITUDE DIGITIZER 1 1.8 4.2 550 1 1.8 4.2 550 1 - 1.8 4.2 550
TAS SENSOR 1 0.6 0.1 9 1 0.6 .0.1 90 1 0.6 0.1 g0
PRESS ALT SENSOR 1 0.6 0.1 80 1 0.6 0.1 80 1 0.6 0.1 80
OAT SENSOR 1 0.3 0.1 0 1 0.3 0.1 30 1 0.3 0.1 30
HP SENSOR 2 .6 0.2 170 2 1.6 0.2 1M
FUEL FLOW RATE SENSOR 1 0.8 -0 125 2 1.6 -0~ 250 2 1.6 -0- . 250
EGT SENSORS 1 0.1 0. 25 8 .0 0.1 1,000 8 1.0 0.1 1,000
DIR GYRO 1 4.0 150 2,300 1 5.4 20.0 3,000 2 0.8 40.0 6,000
ADI ? 20 w- 1200 1 5.4 100 2,600 2 108 20,0 5,20
YAH RATE GYRO 1 1.8 2.0 300 1 1.9 2.0 300
HEW PCAAS 1 8.3 40 2,900 1 20.8 100 8,775 1 2.8 110 9,700
| STATUS DISCRETES | “NEW PCAAS 5 1.0 0.5 300 0 2.0 1.0 600
NEW PCAAS 1 3.0 49.5 300 1 3.0 49.5 300
[10cc | mew poans 1 9.1 17.5 2,000 1 9.1 17.5 2,000 1 9.1 17.5 2,000
'@ NEW PCAAS 1 9.0 16.0 2,000 1 9.0 16.0 2,000
AFCS ACTUATORS 1 9.0 25 50 2 18.0  50.0 1,500 3 12.0 75.0 2,250
MISC 17ot 8.0 4.0 400 11lot 20.0 10.0 1,000 11lot 40.0 20.0 2,000
PCAAS TOTAL 70.2§-144. 4 $13,275 20068 830K 866,045

Lss.s# 2224 $20,600 |




It is believed that the downward cost trend coupled with large quantity

production of PCAAS type systems make the MCC cost numbers a sound projec-
tion of the expected selling price.

Furthermore, the microprocessor type selected for PCAAS represents the
central tendency of the application. Also the use of the new Am 9511 arith-
metric processor chip has permitted the MCC to avoid the use of 16 bit micro-
processofs for the more sophisticated computations. The downward cost-trends
for 16 bit technology is not yet as great as for 8 bit technology because of
the lower volume of applications.

It may be noted from Table 13 that the "new PCAAS" elements are a small
fraction of the total PCAAS cost since considerable off-the-shelf elements
are used. The percentage of new PCAAS element cost to the total cost for

the three design point systems .are as follows:

® Basic system $ 1,900/1%,275 = 37%
] Intermediate system 17,900/49,570 = 36%
® TUpgrade system 19,600/66,045 = 30%

Certain elements used in PCAAS will require modification to be used in
the PCAAS interface as defined. In general these modifications involve
deleting unnecessary hardware for the PCAAS digital interfaces. For example,
the navigation and communication radios regulre hardware to provide manual |
tuning and mechanical digital frequency displays which are unnecessary when

digital commands are issued to the radios' frequency synthesizers.

At present the avionic manufacturers have bullt "fences" around their
avionic suites by establishing peculiar "company interfaces.” This strategy
helps win a complete swuite for new aircraft, but does not work well in up-
grading the avionics in existing aircraft. The upgrade of avicnics in

existing aircraft represents a larger potential market than new aircraft.

The evolution of a standard digital interface appéars probable for the

following reasons:
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A standard interface will permit avionic manufacturers
to "eross company lines" in the large retrofit market
for general aviation aircraft.

The cost of unnecessary hardware can be eliminated if
a2 gtandard evolves which will be beneficial to user
and manufacturer alike.

Cost reduction allowed by the standard interface will
offset some of the new PCAAS element costs.



IDCC MODE DESCRIPTIONS

The functional capability of the PCAAS is available to the pilot through
the Inbtegrated Data Control Center (IDCC). As currently envisioned, the
pilot selectable modes in the IDCC shall be as follows:

e Flight management

e  Engine management

o Wavigation

¢ Map modes

° Checklists

Fach of these modes are described in the following paragraphs.

¥light Menegement

The PCAAS flight management function represents a sighificant increase

in capability over current avionic systems which are primarily area navi-

gation systems with minor embellishments éuch as checklists, ete. A summary

of the features of the flight management system is.givén below.

o Ajrcraft performance:

1.

2.

Displays takeoff and landing performance as a func-
tion of aircraft weight, altitude, and temperature.

Computes and displays maximum performance speeds
such as Vx, Vy, Vyger Vmax I/D. In the case of

a twin Vyge will be displayed automatically if the
engine health system senses a failure.

-

¢ Fuel menagement:

1.
2.

Computes fuel used and remaining.

Continuous update of fuel reserves at destination
or selected alternabes based on current winds as
computed by the navigation system.

e En route calculations;_

1.

2.

Computes climb or descent rate required to cross a
specified fix at a specified altitude.

Computes range at current or selected power settings.
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%. Computes altitude and power settings for maximum
range or endurance.
¢ Weight and balance calculations:

t. Pilot inputs weights and PCAAS computes point in
loading envelope.

2. Upgrade version automatically computes weight and
balance based on strain gauges on gear and pitch
attitude on ground.

3. Provides continuous update of weight and balance
as fuel burns off. This data is primarily utilized
by the aircraft performance subsystem.

Engine Management

The engine management function provides the pilot with timely information
relative to his power plant which is usually available or must be derived

from engine handbook curves and tables

It is felt that this mode will play a significant role in reducing pilot
workload . . Conceptually the desired workload reduction is to be accomplished
by providing the single pilot with information usually looked up or computed
by the co-pilot. The key elements of the éngine management function are the
mixture control flight director and a command bug on the manifold pressure
indicator. A block diagram illustrating the conceptual mechanization of
such a system 1s shown in ¥Fig. 20. Utilization of this system would pro-
ceed as follows. The pilot first selects the desired horsepower. This
would be obtained from the flight management mode based on pilot selected
options consisting of desired true airspeed, miles per gallon, gallons per
nour, maximum endurance or maximum range. Secondly, the pilot sefs the
engine rpm(s) based on noise and vibration characteristics of his particular
engine airframe combination. The manifold pressure command bug automatically
glews to the proper value to obtaiq,the pilot commanded horsepower at the
current value of altitude and outside air temperature. TLikewise, the mixbture
control flight director commands the proper control setting to obtain the
appropriate fuel air ratio for the horsepower being developed. In the
example mechanizatiqn shown in Fig. 20, the fuel-air ratio is adjusted

via fuel flow. The accuracy of current fuel flow sensors is well within
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the required range (better than 1 percent) and cost goals of the PCAAS system
(about $250). An alternate scheme for leaning is to measure fuel-air ratio
at each cylinder and to lean so as to meintain the proper fuel cooling in the
leanest cylinders. A mechanization for accomplishing this via BEGT is shown
in Fig. 21. The drawback to this technique is that the stochiometric fuel-
air ratio occurs at peak EGT. Hence, accurate mixture settings require
leaning to peak which 1s a disadvantage, both from the standpoint of mecha-
nizational complexity and operationally when the horsepower exceeds 75 per-
cent (EGT should not be increased above 100° F to 150° F below peak because
of critical fuel cooling requirements at 75 percént or more power). Possi-
ble solutions may be forthcoming from the automotive industry, which now has
a requirement to measure fuel-air ratio to meet the new emission standards.
Reference 5 discusses the development of Zirconium Dioxide sensors which
allow direct sensing of fuel-air ratio. It would seem that a limited amount
of experimentation to determine the most efficient leaning technique will
necessarily be a part of the PCAAS development. It should be noted that,

as with many other PCAAS developments, the results of such limited experi-

ments would be of significant value to general aviation.

Engine Health

The engine healfh function is basically a menagement by ‘exception mode
in that messages are displayed to the pilot only when engine limitations
are being exceeded. Engine parameters such as fuel-air rafio, fuel flow,
manifold pressure, rpm, cylinder heads temperature, and oil temperature
will be continuously monitored and checked against limit exceedences.
Should any parameter approach its limiting value, an alert message shall
be displayed to the pilot on the IDCC CRT display. This message shall
override any information which is cufrently being displayed on the IDCC
CRT and should flash on and off %o attract -immediate pilot .attention.

The pilot can return to the interrupted display by selecting "stabus
override." 1In addition to displaying the problem, the system shall also
indicate the proper pilot action. TFor example, if the manifold pressure

rpm envelope is exceeded, the message would read "reduce throttle or
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increase rpm." An example of the decision tree logic which would apply if
exhaust gas temperature (EGT) is used to measure fuel-air ratio is given
in Fig. 22. )

It should be noted that some features of the engine.health.mode canngt
be incorporated into PCAAS without at least a limited research program.
This is required to relate quantitative trend data on engine paramebers to

certain failure modes.

In many cages it is desirable for the pilot to be able to request engine
data even thousgh all parameters are within limits. Therefore the following

parameters will be available on request:
o Current fuel-air ratio at each cylinder and
] Max/hin during past 15 min
e Max/hin oll temperature excursions
L Max/hin cylinder head temperature excursions

¢ Turbo inlet temperature excursions
Navigation

Most of the calculations to be performed in the navigation function are
not new and are representative of current generation area navigation systems,.
However, the transformation of processed navigation data into a Navigation
Map Display (MMD), at costs consistent with general aviation budgets, is
felt to be a gignificant contribution towards reducing the pilot's workload.
Integration of the NMD with the Integrated Data Control Center (IDCC) will
allow the pilot to key en route structures bhased on VOR, airport, and air-
way labels as they appear on the map, as opposed to the laborious and error
prone. latitude and longitgde entries required in current area navigation
systems. If VHF up-link becomes available, the PCAAS will be capable of
accepting and displaying clearances on the iDCC CRT surface as well as on

the WMD.
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Map Modes

This function gives the pilot control over the format of the moving map

display-.

The_following optioﬁS'shall be available

Mode select:
1. En route mode (Fig. 9)
2. HSI mode (Fig. 10)

Scale select -— allows the pllot to select map scales
in the en route mode.

Ares select — allows the pilot to look at different
parts of his route.

Map orientation — allows the pilot to select nearest
cctant up or north up.

The mode select and map orientation functions shall also be available on the

map console.

This is to allow the pilot to change modes or orientation with-

out getting into the mep mode function on the IDCC.

Checklists

The following checklists shall be displayed upon request:

L
L

Prestart - e Shutdown
Takeoff e Hot start
Cruise e Cold start
Lending

The following checklists shall be displayed automatically or selected

by the pilot when desired:

Bngine failure
Fire
Propelier overspeed

Door bpen

The planned medular buildup of the IDCC functions for the Basic, Inter-

nediate,
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TABIE 14. MODULAR BUILDUP OF IDCC FUNCTIONS

IDCC FUNCTIONS

LEVEL OF MODULAR BUILDUP OF IDCC

BASIC INTERMEDIATE UPGRADE

Flight Managemen£
¢ Flight Planning

1. Enter route data via VORS
and airports or LAT-LONG

2. Display fuel required,
ETE, ‘reserves-

¢ TFuel Management

o Speeds for best performance

e Optimum climb descent profiles
e HWeight and Balance

® Takeoff and landing performance

o Cruise calculations

Op M b 2

Engine Management
@ MAP and Mixture flight director
1. 'Based on desired HP

2. Based on desired TAS, MPG,
GPH

3. Based on max endurance on
range

e Display standard power setting
data (MAP & RPM for given HP
and alt, etc.)

Engine Health

e Display items leading {o impend-
ing failure — flash on and off

o Di;p]ay status on request

o Display past trends for
analysis by engine shop

oT1
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TABLE 14. (Concluded)

IDCC FUNCTIONS

LEVEL OF MODULAR BUILDUP OF IDCC

BASIC INTERMEDIATE UPGRADE
D. Navigation
e Navigation Map Display X
e Position display pé or pp from X X
selected navaids or display
LAT-LONG — Display GS & wind
¢ Auto tune — automatically tune X
best navaids to fix position on
MMD
e Status — display what navaids X
are tuned and estimated errors
o Compute ETA
1. Point selected on keyboard X X
2. Point selected from range X
cursor on MMD
E. Checklist
- @ Routine checklists as requested X X
from keyboard
s Automatically displayed emergency X X
checkiists
F. Flight Status Correlation
¢ Navigation signals — compare X
VOR-VOR: VOR-DME: LOC-LOC, GS-OM
s Instrument crosschecks
G. Status Override X X
(engine prob or emergency checklist)
H. MNearest Alternate X
I. Select Map Modes X




SYSTEM MAINTAINABILITY

Meintenance Phillosophy

The PCAAS system is comprised of current off-the-shelf avionics elemgnts
_ and "new PCAAS" elements. The off-the-shelf elements in many casges have a
digital interface with the new PCAAS elements. The maintenance approach ‘
differs from the off-the-shelf aviouics elements and the new PCAAS elements.
The maintenance approach for the current off-the-shelf (OTS) avionies is

well established and will not be elaborated herein. The maintenance approaéh
for OIS avionics is for the pilot to note a functional failure, report the
failure to the avionics shop at the fixed-base operator (¥FBO), the avionics
maintenance man removes the failed unit, tests it in the avionies éhop,
replaces modules until it works, reinstalls the unit in the aircraft, and

checks it out.

The maintenance approach for the new PCAAS elements is similar to the
OIS avionies; however, the abllity %o load diagnostic programs in the MCC
to aid in isolating failed elements is an added feature. The diagnostic‘
test routines can test both the new PCAAS elements, as well as the OIS ele~
ments which have a digital interface. For example, in case of_a failure in
the MCC itself the diagnostic tests are devised to permit isclation of the
failure to a glven MCC processor.

The failed unit is removed from the aircraft and taken to the avionics
shop for repair. Normally the uwnit is repalred by isolating the failure to
a module and replacing the module. The module is then returned to the
factory for repair. In many caseé, however, the avionics shop will repair
the module by replacing a "flat pack" (IC) or other failed componént which
is isolated by probing during module troubleshooting. Module repair re-
guires a higher level of skill than module replacement.

