[

NASA CONTRACTOR REPORT 166503

(WASA-Ck~166503) ULHCNSTEALICN ADVANC LY N83~-31602
AVIONIC3 SYSLIEM (LAAS), PHASE 1 Finaui
Countractor keport (Honeyweli, Inc.,) 1ul p
HC A08/uF AVI Cobw U1D Unclas
G3/06 13309

Demonstration Advanced Avionics System (DAAS)

Phase I

A.J. Bailey
D.G. Bailey
R.J. Gaabo

R.G. Lahn

J.C. Larsorn
E.M. Peterson
J.W. Schuck
D.L. Rodgers
K.A. Wroblewski

CONTRACT NAS2-10021
April 1981

NNASA



NASA CONTRACTOR REPORT 166503

Demonstration Advanced Avionics System (DAAS)
Phase I

A.J. Bailey
D.G. Bailey
R.J. Gaabo
T.G. Lahn
J.C. Larson
E.M. Peterson
J.W. Schuck

Honeywell, Inc.
Minneapolis, Minnesota

D.L. Rodgers
K.A. Wroblewski

King Radio Corporation
Olathe, Kansas

Prepared for
Ames Research Center
Under Contract NAS2-10021

NASN

.lonal Aeronautics and
Space Administration

Ames Research Center
Moffett Field. Califormia 94035



Section

TABLE COF CONTENTS

INTRODUCTION

DEMONSTRATION ADVANCED AVIONICS SYSTEM (DAAS)

2.1

2.
2,
.1.3 DAAS System Architecture

2] PR NNDNDDDODD [\ 8\ (e \u I AV ]

DAAS Functional Description
1.1 DAAS Functions
1.2 DAAS Controls and Displays

DAAS Hardware Description

.2.1 Computer Control Unit (CCU)
.2.2 Integrated Data Control Center (IDCC)
.2.3 Electronic Horizontal Situation

Indicator (EHSI)

.2.4 DAAS Radio Adapter Unit (RAU)

DAAS Operational Evaluation

.3.1 Summary of Results
.3.2 Simulator Description
.3.3 Pilot Evaluations
.3.4 Evaluation Procedure

Failure Mode and Effects Analysis (FMEA)

4.1 DAAS System Description

4.% Assessment of Compliance with FAR
Requirements

4,3 DAAS Failure Modes and Effects Analysis
Results

PROJECTED ADVANCED AVIONICS SYSTEM (PAAS)

3.1

W www
mwm»hmmwwwwwmw

PAAS System Description

PAAS Sensor Configuration
PAAS Data Bus

PAAS Computer Architecture
PAAS Displays

PAAS Servo Mechanization
PAAS Power Mechanization
PAAS Redundancy Management
PAAS Reliability Analysis

PAAS Cost Analysis

PAAS Maintainability Analysis
PAAS Modularity Analysis

ettt
N R W R

.5.1 PAAS System Modularity
5.2 DAAS Controls and Displays Modularity

iii

PRECEDING PAGE BLANK NOT FILMED



Section

TABLE OF CONTENTS (Concluded)

3.5,3 PAAS Hardware Modularity
3.5.4 PAAS Software Modularity

4 CONCLUSIONS AND RECOMMENDATIONS

4.1
4.2
4.3
4.4
4.5

GLOSSARY

Functional Capability

Cost

Reliability, Safety
Maintainability
Modularity

APPENDIX A - PROFILES OF DAAS TEST PARTICIPANTS

APPENDIX B - DAAS FAILURE MODES AND EFFECTS ANALYSIS

iv

136



Fligure

2-1
2-2
2-3
2-4
2-5
2-6

2-7
2-8
2-9
2-10
2-11

LIST OF ILLUSTRATIONS

Cessna 402B Control Panel Layout
DAAS System Architecture

DAAS System Diagram

DAAS Flight Hardware

DAAS Central Computer Unit

DAAS Central Computer Unit Installation
Drawing '

DAAS Processor Module

DAAS Bubble Memory System

DAAS Integrated Data Control Center (IDCC)
IDCC Installation Drawing

DAAS Electronic Horizontal Situation
Indicator (EHSI)

EHSI Installation Drawing
DAAS Radio Adapter Unit (RAU)
DAAS Simulator

Simulator Hardware Interfaces

Evaluation Scenario Chart
(Minneapolis Local Victor Airway Chart)

Minneapolis-St. Paul International
RNAV Rwy 29 Right

PAAS System Architecture

16
18
19
21

22
24
31
32

37

38

40

52

59

63

90



FPigure
3-2

3-3
3-4
3-5
3-6
37

LIST OF ILLUSTRATIONS (Concluded)

Skewed Sensor Geometry

PAAS Panel Concept

PAAS Manual Redundancy Management
PAAS Maintenance Concept

PAAS Modularity

DAAS Processor Module

vi

100
112
116
120



LIST OF TABLES

NAVAID Data for Evaluation Scenario
Waypoint Data for Evaluation Scenario
DAAS Elements Failure Bates

Summary of thz DAAS Failure Modes and
Effects Analysis

Failure Categorization of the DAAS Elements
Reliability Estimate for a Conventional System
Reliability Estimate for PAAS

Cost Estimate for a Conventional System

Cost Estimate for PAAS

vii

Page

61
62
79
83

87
101
104
107
109



SECTION 1
INTRODUCTION

General Aviation serves an important role in transportation and
“n the Nation's economy. But operating procedures are compli-
cated, regulations are restrictive, and the demands of the
National Air Traffic Control (ATC) system are lncreasing. All of
these factors contribute to an increasing dependence on avionics
and to a corresponding increase in their cost and complexity.
Furthermore, such diverse considerations as safety, rising fuel
costs, and the desire to improve single pilot IFR operation will
stimulate the demand for even more avionics,

To date, the avionics industry has been able to'meet the lncreas-
ing requirements for avionics at affordable prices by aggressively
applying new technologies. The application of new technology has
been along traditional lines, however, with integration occurring
only in a few specific areas such as navigation/communication sys-
tems and integrated flight director/autopilot designs. Using

this approach, the addition of more sophisticated capabilities --
such as a performance computer, a pilot alert system, or a ground-
proximity warning system -- is expensive and cumbersome because

of the need for separate computers, separate displays and controls,
and signals from aircraft sensors that either do not have an ap-
propriate output, or are not easily accessible, _Howevef, as a
result of recent developments in microprocessors, busing, displays,
and software technology, it may be possible to configure an inte-
grated avionics system that is better suited for acccmmodating
these future requirements.



In 1975, a research and development program was initiated within
the National Aeronautics and Space Administration to determine
the feasibility of developing an integrated avionics system suit-
able for general aviation in the mid-1980s and beyond. The ob-
jective was to provide information required for the design of
reliable integrated avionics. This avionics was to provide ex-
panded functional capability that would significantly enhaace the
utility and safety of general aviation at a cost commensurate
with the general aviation market.

The program has emphasized the use of a data bus, microprocessors,
electronic displays and data entry devices, and improved function
capabilities. As a final step, a Demonstration Advanced Avionics
System (DAAS) capable of evaluating the most critical and promis-
ing elements of an integrated system will be designed, built, and
flight tested in a twin-engine general aviation aircraft.

A contract was awarded to Honeywell, Inc., teamed with Xing Radio
Corp., in August 1978 for the design and fabrication of DAAS.

The specific objectives were (1) to fabricate an integrated avi-
onics system based on the information obtained in the investiga-
tions described in the foregoing paragraph (2) to incorporate in
this system a set of functional capabilities that will be bene-~
ficial to general aviation, and (3) to design the displays and
controls so that the pilot can use the system after minimum train-
ing. The system will be installed in the Ames Research Center's
Cessna 402B in the early part of 1981; engineering flight testing
will begin at King Radio in Olathe, Kansas, in mid-1981. Flight
tests at Ames Research Center are expected to start in late 1981.
During the flight tests, guest pilots from various segments of
the general aviation community will be invite 1o evaluate the
DAAS concept.



The DAAS Program also includes definition and analysis of a pro-
Jjected Advanced Avionics System (PAAS). DPAAS extrapolates the
DAAS concept of integrated, fault tolerant avionics to a poten-
tial operational version for the mid-1980s. PAAS was analyzed to
determine reliability, cost, etc., and impact of the DAAS concept
in comparison to convegtional architecture, The results are con-
tained herein,

This report documents the DAAS Program Phase I System Design, and
includes the following:

e DEMONSTRATION ADVAWCED AVIONICS SYSTEM (DAAS)

DAAS Functional Description

- DAAS Hardware Description

DAAS Operational Evaluation

DAAS Failure Modes Effects Analysis
e Project Advanced Avionics System (PAAS)
- PAAS Description

- PAAS BReliability Analysis

PAAS Cost Analysis

PAAS Maintainahility Analysis

PAAS Modularity Analysis

o Conclusions and Recommendations

Additional detailed design information is contained in the follow-
ing documents:



'Demonstration Advanced Avionics System {DAAS) Functional
Description,' 15 October 1980, NASA CR~-152408, by Honeywell
Inc. and King Radio for Ames Research Cetter, NASA.

'DAAS-System Specification (YG 1210),' 20 December 1979,
Honeywell Specification DS 28150-01.

'DAAS Central Computer Unit (BG1135),' 3 October 1980,
Honeywell Specification DS 28151-01.

'"EHSI (Electronic Horizontal Situation Indicator) JG1l2D4AA,'
13 December 1979, Honeywell Specification D538153-01,

'"IDCC (Integrated Display and Control Center), DAAS
HG1052AA,' 13 December 1979, Honeywell Specification
D3828154-01,

'NASA-Honeywell DAAS Radio Adapter Unit P/N 066-1083-00,'
14 September 1979, King Radio Corp. Specification 001-5018-00.

'Software Development Specification For Y61210 NASA DAAS
Avionics System,' Honeywell Specification DS28152-01.



SECTION 2
DEMONSTRATION ADVANCED AVIONICS SYSTEM (DAAS)

DAAS is the demonstrator system intended to physically demonstrate
the characteristics of a fault te¢lerant integrated avionics sys-
tem in a Cessna 402B aircraft. Following is description of the
demonstrator system including functional description, hardware
description, documentation of the DAAS operational evaluation
conducted on the DAAS simulator, and documentation of the fallure
modes and effects analysis conducted to verify DAAS flight safety.