An advantage of returning modules to the factory for repair is that any
upgrade changes in the module may be made at that time. The modular archi-

tecture of the PCAAS is an aid in fault isolation and repair.
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Melntenance Actions

The maintenance actions for PCAAS include the method of fault identifi-
cation or isolation, the avionics shop action, and the checkoub required
after repair. Table 15 summarizes the maintenance actions for the PCAAS
Intermediate system elements. Table 15 also includes an estimate of the
mean~-time to repair each element in minutes. The MTTR is the time to re-
palr the element after it is removed. The mesn-time to remove and replace
the item must be added to the MITR to obtain the total repair time. The
remox%al can, in general, be accomplished by & less skilled person than the

repair,
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PCAAS Element

Clasgsif.
WAV Radio #L ors
NAV Radio #2 oTs’
DME QTS
ADF QTS
OMEGA NAV New
COMM Radio 0TS
Transponder 0TS
. Weather Radar oTs

TABLE 15. MAINTENANCE ACTIONS

Method of
Fault Isolation

Pilot observes malfunction
Pilot observes malfunction
Pilot observes m%lfunction
Pilot observes malfunctilon

Negative correlation with
VOR/DME or pilot observes
malfunction

Pilot observes malfunction
Ground controller reports
no return.

Pilot observes no illumin-

ablon flash

Pilot observes malfunction

#MTTR = Mean time to repair in minutes

Avionics
Shop Action

Replace modules
AdJjust alignment

Replace modules
Adjust alignment

Replace modules
Adjust alignment

Replace modules
Adjust alignment

Test program
Isolate module
Replace module
Adjust alignment

Replace modules

Replace modules
Adjust alignment

Checkout
After Repair’

Read radial
Test signal

Read radial
Test signal

Enulate dist sighal

RF test set

Check on ground
Correlate in flight

Radio check with tower

Check for illuminabtion
from surveillance radio
on ground

Check in ground map for
video pointing

Estimated
MTTR*
(min) |

30

30

20

20

20

30

20

50



col -

PCAAS Flement Classif.
Radar Altimeter oTs
ELT 0Ts
Altitude oTs
Digitizer
JTAS Sensor 078
Press Alt. OTs
QAT Sensor 0TS
Manifold o8
Pressure
Puel Flow Rate oS
EGT Sensor 0TS

TABLE 15 (Continued)

Method of
Fault Isolation

Pilot owbserves malfunction

Periodic shop test

ATC reports no ALT Reply
Filot notes no digital ALT
MCC notes no ALT.

Pilot notes malfunctiocn
Pilot notes malfunction
MOC flags no signal

Pilot nobtes malfunction
MCC flegs no signal

Pilot notes malfunction
MCC flags no signal

Pilot notes malfunction
MCC flags no signal

Pilot notes malfunction
MCC flags no signal

Avionics
Shop Action

Replace nmedules
Adjust alignment

Test for radia-
tion. Replace

battery and/or

modules

Check with baromet-

ric source.
Replace modules

Check TAS trans-
ducer and replace

Check transducer
and replace

Check transducer
and ‘replace

Check transducer
and replace

Check transducer
and replace

Check transducer
and replace

Checkout
After Repalr

Check in flight

W/A

Check for ALT reply

MCC Verifies
TAS

MCC verifies
signal

MCC verifies
signal

MCC verifies
signal

MCC verifies
signal

MCC verifies
signal

Estimated
METR

(min)

30

15

15
20
20

IEO
20

20

20



PCAAS Element Clasgsif.

Directional oTs
Gyro

ADT 0TS
Yaw Rate Gyro- oS
MCC New
Tape Cartridge 0Ts
IDce ) Wew

NAV Map Display New

AFCS Actuators 0TS

¢ol

TABLE 15 (Concluded)

Method of
Fault Isolation

Pilot notes malfunction
MCC flags no signal

Pilot notes malfunmetion
MCC flags no gignal

MCC Fault isolation test

Diagnostic Program
Isolates Processor

Pilot notes data base
migsing.

Pilot observes malfunction
Disgnostic drogram identi-
fies faults

Pilot cbserves malfunchtion
Diagnostic progranm identi-

fies faults

Pilot observes malfunchtion

Avionics
Shop Action

Check transducer
and replace

Check transducer
and. replace

Check transducer

and replace

Diagnostlc Program
Isolates card.
Replace card.

Replece cartridge
drive

Replace modules

Replace modules

Replace actuator

’Checkout
After Repair

MCC verifies
signal

MCC verifies
signal

MCC verifies
slgnal

Diagnostic Program

Diagnostic program

Disgnostic Program

Disgnostic Program

Ground check
Flight check

Estimated
MTTR

fm:Ln[

20
20

20

55

as

7>
75

75



SYSTEM RELIABITITY
System Serial Reliability

The failure rates for each element of the PCAAS Intermediate system are
estimated in Table 5 and will not be repeated here. The failure rates are
estimated by scaling the failure rates in relationship to the navigation
radios which have a mean-time before failure (MIBF) of approximately 1000
nours or a failure rate of 1000 per one million (100) hours. The scaling
is based upon an approximate complexity factor. It is believed that this

method results in a reasonable estimate of the system MIBF.

The total system failure rate 1s the sum of the individual element
failure rates or a total of 20,000 failures per million (106) hours. The
serial MTBF of the system is the inverse of the failure rate or

1 100

MTBF = failure Rete ~ 20,000 ~ -0 bowrs

The serial failure rate is a measure of the frequency of maintenance actions
required. -4 sysfem MTBF of 50 hours means that on the average a failed ele-
ment will have to be replaced or repaired once every 50 hours. This MTBF

appears to be reasonable based upon experience with complex general aviation

avionic systems.
System Mission Reliability

The PCAAS system architecture is devised to provide considerable func-
tional redundancy. A simplified mission reliability computation is made
for a four hour IFR flight. The mission reliability assumes that the fail-
ures are independent, which may not be strictly true. For example, if one
engine fails, the probabily of the second engine failing is increased due

to the greater stress placed upon the remaining engine.

The mission reliability diagram is shown in Fig. 25. The probability

of mission success for a four hour missicn is given by
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By = 1 - Py (1)

where
Pa = probability of success

Pyp = summation of the probability of fallure of all
links in the mission reliability diagram

= P + + P + + +
2 Fap * TPeg T Frop ¥ TEpp * PRy T g

The probability of'two parallel elements falling is the square of the
probability of one of the elements failing.

P I ’ = .
Fap (Iﬁij) (E$h5) (Fp,,) | 0 .000000

Pggg = 0.000019

Pp.. = 0.000000
D
Ppop = ©-000000
P = 0.00000
Frp 5
P = 0

Fre

Pp = 0.00002%

Pg = 0.999976

The probability of mission success for a four hour IFR mission exceeds

"four 9's."
Electronic Component Reliability

The microprocessor manufacturers are beginning to issue reliability

report data on microprocessor components. For example, in late 1975 INTEL
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issued reliability reports on the 17024 EPROM (RR-6), the 2107 4 XK RAM
(RR-7), and the 2102 1 K static MOS RAM (RR-9). The failure rate in fail-
ures per m@llion hours for these components based on several score million

device hours of tésting was 0.020, 0.213, and 0.25 respectively.

The failure rates for a number of electronic ‘component types are sum-
marized in Table 16. These values were tabulated by one contractor for
use in the Space Shuttle Interim Upper Stage (1US) avionics reliability

computations and are therefore reasonably current estimates.

The factor Sp is the inherent failure rate per million (106) hours. The
factor =ng is the weighting factor, or multiplier, to convert the inherent

failure rate to predicted fallure rate A.

X = Sp g (2)
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ORIGINAL, p,,
OF Poo "QUA(I‘:?T%S

16. COMPONENT FAILURE RATE DATA

TABLE
HESIST_ORS, FIXED
MII~R=-
CONSTRUCTION STYLE SEEC. Sp T[Q
Composition RCR 39008 . 00045
Fllm RIR | 39017 a0k
Film RNR 55182 .0028
Wirewound RER 35005 L0085 .01
Wirewound RWR 39007 009
Wirewound RER, 539009 016
RESISTORS, VARTABLE
Wirewound | RIR | 39015 l 018
CAPACITORS
MII-C-
DIELECTRIC STYLE SPEC. S ]'[Q
Taper/Plastic cEr | 39022
" CPV 1157 0002 °
" COR 15978
Mica CMR 35001 0003 el
Glass cYrR | 23269 L0013
Ceremie CKR 3901k .01
Tentalum, Solid| C3R 39005 011
Tantelum, Non-
s0lid CLR 39006 015
PART TYPE Sy Tig
Transistors
Bi NEN .028
Si FNP 042
Ge PNP oh2 0.
Ge NEN Jd2 )
FET 076
Unijunction 25
Diodes
5i, Generazl Purpose 017
Ge, " " 022 Q.1
Zener & Avaelsnche Q27
Thyristor 025 _ |
8i, Wlerowave Datector .19 o
Ge, " U] 51 3
St, " Mixer 25 0.1
GE, L1 n .- 2 — L]
Varactor, Step Recovery, Tunnel - 0.3
5
Connections
Solder, Reflow Lap to P.C.

Boards -0z
Solder, Wave to P.C. Boards 000k
Other Hand Sclder Connections sl

(e.g., wire to terminal board)|
Crimp 0073
Weld 002
Wirewrap 0000057

A = SpxMg  8p = Failures/105 hr
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PART TYPE Sp I[Q
Inductive
Fulse Transformer «J00t2
Andio Transformer 0025
Power Transformers & Filters L0075
RF Transformers & Coils L0086
Connectors {per mating pair)
Circular, Rack & Parel, 08
Printed Wiring Board :
Coaxial . 10
Switches
Toggle AT 1.0
Pushbutton =11
Sensitive 27
Rotary diz
Relays
General Purpose 13
Contractor, High Current b3
Latching .12
Reed .11
Meter Movement & Bi-metal 2.k
P.C, Wiring Boerds
Two-sided L0015
Multi-layer 20
INTEGRATED CIRCUITS
CIRCULT COMPLEXITY 5p Iig
Standard Bi-polar (TTL/DTL)
1=-20 gates L0070
21-50 gates 020
51100 gates 052
101-500 gates Ak 0.5
> 500 gates 2.2
Memories, < 1000 bits 12
" 1001-4000 bits .26
" 4001-8000 bits S
Bi-polar Beam Lead EGL,
Bi-polar MOS Linear.
Qther MOS
1-20 gates 010
21-50 gates o8
51-100 gates 076
101500 gates 36
> 500 gates 6.0C. 0.5
Linear, < 32 transistors Q12
Iinear, 35-100 treansistors 026
Memories, < 1000 bits 32
o 1001-4000 bits .70
" koo1-8000 bats 1.2
*Gate is equivalent to % transistora.
MICROCOMPUTER COMPONENTS Sr Tig
INTEL X RAM 8iGn-MOS -0.213
NCR 4x EARCM MNOS 2.9
1K EAROM MHOS 2.10
2K FROM SiGn-MOS 0.020 | 0.5
INTEL 1K STATIC RAM MMOS 0.25
hx PROM Bi-Polaer 0.79
Netional BK RAM MOS .58
8cBo 0.8




SYSTEM RISK ANATYSIS

The PCAAS risk areas can be divided into three general areas:

Category I: Risk that national or international systems
for which the PCAAS mechanization depends
are not implemented as planned.

Category IL: Risk in the PCAAS mechanization techniques
’ selected in the design to meet the PCAAS
system specification.

Category IIT: Risk in the availability of component
techneology on which the PCAAS implemen-~
tation is based.

Category I Risks

Risks in Category I depend upon decisions by Federal and internatiomal
authorities which are beyond the influence of PCAAS design effort. The
modular design and functional redundancy of PCAAS reduces 1ts wvulnerability
and delays or cancellations in the implementation of such naticnal or inter-

national’ systems as: .
e Microwave landing system

e Upgraded third .generation ATC

L Loran C
L] OMEGA
e  NAVSTAR

¢ Digital data broadcast system °

Table 17 summarizes the Category I risks.
Category II Risks

Risks in Category II can be minimized by careful consideration of the
mechanization alternatives. A low risk backup mechanization is planned
for each high or moderate risk system mechanization area for PCAAS. The

Category IT risks are summarized in Table 18.
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TABLE 17.

CATEGORY I RIBK

RISK AREA

FACTORS CAUSING RISK

ATTRRNATIVES TO REDUCE RISK

Microwave Landing
System

Decision making on imple-
mentation in early stages.

Slowness in implementation
possible.

Continue to rely on VHF/UHF
IIS.

Upgraded Third
Generation ATC

DABS may nof be available
during evaluation phase of
GA avionics.

BCAS may not be available.

IPC may not be available.

Use upgraded ATCRBS.
Rely on ATC advisories.
Rely on positive ATC.

Joran C

(Upgrade only)

Near fterm implementation
plan does not cover com-
plete CONUS. ’

Utilize separate Loran C chains
using TOA technique with Cesiup
Clock standard.

Use OMEGA instead of Toran,

CMEGA Implementetion of full 8 Utilize available stations.
stations beyond schedule. Continue to rely on VOB/bME.
Installation continuity
subject to political fac-
tors beyond U.S5. control.

NAVSTAR System sponsored by DOD Utilize low cost strap douwn

(Upgrade only)

primarily for military
applications. Subject to
cancellation and delays.

inertial.

Digital Data
Broadeast

Implementation subject %o
future FAA decisions.

Ground capability mey not
be implemented.

Eliminate capability for digi-
tal date communications.
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TABLE 18.

CATEGORY IT RISKS

RISK AREA

FACTORS CAUSING RISK

ALTERNATIVES TO REDUCE RISK

Flight .Siduation Dis-
Play

Use of commercial TV gunality
CRT.

Potential high cost due to
10,000 ft Lambert viewing.

Potential unacceptability of
diagonal lines due fo digi-
tal raster.

(1) Use mechanical "ball" type

of attitude reference indi-
cator plus LED type thermo-
meter display for the radar
altimeter, glide slope, and
localizer indieator.

Navigation Map Display

Bame as FSD plus.

Generation of adequate
symbology display.

{2) Use projected map display.

{This alternative is prob-
gbly unacceptable because
of high cost.)

Microcomputer Control
Complex

Plan to usze 8 bit CPJ to
take advantage of low-cost
microprocessor technology.

No multiply or divide
instruction may result in |
inadequate thrqughput .

Long times reguired for
8in/cos tan-! algorithms.

{1) Use DDA techniques to re-

duce requirements for
multipliers.

{(2) Use lock-up tables for the

transcendental functions.*®

{3) Use herdware multiply.
(4) Use arithmetic processor

wnit chip (new).

Inertial Sensors

Plan to use conventional
gyros, rate gyros, and
sccelerometers.

High cost of conventional,
gensors represent threat to
cost goals.

(1} Use low cost sensor techni-

ques.

(2) Use digital computations,

low cost sensors to'eli-
minate expensive inertial
sensors. {The lack of
maturity of this albterna-
tive Introduces greater
technical risk.)

Flight Management
Fuel Management

Availebility of suitable
fuel quantity sensors.

{1) Integrate quantity used and

subtract from initial quan-
tity.

(2} Calibrate fuel tank-gensor

combination.

Weight and Balance

Availability of suitable
weight sensors.

(1) Provide weight end balance

computations based upcn
keyed in parameters rather
than sensed parameters.

Eugine Performance
Computations and
Optimum Power Scttings

Iack of engine performance
data from manufackturer in
girframe envivcnment .

Provision for collecting
celibrated data to use in
calibraticns,

Kalmen Filtering in
Navigation Correlation

Number of states may induce
large computer requirements.

Reduce number of states.

Weather Avoildance

Lightning detector system in
early stages of developnent.

Existing lightning detection
system has sericus opera~
tional flaws.

Use lost-cc;st weather
radar,

¥Sin, cos, ¥, log, ete.
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Category IIL Risks

Risks in Category III were minimized by the selection of technology

implied in the PCAAS final system specification.
represents a Iist of attractive technologies which would be highly desirable

Consequentliy, Table 19

to utilize in PCAAS, but which were rejected to reduce risk. These tech-

nologies should be tracked closely to determine if new developments, break-

throughs, or additional information should make use of these technologies

“in PCAAS et a sufficiently low risk to reconsider their use.

TABLE 19. ATTRACTIVE COMPONENT TECHNOLOGIES, CATEGORY III RISKS

ATTRACTIVE TECHNOLOGY

FACTORS CAUSING DEFERMENT

TECHNOLOGY SELECTED
T0 REDUCE RISK

High Resolution Liguid
Crystal Display for
Flat Surface Display

High resolution IDC's
are in an embryonic
state. HAC has demon-
strated a 1" x 1" ele-
ment .,

Commercial TV quality
CRT.

High Resolution 3
Color LED Matrix
Display with Touch
Switch Matrix for
Flat Surface Display
and Function/Mode
Selection’ ’

TLitton has built such a
display for a military
application, but it is
high cost,

Lov-cost commercial ver-
sion is in early concep-
tual stage of develop-
ment; .

Commercial TV guality
CRT.

Low-Cost Pressure
Sensors using S5i -Tech-
nology and Flux Gate
Sensor for Abtitude
Sensing

Stanford has defined a
concept and preliminary
analysis :of feasible
system. T

Concept requires further
maturation.

Conventional inertial
sensor.

Magnetic Bubble Domain
Memories for Off-Time
Mass Memory .

MBDM's are now available
commerically but in -
small size and at high
cost.

Magnetic tape.

Blectrically Alterable
(EARCM) Program Memory
for MCC

EAROM's are commercially
avallable, but are very
slow write, and slow
read.

EAROM's are expensive.

Ultraviolet erasable
PROM .
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APPENDIX A

SUBSYSTEM TRADE STUDIES

The PCAAS system design was supported by tradeoffs that considered a
wide variety of PCAAS earchitecture and subsystem candidate options. The

emphasis in the tradeoffs was for the Intermediate system selection.
Microcomputer Complex Candidate Optlons

The primary MCC options are shown in Pig. A-1 and include options for
the architecture, type of microprocessor, data memory, program memory, and

mass memory. There were a number of attractive options in each cabegory.

The architecture options considered for the PCAAS MCC included a range
from a single high speed processor utilizing bit slice microprocessor tech-
nology fb implement a 16 bit processor to the final selection (indicated by
a heavy box) which cqﬁsisted of seven distributed 8 bit microprocessors with
arithmetic processcor units to increase the throughput.

The advantage of using the 8 bit miecroprocessor is that this type of
device is finding wide commercial application; consequently, the cost of
the 8 bit microprocessor and its associated support chips (memory, I/O,
etc.) is expected to have a dramatic decrease over the next decade. A
major disadvantage of the 8 bit microprocessor — its lack of multiply
and divide instructions — is overcome by using a parallel arithmetic
processor unit chip (the Am 9511) which greatly increases the throughput
of the 8 bit microprocessor for sophisticated computations such as those
used in navigation and flight control. This new chip was announced in the
spring of 1977 and will be avallable in sample quantities in September

19777

The microprocessors congidered varied from 4 bit single chip micro-

computers t6 vit slice microprocesscrs with microcoding.

The data memory options considered included P channel MOS (BMOS), N
channel MOS (MMOS), both static and dynamic, complementary MOS (CMOS),

metalized-silicon nitride-silicon oxide semi-conductor (MNOS), and charge
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ARCHITECTURE MICROPROCESSORS
SINGLE PROCESSOE SINGLE CHIP

16 BIT - MICROCOMPUTER. |-
BIT SLICE 4 BIT/8 BIT

TWO PROCESSORS 4 BIT

16 BIT | MICROPROCESSOR |
BIT SLICE -

F'NAL REDUNDANCY

THREE PROCESSORS 8 BIT

16 BIT | MICROPROCESSOR | |
F'NAL REDUNDANCY :

FIVE PROCESSORS

2-16 BIT/3~-8 BIT ||

F'NAL REDUNDANCY

8 BIT

MICROPROCESSOR
+

ARITH PROCESSO

DATA MEMORY

PMOS
RAM —1

MNOS
NON VOLATILE |{._|
RAM

NMOS - _
STATIC |
RAM

NMOS
DYNAMIC
RAM

CMOS |
RAM

SEVEN PROCESSORS 16 BIT

3-16 BIT/4-8 BIT MICROPROCESSOR ||

SEVEN PROCESSGRS BIT SLICE

7-8 BIT WITH MICROPROCESSOR ||

ARITH PROCESS UNITS +

F'NAL REDUNDANCY MICROCODING
Figure A-1.

CCD

PROGRAM MEMORY

ULTRAVIOLET
EPROM

NMOS
ROM

PMOS

ROM - |

BIPOLAR

ROM —

MNOS
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coupled devices (CCD) shift registers. The MNMOS dynamic RAM (random access-
memory) was selected,'because this is the ares where dramatic inecreases in bit
density and re@uction in cost per bit are taking place. The CMOS has the ad~-
vantage of minimum power, but is slower than NMOS. The MNOS is nonvolatile
memory but is slow read and extremely slow write. There are specific areas
of the MCC where a small amount of MNOS memory may be used, for example, for

storing calibration coefficlents which may change slowly.

The program memory selected ubilizes ultraviolet Erasable Programmable
Read Only Memory {EPROM), plus IMMOS ROM. The EPROM is used during develop-
ment when program changes are a frequent occurrence. The masked NMOS ROM

is used when the program is not expechted to chénge.

The mass memory selected was the digital mini-tape cartridge which has
100 bytes of storage capacity. The bubble domain memory is an atiractive
alternate, but it is not yvet low cost.

Nevigation and Communication Candidate Options

The navigation and communication options and selections are shown in
Fig. A-2., The overall navigaticn system approach selected is that of dead
reckoning (DR} using magnetic heading and indicated airspeed as inputs to
the computation with the necessary connections being made to these para-
meters. The DR position is updated with dual VOR/Single DME RNAV and/br

OMEGA position on a periodic hasis.

The other specific selections for the communication and navigation
radios are indicated by the heavy boxes. In general the element with the

lovest cost was selected.

The OMEGA selection is a new low-cost OMEGA which is targeted at a
price of $6,000. The price objective for the low-cost CMEGA being
supported by NASA Iengley is $5,000.

The King KW-61 DME was considered, but the selection of the upgraded
King KDM-T05A was made because the lower cost King DME (KIV-61) is reported

o be not as reliable.
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The Collins VIR-350 was selected for NAV Radioc No. 1 and the NARCO
NAV 122 was selected for NAV Radio No. 2 to provide an integrated glide

-slope receiver as well as VOR and localizer.
ATC Surveillence Candidate Options

The ATC surveillance elements include the 4096 transponder with modes A
and C, the altitude digitizer for operating Mocde C, weather avoidance sensor,
and the radar altimeter. The options and PCAAS selections are illustrated
in Fig. A3,

The ATC transponders are very competitive with all cosbing less than
$750. The lowest cost unit, the King KTT8A, was rejected because it uses
vacuum tubes. The NARCO 150 which iz all solid state was selected.

The attitude digitizers are also compebitively priced. The Aerosonic

1019 was selected as the lowest cost unit that meets‘the requirements,

The Bendix RDR 160 which has a digital ragter scan display was selected
for the weather avoidance sensor. The Ryan Stormscope was considered, but
rejected because of a number of cperational deficiencies relative to the
weather radar. The King XWX 40 is the lowest cost weather radar. This unit
was rejected because it uses a direct view storage tube rather than a short
persistence TV scan display. The TV type display, such as used on the RDR
160, is more versatile in interfacing with the MCC as an optimal alternate

display surface for alphanumeric or navigation map messages.

The Bonzer Mini Mark was selected for the radar altimeter because of
its lowest cost. This unit is limited to a range of 40 to 1000 £t. The
Hoffman HRA-100 and Sperry AA-100 represent low cost alternatives which

have a maximum range of 2500 ft.
Flight/Engine Menagement and Displays Candidate Options

The sensors and displays candidate options are shown in Fig. A-L, The
sensors selected are those which have a digital interface with the PCAAS
MCCG. Some of the sensors not selected are still provided for instrument

displays which are not interfaced with the MCC.  For example, fuel quantity
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gauges, oll temperature and o0il pressure gauges are provided, but not inter-
faced with the MCC.

+The sensors selected with digital interface include the fuel rate sensor,
EGT, RPM, MP, QAT, and IAS.

The cathode ray tube (CRT) was selected for the flat surface displays.
However, several other altérnatives are attractive candidates to replace
the CRT when these technologies Yeach a higher level of maturity, including

the LED, LCD, and electroluminescent displays.
Automatic Flight Control Candidate Options

The AFCS candidaté options are shown in Fig. A-5. The decision was made
to provide both lateral and longitudinal (pitch) modes for the PCAAS Inter-
mediate system AFCS. The modes selected are those which give significant

pilot work load reduction.

Blectrical actuators were selected for the elevator and aileron. The
electrical actuators are low cost, well developed and have acceptable dyna-

mic characteristics for GA aircraft flight control.

Conventional inertial sensors'were chosen to provide the attitude and

rate signals used ﬁy PCAAS.

Off-the-ghelf analog autopilots were considered for PCAAS; however, a
digital auvtopilot was selected to be compatible with the PCAAS digital

mechanization.
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SYSTEM SPECIFICATION FOR PRELIMINARY CANDIDATE
ADVANCED AVIONICS SYSTEM (PCAAS)

1.0  SCOTE

This specification covers the design requirements for an advenced
avionics system for general aviation aircraft in the 1980 to 1990 time
period. The impetus for an advanced system is the increased demands
expected of the National Air Traffic Control System in the 1980s. Single
pilot IFR . operations in higher density traffic environments without degra-
dation in safety will require enhanced avioniecs system functional capability
to reduce pilot workload. For an advanced system to be practical, it must
also be affordable, reliable, and maintainable. The design objectives are
increased system capability at current (or improved) levels of cost, relia-

bility, and maintainability.

This specification is for the Intermediate category of general
aviation aircraft represented by well equipped single engine aircraft
and light twins, such as the Cessna Skyline, Rockwell 114, Beech Bonanza,
Piper Seneca, and the Cessna 320, and L402.

In addition to this Intermediate Specification, two other sysbtems
denoted by "Basic" and "Upgrade" represent changes to this Intermediate
Specification for two other points in the spectrum of general aviation

aircraft. The three cabegories of aircraft are sumarized in Teble 1.0-1.

A summary of current avionics sysbtems and prices for the Basic,
Intermediate, and Upgrade airecraft categories in Table 1.0-1 is given in
Table 1.0-2. The dollar amounts shown in Table 1.0-2 are bazed on avionics
available on the market in 1976. The Basic category in Table 1.7-2
is aimed at the serious cross country pilot who needs IFR capability at
minimum cost. Pilots with less stringent misgion reguirements are not
considered as potential candidates for the PCAAS, The Intermediate
category includes pilots that generally travel with a definite schedule

commitwent and will generally "go" unless the weather is severe (icing
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TABLE 1.0~1.

CATEGORIES OF GENERAL AVIATION AIRCRAFT

PCAAS AVIONIC FUNCTIONS

GA ATRCRAFT \
CATEGORY TYPICAL EXAMPLES ATRCRAFT MESSIQN REQUTRED
BAST(C
Pixed gear single Cessna 172 (VFR and Light IFR) | Communications

"engine aircraft,

$15-U0K cost
(covered by Bagic
Amendment to
Intermediate Spec)

American Traveller
Piper Cherckee
Beech Sundowner

Pleasure; VFR, IFR
Business, IFR
Training

Nevigation and identifica-
tion .

Iateral axis flight control

Flight management.

Jjets

$200K-4M cost
(covered by
Upgrade Amendment
to Intermediate
Spec)

Rockwell Commahder 680
Cessna Citation

MJ-2

Tear Jet

"IAT Westwind

L]

Third level airline
Charter
Air freight

INTERMEDTATE .
Well-equipped Cessna Skylane, (VFR, Moderate IFR) | Communications :
single engine and Centurion Pieasure Navigation and identifica-
light twin Beech Bonanzsa, Baron Business. IFR tion
" $40-200K cost Piper Arrow, Seneca Indiviéual Three~azis flight control
(covered by Inter- | Rockwell 112, 11k Air baxi Flight managemént
mediate Spec) Cessna 310, 402 | Engine management
' Weather avoidance
UPGRADE
Heavy business . Beech Queenalr/Klngalr {Heavy IFR) Communications
twins and business | Cessna h02 .Business Navigation, identification

Weather avoidance

Long~range navigation

Three-axis flight control

Flight manageinent

Engine management

Addltlonal sensois; soft-
ware and redundancy




'TABLE 1.0-2

CURRENT (197’}) AVIONICS SYSTEMS SUMMARY

BASIC INTERMEDTATE UPGRADE
EQUIFMENT 1977 PRICE BEQUIPMENT 1977 PRICE EQUIEMENT 1977 ERICE
Communications Dnal 720 ch® |}$ 2,000 Dual 720 ch | $ 2,000 Dual 720 ch |$ 2,000
Navigation
VOR/LOC Dual 200 ch® Incl. Dusl 200 ch 3,100 Dusl 200 ch 3,400
above and RMI
Glide Slope Single 725 Dual 40 ch Incl, above
40 c¢h
ADF Digital 1,500 Digital, Dual 3,000
RNAV 1 waypoint 2,295 16 waypoints 12,500
VNAV — — — — —
TME Single 4, 200 Dual 8,400
OMEGA - — —_ — Single 25,500
Avtomatic VOR, IOC, 2,800 VOR, LOC, 14, 100 JVOR, I0C, Lo, 600
Flight Control RNAV, DG RNAV, DG, RNAV, DG,
and Flight GS +.Flt. VNAV,; yaw
Attitude Director + damper +
Instruments H8I + yaw Flt. Direc-
. damper + tor + glaved
slaved gyro gyro
Trangponder 275 watts 600 275 watts 600 275 watts 600
- Lo9s codes k098 codes kog6 codes
Altitude 550 Good to 550 Good to 650
Encoding 20,000 35,000
Altimeter
Radar Altimeter - —_ Single 1,000 Single 2,300
Audio Panel + —_ 275 — 520 — 875
Marker Beacon
ELT —_ 130 — 250 — 250
Wx Radar _— —_— Digital dis- T, 100 —
x pl%jy" _ s 7,100
Totals $°6,355 $13,34%0 $107,175

oMM radio/NAV radio combined.
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or thunderstorms). This avionics suite is equivalent to airline aircraft
in terms of capability (save INS) at moderate cost and represents the
largest volume and most competitive area of the avionics marketplace. The
Upgradé category represents an enormous price jump generally reflecting
higher quality components. '

The price guideline for fhe Intermediate PCAAS system shail be
$45,000 {1977 dollers) based on the program objective of holding the price
at. current levels. - . .