2.1 DAAS FUNCTIONAL DESCRIPTION

The DAAS is an integrated system. It performs a broad range of
general aviation avionics functions using one computer system,
and shared controls and displays. Following is brief description
of the DAAS functions, controls and displays, and DAAS architec-
ture,

2,1.1 DAAS Functions

e Jutopilot - The autopilot is a digital version of the King
KFC200 modified for compatibility with DAAS., The basic auto-
pilot modes are:

- Yaw Damper
- HDG SEL (Heading Select)

- ALT, ALT ARM (Altitude Hold, Altitude Arm)



- NAV, VNAV Coupled Control
- Approach Coupled Control
e Navigation/Flight Planning - The navigation/flight plannisg

function computes aircraft position with respect to an en-
tered flight plan, and blends dead-reckoning position (as
determined from alrspeed and heading) with position extracted
from automatically tuned VOR/DME receivers. Functions are:

- 10 Waypoints, 10 NAVAID Storage

- Kalman Filter Blending

- Moving Map Display

e Flight Warning/Advisory System - DAAS includes extensive
monitoring, with warning capability. For example, the DAAS
system monitors engine performance (MAP, RPM), aircraft con-
figuration (gear position, flap position, etc,) with respect
to flight condition, and ground proximity and informs the
pilot of undesirable situations. Monitoring includes:

-~ Engine Parameter Monitoring Warning

- Aircraft Configuration Monitoring, Warning
- Airspeed and Stall Monitoring, Warning

- Altitude Advisory Function

- Marker Beacon Advisory Function

- NAVAID Identification Monitoring

- Autopilot/Flight Directar Monitoring

- BIT Fault Warning



GMT Clock Function ~ The DAAS computer serves as a GMT
clock.

Fuel Totalizer Function - Fuel flow is integrated to total-
ize fuel used.

Weight and Balance Computations - Weight and balance, and
takeoff cruise performance calculations can be quickly and
conveniently performed using DAAS controls and displays,

Performance Computations - The DAAS system will determine
fuel and time required to fly specific segment distances

given altitude, temperature, wiand data, and engine power

setting. Performance computation functions are:

- Takeoff Performance
~ Cruise Perzormance

- Fuel/Distance/Time Computation

DABS (Discrete Address Beacon System) ATC Communication,
Weather Reporting - ATC text messages (e.g., CLIMB AND MAIN-
TAIN 1200 FT) or weather information at destination can be
communicated to the DAAS pilot via DABS data link and dis-
played on the DAAS electronic display.

BIT (Built-in Test) - The DAAS system will detect and local-
ize its own faults via BIT. Provisions ure also included
for troubleshooting the DAAS hardware through DAAS controls
and electronic displays,



e Normal, Emergency Checklists - Normal and emergency check-
lists are stored in the DAAS computer, and are available for
display at the push of a button.

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

2.1.2 DAAS Controls and Displays

The DAAS Cessna 402B aircraft contains --
® Controls and displays necessary to manage DAAS functions.
e Additional instruments necessary for IFR flight operaticns.

e Independent safety pilot instrument installation.

These controls and displays are layed out in the 402B control
panel as indicated in Figure 2-1, Cessna 402B Layout. The DAAS
pilot is in the left seat, and the safety pilot in the right seat.
Electronic displays -- the Electronic Horizontal Situation Indi-
cator (EHSI) and Integrated Data Control Center (IDCC) -~ are key
elements of the panel.

The EHSI presents a moving map display showing aircraft position
with respect to desired course. The display is a 4.5-inch mono-
chromatic Ball Brothers 103C CRT raster display unit. The dis-
play unit has 256- by 256-dot matrix display capability. P43
phosphor is used together with an appropriate narrow band optical
filter to allow operation in bright sunlight. The EHSI is con-
trolled by functional control buttons and a map slew controller.
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ORIGINAL PACE IS
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The Integrated Data Control Center (IDCC) is the pilot's primary
means of interacting with DAAS. Included are a keyboard at the
bottom of the unit and a set of function buttons along the top.
The function buttons include a set of page select buttons which
determine the information that is displayed on the IDCT display.

The IDCC display CRT is identical to the EHSI; i.e., 4.0-inch by
4,5~inch Ball Brothers monochromatic unit. The IDCC can display
16 lines of 32 characters each. Line spacing is 0,25 inch, char-
acter height is 0.162 inch, and character width is 0,125 inch.

The IDCC is implemented with menu select buttons along each side
of the CRT, or with a pressure sensitive plastic screen overlay
for touch point menu selection., The alternate approaches can be
implemented to allow comparison during flight test.

The DAAS EHSI is surrounded by the conventional "T'" pattern of
flight control instruments.

The ADI used in DAAS is the 4-inch King KCI 310 Flight Command
Indicator.

The a.timeter is an IDC Encoding Altimeter type 519-28702-571.
An altitude alert light is mounted on the altimeter.

The rate-of-climb indicator provides verticul speed information
to the pilot. The display presents rates of climb, or descent,

in feet per minute. The face is 2-1/4 inches wide.

The King KI 22€ RMI displays heading and bearing to a selected
VOR station,

11
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The DAAS Autopilot Mode Controller is located on the pedestal,
and the Autopilot Mode Annunciator is located above the altimeter.

DAAS engine instruments and radio stack are centrally located and
are accessible to the DAAS pilot and the safety pilot.

Unique DAAS switch controls located on the panel include:

e NAV 1-DAAS/MANUAL Tune (located to the right of the NAV 1
radio)

e NAV 2-DAAS/MANUAL Tune (located to the right of the NAV 2
radio)

e DME TRANSFER (located to the right of the DME)
o VOR source switch (located to the lower left of the RMI)

@ ILS source switch (located to the lower left of the ADI)

NAV Receivers can be tuned manually (MANUAL) or automatically
(DAAS). The DME transfer switch allows the DME receiver to be
tuned by either NAV receiver 1 or 2. The DAAS position slaves
the DME to the NAV receiver being controlled by DAAS.

The safety pilot instrument set is independent from the DAAS
instruments, and adequate for safe flight with DAAS inoperative.

The safety pilot's Pictorial Navigation Indicator displays air-
craft magnetic heading (gyro-stabilized), selected heading and
selected course. Also,'VOR and localizer course deviation,
glideslope deviation and a TO-FROM indication are presented,

12



ORIGINAL PAGE g
OF POOR QuaLITY

The safety pilot's KG-258 artificial horizon is an air driven
unit, It is the safety pilot's basic attitude/horizon reference
indicator. 4

Alreraft master power controls are centrally located overhead.
Circuit breakers are lccated on the pedestal.

2.1.3 DAAS System Archltecture N
'8
DAAS system architecture is presented in Figure 2-2. The archi-

tecture is characterized by a modular computer system structure;
i.e,, multimicroprocessors interconnected by an IEEE 488 data bus.
Each processor block in Figure 2-2, except for the radio system,
represents an Intel 8086 16-bit microprocessor, 2k by 16 PROM
memor:, and 4k by 16 to 16k by 16 RAM memory. The radio System
uses the Intel 8048 microprocessor,

Fach processor performs a function, and interfaces directly with
the subsystems associated with that function. At power-on, the
bus controller Computer CPU-1 takes functional programs from the
nonvolatile bubble memory, and sequentially loads each.processor
at the rate of approximately 2 seconds per processor. When all
processors are loaded, the bus contrnller activates the system.
The bus controller then manages bus communications during normal
operations.

A portable TI Silent 700 cassette unit can interface with the bus
controller to allow load or modifications of the functional soft-

ware.

CC-CPU 5 is a spare processor., If processor CC-CPU 3 or CC-
CPU 4 fails and the bus controller detects the failure,

13
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-the bus controller will load CC-CPU 5 with appropriate software
from bubble memory, and CC~CPU 5 will take over the function of the
failed processor, (Note: This reconfiguration capability is
especially important when an EHSI and an EADI are included in the
PAAS system. With a failure in one display, the spare processor
could be loaded to allow time sharing of the remaining good dis-
play as both EADI and EHSI.) Such reconfiguration could be ex-
tended to other processors such as CC-CPU 2, the autopilot. How-
ever, for such reconfiguration the spare processor must interface
with autopilot subsystems, which requires additional multiplexing
of hardware. Reconfiguration was thus applied only to a limited
degree in this demonstrator system.

The DAAS architecture is modular. Functions can be added by add-
ing necessary standard processor modules onto the 488 data bus,
and interfacing these processor modules with the devices associ-
ated with the new function.

Six processors are contained in the DAAS Central Computer Unit.
One processor 1s contained in the IDCC, and one processcr is
contained in the radio adapter unit.

2.2 DAAS HARDWARE DESCRIPTION

DAAS system components, and their interconnections are depicted

in Figure 2-3, DAAS System Diagram. Interconnection between the
DAAS panel instruments, sensors, and the DAAS computer system is
shown. The DAAS Central Computer obtains data from the radio sys-
tem (radio adapter unit, radio stack), flight control sensors,
engine instruments, configuration status sensors, and IDCC.

15



9T

DAAS CONTROL PANEL

SAFETY PILOY PANEL

Figure 2-3.

I SERVOS l

DAAS System Diagram

PANEL
WARNING, CAUTION —-1 oL
E wess [So0aboDo0
o1 s ALT
KCI30 w2
R
tmcm sev | Jues b {13
VOR SEL L
RMI
T X122 [£1} .
o
L] d r
e | I DNE I*—
RC ALLEN 22 k628 §
‘o TRANSFORCER
* XNTSA
T £
L il
” LU0 PANEL
It —
ug | LJ owectiona VERTICAL ontra| | pass e FUEL ] | ap wooe ws { Lok emo R ES
T YR — -1 srmo ParEL ForRanseonoen b {f 353 anoed fconmmouien TR 3
XKtz XSGI03 V5208 KNC34O xMTH2a— 261024 H REA32R
L 4
i, | ovia
f 4 B841A
1ISY, 4001 — S
IKVERTER ]
1 * 1EEE 488 Bus
COMPUTER CENTRAL s Rapio anapten war
AYORICS -
PORER BUS CASSETTE ADC VAW RATE MAP msc
SENSOR (2) SENSORS
153801 XDC380 662472
3
e Tas oar
| ALTNETER
] V20 |

ALYNO ¥00d 40

tHe)

»

.!:)

x ““""”@j :‘&‘F’L\ |§

e
*
[

y

[
&,



O T ASRE ) e
O v o R ;J

OF POGR QuALITY

Functional computations are performed oa the input data and the
results applied to EHSI, FDI, warning/caution lights, and auto-
pilot servos,

Following is a description of new design DAAS flight hardware
including:

e Central Comput=r Units
e IDCC

e EHSI

e Radio Adapter Unit

The hardware is shown in Figure 2-4.