)

" The primary advances in system capability aré éxpected o ‘occur
through the use of microprocessor technology to provide system functions
which will rednce pilot workload as follqws:

@ Automation of Tlight management and planning to

greatly simplify preflight and inflight decision
making ’ .

@ Automatic correlation of flight status data
including normal system crosschecks as well as
emergency procedures

® Display information required for inteiligent engine
management : ’

© Automatic monitoring énd disgplay of engine health

@ Improved navigation displays to allow continuous
orientation with respect to the map without mental
conversion of needleg and numbers

© Tmproved pilot/system'interface"

The above itéﬁs‘represent“a significanﬁ astep @oward satiafying the objective

of increased system capability.

Microprocessor technolegy and a total integrated systems design
approach can be expected to alleviate some of the c;st'impact of increased
system capability. Uhforﬁuna¢ély, there are some basic equipments which
dominate current system cost and which will not‘likelf be affected by
advanced microprocesgor technology alone. Sengors,,NAV/COM equipment, and
surveillance équipment are currently the primary cost drivers; %hese equip-

-

ments include the following iftems:

131



® Reception of navigation and communications signals
(RF circuitry)

® Attitude gyros with electrical pickoff. Specifically
the vertical gyro for attibude control and the direc-
tional gyro as a heading reference

® Rate gyros for gtability sugmentation
® Electrical pickeff of-gther flight parameters

Although unconventional implementations of the above functions may be
congidered, the corresponding risk shall also be considered in the design
tradeoffs between system capability, cost, reliability, and maintainability.

2.0 APPLICABLE DOCUMENTS

This section covers those documents which impose or imply
design requirements on the Preliminary Candidate Advanced Avionics
System (PCAAS)-

2.1 "Project Plan for General Aviation Advanced Avionics

System Technology,” Enclosures No. 1 and No. 2 to
RFP 2-26001(HK) dated Ocbtober 31, 1976.

2.2 "Workshop on General Aviation Advanced Avionics
- Systems,"” Stanford University, November 5-6, 1975,
NASA Contract Wo. NAS2-9C23,

2.5 '"Forecast of the General Avistion Alr Traffic Control
Enviromment for the 1980's,"” dated June 1976, Aero-
space Systems, Inec., NASA Contract No. NAS2-9067.

’ -

2.4 "Computer Technology Forecast Study for General
Aviation," deted Junme 30, 1976, Honeywell, Inc.,
WASA Contract No. NAS2-8971.
3.0 " REQUIREMENTS

The Preliminary Candidate Advanced.Avionics.System.(PCAAS) is
to be designed in accordance with the general requirements set forth in
2.0, "Applicable Documents." The PCAAS system is applicable to the
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.avionics required for general avighion aijireraft in the 1980's. The general

system guidelines set forth in 2.1 are summarized here:

&. The system shall allow single pilot LFR operation
-in high density terminal control areas.

b. The system shall be capable of operating within
the proposed upgraded third generation ATC system.

¢. The training and proficiency requirements to use
this system shall be less than or ecual t6 those
currently required by instrument-rated pilots.

d. The ability of the aireraft to keep a de31red trip
schedule shall exceed or equal that expected from
a light twin-engine alrcraft used today for business-
purposes. (This guideline includes consideration of
ability to operate in weather, maintainability, ebe.) .

e. The system should be such-that it costs no more than
the cost of a system btypically installed in a light-
twin engine aircraft used today for business travel,
The intent is to achieve a significant reduction in
workload while maintaining costs at current levels.

‘. The system shall be designed for both .single and
twin engine aircraft. Guidelines "d" and "e" are
not meant to indicate the effort is directed tovards

.. bwin-engine aircraft. These guidelines are given

. only to indicate that the desired level of capa-
bility is somewhat greater than typically found on
single engine-aircraft today.

&. Modularity should-be built into the system so as to
allow a user to either upgrade his system or to
purchase a lesger system that can be upgraded at a
later date with a minimum cost penalty:

h. The system reliability should be better or egual to
current avionics relisbility levels.
The avionies considered typical of a light twin-engine aircraft
used. for business travel today widl serve as a baseline from which improve-
-ments in cost, reliability, safety, maintainability, usability, etc. can

be measured.

Three current -avionic system baselines are defined in Table
1.0-2.
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The PCAAS system architecture shall represent a major departure
from current system design and architecturé in its total capacity to trans-
. fer data across subsystem boundaries. The design shall utilize current or
early 1980 technology. A Microcompuber Control Complex (MCC) and Integrated
Displays and Controls (IDC) shall provide for higher level systems functions

which cross subsystem/functional boundaries.
3.1 System Modes end Functions

The PCAAS modes and funckions are summarized in Table 3.1-1 for
the three categories of aircraft defined in 1.0. The PCAAS requirements

are directed towards the Intermediéte category.

3.1.1 Communication functions.-The PCAAS shall provide adequate com-
munications capability for IFR flight within the Continental United States
(CONUS) during the traffic control environment of the 1980's and shall be
compatible with the upgraded third generation ATC system (UG3RD) as described

in the document of 2.4.

3.1.1.1 VHF voice commmications: The PCAAS shall provide voice communi-
cations in the VHF band from 118.0 through 136.0 M Hz with channel spacing
of 25 K Hz or less thereby providing a minimum of 720 channels of communi-
catlion. The capability ﬁo provide communication range of at least 100 W mi

shall be provided at the minimum en route attitude (MFA).

The voice communication capability shall employ dwal redundancy
in order to assure a high degree of mission reliability during a four hour
mission. The redundancy shall be such that no single failure shall cause

a loss of two-way communicaticn.

Means shall be provided such that PCAAS digital computer (here-
inafter referred to as the Microcomputer Control Complex, MCC) can command
any desired frequency within the above noted VHF band. The voice trans-
ceivers ghall be automatically tuned to the command frequency in lesgs than

100 msec for Simplex voice communications.

A backup tuning means shall be provided which is independent

of the MCC.
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TABLE 3.1-1.

PCAAS FUNCTIONS AND MODES

+ LEVEL: OF-
SUBSYSTEM DESIGN

- EFFCRT REQUIRED -BASTC INTERMEDIATE TUPGRADE
MAJOR | MINOR | NONE
COMMUNTCATIONS . .

"VOICE, VEF X |-Dual 720 cn | Dual 720 ch | Dual 720 eh
Digital Data Link X Touchtone DABS & T/T | DABS & T/T
Remote Digital Frequency T I
Selector X X X- X
SURVEILLANCE
Radar Beacon X Upgraded DABS DABS

ATCRBS . . ‘ -
Altitude Encoder X To 20K £5 | To 25K £% To 35K 1%
Intermittent Positive Control X Simple CMD ATSD ATSD
Collison “Avoldance System X BCAS BCAS - ACAS

Weather Detection X X <

Ground Proximity X Radar -| Rader
Altimeter | Altimeter
0-500 £t 0-1C00 £t

Erergency Locator Transmitter X X X X

NAVIGATION AND POSITION FIXOING

RUWAYV X VOR/DME Tual VOR, Dual VOR,
single DME, dual IME,
OMEGA OMEGA/

“LORANC,

WAVSTAR

VHAV X X T X
VHF 10¢/GS X X X X

MLS X zoc/as Loc/as”
Kalman Filtering . X ’ X X
(Navigation Correlation}

Command Update X X X .X
ADF X X X
Marker Beagon Receiver X X X X

AUTOMATIC FLIGHT CONTROL

Lateral Control £ -
Heading Hold/Set - b X X
NAV Coupling X X
VHF 10C Coupling X X X
Standard Turn Rate Command X X
CWS X

Pitch Control . ]

- Altitude Hold i X X
Alrspeed Hold X X
Attitude Hold X X X
Automatic Trim Pitch Pitch, yaw

- VNAV Coupling : X - X-
VHF GS/MLS GS Coupling X X
CHs

Stability Augmentation X Based on Based on Based on

individual jndividual individual
regts. regks. regts.

Throttle Control X X
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TABLE 3.1-1 (Concluded)

© LEVEL OF
SUBSYSTEM DESIGN .

EFFORT REQUIRED BASIC

MAJOR | MINOR | NONE

INTERMEDIATE

UPGRADE

CONTROLS AND DISFLAYS

Flight Situation Display
Navigation Map Digplay
Integrated Data Control Center
System Status Display
Synthesized Voice Ammunciastor

Hard Copy Printer

b b4 B B

b P4 P4 M4

T -

FLIGHT MANAGEMENT

Aircraft Performance

Fuel Menagement
Weight and Balance
Miscellaneous Calculations

R RV
""’3:"3:”%

o MM

ta I -

ENGINE MANAGEMENT

Engine Performance
Calculations

Mixture Control Command
Manifold Pressure Command
Cptimum Power Settings

E T - B

B b4 b4 b4

T B B

ENGINE HEALTH

Engine Status Monitor
EGT/CHT/Diagnostics

0il Temp/Pressure Diagnostics
Fuel Pressure Diagnosties

Stored Data for Later
Analysis

P M b4 b4 b4

b

»e

(EGT)

Lo ]

FLIGHT STATUS CORRELATION
Navigaticn Signals

Adrcraft Configuration
Instrument Crosschecks
Aircraft System Failures

Avionics System Failures

P4 b ke M

PoPd b

Pe Pe B b M4

aValues are keyed in from keyboard rather than measurad,
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3.1.1.2 ™~ Digitdl 'data Iink communications:

3.1.1.2.1 VHF

a.

Qgﬁé link .
Digital messages

PCAAS shall have the provision for adding capability'
for digital data link over any of the VHF voice

_communication channels at the rate of 9600 baud using

/

the UART/MODEM interface of the MCC for both up-link
and down-link messages. -Means shall be provided te

display up-link messages on an alphanumeric display.
The ability to store and recall up-link messages up

to 1920- characters shall be provided. The data link
message shall employ ASCII Code with parity.

Digital datae broadcast system (DDBES)

PCAAS shell have the provision for adding capability .
for receiving digital data broadcast from a VHF
comimnications channel consisting of the following
RNAV data: )

— Predesignated waypoints for RVAV routes

—- Waypoints for SID and STAR proceduies

— Definition of NAV frequency (frequencies)
associated with each designated waypoint.

The PCAAS shall have the provision for storing broad-
cast strsams of.data ‘and -processing this data for en
route RNAV using preflight selected RNAV routes.

The RNAV waypoints shall be referenced to VORTAC
gtations, -rather than latltude/longltude points.
(Tatitude/longitude of waypoints may be stored in

" the system data base.)

3.1.1.2.2 DABS data link

PCAAS shall have provision for adding capability for two-way dig-
ital data link using the DABS trahemitter at a data rate of 256,000
Baud. The up-link message shall consist of an. 8 bit message code
_inecluding parity which represents a comand for data to be down-
linked. The up-link commands 1nclude, ‘for example:

o
°
a-

The

Aircraft magnetic headlng
Aircraft airsPeed
Alrcraft altltude

As well as requests “for status "data

down~11nk message shall cons1st of 30 bit message including

parity, data identifier, and parameter value.
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3.1.2 Surveillance functions.-The PCAAS shall provide a number of
surveillance functions to interface with the current ATC system and shall
have provision for adding capability to operate within the UGASRD ATC .
environment. The surveillance system shall have the capasbility of ob~

serving potential flight hazards.

3.1.2.1 Radar beacon: The PCAAS shall have provision for adding capa-
bility for the Discrete Address Beacon System (DABS) capability reguired
by the UG3RD ATC environment. The DABS transponder in the aireraft shall
have an assigned address which is addressed by the ATC grouhd radar beacon
interrogator. The address code length shall be 28 bits long which provides
for 16.7 million discrete address assgignments. The radar beacon shall
operate in frequency band "D" (old "L" band) with 1030 M Hz assigned for

transmit and 1090 M Hz assigned for receive (interrogation freguency).

The uplink message length shall be 32.5 psec and the down-link
message length shall be 120 usec.

The DABS transponder shall be compatible with the encoding
altimeter and shall be capable of down-linking encoded altitude over the
altitude fange of -1000 % to 25,000 £t with an altitude quantization
level of 100 £%.

3.1.2.2 ATC transponder: The PCAAS shall have a 4096 code ATC trans-
ponder with Modes A and C. An altitude encoder shall be provided with a
range of —1000 £t to 20,000 ft approved for operation in Mode C of the

transponder.

3.1.2.3  Intermittent positive control (IPC): The PCAAS shall have
provision for adding capability for tﬁe IPC function in cooperation with
the UGBRﬁ ATC enviromment utilizing the Ground Air Traffic Control radar,
ATC controllers, VHF data link, and DABS data link for high priority

nmessages.

The IPC function shall receive relevant air traffic information
from the ground stations over the VHF data link for up to five potential
threat targets. The up-link message shall contain the following informa-

tion:
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e Iatitude (5 characters) / Iongitude (6 ch) of the
ground ATC” radar

e Range (3 ch) and Bearing (3 ch) of maximum of 5
potentlal threat targets

e Altitude (3 ch), Speed (3 ch), Heading (3 ch) of 5
potential threat targets

e Own Aircraft Range (3 ch) and Bearing (3 ch)

Note: The up-link message requires 80 msec at the specified
baud rate of 9600.

The up-link message shall be repeated at intervals of not more
than 10 sec. Note: This gives the capability of a single VHP chamnel

serviecing 125 aircraft simultaneously.

The MCC -shall resolve the potential threat targets into X-Y
coordinates with own aircraft at the center of the moving X-Y¥ coordinates,

to develop an Air Traffic Situation Display (ATSD).

Provision shall be made to display the ATSD on the Navigation
Map Display (NMD) at pilot selection or automatically if a co-zltitude
conflict is predickted with %0 sec.

A co—altltude conflict is deflned ag another ATC target coming
within 1 N mi Wlthln an altitude of 500 ft of own aircraft.

Tn the case of a predicted conflict, the conflict aireraft shall
be enclosed by a flashing box on the display.

In the event that the ground ATC controller or the ATC computer
predicts a co-altitude conflict within 30 sec, PCAAS provision shall be
made to accept an emergency message from the DABS transponder to provide

emergency maneuver commands vwhich may take the forms of

© Descend

e (Climb

e Turn right
e Turn left

e Combination

An audio warning tone shall be issued for the emergency conflict.
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3.1.2.4 Weather avoidance: The PCAAS shall provides means for weather
cell avoidance utilizing a suiteble sensor. The system shall detect weather
actbivity using the sensor t6 determine range and azimuth anglé to the weather
activity. A pilot-controlled range azimubth sensor may be placed on the
weather cell to read out the range and azimuth digitally when the cell is

degignated by a switch closure.

Provision shall be made to add the capabllity to superimpose the
weather activity on the Navigation Map Display (NMD) on pilot designation
of the weather cell.

3.1.2.5 Ground proximity warning subsystem (GFWS): The PCAAS shall pro-
vide means to detect ground proximity and issue appropriate warnings. A
radar altimeter shall provide the basic sensor information for the GIWS.
The MCC shall provide the data correlation to provide the required warn-
ings. The System Status Display shall display the warnings. The follow-

ing GPWS warnings are required to be issued:
® TExcessive sink rate for altitude
] Excessive terrain closure rate

The warnings are issued in the form of a flashing red light and a modulated
audio tone in the 400-800 Hz frequency band.

Also the capability of displaying terrain clearance below 1000 £t
in digital form shall be provided.

3.1.2.6 Emergency locator transmitter (ELT): The PCAAS shall include an
ELT which provides for activation of an emergency transmission when the
longitudinal acceleration exceeds 5 g (+2, —0) for longer than 11 (+5,

~0) mseec. The EIT shall emit on the standard VHF/ﬁHF emergency frequen-
cies of 121.5/243.0 M Hz. The audio modulation shall be a downward sweep-
ing audio tone of at least TOO Hz between 1600 and 300 Hz with a repetition
rate of 2-4 times per second. The ELT is ancillary subsystem to PCAAS.

3.1.5 Navigation and position fixing functions

3.1.3.1 Area navigation (RNAV): The PCAAS shall provide RWAV referenced
to VORTAC stations and also referenced to latitude/longitude* by pilot mode

*Stored on mass memory data base.
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selection on the Integrated Data Control Center. The position status shall
take the form-of range and bearing relative to any of nine selected way-

points.

Waypoint zero shall be reserved for present position. Means
shall be provided Tor 1n1t1a11z1ng present p031t10n by entering a’ known
latltude/iongltude

Provision shall be made to permit the pilot to insert any way-
point designated on’the electronic "Jeppesen" airways maps as a reporting
point, airport, ﬁDB,:or VORTAC station by entering a code of no greater
than five numbers associated with the. desired waypoint:_'The alphanumeric
display on the IDCC (Integrated Data Control Center ueit) wili echo back
the alpha didentifier for the selected. point.

Other wayp01nts may'be selected by ‘either designating the LAT/
ING of the desired point or the range and-bearing relative to a specified
VORTAC station.

The RNAV function shall provide the following flight status

data:

© Present position in IAT/LNG coordinates to the
nearest tenth of a minute.

¢ Range and bearing to any selected Waypoint.

o~ Estimated time en route (ETE) to “any selected
waypolnt .

¢ Estimated time of arrival to any selected way-
point.

¢ Ground speéd.

e Wihd speed and true aifEctionZ

) Prov131on shall be made Tor updating present 9081t10n (Waypolnt

zero) by reference to external position fixing means including but not
limited to:
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Key in of reference "fly-over" LAT/LNG position.

Weather radar in ground masp mode using azimuth and
range cursors.
The RMAV function utilizes the MCC for performing computation
and shall utilize a dead reckoning mode which is updated by VOR/DME, DME/
DME, and/or OMEGA based upon a Kalman filter algorithm. The dead reckon-

ing update shall be at a cycle time of 5 sec or less.

The RNAV function togéther with the VNAV function shall provide
the capablility of executing PAA .approved SID's and STAR's.

3.1.3.2 Vertical navigation (VNAV) function: The PCAAS sﬁall provide a
VNAYV funcetion which provides vertical .steering to selected waypointe which
are defined by three parameters: latitude (IAT), longitude (ING), and
altitude (ALT). The altitude parameter shall be compatible and consistent
with the altitude encoder used with the DABS. .

The VNAV system shall have two modes:

® DMode one provideﬁ for VNAV steering from the present
altitude to the next selected waypoint which has an
altitude designation.

® Mode two provides for VNAV steering from one selected
waypoint with altitude designated to the next desig-
nated altitude.
A third functional use of VNAV is to provide a pseudo glide
slope at airports not eguipped with MIS GS or VHF GS. During this mode

the GPWS plays 2 warning role.

The ascent or descent rate commanded by VNAV to fly the appro-
Driate trajectory must teke into account the aircraft flight envelope
indications. 1f an unsafe or Ilmpossible altitude rate is required, the

pilot shall be so advised by means of the System Status Display.

3.1.3.53 - ILanding approach function: The PCAAS shall provide aubomatic
or manual-aided landing approach providing both lateral guidance and

vertical guidance to a selected landing point. The landing approach
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function shall, be available for all FAA approved approach procedures
ineluding but not llmlted to:

_5_- VHF localizer approaéhéé

_{ VOR apbroaches

® ° RNAV appr0aches .‘
L] VHF/%HF ILS approaches (LOC and GS)
L] RNAV/VNAV approaches

When utilizing RNAV/VNAV laterally curvea, ‘multiple gllde slope
gsegment approaches shall be possible. i

3.1.3.4 Inertial navigation function: Tﬁe PCAAS éhéll not-be required

to providé an INS navigation mode; however, provision shall be made to
interface with INS through the‘MCC‘I/b when necessary. However, additicnal
hardware or software shall be provided to meet these provisions -~ only

required for INS.

3.1.3.5 - Auxiliary navigation functions: The PCAAS shall provide addi-
tional auxiliary navigation funetions which provide pilot advisory infor-
mation during en route navigation., in terminal areas, and .during landing

aﬁproach. These auxiliary functions shall include: .

¢  Automatic direction £finding utilizing LF and BC
emitters. in the 190 K Hz to 2 M Hz baud.

© ' Marker beacon for the 75 M Hz fan markers
-including the ability to-respond to the three
levels of audio modulation by either audio
tones or coded colored lights.’

® Navigation correlation cross-checks shall be
performed utilizing functionally redundant
navigation senscors ineluding: - .-

<

— * At ‘critical intersections tune VOR
Receiver Wo. 1 to check VOR No. 2 as
a £ix or waypoint is approached.

— On final approach tune VOR/LOC Receiver
No. 1 %o check VOR/iOC Receiver No. 2.

“— A% intersections tse DME to .check VOR
designated intersections.
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— Correlate localizer against AD¥ bearing
approaching an outer marker with NDB.

—  Check glide slope against altimeter and/or
radar altimeter at outer marker and middle
marker.

—  Correlate glide slope vs. DME and altitude
at approach facilities which have a terminal
DME, e.g., SFO and LAX.

3.1.h Automatic flight control functions.-The automatic flight conﬁrol
functions of PCAAS shall include necessary inner loop stabilization, atti-
tude hold, RNAY/VNAV coupling, and approach coupling. The flight control
computations shall be performed digitally utilizing the MCC with appropriate

A-D and D-A signal converters.

The sampling rates shall be adequate to insure stability from
a sampled data point of view. The use of predictive sampling technique
to reduce the sampling rates and the MCC throughput requirements are

strongly encouraged.®
There shall be not ohjectionable engage/disengage transients.

3.1 Tateral .control modes: The PCAAS shall provide lateral control
using ailerons and, -if necessary, rudder control. The following_lateral

modes shall be provided:

a. Heading hold/set

The PCAAS shall provide slaved megnetic heading
hold. A heading set function shall be provided
which permits the pilot to set in a desired mag-
netic heading. The PCAAS AFCS shall turn To the
selected magnetic heading. Appropriate logic
shall be included to meximize pilot acceptance.
This shall include:

® Small bank angles for small heading changes.

° Smooth turn entry.

. Consistent system operation for turns over
180 deg

*Phere has been a tendency in digital flight control systems to use very
high sampling rates which impose unnecessarily high throughput requirements
on the digital computer. )
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. -NAV- coupling

The PCAAS shall provide couplihg to all NAV sub-
-systems. The NAV course deviation signails shall
be utilized by the.PCAAS AFCS to maintain a desired
course. The steering function- during NAV coupling
shall have two modes of operatlon

¢ (Course-line which shall control the aireraft
from its present position to a selected course
line and .controls along that course line to
the next waypoint. This mode would be used
when a waypoint.mpst‘be approached along a
designated course, e.g., during IFR approaches
and for airway navigation.

.® . Present position. which shall control the air-

craft from its present p031t10n along a rhumb-
line or great circle segment to the next
gselected waypoint.

Localizer approach coupling

" .The PCAAS shall provide LOC coupling for landing

.--Automatlc lateral trlm

approaches at airports with.VHF localizer facili-
ties. The error signal.from the localizer shall
be used to prov1de for capture and control along
the selected localizer course. The TLOC coupllng
mode shall have two phases

L Acqulsltlon phase during which the AFCS
localizer coupler 1ssues_appropr1gte head-
ing commands to smoothly intercept the
localizer course at any intercept angle.

@ Control phase during which the AFCS locali-

zer coupler maintaing the aireraft on the

localizer course by appropriate bank angle
commands . The system shall have the capa-
bility of accommodating extreme shear wind
conditions as spe01f1ed in para. 3.3.k.1c.

Standard turn rate command

The pilot may select a standard rate (3 deg/sec)
turn to the right or left by depre331ng a button
on the Incc panel

The PCAAS shall prov1de automatlc rudder trim for

_those aiteraft requiring rudder’ control The PCAAS
“shall provide automatic- aileron trim for those air-

craft Tequiring aileron trim actuator.
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3.1.k.2 © Piteh control: The PCAAS shall provide the following pitch con-

trol modes using the elevator for control.

a. Attitude hold

The PCAAS AFCS shall cause the aircrafb to hold
pitch attitude baged on control column position.

b. Altitude hold.

The PCAAS AFCS shall cause the aircraft to hold
the pressure altitude existing when the mode is
selected -on the IDCC panel.

c. TIAS hold

The PCAAS A¥CS shall cause the aircraft to hold
the indicated airspeed existing when the mode is
selected on the IDCC panel.

d. VHNAV coupling

The PCAAS AFCS shall utilize the VNAV altitude
error signal to control the aircraft along the
réquired ascent or descent flight path to cross
the néxt waypoint at the designated pressure
altitude. The flight path trajectory will be
such that a constant rate of climb or descent
is commanded through piteh control.

In the event that an unsafe or 1mp0331ble alti-
tude rate is commanded, the mode shall be de-
coupled and the pilot notified by means of a -
status panel light and an audio signal

The VNAV coupler may be used to provide a syn-
thetic glide slope at airports not equlpped with
VHF glide slope facilities.

e. Glide slope (GS) coupling

The PCAAS AFCS shall utilize the deviation signal
from the VHF GS receiver to provide pitch control
during landing approach. The glide slope coupling.
mode shall include two phases

s Acqulsltlon phase during which time the air-
craft is in altitude hold until the GS devia-
tion is within one-half degree of centerline
8t which time GS control is selected.

e GS control during which time the aircraft is
controlled along the glide slope. The PCAAS
GS coupler shall accommodate extreme wind shears.
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3.1.4.3 Stability augmentation: The PCAAS AFCS shall provide for modifi-
cation of the basic aircraft modes to insure desirable handling qualities

- in all axes, The folicwing functionsg may be appropriate:
® Damping of the spiral mode to allow hands off flight.

¢ Damping of the dutch roll mode where deficiencies
adversely affects aircraft handling, ride comfort,
or autopilot performance

e Damping of the roll mode where necegsary. (Aircraft

with wing mounted engines and tip tanks are likely
candidates.)

There is no requirement for the PCAAS AFCS to provide stability
augmentation to the aircraft short period mode. However, no serious degra-
dation in short period stability éhéll result from the implementation of
the pitch control modes.

Positive damping of the aircraft phugoid modes shall be provided

during pitch control modes.

3.1, Throttle control: There is no reguirement for throttle control
for the PCAAS AFCS; however, provision shall be made for adding throttle

control.

5.1.5 Controls and displays functions.-The PCAAS shall provide inte-
grated controls and displays functions to provide for pilot and system

data entry and data display and readout for all PCAAS functions and modes.
The PCAAS controls and displays provide the basic communications between
the pilot and PCAAS utilizing the MCC I/0 and computations as well as the
conbrols and displays subsystems for the pilot/PCAAS intarface.

3.1.5. Data entry and display: The Integrated Data Control Center (IDCC)
gspecified in para. 3.2.2 shall provide esgentially all data entry funetions
for PCAAS and represent the principle mode of communication between the
pilot and the PCAAS. The IDCC functions include:
e Communlcation mode select, data insertion, and
display

¢ Surveillance mode select, dabta insertion, and
display

e Navigation mode select, data insertion, and display
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a.

Data entry

A data entry panel suiteble for entering PCAAS data
ghall be provided which includes numerical and
special function keys. When appropriate, multiple
sequence keys may be used to define special functions
in order to conserve panel gpace.

Typical data to be entered is summarized in Table
3.1.5.1-1. This data table is not intended to be
complete but is representative of the types of

data which can be entered by the data entry panel.

The data entry panel must provide the pilot with
unambiguous cues as to which modes have been
selected, which data has been-entered, and what
sequence of data entry is required. Such cues
may be visual, audio, and/br tactile.

The arrangement of the IDCC data entry panel must
be such that new functions and modes may be added
or existing ones deleted without requiring hardware
changes to the IDCC. BSuch changes shall be imple-
mented by software (firmware) changes only.

Digital data display

Means shall be provided for displaylng data being
entered- from the data entry panel as well as PCAAS
computed data. The data heing displayed shall be

" annmotated in an unambiguous manner using display

fields. Table 3.1.5.1-2 summarizes typical data
required for display. This list is not intended
to be complete. .The same units are used as in
Table 3.1.5.1-1.

Meode selection

MCC aided cueing will be utilized to define the
data input requirements for each selected mode.
Also when there are several alternate submodes
available, the pilot will be offered the choices
for selection.