2.2.1 Computer Control Unit (CCU)

The CCU, Figure 2-5, consists of the following computer process-
ing units (CPUs) and their associated I/O interfaces:

e Autopilot CPU
¢ Bus Controller CPU

e EHSI CPU
e NAV CPU
e DABS CPU

e Spare CPU

In addition, the CCU contains a one mega-bit bubble memory and
the regulated power supplies for the DAAS system,

2.2.1.1 Mechanical -- The CCU is packaged in a full ATR Chassis,
The dimensions of which are given in the installation drawing

17



" - o
1" 5
S

OF POOR QUALITY

Figure 2-4.
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shown in Figure 2-6. The chassis has been constructed to accept
up to twenty-three 6.25 by 6.25 inch card assemblies plus four
larger 10 by 6 inch card assemblies. All interconnections of the
card assemblies are via a wirewrap mother board,

2.2,1.2 CPU and Memory -~ Each CPU has been designed to fit on

a single printed circuit board card assembly as shown in Figure
2-7. A CPU consists of the 8086 microprocessor, 4K by 16 of RAM
memory, 2K by 16 of UV-EPROM, an 8259 programmable interrupt con-
troller, and the IEEE-488 bus interface circuitry. In additicn
to the 8086 microprocessor IC, the processor also contains an
8284 clock generator, bus buffer logic, and memory chip select

logic.

To facilitate software development, the 8086 is mounted in a
quick-eject socket. This allows easy replacement of the 8086
with an in-circuit emulator (ICE-86). The 8086 is operated at

4 MHz by driving the clock generator with a 12 MHz crystal. This
clock frequency was selected to be comptaible with the ICE-86
which has a maximum limit of 4 MH=z.

The 8259 programmable interrupt controller provides the capability
for eight vectored interrupts. The IEEE-488 bus utilizes the
highest priority interrupt with the rest @f the interrupt lines
connected to special functions associated with each processor.

The IEEE-488 bus interface is implemented with 9914 GPIB adapter
and two bus transceiver ICs. The 9914 is a 40-pin LSIC that can
be programmed to be a talker/listener or as a bus controller while
meeting al”. of the requirements of IEEE-488., This feature of the
9914 allowed all of the CPUs to be designed identically. Communi-
catién between the 8086 and the 9914 is carried out via memory

20
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mapped registers. There are 13 registers within the 9914, 6 of
which read and 7 write. These registers are used both to pass
commands or data to, and to get status or data from, the device.

There are 4K of RAM memory and 2K of UV-EPROM available on the
CPU card assembly. An additional 4K or 8K of RAM memory is
avallable with the memory expansion card assemblies. Memory ex-
pansion card assemblies are provided for the autopilot, EHSI,
NAV, and spare CPUs. Also provided on the memory expansion card
assemblies is the I/O address decoding logic associated with that
CPU. From a software standpoint, all of the I/O addressing is
treated as memory mapped,

2.2.1.3 CCU Bubble Memory System -- A Rockwell bubble memory
system is used for the nonvolatile storage of the CPU software

programs. The bubble memory system, Figure 2-8, consists of two
card assemblies, a l-megabit memory assembly (RLM 658), and a
controller assembly (RCM 650). The RLM 658 assembly provides the
l-megabit of storage via four 256K-bit (RBM 256) devices which
are operating in parallel. The RLM 658 also contains the sense
amplifiers, coil drivers, operator logic (transfer, replicate and
generate pulses), and the chip mapping PROM. The chip mapping
PROM contains the redundancy information on the good and bad
loops in each of the REm 256 devices, The RCM 650 controller
organizes the memory to appear as an 8-bit byte parallel opera-
tion with 128-byte blocks. Thus the memory is addressed by
blocks (1 to 1024) with 128 bytes per block. The RCM 650 uses

a preprogrammed 6502 microprocessor to accomplish the controller
functions. Also, included on the RCM 650 is a 1k by 8 buffer
memory which is the main interface between the bus controller CPU
and the bubble memory.
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2.2,1,4 CCU Cassette Interface -- Tape cassettes are used for
initially loading the bubble memory with the software programs
for all of the CPUs., A PROM program in the bus controller CPU,
allows the bus controller to read the ASCII data from the cas-

sette, convert it to binary, and transfer the binary data to the
bubble memory. A standard RS-232 interface is used between the
bus controller CPU and the ASR733 data terminal with dual cas-
settes., This RS-232 interface, along with additional bubble
memory address decoding, is contained on the cassette and bubble
memory I/0 card assembly.

2.2.1.5 Display Controller -- Two ALT 512 graphics display con-

trollers are used to generate the video signal for the EHSI. Each
ALT 512 contains its own 131,021-bit refresh memory, TV sync, and
video generator. The display field for each ALT 512 consists of
two 256 by 256 by 1 planes. The two-plane arrangement allows
eight different display formats. The mode of operation selected
for the EHSI is to display one plane while the EHSI CPU erases

and updates the other plane. Two ALT 512s are required to in-
crease the throughput on the EHSI, The display information that
requires faster updating is programmed in one of the ALT 512s
while the slower information, which is updated at a slower rate,
is programmed in the other ALT 512, The two ALT 513s are operated
with one as the master, and the other as the slave (i.e. the slave
receives its video clock and sync timing from the master). The
combined video ocutput is then transmitted to the EHSI CRT monitor.

The ALT 512 utilizes a standard S—-100 bus for all of the I,0
interfaces. In order to provide the reconfiguration capability
of letting either the EHSI CPU or the spare CPU drive the EHSI,
the multiplexing of the address, data, and control lines from
these CPUs to the ALT 512s must be provided. This multiplexing



clircuitry is provided on the memory expansion cards associated
with those CPUs. Control of which CPU is driving the EHSI comes
as a discrete output from the bus controller CPU.

2,2,1.6 CCU DABS Interface -~ Both the standard message (SM)
interface and the extended length message (ELM) interface have
been implemented for communication between the DABS transponder
and the DABS CPU., The SM interface oconsists of a gated clock
controlled by the transponder, and a bidirectional data line for

serial transmission of data. For up-linking of information,

data received from the transponder is converted from serial to
parallel and stored in a 16 by 8 buffer memory. Upon receipt of
2 complete COMM-A message, an interrupt is generated to the DABS
CPU which causes this CPU to read the contents of the buffer
memory. For down-link information, the reverse process is re-
quired. The DABS CPU loads a 186 by 8 buffer memory and then sets
the B-bit in the SM interface format. Upon receipt of a COMM-B
message to the transponder, the data is converted from parallel
to serial and transmitted to the transponder.

The ELM interface is a full duplex, synchronized serial binary
data interface in accordance with RS-449. The following inter-

face circuits are provided:

ST

send timing (from transponder)

SD - send data (to transponder)

RS - request to send (to transponder)
CS - clear to send (from transponder
RT -~ receive timing (from transponder)

RD -~ receive data (from transponder)
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DM - data mode (from transponder) Q AUTY

IS - terminal in service (to transponder)

All of these interface circuits are bipolar, balanced circuits
that operate at voltage levels and impedance levels as specified
in RS-422. Operation of the ELM interface is similar to the SM
interface except that the buffer memory is 256 by 8. This allows
16 COMM-C or COMM-D segments to be received or transmitted as a
block respectively. The transponder takes care of all the COMM-C
and COMM-D decoding and downlink message initiation. The circuit-
ry required to implement the SM and ELM interfaces is contained

on the DABS SM card assembly and the DABS ELM card assembly.

2.2,1.7 CCU I/0 Interface -- With the exception of the previously
discussed interfaces, all of the I/0 devices (aircraft sensors,

engine monitors, mode control panels, etc.) interfaces directly
with the autopilot CPU. This I/O interface provides the capabil-
ity for:

48 discrete inputs

48 discrete outputs

64 analog inputs

16 analog outputs

CCU Discrete I/0 -- The discrete inputs are multiplexed into

4 words of 12 bits each before being read by the autopilof CPU.
One of the discrete input words i1s reserved for self test (wrap-
around) of the flight critical discrete outputs. Each discrete
input is signal conditioned and prefiltered (0.8 msec. time con-
stant) before being multiplexed to a comparator to determine its

logic state.



The discrete outputs are organized into 3 words of 16 bits each.
The discretes are stored in three 16-bit registers which are
written into directly from the autopilot CPU. The outputs of
these registers are buffered with high voltage open collector
drivers, thus providing either an open or ground. The majority
of the discretes are used for annunciation and the drivers tie
directly to 28-volt lamps. The autopilot clutch engage and the
auto-trim discretes require additional drive capability. This is
provided with a discrete transistor stage added to the regular.
drivers.

The discrete input circuitry and the discrete output circuitry
for 16 of the outputs is contained on the discrete I/0 card
assembly. The circuitry for the rest of the discrete outputs
including the special drivers is contained on the discrete out-
put card assembly. The real-time clock is also included on this
card assembly. The real-time clock is a counter running from the
autopilot CPU Crystal Controlled Clock. It generates an inter-
rupt 40 times per second to the autopilot, NAV, IDCC, and spare
CPUs.

CCU Analog Inputs -- Four DG 506 16-chaunel multiplexers are

utilized to allow up to 64 analog inputs to be multiplexed to a
12-bit (11 bits + sign) A/D converter, Each analog input is sig-
nal conditioned, scaled, and prefiltered prior to the multiplexer.
The AC signals are demodulated using an LF 198 sample-hold IC

with the sampling synchronized to occur at the peaks., A frequency
to voltage converter is used for signal conditioning of the true

airspeed signal.

The A/D converter and 32 channels of multiplexing are contained
on the ADC and MUX card assembly. The A/D converter is a
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successive approximation type converter with & conversion time of
32 microseconds, including multiplex and settling time. The con-
verter is composed of a 562 type D/A converter and two 8-bit 2503
successive approximation registers. The input scaling is setup
such that #10 volts at the input to the A/D converter corresponds
to full range. The additional 32 channels of multiplexing is
contained on the DC Inputs and MUX card assembly.