TABLIE 3.1.5.1-1, TYPICATL DATA ENTRY PAWEL DATA

ENTRY PARAMETER UNITS KO. DIGTTS
Command altitude £t 5
Baro setting in. Hg L
Command alrspeed kb 3
Command climb rate fpm 2
Command heading deg 3
VOR I0C system select 1
VCR 10C channel select mHz 5-1/2
VOR TOC channel store discretfe 1
RNAV waypoint bearing deg 3
RNAV waypoint range N mi b
RNAV waypoint latibude deg/min 5 + N/8
RNAYV waypoint longitude deg/min 6 +EM
RNAV waypoint altitude 6 1
RNAV waypolnt store/select no, + discrate 2.
Fuel on board gal )
Range to destination N mi 4
Fuel flow rabe gal/hr 3
Time hr/min/sec 6
Passenger weight and position 1b/location code 3+ 1
Beggage weight b 3
Outside air tempersture op 5+ sign
Runway altitude 5 5 + sign
¥light plan leg number 0-99 2
Flight plan range to destination N mi Lo
Flight plan bearing to destination ‘deg 3
Flight plan wind direction deg 3
Flight plan wind speed N mi 2
Flight plan altitude £t 5
Flight plan airspeed kt 3
Volce channel select wHz 5-1/2
Call up voice chamnel no. 2
Data channel freguency select itz 5-1/2

TABIE 3.1.5.1-2.

ENTRY FARAMETER

VOR DME range to station
VOR DME bearing to stabion
VOR DME speed

Fuel remaining

Fuel remzining at selected waypoint

Range remaining

Range remaining at selected weypoint

Optimum rpm and menifold pressure for MAX range
Opbimum rpm and manifold pressure for MIN range

ETE/ETA at selected waypoint
Distance to selected waypoint
Center of gravity

Wind speed

Wind direction

TYPICAL DIGITAL DATA DISPLAYED

NO. DIGITS

FOVE R EE PO

6 + sign

Mo
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d. Readsbility

The digital data displays and mode legends shall
~pe easily readable under all cockpit lighting

and viewing conditions. As a guideline to reada-

bility, the following goals are specified:

{1) The alphanumeric legends shall be visible in
a background ambient of 10,00 £t lamberts and
by night panel illumination.

(2) The alphanumeric characters shall subtend a
visuval angle of 1% mrad at a viewing distance
of 2k in.

3.1.5.2 Flight situation display: The PCAAS shall display flight situa-
tion information suitable for manually controlling the aircraft during IFR

flight. The basic flight situwation information shall include:

® Aircraft pitch and roll attitude portrayed by a
horizon symbol.

® Ajreraft magnetic heading.
e Aircraft roll angle.

In addition to the basie flight situation information, auxiliary
flignt information pertinent to the phase of flight shall be displayed

including:

Angle of attack

¢ Tndicated alrspeed
¢ Pressure altitude
e Radar altitude

e (yiide slope

. Localizer/VOR

3.1.5.3 Wavigation Map Display: The PCAAS shall provide a Navigation
Mep Display which displays a selected Jeppesen chart segment for en route,
terminal area, approach, SID and STAR navigation. Provision shall be made
for the pilot to select an adjacent chart segment by depressing a momentary
up/ﬁown/fight/ieft switch.
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a., Scale expansion

The chart displayed shall be declubtered such that
only vital navigation information is displayed. The
navigation maps shall be displayed with north up. A
moving alrcraft symbol shall be utilized to portray
the aircraft location on the map. An option of dis-
playing the octant nearest to the aircraft heading
shaﬁl be provided.

Key navigation points shall be portrayed by an appro-
_priate symbol together with a three or five letter
designator followed by a five number code. The code
allows the pilot to designate any navigation point
by entering the five number code on the IDCC key-
board. BSuch navigation points shall include air-
ports, NDB, VORTAC, and reporting points.

The navigation map shall be switched autoﬁaticalxy

as the mvoing aircraft symbol approaches the boundary

of a map segment. The aircraft symbol shall be

"flashed" just prior and Just after switching map

segments to aid in finding the aircraft symbol.
3.1.5.4 System status annunciation functions: The System Status Display
panel shall provide status and warning indications for the . pilot when
cautionary or unsafe situations are present or are predicted to arise if
corrective action is not teken. The System Status Display shall use a
combination of lights, lighted legends, colors, and aundio eues to warn

the pilot of an existing or insipient unsafe condition.

The unsafe conditions shall include discrefe events such as
altitude too low or sink rate too high on approach, as well as MCC derived
correlation factors such as large navigation position discrepancies between
VOR/DME Receiver No. 1 and VOR/DME Receiver No. 2.

The compubation associated with the flight status correlation
subsystem shall provide the appropriate logic to drive the system status

display panel caution and unsafe condition cues.

Cousideration shall be giveﬁ to the use of recorded words or
stored "phonemes" to synthesize spoken word warnings such as "you are too
low." Such a capability is consgidered an option for the Intermediate

system.

151



3.1.5.5 Alrcraft configuration display: A display means for depicting
the configuration of the aircraft shall be provided for the following

conditions:
e TLanding gear position
¢ Wing flap position
® Cowl flap position

The configuration display shall be viewable under all cockpit
lighting conditions.

The flight status correlation svbsystem shall use the data pro-
vided to the aircraft configuration display to determine unsafe conditions,
for example: gear up with radar altitude less than 500 £+t and speed in the
landing approach IAS region.

3.1.5.6 Hard copy printout function: The PCAAS shall have provision
for adding capability for a hard copy printout to print selected messages
from data memory. The printer shall have alphanumeric capability and
shall print at a rate of at least 110 characters per second with a column
width of 32 characters. The prinfter shall be capable of printing any
message which may be stored in memory upon command from the IDCC. Cer-
tain messages will be automatically printed such asg ATC clearances and

engine maintenance diagnostics.

3.1.6 Flight management functions.-The PCAAS flight management func-

tions shall provide the pilot with sbtatus information necessary to assist

a2 single pilot in the conduct of safe flight in a dense traffic environment.

3.1.6.1 Flight plan entry data: PCAAS shall provide a means for enter-
ing prestored data such as flight plan data and "electronic Jeppesen”
charts to allow for rapid data entry of flight planning data. This func-
tion provides an glterngte to avoid keying in vast amounts of data from
the keyboard: Such mass data entry means must provide the 6apability of
loading date in modular form. A minimum of 800,000 bits of storage should

be available for each module which provides up to 50 "pages"™ of data.

*A page ls defined as 25 lines of 80 characters per line (2000 characters).
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3.1.6.2 Aircraft performance cgleulations: The aircraft performance data
specified in the standardized GAMA operating handbook shall be programmed
"into the PCAAS MCC thereby allowing the pilot immediate access. Specifically

this peﬁofnmance data shall include:
e Stall speeds vs. weight
o Takeoff distance
e . Accelerate-stop distance
-o Best rate and angle of climb épeeds
¢ JSingle engine service celling

o Time, fuel, and distance to climb to predetermined
altitude

© Range

& Endurance. :

o Time, fuel, and distance to destination
e Tanding distance

e . Maximum glide performance speeds

Because many performance curves are based on calculations, a
flight test procedure shall be specified to, calibrate the oubtput of PCAAS.

The above data shall be accessible by other PCAAS modes for in-
flight calculation of such items as remaining range at various power

settings, etc.

3.1.6.3 Fuel management: The PCAAS shall niaintain complete fuel status
information using stored and sensed data. Provision shall be made to
utilize stored parameters which are manually -entered in the event that the
aireraft does not utilize sensors for the required parameter. However,

accurate measurement of fuel at reascnable cost will be a PCAAS goél.

The input parameters ubtilized by the fuel management funchions
shall include:
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e~ Fuel guantity (within 5 min.of flight time at meximum
| . cruise power)’

. _Fﬁel'flow‘rate (within 1 percent)
~®  Ground speed

. ) The amount of fuel and time remaining in each tank shall be
displayed to the pilotl *An aural and visual warning will alert the pilot

when a tank is about to run dry.

. ,’The fuel ménagement function utilizes the MCC and the above

paramgtérs to compute the following reserves:

.a. Fuel reserve in gallons

' The .computation provides the fuel reserves in gal-
lons- at any selected waypoint. The computation
shall be based upon the fuel remaining less the
fuel used at the current fuel flow rate during
the estimated time en route to the selected way-
point, An automatic fuel state warning will cccur
if less than the specified reserves are forecast

_for the destination.

b. Iuel reserve in miles

The computation provides the fuel reserves in
nautical miles for any selected waypoint. The
computation shall be based upon the number of
miles to the waypoint, the ground speed corres-
ponding to the current computed wind, and the
fuel predicted to be remaining at the waypoint.

¢. Fuel reserve in hours

The computation provides the fuel reserves in hours.
for any selected waypoint. The computation shall
be based upon the ETER to the waypoint, the fuel
_remaining at the waypoint, and the current fuel
consumption rate.

In the event that a flight plan is stored in the
MCC, then the reserves will be based upon the
parameters of the flight plan legs which include
the selected waypoint, Otherwise, a great circle
distance computation will be used.
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Finally the fuel reserves for any selected power
sellting may be obtalned by entering the new power
setting on the keyboard. This will allow the pilot
to evaluate the effect of changing power on his
fuel reserves as well as his time to destination
(also computed).

3.1.6.0 Welght and balance: PCAAS shall have provision for adding the
capability of using a combination of strain gauges on each landing gear
and pitch attitude to calculate the aircraft weight and c.g. location on
the ground. These parameters shall bhe updated during flight baéed on fuel
burnoff. Oub of limit conditions shall be displayed to the pilot. Normal
procedure is to use paramebers which are keyed in by the pilot for the

weight and balance computations.

3.1.6.5 Emergency functions: This mode recognizes the fact that the
pilot needs certain information quickly and accurately in emergency

conditions.

a. Nearest alternate

By pressing a single bubbon, PCAAS will compute the
course, time, fuel, fuel reserves, -and best power
setting for minimum time or minimum fuel to the
nearsst alrport. Also displayed will be the runway
length, type approach aids, and lowest minims for
that airport. By sequentially depressing the 'near-
est alternate" button the pilot will get the above
Jinformation on increasingly distant airports. The
criteria for establishing priorities shall include
the currently computed wind.

b. BSingle engine best rate of climb speed

If an engine (on a multiengine airplane) fails,
PCAAS shall compute the appropriate indicated best
single engine rate. of climb speed (Vygm) for the
current weight, temperature, and pressure altitude.
This will be displayed by a bug on the airspeed
indicator which will be antomatically slow to Vygp
if the PCAAS engine management system senses an
engine failure. ’
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"ei Go/no go decision

If one engine of a multiengine airplane fajls and

. PCAAS computes that a positive rate of climb is
not possible, an abort command shall be displayed.
If at altitude, the pilot can override this command
and PCAAS will display the single engine service
ceiling at the current weight, temperature, and
power sebtting as well as the range to ground impact
for a specified field elevation.

3.7 Engine management functions.-The PCAAS engine management system

shall provide the pilot with the necessary information to operate the air-
craft engine(s) with a minimum use of fuel while maintaining adequate cool-
ing at all flight conditions. Protectlon against overcooling some cylinders

during descent shall be provided.

3.1.7.1 Optimal engine power setting and monitoring: The PCAAS shall
provide a number of functions to aid the pilot in optimal engine power

management and monitoring. These functions are summarized:

&. Power settings

The PCAAS engine management system is based on the
fact that the pilot uswally selects the percent
horsepower based on a desired. true airspeed, fuel
congsumption rate, and an engine rpm selected for
smoothness and cabin noise. Given the desgired
percent power obtained from the flight mansgement
subsystem and selected engine rpm, PCAAS computes

the required manifold pressure and mixture control
settings. The manifold pressure command ig displayed
via a bug on the manifold pressure gauge. A separate
mixture control .command indicator shall be provided.

b. Mixture control

The mixbure command indicator shall indicate only
whether the mixture is too rich or too.lean for a
given engine operating condition (e.g., pilot simply
keeps the needle centered). Mixture control shall
be based on EGT measurements. The control laws will
minimize fuel consumption while insuring that engine
temperatures are kept within limits. Pilot displays
and controls will be designed to allow near optimum
engine operation even during high workload situations
involving numerous power changes.
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¢. Engine synchronization

The engines shall be automatically synchronized with
the right engine rpm being slaved to the left engine.
Failure or sudden changes in rpm on the left engine
will result in a synchronization cutout. (The right
engine will not stop because the left engine fails.)

d. Optimum engine management

Upon command from the keyboard, the pilot will be
able to determine the appropriate relationship »
between manifold pressure, rpm, Gtrue airspeed,
altitude, and fuel flow to make intelligent deci-
slons regarding optimum engine operation for
various flight situations. More specifically,
the following functions will be available:

e Miles per gallon in terms of true airspeed.

® DPower setting and altitude where miles per
gallon can be maximized for a given true
airspeed.

& Optimum climb/descent power settings for a
given trip length. Winds will be accounted
for if entered or otherwise computed by PCAAS.

3.1.8 imgine health.-The PCAAS shall provide for thorough monitoring

of engine health to enhance -safe .operation and to aid in preventive engine

maintenance. BSuch monitoring is expected to significantly reduce the
probability of a catastrophic enginé loss due to mismanagement of the

power plant.

Engine health diagnostics shall be based on continuous measure-

ment of the following parameters:
EGT for each cylinder
Fuel flow
Cylinéer_head temperature for each cylinder*
0il supply level®
%

0il temperature

0il pressure®

*These parameters are optlons not included in the Intermediate system.
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Manifold pressure

RBM

Turbine inlet temperature®

Engine compartment temperature®

Generator or alternator voltage and amperage™

A brief summary of how each parameter will conbribute to the health monitor-

ing function is given in the following paragraphs.

a. O0il temperature and pressuret

‘The measured oil temperabture and pressure are com-
pared with reference values to determine if the
values are within the normal ranges. The normal
values are functions of:

RFM

Manifold pressure
Outeside air temperature
JTAS

b. EGE trends-

The EQT trends for each cylinder shall be stored
and compared with preprogrammed diagnostics to
determine when changes indicate preventive main-
+tenance action is called for. Buch diagnostics
shall take into account power and mixture control
setting changes to avoid false alarms. EGT trend
diagnostics which are presently envisioned are
summarized in Fig. 3.1.8-1. (While the effects
shown in this figure are known to exist, there
may not be any concrete data available to guantify
the preprogrammed diagnostics. Therefore, engine
tests may be required bhefore the EGT trend diag-
nostic routine could be implemented. Without such
data the level of discrimination possible for d4if-
ferent type failures cannot be determined.)

*These parameters are options not included in the Intermediate system.
Tohis function is an option only for the Intermediate system.
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c. Cylinder hesd temperature (CHL) trends®

The CHT trends shall be compared with preprogrammed
diagnostics to determine preventive maintenance
actiong required.

d. Electrical power system™

The alternator (or generator) and voltage regulator
oubputs and battery volbtage shall be monitored to
determine proper operation of the aireraft -electrical
power system. Discrepancies noted will cause caution
or warning displays on the system status display.

e. Engine compartment temperature¥*

Engine compartment temperatures shall be monitored
to determine overheating conditions or fire with
appropriate warnings displayed to the pilot.

f. 0il supply™

The oil supply gquantity and the existence of metal
particles in the o0il screen shall be monitored with
appropriate warnings displayed to the pilot.

g. Fuel flow

The fuel flow shall be monitored to detect low fuel
or foreign object blockage of the fuel lines. Also
fuel flow and EGT shall be compared to improve the

ability to correctly diagnose engine problems.

h. BRI and manifold pressure

RPM and manifold bressure shall be checked to insure
that engine 1imits are not exceeded.

Engine health diagnostic shall be displayed on the
System Btatus Display in terms of problem isolation
and correcbive action, e.g., as shown in Table
3.1.8-1.

3.1.9 Flight status correlation.-Table 3.1.9-7 summarizes typical

information from the flight status correlation functions which will be

displayed on the System Status Display.

*¥These functions are options only for the Intermediate system.
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TABIE 3-1 08"1 .

PROBLEM

Normal

Preignition Cylinder No. __

Low EGT Cylinder No. _

Low fuel pressure

High EGT CyTinder No.

Low EGT all cylinders

Propeller overspeed

High ol temp

High Cylinder Temp No.

Engine fire

Generator overcharge
Generator discharge
Low o0il quantity
Metal chips in oil
Large EGT spread

Low Cylinder Temp No.
(shock cooling)

ENGINE HEALTH DIAGNOSTICS

CORRECTIVE ACIION
None
Enrich mixture
Check mags
Switch tanks
Boost pump on
Mixture rich

Enrich mixture
Check mags

Increase man pressure

Check oiT-pressure
Reduce power
Reduce rpm

Open cowl flaps
Increase speed
Reduce power

Open cowl flaps

Increase speed

Reduce power

Check EGT No. 6

Cilose vent shutoff
Mixture — idle.cutoff
Fuel — off

Battery switches off
Mags off

Gen field off-

Minimize electrical Toad
Land immediately

Land immediately
Identify cylinder — fix

Increase map
Close cowl flaps
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TABI® 3.1.9-1

FLIGHT STATUS CORREIATION AWNUNCIATCOR LEGENDS

PROBLEN

Door open

Gear inoperable

Engine failure

Tank No. 1 running dry

Altitude too Tow

IAS exceeds safe limits

Gear up during landing- approach

Discrepancy between dir gyro
and mag compass )

Rate of climb low

IAS too low for power setting

CORRECTIVE ACTION

Normal landing

Circuit breaker — off

Gear handle — down

Manual crank — 50 turns

Check — Tlight~indicator
horn-

Max glide — 105 kt
Flaps — up

Cowl flaps — closed
Prop — Tow vrpm

Geay up

Switches off

Switch tanks

Climb

Siow down

Extend gears

Set dir gyro
Advise ATC of c¢limb problem

Clean up aircraft configuration



" Annunciator Messaées shall be assigned priorities such that only
.complementary messages shall appear at one time. For example: If an engine -
fails, the éngine shutdown checklist shall appear. Other items which are a
.consequence of the engine failure (low rate of climb, zero fuel flow, ete.)
shall not appear. Complementary messages shall appear. For example: if a
door opens on takeoff, the apprbpriate message will appear. In the eventv::
that the ddor distracts the pilot so that he lets his speed decay or forgets
to lower the landiﬁg gear, the additional messages shall appear'in order of

priority.

3.2 ' PCAAé Subsysteams

The PCAAS system architecture‘consis@é of the following subsystenms:
o Microcompuker Control Compl;x subsystem

® Controls and displays subsystem -
"8 Flight status corfelatioﬁ subsyétem

® Engine health status Subsystem

e Flight management subsystem

¢ Communications subsystem:

® Surveillance subsystem

o - Navigation and position fixing subsystem

e Automatic flight control subsystem

e Microcomputer Control Complex software subsystem

The -Microcomputer 'Control Complex (MCC) subsystem provides all the
computation functions for the PCAAS subsystems in several functional modules
as indicated. All communications between subsystems occur by means of digital
data transfer between the functional elements of the Microcomputer Control

Complex.

The commmication between the pilots is primarily through the
controls ‘and displays subsystem.  However, the pilet also communicates

through the sensors and switches of the AFCS.

163



3.2.1 Microcomputer Control Complex subsystem (MGC).-The Microcomputer
Control Complex shall be implemented using advenced microprocessor technology

available in 1977. The MCC shall consist of the following system elements:
¢ (Central Processing Units (CPU's)

® Read Only Memory (ROM) for storage of program memory
and fixed constants

¢ Random Access Memory (RAM) for data storage and scratch
pad registers (volatile)

e Flectrically Alterable ROM (BAROM) for storage of pro-
gram memory and calibration constants which may require
change from system to system (nonvolatile}

¢ Programmable I/O devices and digital data bus interface
for intra-subsystem communications

3.2.2 Control and digplays subsystem.-The controls and displays sub-

gystem shall consist of the following control and display subsystem units
(CeDSU's) :

e TFlight Situation Display (FSD)¥

e Navigation Map Display (IMD)

® Integrated Data Control Center

e System Status Display™

e Aircraft Configuration Display™

e Hard copy printer (option)

® Synthesized voice annunciator (option)

All these units ars separate physically and each is a separate replaceable
unit except for those dencted by asterisk. These displays timeshare the NMD

surface.

All wnits shall interface directly to the ﬁicrocomputer complex
rather than to exterior sensor or control elements. BREach unit shall have
adequate symbol generation and memory capability to insure adequate isola-

tion of the pilot interface and microprocessor interface requirements.
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3.2.2.1 . Integrated Data Control Center unit modes: The Integrated Data
Control Center unif is-a mode control system which provides & selection

. tree which reminds the pilot of the dats to be entered, and displays the
actual data entered.

2.

Communication

When this mode switch is depressed, the alphanumeric
display reads the channel freguency currently selected.
A second depression of this switch indicabes the channel
frequency stored. A third depression brings up the
third stored, and so forth for ten storage locations.
This scanning mode does not switch the current operating
frequencies. To change operating frequency, the enter
switch must be depressed while the channel frequency is
displayed. Changing selected channels is performed by
keying in a selected frequency. The appropriate system
is selected by depressing the appropriate legend.

Navigation

When this mode switch is depressed, the following sub-
mode legends appear: Heading, Altitude. If Heading

is selected, the following submodes appear: VOR LOC,
BRNAV, If VOR 1OC is selected, the alphanumeric display

_indicates the current NAV channel selected. Insertion

of channel selectlon data is then identical to that

for selecting communications data. If RNAV is selected,
Range and Bearing appear on the alphanumeric legend.
The pilot then inserts this data in that order. Ten
waypoints can thus be entered by conbinuing to depress
the RNAV legend.

If the altitude mode is selected in the original navi-
gation selection, the following sublegends appear:
Glide Slope, VNAV. Selecting glide slope causes the
steering index on the Flight Situation Display to indi-
cate glide slope deviation, BSelecting VNAV causes the
steering cursor on the Flight Situabion Display to
indicate steering., A sublegend will appear: FPitch.
The pilot then inserts the pitch angle command and
depresses the HVFIER switch.

Flight menagement

An appropriate set of flight management system modes
shall be provided..
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3.2.3 Flight status correlation subsystem (FSCS).-The FSCS consists of

a number of sensors plus the appropriate computation functions provided by

MCC. The sensors include:
e TAS sensor
L Outgide air temperature sensor
¢ Pressure altitude sensor
e Tanding gear position switch
® * Flap position sensor
¢ Magnetic heading sensor
L] Cowl flap position indicator
© Rate of climb indicator
® Battery voltage sensors
The information shall bhe displayed on the MMD display surface.

3.2.k. Engine health status subsystem {(EHSS).-The EHSS consists of a

number of sensors plus the appropriate computation functions provided by

MCC. The sengors include:
® HGT sensors
® (CHT sensors
e FEtGe.

3.2.5 Flight management subsystem (FMS).—Ihe MS consists of a magnetic
tape cassette which provides flight planning data, the fuel quantity sensors,
and the fuel flow rate sensors plus the appropriate computation funections
provided by the MCC.

3.2.6 Communications subsystem (CS).-The communication subsystem con-

gsists of dual 720 channel VHF transceivers, the associated antennas, speakers,

micropheones, and headsets and the appropriate computation provided by the MCC,
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3.2.7 Surveillance subsystem (SS).-The SS consists of the DABS beacon,

altitude encoder, radar altimeber, ancilliary ELT, weather avoidance sensox,

the associated antennas, and the appropriate computations provided by MCC.
- ”

3.2.8 - Navigation and position.fix subsystem (N&PFS).-The N&PFS consists
of dual VHF VOR/localizer receivers, OMEGA receiver, dual DME's, ADF, marker

beacon receiver plusithe associated antennas and the appropriate computation
provided by the MCC. -

3.2.9 Automatic flight cohtrol‘sﬁbéystem_(AFbS).-The\AFCS consists of

rate gyros, accelercometers, attitude sensors, comtrol wheel steering sensors

and switches, trim actuators, surface actuators, and the appropriate compu-
tations provided by MCC. '

3.3 B PCAAS Performance
3.5.1 Communications performance
a. Voice

PCAAS shall provide the capability to reliably com-
municate over VHF voice channsls for a.minimum range
of 100 N mi with 150 N mi desired, when at the
minimum en route altitude (MEA).

b. Digital data broadcast

PCAAS shall have the provision tc add the capability
to receive and transmit digital data over the VHF
channels.at a serial data rate of 9600 baud. The
range for digital data shall be the-same as the range
for voice.

c. DABS digital data

PCAAS shall have. the provision to add the capability
for réceiving 'and transmitting digital data using
DABS at a serial data rate of 256 K baud..

3.3.2 surveillance performance

a. Transponder

PCAAS shall have the provision to add a DABS trans-
ponder with a power output of at least 100 watts
and shall meet TS0 Class 2B standards as a ninimum,
The Intermediate system shall provide an ATC
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transponder with a PK power of 275 watts and shall
have both 4 and C mode c&p&bllltles

b. ,Altltude encod;pg,

PCAAS shall provide aubomatic altitude reporting to
an accuracy of #125 ft, 2¢¥. The altitude encoder
shall meet thé requirements of TS0 €88.

c. Ground proximity warning

PCAAS shall provide ground clearance up to an alti-
tude of 1000 £t with 20* accuracy of 5 ft or 5 per-
cent whichever is largest at low altitude. The
response time for altitude measurement shall nob
exceed 0.1 sec.

d. Weather avoidance

PCAAS shall provide weather avoidance data to the
pilot accuraté to within 2-1/2 deg over an azimuth
sector of 90 deg or greater. The PCAAS weather
avoidance shall detect weather cells out to a

range of at least 100 N mi.

e. &LT

PCAAS shall include an ancilliary emergency locator
transmitter which complles with TSO 091, Reference

RTCA DO-145.
3.3.3 Navigation and position fixing performance
a. RNAV

PCAAS shall provide RWAV accuracy which complies
_with FAA AC-90-45 (ARINC Characteristic 582).
Slant range correction shall be provided.

b. VNAV

PCAAS shall provide VNHV 2d*accuracy of B0 ft
below 1000 °ft and 2¢* aceuracy of *#00 £t above

- 1000 £t above ground level. PCAAS shall be
capable of maintaining a flight path angle with-
in 0.1 deg.

*20 is specified to prov1de 90 percent probability of having an erroxr’
less than specified.
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¢. Landing approach

PCAAS shall provide landing spproach guidance accu-
racy compatible with the approach procedure being
utilized.

3.3.k Automatic flight controls performance

a. Stability augmentation

. PCAAS shall provide gtability augmentation such that
the augmented aircraft stability‘;s'equal to or better
than the aircraft stability without AFCS. The spiral
mode shall have positive gtability.

b. Lateral conbtrol

PGAAS shall provide heading control Wlthln 0.5 deg
2¢™ accuracy of the headlng sensor.

PCAAS shall provide roll control w1th1n O. 5 deg 26
‘accuracy of the roll sensor.

PCAAS shall provide a commended turn rate within
#0 percent of the command value.

PCAAS shall provide RNAV/VOR control such that the
AFCS does not contribute a standoff error greater
than 10 percent of the total error.

¢. Pitch control

PCAAS shall control pitch attitude within 0.5 deg
2¢% accuracy of the attitude sensor.

PCAAS shall not cause an altitude standoff error
greater than 50 £t (20%).

PCAAS shall hold IAS within 42 5 kt 26% accuracy of
the IAS sensor. . .

PCAAS shall hold angle of attack within 0.5 deg 2¢*
accuracy of the angle of attack sensor.

3.5.5 - " Controls and:. 'displays performance

a. Viewability

411 PCAAS displays and .lighted switches shall be
viewable under a cockpit illumination of 10,000 £t~
lamberts (bright incident sunlight). Furthermore,
PCAAS shall provide a cockpit dimming control to per-
mit reducing display illumination.at night. The
night lighting~sh@ll be either red or_ lunar white.

*20 is specified to prov1de 90 percent probablllty@ihat the error 1s less
than.-spécified: )
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b, Size and resolution

The size and resolution of all PCAAS displays shall
be such that the legends, symbology, and alphanumeric
notations are easily viewable at an eye distance of
ol in, by individuals with corrected 20/20 vision
and are of acceptable quality to experienced pilots.

¢. Touch temperature

A1l PCAAS controls and displays shall have a touch
temperature low enocugh to touch without gloves or
other protective material being required.

d. Parameter resolution
All displayed parameters shall have resolution ade-
guate to the accuracy and use of the parameter.

3.3.6 Flight management performance

a. TFuel reserves
PCAAS shall compute and display fuel reserve guan-
tities within #2.5 percent accuracy (2¢).

b, Weight and ﬁalance

PCAAS shall provide -for gross weight measurement
within #2.5 percent accuracy (2¢) and center of
gravity computation within 2.5 percent accuracy
(26) .

3.5.7 Engine health/management performance

a. IEngine performance

PCAAS shall provide compubations for engine perform-
ance which shall be within # percent of the corres-
ponding handbock values.

. Engine health
PCAAS shall predict engine health with a confidence
factor of 95 percent.

3.3.8 Flight status correiatign performance

a, Instrument cross-checks

PCAAS shall issue a pilot warning when there is a
discrepancy of more than #5 percent between the sensed
parameter and the compubed parameters.
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b. Aircraft configuration cross-checks

PCAAS shall detect a discrepancy between flight phase
and aircraft configuration with a confidence factor
of 95 percent. A

¢. Alrcraft operation ecross-checks

PCAAS shall issue a warning when the alrcraft operating
parameter differs from the operational limit or ATC
assigned pasrameter in excess of 12 percent, providing
the condition persists fo? more than 30 sec.