Also contained on this card assembly is the signal conditioning
(differential buffer amplifiers and prefilters) for the ds inputs,
The ac input card assembly contains a Scott-T transformer for con-
verting the heading synchro signals to sin and cosine, second-
order prefilters for the pitch and roll attitude sign#ls, and the
demod amplifiers for converting these ac signals to de. The yaw
servo amplifier, the pitech and roll command bar amplifiers, the
VNAV deviation indicator drive circuitry, and the true airspeed
frequency to voltage converter are also contained on this card
assembly,

CCU Analog Outputs -- Each analog output consists of ap LF 198
sample-~hold which is updated from a 12-bit D/A converter., Of the
16 analog outputs provided, 8 are used for inflight recording, 3
for thz pitch, roll, and yaw servo amplifiers, 1 each for pitch
command bar, roll command bar, and VNAV deviation, and the other

two are spares. The D/A converter is a 562 type that is operated
in the bipolar mode with a signal range of %10 volts. The D/A
converter, 16 sample-honlds, 16-channel decoding, and the pitch
and roll servo amps are all contained on the DAC and Servo Amp
card assembly.

2.2.1.8 CCU Power Supplies -- All power for the CCU and the IDCC
is generated from the aircraft +28 Vdc bus. An Abbott BN100O
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power module is used for the +5-volt supply. This dec~-to-de con-
verter uses a pulse width modulated inverter switching at 18 %o
20 kilohertz to achieve an efficiency up to 70 percent with out-
put capability to 20 amps., Similarily, an Abbott BBN500 power
module provides a dual output *15-volt supply. This supply has
an output current capacity of 1,867 amps on each output. The
bubble memory and the ALT-512 require =12 V dec which is supplied
from a linear regulator operating from the #15-volt supplies. All
of these supplies require approximately 10 amps from the 28-volt
bus.

2.2.2 Integrated Data Control Center (IDCC)

The IDCC, Figure 2-9, consists of two basic assemblies: the CRT
monitor assembly, and the chassis assembly. The over-all dimen-
sion of the IDCC are shown in Figure 2-10. The CRT monitor assem-
bly is mounted in the IDCC chassis assembly which, in turn, is
mounted in the aircraft.

2.2,2.1 CRT Monitor Assembly -~ The CRT monitor assembly is a
standard, solid state, monochromatic television monitor designed

for avionics display applications. The monitor is 7.7 inches
wide, 6.0 inches high, by 11.0 inches deep. It is a raster type
monitor capable of 525 lines with a 2:1 interface at 30 frames
per second, or a non-interlaced 262-line field at 60 fields per
second. The latter is used in this application. The monitor is
designed with P-43 phosphor and a narrow bandpass optical filter
to produce a sunlight readable display. The display area is 4.5
by 4.5 inches.

2.2.2.,2 IDCC Chassis Assembly -- The IDCC chassis assembly con-
tains the following subassemblies in addition to the CRT assembly:
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e CPU and memory

e Keyboard

e Pushbutton switches
e Touchpoint switches

e Miscellaneous controls

IDCC CPU and Memory -- The IDCC contains its own central pro-
cessing unit (CPU) and associated memory. The CPU is an 8086 .
16-bit microprocessor. The memory consists of 16K by 1l6-bit RAM
and 2K by 16 bit ROM. The RAM is used for both program memory
and scratchpad memory, and the ROM is used to store the initial-
ization programs. The CPU, together with 4K of RAM and the bus
interface circuitry, is packaged on one card. A second card con-
tains 8K of RAM. A third card contains 4K of RAM. The fourth
card contains the CRT refresh memory and the I/0 circuitry.

The CPU, together with its memory, performs the following
functions:

e Message storage.

e Message formatting.

e Output of messages to display refresh memory.

e Scanning of switches and touchpoints.

e Outputting and receiving intercommunications with the
Central Computer Unit over the IEEE 488 bus.

IDCC CRT Refresh Memory -- Since the CRT monitor has no memory,
it must be re-refreshed at the 60-Hz field rate. A CRT controller
circuit is used to accomplish this function, This circuit accepts

data from the CPU defining the alpha-numeric characters to be
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displayed on the CRT display. It thenm outputs the appropriate
video signals to the monitor to display these characters at the
60-Hz field rate., The display field consists of 16 lines of 32
characters,

IDCC Switch Scanning -- The IDCC provides for scanning of the
switches and touchpoints on the IDCC as well as the switches on
the EHSI, The switches on the IDCC consist of the pushbutton
switches (mode and page select) lccated across the top of the .
IDCC, the keyboard switches, the forward and back page switch,
the message acknowledge switch, and the light touchpoints. The
switches on the EHSI consist of the nine switches used for EHSI
control, and the eight switches used for slewing the display and
cursor. The switches are scanned and debounced using IC hardware.

The results of the scanning are entered into the CPU via memory
mapped I/O and vectored interrupts.

IDCC Keyboard -- The IDCC keyboard is mounted at the lower
left corner of the IDCC. It projects outward and downward at
approximately a 30-degree angle for ease of operation. The key-

board consists of 20 keys arranged in a four horizontal by five
vertical matrix.

It should be noted that the keyboard has full alpha-numeric capa-
bility. Numeric entry requires only pressing one key. Alpha
entries, however, require two key entry. ., Each key has three
alpha characters in addition to the one numeral. The alpha char-
acters are entered by first pressing the key with the triad of
alpha characters that includes the desired character and then
pressing one of the post designation keys, in the bottom row, to
select left, middle, or right alpha character of the triad.
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The keyboard is back lighted for night operation,

Pushbutton Switches -- The IDCC has 18 pushbutton switches
located across the top tc the unit, In the current mechanization,
14 of the 18 pushbuttons are used.

The pushbuttons are backlighted for night operation. One push~
button (AUTO SEQ SEL) incorporates a green light indicator. The
green light is ¢n when the auto-sequence mode is on.

IDCC Touchpoints ~—- The IDCC incorporates touchpoints that are
used to interact with the CRT display. There are eight touch-
points arranged in two vertical columns of four each, The touvch-
point switches are implemented in two different configurations.

The normal touchpoint configuration is implemented with eight
individual switches located in the bezel of the CRT display.

An alternate touchpoint configuration can be installed by remov-
ing the switch mounting bezel and replacing it with a plastic
overlay. This overlay incorporates a touchpoint matrix that can
be activated by finger pressure on the CRT face. The touchéoints
in this configuration are also located in two columns of four
each.

The two different configurations are electrically compatible and
interface to the system thru a chassis mounted convertor,

IDCC 488 Bus Interface -- The IDCC communication with the cen-
tral computer unit is over the IEEE 488 bus. The bus interface
module (BIM) used in the IDCC is the same as that used in the
central computer. It utilizes the TI 9914 488 bus controller IC.
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IDCC Powor Requirements -- Tho CRT monitor portion of the IDCC
requires 80 watts maxdimum of 28 volts de power, 28 VDC. The
chassis portion of the IDCC requires approximately 2 smps of +B
volts Jde.  The only other power required by the IDCC is the
switeh lighting power derived from the 28-volt de,

2,053 Bloctronte Horitzontal chuntmon Indicator (BEHSIY

The EISI, Figure 2-11, consists of two basic asssemblieos - tho CRT
monitor assombly und the EHSI controls assembly. The overall
dimensions of the EHSI are shown in Figure 2-12.

n.0.43,1 EHSI CRT Monitor Assembly ~- The CRT monitor assembly is
idontial to the IDCC CRT monitor assembly., TFor a detalled descrips-

tion of the CRT monitor assombly refer to paragraph 2.1 of this
report,

2,9,3,0  BEHSI Controls Assembly -- The EHSI controls assombly

consgists of a face plate, nine pushbutton control switches, and
noslow control switch subassembly,

ENSI Pushbutton Switches -~ The current mechanization uses

eight of the nine availlable pushbutton switches., The pushbutton
swvitches are white lightod for ailght viewing, In addition, green
Lighting is provided for mode annunciation. The heading-up’
north-up map ovientation select switch and the map slew or cursor
glew seleet switches are split legend annunciators. Either the
top half or bottom half may be lighted green to indicate the mode
golected.,  All other switches are full legend annunciations,
Since the map return is a momentary mode, the green annunciator
is not used on this switch.



Figure 2-11.

<

DAAS Electronic

Horizontal
Indicater (EHSI)

Situation

d 40
ALIYND HOOE -
gl 39Vd WNIDIHO



8¢

10.28 MAX ————w

MOUNTING SHELF FLUSH N
WITH LOWER EDGE OF
PANEL OPENING

\LLALLLLSLLLLLSLLLISLS SIS IS SIS,

€.550
€.10202

00—y

1036 — e g

,-—L I5 x459 103°

——=

st

18 e

[ —— s.uo~~—~|
fe————c.240 -

10.000

RECOMMENDED MOUNTING DIMENSIONS

L

10.44 as

4i1t0y
w240 l
i e
P -
N\,
"o A90-24unC-28
7 HOLES
po—— - 10.54 MAX
e=— C.20 MAX - o

40 -l-PL ]

£0-2 PL —o l-—— -504-2 ru—ol

e

¢.00 a2
2 I 1.5 MAX
B\ E T
.00
n N r
—te-
3): Ay
H
106
alo RE '
f 083 »J Lso MG FLANGE
.xqoL 50 ¢ )
5.40
MATING CONNECTON
P3

Figure 2-12.

EHSI

7.02

HMAX

0\ .

|8

25 ~ff+—5740-2 PL - ]

_—

-6.240

e e s

10.000

Installation Drawing

L.
L2148 DIA
7 HOLES

YN0 ¥ood 40
Sl 39¥d YNIDILID



All switch actions are momentary. The mode latching is done in
the IDCC CPU, As discussed in paragraph 2.2.2.2, these switches
are scanned by the IDCC CPU, The IDCC CPU also controls the
annunciator lighting.

EHSI Slew'Control Switch -~ The slew control switch consists

of a single lever operating light switch. The lever is mechan-
ically constrained so that either horizontal or vertical movement
only is allowed. The lever is spring loaded to the center off
position., The lever actuates one or two switches in each of the
four directions, up, down, left, or right. The first switch
activation causes a slow slewing effect, the second causes a fast
slewing =2ffect.

2.2.3.3 EHSI Power Requirements -- The CRT monitor portion of

the EHSI requires 60 watts maximum, 28-volts dc power. The con~
trol switch portion requires only the signal level scanning power
from the IDCC CPU. Nighttime lighting and annunciator lighting
power for the switches is derived from the IDCC.

2.2.4 DAAS Radio Adapter Unit (RAU)

The following functions are performed by the RAU, Figure 2-13.