3.5.9 MCC data processing

3.3.9.1 Software structure: Those data processing and contrcl functions
that are required for. flight- safety shall be redundantly resident in at
least two CFU's, one primary and one backup.. The backup will be activated

on failure of primary. These fpnctions ineclude, but are not limited to:
System status annunciation (para. 3.1.5.%)
Fuel reserve status (para. 3.1.6.3) |
DABS data link (para. 3.1.1.2.2) {provision only)
ATC radaxr beacon (para. 3.1.2.1) -

Intermittent positive control (para. 3.1.2.2)
(provision only)

Ground Proximity Warning system (para. 3.1.2.4)
Landing approach (para. 3.1.3.3) .

3.5.9.2 Memory reserve requirements: Memory capacity (R(M, EAROM, RAM)
shall inelude reserve of 25 percent to allow for expansion or revision of
functions. .

3.3.9.3 . Bpeed reserve iequirements: Data processing time analyses shall
‘be made for each of the data Processing subsystems. Time alloted for the
conpletion of each functional task‘shall include a time reserve of -at least

25 percent.
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3.k PCAAS Maintainability

3.4 .1 Maintenance concept .-The PCAAS maintenance concept shall consist

of the following levels:
& Line replaceable units (IRU's) replaced on aircraft.

e Shop replaceable units (SRU's) repleced and later
repaired at the FBO avionics shop.

] Critical component repair at the factor in such-
elements as gyros, actuators, power supplies, and
other components beyond the normal repair capability
of the avicnic shop. ’
Thé PCAAS design and installation shall be such that each IRU
is easily accessible from the cockpit or avionics equipment bay in the casé
of large twins. It shall not be-necessary to remove one LRU to gain access

to another LRU.

The avionics shop is expected to stock LRU and SRU spares based

upon the failure rate of the items.

2.4 .2 Mean-time to repair.-The mean-time to rémove and replace an ILRU

in the aircraft shall be 10 min.

The mean-time to remove and replace aﬁ SEU in the avionics shop
ghall be 30 min,

The mean-time to repair a critical component at the'factory shall

be 60 min labor time.

3.4.3 Failure isolation

a. IRU isclation

THE PCAAS MCC shall provide the capability for LEU
failure igolation by use of special diagnostic tapes
which can be loaded into MCC memory through the
flight management subsystem tape cassette. The hard
copy printer of the controls and displays subsystem
shall be used to print out a maintenance record in
response to the diagnostic tests commanded by the
diagnostic tapes.
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The diagnostic tape shall have a probabilitj of iso-
lation to one LRU of 80 percent and to two LRU's of
05 percent.

b. SRU isolation

A hot mockup of the PCAAS MCC shall be used as an
avionics shop test set for SRU failure isolation
by use of diagnostic tapes.

The diagndstic tape shall have a probesbility of iso-
- lation to one SRU of 80 percent and to two SRU's of

a5 percent
3.5 .PCAAS Reliability
3.5.1 Functional redundancy.-The PCAAS system architecture shall be

organized to provide functional redundancy such that no single failure can
cause the loss of a critical system function or subfunctionl - Examples of

the funetional redundancy inelude:
@ Dual communication radios

© Ability to communicate over the DABS data link to
ATC in the event all communication radios are lost -

@ Dual navigation radios

© ' Ability to perform RNAV using
~ Dead reckoning plus update
— . Single VOR/DME
- Dual DME
-  OMEGA
~ Combination of -above

©  Backup of critlcal software modules in more than
one MCC CPU and associated program memory

® . Electronic displays with mechanical-display backup

5.5.2 Mission féliability ~The PCAAS functional redundancy’shall assure
that the probability of completing a four hour IFR fllght without loss of ATC
communication and navigation shall be 0.999.
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3.5.3 Mean-time before failure.-PCAAS shall have a goal for the system
mean-time before failure (MTBF) to be 50 hours or greater., Note: This MTBF

implies some maintenance action is required, not that the complete system is

inoperable.

3.5 Eavironmental requirements

a. Shock and vibration

The PCAAS system elements shall be mounted such that
the normal vibration and shock levels encountered in
a general aviation aircraft will not cause failure.

b. Temperature

The PCAAS system elements shall operate over an
ambient temperature range of O to 700 C. The PCAAS
system shall not be damaged by ambient temperatures
in the range of —55° to 125° C while nonoperating.
Provision shall be made to interlock operation of
the system when the temperature is outside the
cperating range.

3.6 PCAAS Interface

3.6.1 Electrical power.-PCAAS shall be powered with a 12 volt de or

24 volt de power supply. Adequate regulation shall be provided to permit
primary volbage variations of 20 percent from the nominal voltage. The
PCAAS power supplies must have adequate regulation such that the power
voltage to PCAAS circuits varies less than 1 percent. Ioss of primary
electbrical power shall cause a warning to be issued. A gtandby power
source must be provided to allow for 10 min emergency power to allow for
flight critical PCAAS elements to function including one communication

transceiver and one VOR receiver.

3.6.2 MCC volatile memory protection.-PCAAS shall provide means for

protecting the MCC data memory from loss of critical flight parameters. The
MCC data memory must be capable of retaining information for a minimum of

2k hours after the primary power is shut down.

3.6.3 Serial digital interface.-PCAAS shall have provisions for a

serial digital data interface to permit serial data exchange between
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peripheral elements and the MCC as well as intra MCC data exchanges. The
data rate shall be flexible and shall have a meximum rate of 256 K baud.

The rate shall be selectable under software cohtrol. The exact format for
the serial digital interface is unspecified; however, the use of the EIA
Standard RS-2352C and the use of ARINC Spec 419 and ARINC 561-2 are encouraged

ag references.

Careful consideration shall be given to the design of the serial
digital interface to prevent a single element failure from introducing‘sburious

gignals and. inducing failuvres in other elements.

3.6.4 Parallel digital interface.-PCAAS shall have provision for a

parallel aigital interface in which words are transmitted in bit parallel,
word serial format to permit parallel data exchange between peripheral
elements and the MCC as well as intra MCC date exchanges including Direct
Memory Access (DMA). The data rate shall be fleQible and shall have a maxi-
mum burst rate capability of 256 K baud.

The exact format for the parallel digital interface is unspecified.

However, the use of IFEE 483 is encouraged as a reference.

Careful consideration shall be given to the design of the parallel
-digital interface to prevent a single element failure from introducing spuri-

out gignals or inducing failures in other elements.

3.6.5 Fail operational interface.-The PCAAS system design shall give

consideration to permit continued operation upon the failure of any element.
Specifically the MCC shall be designed such that if any CPU fails another
CFU can assume the critical tasks of the failed -CPU as well as assume con-
trol over the failed CEU's I/b elements . .
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4.0 TEST REQUIREMENTS
k1 Functional Feilure Detection and Annunciation

PCAAS shall provide built-in test equipment (BITE) to detect
funcbional failure and to annunciate such failures in an unambiguous

fashion on the control panel.
k.2 LRU Fault Isolation

. The PCAAS BITE together with diagnostic tapes shall be capable
of isolating a failed IRU in the aircraft. In the event the IRU interface
is such that isolation to a single IRU is not possible, then such isolation
shall be to two LRU's.

X

L.3 SRU Fault Isolation

The PCAAS BITE togebher with diagnostic tapes loaded into the MCC
shall be capable of iscolating a failed SRU in a bad LRU to a single BRU; or
if not possible, to two SRU's.

b Functional Test

PCAAS shall provide aubomated functional test capability by ;oading
a functional test tape into the MCC during preflight to check for operational
status of all PCAAS functions and modes to a confidence level of 90 percent.

k.5 Performance Test

PCAAS shall provide automated performance test capability by load-
ing a performance test tape into the MCC during a system calibration flight.
Such tests shall check all significant system level performance parameters
including NAV accuracy, display readability, fuel reserve computations, and

other critical parameters.
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5.0 CCMPONENT TECHNOLOGY LEVELS
5.1 Alphanumeric Displays

The PCAAS alphanumeric displays shall utilize recent LCD technology.
LED and gas discharge displays shall not be used except for special cases
because of excessive péwer drains and difficulty of viewing at_10,000 -

Jlamberts cockpit illumination.

5.2 Flat Surface Displeys

Magnetically focused, fixed yoke CRT displays operated in a TV
format shall be used for flat surface displays. Other technology such as
ICD displays for flat surface shall not be used because of the primitive

stage of development.,
5.3 Keys and Switches

The use of multiple projected legend swibches shall be used to

conserve panel space.

PCAAS shall use Hall effect switch elements to the extent possible

because of the potential reliability improvement over mechanical switches.

5.4 Microcircuits

The use of CMOS technology is encouraged for integrabed circults
where speed requirements on the logic permit. Otherwise Schottky bipclar

logic shall be used.

Microprocessor technology shall either utilize NMOS or BMOS for
implementing the CFU and selected memory elements. The use of Ton implant

to enhance the performance of the IMOS or PMOS chips is encouraged.

Wonvolatile RAM requirements may be implemented using either CMOS
with a battery or MNOS (Metal Nitride Oxide semiconductor).

The MCC program memory shall use fused ROM for common subroutine
or macro, instructions. The executive routines shall be implemented using

Erasable ROM's to permit ease of program modification during flight test.
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5.5 Inertial Instruments

Consideration shall be given to the use of ‘strapdown inertial
instruments utilizing MCC coordinate transformations as a potential low-

cost attitude and heading reference unit {AHRU).

5.6 Engine Instruments

PCAAS shall consider the use of silicon based transducer elements
for engine instruments with MCC proce831ng for linearity -and scale factor
calibration. The instrument values shall be displayed on ICD "thermometer"

displays.
5.7 Air Data Instrumenfs

PCAAS skall consider the use of silicon based transducer elements
for air data instruments. The use of vertical acceleration mixing with che
rate of climb signal shall be consgidered to prov1de IVSI capability. The
MCC shall-provide signal processing. ILCD thermometer displays shall be

utilized where practical.
5.8 AFCS Actuators

PCAAS shall utilize low-cost electric actuators where feasible.
The AFCS actuators shall include digital to analog convérsion in reaponée

to BCD or Gray code commands.

5.9 Antennas
& ) .
PCAAS shall utilize integrated antennas when possible to save cost,

weight, and improve functional performance. Breakthroughs in antenna tech-.
nology are not anticipated., The use of stripline antenna technoloé& is

encouraged where feasible.

5.10 RF Circults

PCAAS shall utdilize redundant frequency synthesizers. Considera-
tion shall be given to sharing frequgncy synthesizers provided fail opera-

tion requirements are not violated.
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The COM/NAV radios shall eliminate unnecesary'interface modules
. not required for the PCAAS digital inbterface. Such module elimination is,

anticipated to reduce current radio costs by a dignificant percentage.

5.1 Commectors

PCAAS shall use gold contact connectors with positive pressure’

locking to minimize the probability of failure due to poor contacts. K

5.12 Printed Clreuit Boerds

PCAAS shall utilize single sided, single layer plated through
PCB's to the extent possible. Multi-layer, double sided boards are dis- ]
couraged. Mounting of panel switches and other electro-mechanical devices

on PCB's is encouraged to.reduce intra-box cabling and wiring.
5.13 ~  Packaging Technology
The PCAAS uniquely designed LRU's shall wtilize biind comnectors

for ease of mounting where possible.

The PCAAS TRU's shall be cooled by radiation and. convective cool-
ing. The use of fluid cooling is prohibited. Fin cooling shall be employed
to the degree feasible, Blowers will be used only as a last resort.

5.14 Mass Date-Entry and Storage

PCAAS shall be implemented using magnetic tape cartridge utilizing
digital recording. Provision shall be made to replace the ‘tape: cassettes
with bubble domain memories should BDM's become economically feasible as a

replacement for tape cassettes.
5.15 System Technologies

P@AAS gshall employ.the -use -of Kalman and other optimal filtering

techmiques to the maximum degree feasible‘and beneficial.

PCAAS shall employ functional redundancy and cross correlation

techniques to reduce mission failures and flight catastrophes.
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ADF
AFCS
ALT
ATC
ATCRBS
ATSD
BG
BCAS
BIM
BITE
CAT

CHT

Crg
cs8
cwis
DABS
DDBS
DG

DMA

EARCM

BGT
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APPENDIX C
NOMENCLATURE

Automatic {airborne) direction finder
Autoﬁatic flight contrcl system
Altitude

Air traffic control

Air traffic control radar beacon system
Air traffic situation display
Broadcast

Beacon collision'avoidance system

Bubble domain memory

. Built-in test equipment

Category (for precision instrument approaches)
Cylinder head ‘temperature

Command,

Central processing unit

Communications subsysten

Control wheel steering

Discrete address beacon system

Digital data broadeast system
Directional gyro

Direct memory access

Distance measuring equipment
Electrically alterable read only memory

Exhaust gas temperature



EHSS
ELT

| EPROM

ETA

ETE/EFER

FAA

FPM
FSCS

¥3D

GEAS
HOL

HST

IDC
IDecc
IFR
118
Ins
I1PC
IVsI

LAT

LocC

Engine health subsystem

Emergency locator transmitier

Erasable programmable read only memory
Estimated time of arrival

Estimated time en route

Federal Aviation Adminigbtraticn.

 Flight management subsystem -

Feet per minute

Flight status correlation subsystem
Flight sitnation display

Glide slope

Ground proximity warning system
Higher order language

Horizontal situation indicator
Indicated airspeed

Integrated displays and controls
Integrated data control center
Instrument flight rules

Instrument landing system

Inertial navigation system
Intermittent positive control
Instantaneous vertical speed indicator.
latitude

Los Angeles International Airport
Low frequency

Ipocalizer
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ING Longitude

IRU Iiine replaceable unit

MCC Microcomputer control complex

MCCBS MCC subsystem

MEA Minimum en route altitude

MLS Microwave landing system

MTBF Mean-time before failure

MTTR Mean-time to repair

NDB Nondirectional beacon

N& oS Navigation and position fixing subsystem

N mi Nautical mile .

D " Navigation Map Display

OMEGA Extremely low freguency (10-13 KH;) worldwide navigation system
PCAAS Preliminary Candidate Advanced Avionics System
PPT Programmable peripheral interface ‘
PRCM Programmable read only memory

RAM. Random access memory

RPM/rpm  Revolutions per minute

ROM Read only memory

RMT Radio magnetic indicator

RNAV Area navigation

SFO San Francisco International Airport
5ID Standard instrument departure route
SRU Shop replaceable wnit

SS Surveillance subsystem

STAR Standard terminal arrival route

182



TAS True alrspeed

TSO ° ' Technical standard order .

UG3RD Upgraded third generatiox‘l APC system

UHF Ultra high freguency (300-3000 M Hz)

VIR .. Visual flight rules

VHE Very high frequency (50-_500. M Hz)

VIR - ‘.,Véry ow fréguency (3-30-M Hz)..

VAV 3D area navigation (includes vertical nawiié;at:ion')
VOR VHF omnidirec;tional rangel ' - -
VORTAC Co-located VOR and TACAW stations

WX Weather
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