~ Tune the radios as commanded by the DAAS computer
- Process VOR/LOC/CS data from NAV 2 and NAV 2

- Process station identifiers

- Process DME distance

- Generate a radio system status word

- Format the data for block transfer
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- _.Exchange information with the DAAS computer via the
IEEE 488 bus

In addition to interfacing with the radio units, the RAU also
interfaces with --

28-V de¢ aircraft power

KMA 24 audio panel (with K4 354)

KCI 310 ADI (through ILS source switch)

KI 226 BRMI (through the VOR source switch)

DME channeling switch and ILS source switch

DAAS/Manual status switch for each NAV receiver

The DAAS system RAU uses a microprocessor system for a flexible
interface for control aund data processing. The interface ex-
changes data on the 488 bus using standard talker/listener func-
tions and handshaking protocol. Also, the system monitors the
radios, retaining and refreshing a defined data block for the
data exchange process.

The processor sends the proper tuning commands to the radios,
processes the received position data and transfers this data in
block format to DAAS. The data block transfers occur at a fixed
rate of approximately 20 updates per second as required by the

bus controller.

The radio adapter unit will exchange data over the IEEE 488 bus.
A dedicated general purpose interface buffer (GPIB) will handle
the standard talker/listener protocol for transferring data.
Data will be stored in a buffer to eliminate slowing down the
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processor. Bus setup time 1s < 45 us and data transfer rate is
< 15 us per byte.

NAV 1 and NAV 2 provide a video composite with either VOR or LOC
information modulated onto the 9960-Hz subcarrier. The interface
circuit identifies whut type of information is present, demodu-
lates the composite, and digitizes the result. The VOR/LOC data
from NAV 1 and NAV 2 can also be displayed on the KI 226 and the
KCI 310 indicators. The specific display mode is a function of
the status switches.

Glideslope information is also available from the KN 53 Naviga-
tion Receivers. The signal will be conditioned in the interface
for digital conversion. The digitized data will then be processed
and maintained in the data block for transfer to DAAS., As with
VOR/LOC, glideslope information can also be displayed on the KCI
310 Indicator. The program will select the navigation unit to be
displayed when in the DAAS mode.

To validate active channels of the navigation radios, the identi-
fiers will be read electronically, converted to the ASCII equiva-
lent of the received Morse code, and stored as part of the data
block.

The similarity in tuning procedure for the KN 53 and KY 196 allows
a common method of tuning these radios. The interface simulates
the actions of the front panel rotary knobs by closing increment/
decrement switches electronically to change frequency. The

standby frequency only is affected by the tuning switches. To
change the active channel, standby is turned to the selected
frequency, and an active/standby exchange is executed. The approx-
imate worst case tuning time for a KY 196 or KN 53 to sweep full
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band is 250 milliseconds., To execute an active/standby exchange,
approximately 50 milliseconds is required. The hardware for
tuning the KY 196 receivers is included in the RAU, but not the
necessary software,

The KN 624 can be tuned by DAAS NAV 1 or NAV 2 through a common
bus. Then the DAAS mode of tuning is enabled at the DME, one uof
these three sources will supply the DME tuning data. The DME
channeling switch then enables the desired tuning source. The.
KN 62A tuning format is the 2 by § code. Approximately three
seconds are required to tune the KN 624 and acquire valid
distance, |

To verify the auto tuning function, or to read the DME channel,
data is read from the internal tune bus. This data is serial BCD
information. A sync and clock are available to strobe this data
into the interface,

The following switches are used by the pilot for radio system
mode selection:

NAV 1 Manual /DAAS
NAV 2 Manual/DAAS
DME NAV 1/DAAS/NAV 2
ILS Source NAV 2/DAAS/NAV 2
VOR Source NAV 2/NAV 2

Complete pilot backput in a manual mode of operation is assured
by the Manual position of the switches.

Range information from the KN 624 is 18 bits of serial BCD data.
A synchronous clock is provided to shift the data into the inter-
face for processing. The microprocessor will convert this data
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to a 15-bit binary word (LSB = 0.02 NM) and maintain the current

distance code in the data block.

2.3 DAAS OPERATIONAL EVALUATION

Pilot evaluation of the DAAS functional configuration has been
conducted on the DAAS flight simulator, Figure 2-14. Extensive
refinement of the functional configuration has resulted. Follpw—
ing is a description of the simulator evaluation program and the
evaluation results.

2.3.1 Summary of Results

A simulator program was conducted with the objective of deter-
mining areas where system improvement might be accomplished.
Specific system improvement proposals were identified and dis-
cussed by the simulator pilot subjects and the DAAS system engi-
neers. Changes were defined based on both their desirability and
their effect on DAAS complexity.

System improvements are those changes which would enhance the
operational acceptability of the DAAS pilot/system interface. An
iterative approach to the simulator program allows the verifica-
tion of the DAAS functional performance, including improvements
as they are defined.

Simulator program change proposals were judged in light of the
over—-all objectives of DAAS; i.e., improve the safety and depend-
ability of general aviation IFR operations without increasing

pilot proficiency requirements or the cost of the avionics.
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Two General Aviation pilot evaluations were conducted during the
development of DAAS prior to this report., In addition, NASA
Research Pilot Gordon Hardy examined DAAS frequently during DAAS
development,

The first evaluation was conducted in October 1979, Three
General Aviation pilots participated., The three pilots were:

J. Lindberg, Instrument Flight Training, a Division of Van Dusen,;
R, Albertson, representing King Radio; and W. Unternaehrer,
Honeywell Avionics Engineering. All three have airline type
pilot ratings, although they have never flown for an airline.

Two pilots, Lindberg and Albertson, are designated FAA Flight
Examiners. Pilot participant experience is described in Section
3.1 of this report.

A four hour system briefing was conducted followed by one hour of
simulator time for each evaluation pilot. Following this exposure
to the system, a four hour debrief and discussion was conducted
on all functions examined in the simulator. Comments were favor-
able, and a number of DAAS features were considered excellent.

For example, the capability of map slewing and automatic waypoint
generation received high ratings. The evaluation results were
positive for the most part, though some concerns were pointed out.
Aa example of a concern was the effectiveness of touchpoint data
entry both on the ground and during flight. The problem centers
around inadvertent entries and concern for difficulty making data
entries during flight turbulence.

There were thirty-five pilot comments made regarding suggestions

for improvements to the DAAS. Many of these have subsequently
been incorporated.
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The second evaluation was conducted on March 1980, Four General
Aviation pilots participated. The four pilots were: D. Rodgers,
King Radio; R. Albertson, King Radio; W. Unternaehrer, Honeywell;
and Larry Peterson, Honeywell. A detailed briefing was per-
formed. The pilots then flew a scenario (see paragraph 2.3.2,
scenario) in the simulator which required input of initial data,
navigation data, checklists, interaction with EHSI and autopilot.
Man Machine Science specialists monitored each pilot in his per-
forming the scenario. Questions and comments of a human engineer-
ing nature were recorded. Following the flights each pilot filled
out a questionnaire. The combination of close monitoring during
the scenario flight, the questionnaire data, and individual pilot
debriefs provided comprehensive evaluation of the DAAS. This in-
formation has been assessed and the results are discussed in
section 3 of this report.

The evaluation participants were generally enthusiastic about the
DAAS concept and functional configuration. Access to data was
considered to be significantly enhanced. Navigation, with stored
data base and map display, was considered to reduce pilot work-
load and improve pilot capability in the terminal area. DAAS
capabilities to support good pilot practices in weight and bal-
ance computations and take-off performance computation, as well
as DAAS precise navigation capability, were Jjudged to potentially
improve general aviation flight safety.

Evaluators generally agreed that (i) DAAS type systems can pro-
vide greatly expanded functional capabilities, and (2) minimizing
complexity and optimizing the pilot system interface is a major
challenge.
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2,3,2 Simulator Description

2.3.2.1 General Purpose Facility -~- The DAAS simulator is a
general purpose facility consisting of the following primary

components:

e Data General Eclipse S/200 CPU
e Data General Nova 3/12 CPU
e 16-bit parallel DMA between above CPUs

@ Datel System 256 Hybrid I/O Unit with 32 D/A and 64 A/D
channels

e Discrete I/0 with 16 inputs and 1§ outputs
® Megatek MG552 Graphics Generator Unit

e Pace 231R Analog Computer

The Nova 3/12 CPU and Megatek graphics unit generate multiplexed
alphanumeric and graphic formats with associated blanking signals
to drive two independent direct-draw CRT displays. Other digital
simulation tasks and hybrid I/0 are performed by the Eclipse S/200,

2.3.2.2 DAAS Simulation Hardware -- The fixed base mockup of the
pilot's control station includes seat, instrument panel, flight

controls, and engine controls configured to the approximate dimen-
sions in a Cessna 402, Since outside visual scene generation was
not available, only IFR flight conditions were simulated.

Functional Controls -- The following pilot controls are func-

tional in the simulator:
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Ailerons and Elevator -- Spring centered control wheel

hydraulic dampers on each axis,

Rudder -- Spring centered pedals.

Elevator Electric Trim Switech -- On cnntrol wheel,
Flap Position.

Autopilot Mode Control -- King KMC 340,

Control Wheel Steering Switch -- On control wheel.
Autopilot Dump Switch -- On control wheel,

Go-around Switch == On left throttle grip.

Throttle -- Left lever functional.
RPM -- Left lever functional.
Mixture -~ left lever functional.

Cear Switch.

IDCC Touch Panel -- Eight touch points.
IDCC Function select Keys -- 18 keys,
IDCC Alphanumeric Keypad -~ 15 keys.
IDCC Enter and Backspace Keys,

EHSI Cursor Slew Control
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Functionul Displays -- The following pilot displays are func-
tional:

e DI -~ King KCI 310

e EHSI -- 4 x 5-inch direct draw CRT (Tektronix Mod. G608)

e IDCC -=- 4 x B~inch direct draw CRT (Tektronix Mod. 408)
e BMI -- King KI 581

e Mode Annunciator -- King KAP 515

e Alrspeed Indicator -- 2.756-inch meter with 250-deg. pointer
range

e Baro Altimeter -~ three pointer DC servo drive
e Vertical Speed -- 250-deg, 2.75-inch meter

e Manifold Pressure - 250-deg, 2.75-inch meter

® RPM -~ 250-deg, 2.75-inch meter

e Tuel Tlow -~ 250-deg, 2.75-inch meter

® Alrcraft Clock

e Master Caution and Warning Lights

The KI 581 Radio Magnetic Indicator, listed above, is similar

in appearance to the KI 226, and was recommended by King Radio

for use in the simulator. Simulated IDCC and EHSI displays dif-
fer from the <4.5-inch-square displays with in-raster symbol gener-
ation presently planned for use in DAAS. The simulator facility
is currently limited to direct-draw display generation. Tektronix
608 Monitors approximate the planned for use in DAAS. The simu-
lator facility is currently limited to direct-draw display gener-
ation. Tektronix 608 Monitors approximate the planned DAAS dis-
play dimensions to within 0.5 inch, and c¢an be driven by the X,



Y, 2, and blanking ou%tputs produced by the facility's existing
graphics generator unit.

Tnstallation of one King KY 196 Comm Transceiver and a KT76A
Transponder in the simulator is included to provide the means for
exercising these functions in the pilot's procedural sequence.

Labeled paste-ups of all remaining indicators are included on the
simulated instrument to demonstrate DAAS. and backup pilot panel

laycuts.

Simulator Hardware Interfaces -- Figure 2-15 summarized inter-

faces between the facillity computers and control/display devices.
The analog computer is used only for gain and pull settings on
proportional controls and DC-meter panel instruments.

2.3.2.3 DAAS Simulation Software ~-- Software was developed

for digital simulation of the following system and environmental
components:

o Aircraft and engine

e TFlight control system

o Mean wind and gusts

& Ground navigation

e Navigation algorivhms

e Sensor outputs

e IDCC functions, paging and display formats

e EHSI display forméts

# System failures and other'unplanned events
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Digital Program Description -- The digital- program is divided

into a set of modules or subroutines, all sharing a common data
base. This data base consists of two arrays: one real array
consisting of up to 1000 real variables, and the second an in-
teger array consisting of up to 500 integer or logical variables.
Each element of the arrays is equivalenced to a mneumonic of six
letters or less. The following software subroutines are included:

ARPLN ~-~ Aircraft equations of motion

LACL -- Lateral axis control law

PACL -- Pitch axis control law

ENGIN -- Engine model

MODSL -- Mode select logic

ADC -- Analog to digital converter

SERVO -- Servo model

DISIO -- Discrete input/output processing

SNMOD -~ Sensor model

ALTHILD -- Altitude hold model

NAVCM —~- Navigation computations

SERIO -- Serial input/output processing

IDCC - IDCC display processing

EHSI -~ EHSI display processing

INSTR ~- Instrumentation signal processing
All subroutines are called by an executive routine which also

controls system timing by utilizing an interrupt driven real time
clock.
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2.3,3 Pilot Evaluations

Several indices were used to assess the pilots' responses to the
DAAS system simulation. These included observation of the pilots
during the actual simulation exercise, as well as a paper-and-
pencil questionnaire and informal debriefings following each ses-
sion. The combinaticn of these evaluation techniques yielded a
relatively comprehensive assessment of the pilots' impressions of
DAAS, These results are presented in section 4 of this report.
In addition to evaluative data, the pilots were also asked to )
provide general background information. ZEach pilot was asked to
£i1ll out a brief questionnaire outlining his previous flight his-
tory and current credentials. Appendix A contains the subject
profiles that were compiled from the completéd questionnaires.

2.3.4 Evaluation Procedure

The DAAS evaluations consisted of four elements:

1. Pilots were briefed on the DAAS system and the aspects of
it that were to be evaluated.

2. Pilots then flew the simulator following a scenario for a
planned flight of approximately 15 to 20 minutes,

3. Immediately following the simulator exercise, each pilot
filled out a questionnaire while elaborating verbally
on their responses,

4, Debriefing by means of an informal, on-going discussion
with one or more pilots present completed the evaluation
procedure,

54



2.3.4.1 Briefing of Subjects -~ Briefings were given to the DAAS
evaluation pilots who were not directly associated with the de-~

sign of DAAS. These briefings emphasized the functional charac-
teristics of DAAS and the particular aspects that were to be
evaluated.

The briefings followed the outline as follows:

1. Objectives of DAAS
2. Description of Controls and Displays

.1 Airspeed Indicator

)

Attitude Director Indicator

Mode Annunciator Panel

Altimeter

Altitude Rate Indicator

Electronic Horizontal Situation Indicator and Controls

Engine Instruments

NN N NN NN N

0o N oo o b~ W

Integrated Data Control Center
2.8.1 Display

2.8.2 Touchpoints

2.8.3 Page Select Buttons
2.8.4 Navigation Buttons
2.8.5 Keyboard

2.9 Caution and Warning Lights
2.10 Autopilot Control Panel

2.11 Miscellaneous Controls
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IDCC

(92}

EHSI
4.1
4.2

4.3

4.4

2.11. Flap Control

2,12. Throttle Quadrant
2.11. Trim Switch

2,11,

1
2

2.11.3 Go Around Switch
4
5 Autopilot Disengage Switch
6

2.11, Control Wheel Steering Switch
Functions and Pages

Initialization

Weight and Balance

NAVAID Data and Storage

Waypoint Data

Flight Status

Take Off and Cruilse Performance
Check Lists

Emergency Procedures

Functions and Features

Heading Indication & Heading Select
Display Format

4.2.,1 RNAV linked

4.2.2 RNAV unlinked

4.2.3 VOR

4.2.4 1ILS

Vertical Track Angle and VNAV

Waypoint Bearing Indicator
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4,5 Miscellaneous Indications
MDA or DH
Waypoint in use and available
Course
Distance to Waypoint
Time to Waypoint
Waypoint Altitude
Radios in use
4,6 Heading/North Up
4.7 Map Scales
Navigation Featuées
5.1 Map Review
5.2 Map Slew
Map Return
Use Button

Course Select

Horizontal Direct To

VN&Y

a o o ;m o o, o

3
4
5
.6 Auto Sequence
7
8
9

Waypoint Generate
5.10 Delete Waypoint
5.11 Insert Waypoint

5.12 Cursor Use
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6, Attitude Director Indicator

6
6
6.
6
6
6

.1
. 2

.5
.6

Horizon

Command Bars
Localizer Deviation
Glide Slope Deviation
VNAV Deviation

MDA and DH Indicators

7. Autopilot Mode Select Panel

ES TN B TR MRS SRR R

-9

2.3.4.2

scenario
starting
national
section;
point 4,

.1

0 3 &6 g s W D

Yaw Damper

Flight Director

Autopilot

Altitude Arm, Hold and Trim
VNAV

Heading Select

Approach

Navigation

Evaluation Scenario, Minneapolis Area -- The evaluation

was planned for approximately 15 to 20 minutes of flight
with a takeoff from the Minneapolis, St. Paul Inter-
Airport as waypoint 1; hence to waypoint 2, STILS inter-
hence to waypoint 3, RENEW intersection; hence to way-
BONNA Initial Approach Fix for an RNAV approach to Rwy

29 Right, with waypoint 5 the missed approach point located at

the landing end of Rwy 29 Right. Figure 2-16, Minneapolis local

area victor airway IFR map, describes the flight route.
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The flight time of 15 to 20 minutes was of sufficient duration to
permit the exercising of the DAAS functions. Preparation for the
flight, the entry of data via keyboard into the IDCC such as take-
off performance calculations, weight and balance etc., took an
additional 15 to 20 minutes. Thus, the evaluation pilot was in
the simulator seat for about 40 minutes, which was not long

enough for either fatigue or boredom to enter the evaluation
equation.

The NAVAID Data entered into DAAS is described in Table 2-1 and
consists of the VOR/DME stations used for waypoint definition.
Table 2-2 lists the waypoints and describes the vertical naviga-
tion profile. Figure 2-17 is the RNAV approach chart for Minne-
apolis, St. Paul, International Airport Rwy 29 Right.

The following is a description of the scenario in the order of
actual events:

1. Review flight plan as shown in Figure 2-16.

2. Power-up system - IDCC INIT PAGE appears. Pilot enters
zulu time (GMT).

3. Press MENU button and select touchpoint WEIGHT & BALANCE

4, WEIGHT & BALANCE, Pages 2 through 3 - Enter passenger,
cargo and fuel weight as appropriate. Review results on
page 3 to see that the calculated CG is between the forward
and aft limits and that the maximum takeoff weight is not
exceeded. Transfer results to INIT page.

5. Press MENU button and select touchpoint TAKEOFF PERFORMANCE.
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ORIGINAL PAGE [T
OF POOR QUALITY

Table 2-1. NAVAID Data for Evaluation Scenario
NAIYTS'ID IT..*‘Ec'aquency Elevation Latitude Longitude Variation”
1 MSP 117.3 880 N4508.7 W09322.4 BE
2 FGT 115.7 930 N4437.9 wW09310.9 6E
3 N w
4 N w
5 N W
6 N W
7 N w
8 N W
2] N w
0 N W
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OF POOR QUi -

P

Table 2-2. Waypoint Dats for Evaluation Scenario

DAAS Waypoint Data Sheet

NAVAID Elevation | CRS1 |CRS2 Redial | Distance | Altitude | Offset
WP | No. ID | Frequency (Ft) (Deg) {(Deg) (Deg) (NM) (Ft) (NM) RNAV/VOR/ILS | MDA
1 |1 MSP 151,0 17.1
2 1 MSP 094 28,0 3000 4,0
3 1 MSP J‘.{‘@tial Approach Fix I 110 32,0 4000 2.0 -
1AF
4 2 FGT 035 13.0 4000
5‘\ 2 FGT ] 352 15.0 1400 1,6 1400
<] -J\ J
" Missed Approach Point @
(MAP)
8 |
9
0
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10

11.

12,

13,

14.

15.

TAKEOFF PERFORMANCE -~ Enter all appropriate data for take-
off. Review results of computation on page 2.

Press MENU button and select touchpoint CRUISE PERFORMANCE

CRUISE PERFORMANCE - Enter appropriate data for cruise.

Press NAVAID DATA bhutton - enter VOR/DME data for appropri-
ate NAVAID stations required to define waypoints for flight
planned. See Table 2-1 for NAVAID data entry. Press
NAVAID SUM buttoa to review the data entered.

Press WAYPOINT DATA button - enter waypoints that define
intended flight. Review data entered by flipping through
waypoint pages 1 through 5. See Table 2-2 for waypoint
(WP) data for evaluation scenario.

Using Electrsnic Map Slew lever and appropriate map scales,
review the entire flight,.

Prepare for takeoff using IDCC checklists.

Takeoff; engage auto pilot after airborne; climb to 400
feet; use heading select to turn for an intercept with
course 1 of WP2; activate autopilot NAV ARM; and as air-
craft couples and settles down on course 1, select auto-
pilot VNAV. Press AUTO SEQ button for course 1 to switch
automatically to course 2.

Halfway to WP3, make WP3 active and press USE button.

Press FLIGHT STATUS button for true airspeed, ground speed,

wind, ETA, and fuel available.
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16.

Halfway to WP4, make WP4 active and press USE button.

17. Waypoint 4 is BONNA, the initial approach fix (IAF) for
approach to Rwy 29 Right. At 3 miles from WP4, slow air-
craft to 120 kts and review landing checklist. See Figure
2-17, RNAV Approach Chart Minneapolis Rwy 29 Right,

18, Over WP4, extend landing gear and flaps.

19. Select WP5 MAP active and press USE button. )

20. Monitor indicated airspeed to 100 kt and glide slope to
about 3 degrees on the EHSI Vertical Track Angle indicator.

21, At the minimum descent altitude (MDA) the aircraft goes to
altitude hold and passes over WP5 MAP. End of evaluation
scenario,

2.3.4,3 Post-Scenario Questionnaire -- A post-scenario question-

nalre was developed to provide quantitative assessment of pilot

response to the human factors characteristics of the DAAS simula-

tion scenario exercise. Rating scales were used to assess re-

sponses to overall system operation, as well as specific charac-
teristics of the IDCC and EHSI keyboards and displays. The
questionnaire addressed each of the following areas:

Overall System Operation

~ Workload assessment

- Adequacy of information provided
- Relevancy of information provided
- Time assessment

- Potential training requi.e - =
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e Time
e Method (simulator versus isoli.sy CRT displays)

e IDCC Keyboard and Display

- Hase of data entry

s Time required
e Keyboard location
e Keyboard format

- Adequacy of information displayed
e Major functions/menu selections
e Feedback for error corrections

® EHSI Keyboard and Display

~ Ease of data entry

e Waypoint insertion
¢ Keyboard location

-~ Adequacy of information displayed

® General Comments

The post-scenario questionnaire was given to each pilot immedi-~
ately following the simulation exercise. Administration of the
questionnaire was informal, and verbal comments from the pilot
elaborating on their responses to each item were encouraged.
Thus, the questionnaire also served as a point of departure for
the debriefing discussions which followed.

2.3.4.4 Debriefing -~ Debriefing involved informal ongoing dis-

cussion with one or more of the pilots present at any given time.
Thus, pilots were able to discuss the simulation from several
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viewpoints. The result was an indepth analysis of both the func-
tional characteristics of DAAS and its general acceptability as a
future on-board system.

2.4 FAILURE MODE AND EFFECTS ANALYSIS (FMEA)

The intention of this FMEA is to analyze the effects of failed
DAAS elements, the probability of the failures, and how the pilot
workload and the flight safety situation are affected by the féil—
ures. The importance of the safety pilot is discussed. DAAS
compatibility to FAR Parts 23 and 91 is also assessed.

Assessment of DAAS compliance with FAR requirements, and analysis
of failure effects in general can be summarized as follows:

e TFailure Effects with Respect to FAR Requirements

- Of the 86 DAAS elements analyzed, FAR Parts 23 and 91
VFR and IFR CAT 1 requirements are applicable to 36.
There are no conflicts for fault-free DAAS.

- 25 DAAS elements may fail without violating any FAR
requirements.

- 11 failed elements violats FAR 23.1329.e for the initial
DAAS design. These 11 failures violate FAR 23,1329e
which says:

"Each system must be designed so that a single mal-

function will not produce a hardover signal in more
than one control axis."
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Recommendation -~ The FAR 23.1329.e conflict was resolved by
introducing 3 hardware limiters located down stream of the

piteh, roll, and yaw D/A converters., These limiters will
prohibit any DAAS computer failure from commanding the
servos hardover.

Palilure Effects, General -~ The 86 DAAS elements were split
into the 4 failure categories:

22 Elements

Category 1, Failure Effects Negligible
36 Elements

Category 2, Failure Effects Inconvenient

26 Elements

Category 3, Failure Effects Demanding

2 Elements Category 4, Failure Effects Critical

The two critical failures are Alrcraft 28-Vde and Avionics
28-Vde bus. The category 4 failure probability is very low,

less than 10~° for a 4-hour flight.

Recommendations

1. The DAAS failure effects are not critical with the
exception of the Aircraft and Avionics 28-Vdec bus
failure. The probability of these failures happening
is low enough to make them negligible. No action
required.

2. Flight safety is dependent on the safety copilot. He

should closely monitor the DAAS performance, especially
at low altitude, take-off, and landing conditions,

68



Following are the details of the analysis including description
of the DAAS system analyzed, assessment of DAAS compliance with
FAR requirements, and description of the FMEA results.

2.4.1 DAAS System Description

The present DAAS is defined in the following documents:

1. Functional description, NASA DAAS Phase 2, dated October
15, 1980.

2. DAAS System Specification (YG1210) preliminary copy
December 1979.

3. Software requirements for the DAAS FCS, Version 5, October
1979.

4. Miscellaneous diagrams and papers describing the Cessna
402B cockpit, servos, etc.

2,4.2 Assessment of Compliance With FAR Requiremeqts

FAR Parts 23 and 91 are applicable to DAAS. The applicable FAR
paragraphs are restated below and comments given as to how they
are net by DAAS.

2.4.2.1 FAR Part 23 Equipment, Systems and Installations -~ The
DAAS, when installed in the aircraft, must meet the following re-

stated FAR Part 23 requirement:
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Requirement,k23.1309

(a) Each item of equipment, when performing its intended func-

tion, may not adversely affect:

Er—— —

(1) The response, operation, or accuracy of any equipment
essential to safe operation; or

(2) The respoase, operation, or accuracy of any other
equipment unless there is a means to inform the pilot
of the effect.

(b) The equipment, systems, and installations of a multiengine
airplane must be designed to prevent hazards to the airplane
in the event of a probable malfunction or failure.

(c¢) The equipment, systems, and installations of a single-engine
airplane must be designed to minimize hazards to the air-
plane in the event of a probable malfunction or failure.

Comment :

The DAAS development program should eliminate adverse affects
specified in item a. Tests in simulators, qualifications tests,
and checkout in the aircraft shall verify that no undesired

interaction exists.

The DAAS design and included limiters, monitors, warnings, etc.,

satisfy the item b or ¢ regquirements.

2.4.2.2 FAR Part 23, Requirements of the Autopilet -- The Auto-
pilot (sensors, computer, servos) must meet the FAR Part 23.1329

requirement as follows:
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Requirement, 23.1329 a to g

(a) Each system must be designed so that the automatic pilot can;

(1) Be quickly and positively disengaged by the pilots to
prevent it from interfering with their control of the
airplane; or

(2) Be sufficiently overpowered by one pilot to let him
control the airplane.

b, ¢, 8 requires a certain cockpit design in order to eliminate
pilot confusion and simplify use of the autopilot.

a,d,e,f requires a certain system design to minimize the impact
of autopilot malfunction.

Comment :

The autopilot dump switches (control wheel, Nz—accelerometer) and
the slip clutch included in the elevator, aileron, and rudder
servos provide the required protection.

The slip clutches are designed to prevent excessive accelerations.

Requirement 23.1329 b

(b) Unless there is automatic synchronization, each system must
have a means to readily indicate to the pilot the alignment
of the actuating device in relation to the control system it
operates.
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Comment :

The position of the control wheel, pedals and the trim indicators
indicate the alignment.

Requirement 23.1329 c

(¢) EBach manually operated control for the system operation must
be readily accessible to the pilot. Each control must oper-
ate in the same plane and sense of motion as specified in
23.779 for cockpit controls. The direction of motion must
be plainly indicated on or near each control.

Comment :

DAAS panel layout agrees with the FAR requirements.

Requirement 23.1329 d

(d) Each system must be designed and adjusted so that, within
the range of adjustment available to the pilot, it cannot
produce hazardous loads on the airplane or create hazard-
ous deviations in the flight path, under any flight condi-
tion appropriate to its use, either during normal operation
or in the event of a malfunction, assuming that corrective
action begins within a reasonable period of time.

Comment :

Met by
1. Software limiters, 3-axis

2. Software '"faders" in pitch and roll
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3. Slip clutches
4, Pitch trim monitor

5. The Nz> "1G-Dump accelerometer'.

Requirement 23.1329 e

(e) Each system must be designed so that a single malfunction
will not produce a hardover signal in more than one control
axis. If the automatic pilot integrates signals from auxil-
iary controls or furnished signals for operation of other
equipment, positive interlocks and sequencing of engagement
to prevent improper operation are required.

Comment :
This requirement can be met by implementation of hardware servo
command limiters. (Note: Limiters have been added to flight

system. )

Requirement 23,1329 £

(f) There must be protection against adverse interaction of
integrated compouents, resulting from a malfunction.

Comment :

Met by
1 . Buffers eliminating part damage.

2. Limiters and monitors eliminating excessive commands.
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Requirement 23,1329 g '

(g) If the automatic pilot system can be coupled to airborne
navigation equipment, means must be provided to indicate to
the flight crew the current mode of operation. Selector
switch position is not acceptable as a means of indication.

Comment :

The annunciator panel provides the requested information.

2.4.2.3 PFAR Part 91, Instruments, and Equipment Requirements --

FAR Part 91.33, a to e, specifies instrument and equipment re-
quired for powered civil aircraft with U.S. air worthiness cer-
tificates az follows:
91.33 (a) General

(b) VFR flight, day

(¢) VFR flight, night

(d) IFR flight, category I

(e) TIFR flight, category above 24,000 feet

(f) IFR flight, category II

IFR category II is not applicable to DAAS.

The requirements are summarized as follows.

Requirement 91.33b

(b) Instruments required for VFR Flying, Day

(1) Airspeed indicator.
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(2) Altimeter.
(3) Magnetic direction indicator.
(4) Tachometer for each engine.

(5) 0il pressure gauge for each engine using pressure
system.

(6) Temperature gauge for each liquid-cooled engine.

(7) 0il temperature gauge for each air-cooled engine.

(8) Manifold pressure gauge for each engine,

(9) Fuel gauge indicating the quantity of fuel in each tank.

(10) Landing gear position indicator, if the aircraft has a
retractable landing gear.

Comment -- The DAAS instrumentation includes the basic instruments
required for VFR flight during daytime.

Requirement 91.33c

(c) For VFR night flights additional lights and an anticollision
light system are required.

Comment -~ It is assumed that the DAAS aircraft is properly
equipped in this respect.

Requirement 91.33d

(d) For IFR flight the following instruments and equipment are
required:
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(1)

(2)

(3)
(4)
()
(6)

(7)
(8)
(9)

Instruments and equipment specified in paragraph (b)
of this section and for night flight, instruments and
equipment specified in paragraph (c) of this section.

Two-way radio communications system and navigational
equipment appropriate to the ground facilities to be
used.

Gyroscopic rate-or-turn indicator.
Slip~-skid indicator.
Sensitive altimeter adjustable for barometric pressure,.

A ¢ ock displaying hours, minutes, and seconds with a
sweep-second pointer or digital presentation.

Generator of adequate capabity.
Gyroscopic bank and pitch indicator (artificial horizon),

Gyroscopic direction indicator (directional gyro or
equivalent).

Comment -- The above listed instrumentation are included in DAAS.,

There is no requirement on redundancy stated in this paragraph.

Requirement 91.33e

(e) IFR flight at and above 24,000 feet MSL.
If VOR navigational equipment is required under paragraph

(d) (2) of this section, no person may operate a U.S. regis-

tered civil aircraft within the 50 states, and the District

of Columbia, at or above 24,000 feet MSL unless that air-

craft is equipped with approved distance measuring equipment

76



2.4,

The
the

(DME). When DME required by this paragraph fails at and
above 24,000 feet MSL, the pilot in command of the aircraft
shall notify ATC immediately, and may then continue opera-
tions at and above 24,000 feet MSL to the next airport of
intended landing at which repairs or replacement of the
equipment can be made,

3 DAAS Failure Modes and Effects Analysis Results

DAAS FMEA was conducted to determine effects of failures in
DAAS hardware. Assumptions for the analysis were as follows:

DAAS is designed for category I IFR operation

All'single failures and dual failures with high failure
rates are studied.

Any failure in any element is assumed to result in a lost
function of that element, which makes this a "worst case"

analysis.

The autopilot slip-clutches, the pilot (and NZ) dump
switches, and the pilot and copilot override possibilities
provide the pilots adequate means to safely handle any
single contiol axis hardover servo failure.:

The probability of a critical situation less than 10_6 in a
4-hour flight is judged to be negligible.

Preflight test and inflight bit are performed. Autopilot
dump switching, normal acceleration dump switch, and servo
clutch switches must be checked.
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The preflight test coverage will be less than 100 percent
dite to nontestable elements. Expected fault detection
coverage is:

Sensors 70-80%
Computers 90-95%
Indicators and Servos 80-90%
Monitors, Dump Switches, Clutches 100%

-

Some takeoffs may take place with faulty system elements due
to less than 100 percent preflight test coverage,

Effective DAAS software validation will be performed.

The four Faillure Categories are:

1. Negligible to the pilot

2. Inconvenient to the pilot

3. Demanding to the pilot

4. Critical, evident risk for catastrophe

Fault categorization assumes a single pilot. In the conclu-
sions, judgments are given on how the safety pilot improves

the DAAS flight-safety situation and how failure probabili-
ties affects the DAAS flight safety situation.

FAR Part 23 and 91 requirements are assumed to define a mini-
mum avionics system, which is normally safe to fly.

DAAS failure rates used in the FMEA are as listed in Table
2-3. The failure rate is the probability of a failure in a
DAAS element during 1 hour flight.
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Table 2-3. DAAS Flements Failure Rates

gz | Queestey | Fallure Toral coments
1. DAAS Elements Haruwired to DAAS-Computers
Bubble Memory 1 500 500
CPU & RAM/PROM 8086 7 60 420 (20 and 80%)
Radio Adapt. Box (8748) 1 40 40
BIM (9914) 8 12 96
488-Bus 1 1 1 Incl. 2 Connectors
A/D, D/A, Mux 1 60 60
EHSI 1 300 300 . -
IDCC 1 300 300
IDCC Keyboard 1 50 50
ADI EC1310 1 340 340
RMI KZ226 1 330 330
CX~Sens., & Indic, 1 100 100
Pitot System L 1 50 50 Not electrieally hardwired!
Encod. Altim. -571 1 200 200
Audio Cont, Panel KMA 24 1 200 200
Comm. Tranceilvers KY196 2 330 660
VOR Receivers KNG&3 2 250 500
DME Receivers KNG62A 1 500 500
Transponder KT76A 1 400 400
Mode Controller KMC.-340 1 340 340
Annunciator Panel KAP--315 1 30 30
MAG X MTR KMT112 1 20 20
Directional Gyro KSG105 1 330 330
Slave Control KA-51A 1 10 10 R
Vertical GYRO VG 208 1 330 330
Radar Altimeter RT-271 1 500 500
ADC KDC-380 1 200 200
True Air Speed VA 210 1 100 100 Incl. F/V Converter
Outer Air Temp. 1 10 10 Incl. Sign. Conditioning
Yaw Rate GYRO - GG 2472 1 50 50
Engine Map 2 5 10
Engine RPM 2 10 20 Incl. F/V Converter
Engine Fuel Flow 2 5 10 '
Cowl Flap Pos, 2 5 10
Flap Pos. 1 20 20
Elev. Trim Pos. 1 20 20
Yaw Servo 1 70 70 Incl. Clutch & Amplif.
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Table 2-3. DAAS Elements Failure Rates (2 of 2)
Type Quantity | Failure| Total
Elements No. n Rates Rates Comments
Roll Servo 1 70 70 Incl, Clutch & Amplif,
Pitch Servo 70 70 Incl., Clutch & Amplif,
Pitch Trim Servo 50 50 Incl, Clutch & Amplif,
2, DAAS Instrumentation not Hardwired to DAAS Computers
IAS 1 280 280 Pitot System L,
V81 1 109 100 Pitot System L,
Turn & Bank 1 150 150 -
Fuel Quantity 1 150 150
Map 1 10 10
RPM 1 10 10
Fuel Flow 1 10 10
EGT 1 10 10
Engine Status 2 20 40
3. Co-Pilot Back Up Instrumentation
Pitot System R 1 50 50
IAS 1 280 280
Altimeter 1 180 180
VSI 1 100 100
Turn & Bank 1 150 150
Artific. Horizon KG258 1 670 670
PNI KC525A 1 330 3a¢
Slave CTRL KA-51A 1 10 +0
Direct. GYRO KGl02-A 1 400 400
MAG X MTR KMT1124 1 20 20
Comm., Tranceiver 4224 1 660 660
VOR/GS, Receiver 442A/4434A 1 500 500 Incl., Nav. Converter
4, Electrical Power System
A/C 28VDC Bus 1 <. 1 <.1 Redundant Alternators
ilot disco ct fault
Avionics 28VDC Bus 1 <.,1 <,1 g;égergg;c nne y
DAAS A 28VLC Bus 1 -1 ~*1 | vValid as long as DAAS
DAAS B 28VDC Bus 1 ~.1 ~.1 Battery Lasts (~1 hr.)
DAAS Battery Chrgr 1 5 5
DAAS Battery 1 100 100
DC/AC Invertor 1 10 10
DZ/DC Converter 2 15 30
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For the failure probability estimates, 4 hours flight time
are assumed.

The failure rates in Table 2-3 are collected from adjusted
MIL-HDB-217B data, vendors reliability data, Honeywell pre-
dicted failure rates and by comparison to known similarly
complex elements.

-ne failure rates should be representative of components and
parts available in 1979/80. -

FMEA resiults are compiled in Appendix B. The DAAS elements are
defined on these forms and the type of failure and the failure-
rates are also listed. The impact of a faulty element on down-
stream DAAS elements is also indicated.

Finally, a judgment is made as to how the failed element will in-~
crease the pilot effort required to complete his flight. The
failures are divided into the four categories on the basis of
this judgment.

The DAAS failure category is assigned assuming a co-ilot in the

right seat.
Appendix B also indicates whether:

e TFAR requirement are applicab}e and met.

e TFailure probabilities are significant to the risk situation,

e DAAS would be safe to fly with the analyzed element faulty.
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The FMEA covers the consequences of 86 failed DAAS elements.

Table 2-4 -summarizes failure categories and indicates whether
applicable FAR requirements are met. Comments on redundancy,
failure probability, etc., are given for some failed elements.

These FMEA results indicate that fault-free DAAS meets the FAR
Part 23 and 91 requirements. DAAS does provide the required
means for override and disengage after a failure.

FAR requirements may more or less be violated if DAAS elements

. fail. Of the 86 failed DAAS elements studied, FAR VFR or IFR Cat
I requirements apply to 36. For these 36 failed elements, 11
violate the FAR requirements. FAR requirements that apply to
general VFR flight, and 6 of these are not met. 13 requirements
applying to IFR Cat I, 5 are not met. 16 requirements apply to
IFR Cat II; DAAS is not certified for Category II.

The violated paragraph is 23.1329(e) which says:
"Fach system must be designed so that a single malfunction
will not produce a hardover signal in more than one control

axis." -

Violation occurs for failures in;:

e A/P, NAV, Bus Controller, Processors

e 488-Bus
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Table 2-4. Summary of the DAAS Failure Modes and
Ef{ects Analysis
Faﬁig?e Element Fa;eﬁeq. giiéggiy Comments
1 Encod. Altimeter 0K Cat 1 3 Ml eads A Error
2 Altimeter Co-Pilot OK Cat 2 2
3 Radar Altimeter OK 2
4 TAS N/A 2
5 IAS Pilot OK Cat 1 2
6 148 Co-Pilot OK Cat 2 1 _
7 ADC (380} N/A 2 Min. ALL. for ALTH .
8 Pitot System L OK Cat 1 3 .
9 Pitot System R OK Cat 2 1
10 Oat N/A 2
11 Pilot Mag. XTMR OK Cat 1 3
12 Pilot Slave Indic. N/A 1
13 Pilot Direct GYRO 0K Cat 1 3
14 Pilot RMI OK Cat 1 2
15 Co~Pilot Mag. XTMR OK Cat 2 1
16 Co-Pilot Slave Indic N/A i
17 Co-Pilot Direct GYRO | OK Cat 2 1
18 Lo-~Pilot PNI OK Cat 2 i
1¢ Pilot Turn & Slip OK Cat 2 1
23 Co-Pilot Turn & Slip OK Cat 2 1
21 Yaw Rate GYRO N/A 2
22 X-Sensor & Indicator N/A 2
23 Pilot Vertical-GYRO OK Cat 1 2
24 Pilot ADI OK Cat 1 2
25 Co-Pilot Artif. Horiz.| OK Cat 2 1
26 Map Instrument OK Cat 2 2
27 RPM Instrument OK Cat 2 2
28 EGT Instrument N/A 2
29 Eng. Status 1 OK Cat 2 3 Pilot Action
30 Eng. Status 2 OK Cat 2 3 As if Engine Failure
31 Fuel Flow Sens. N/A 2
32 Fuel Flow Sens. N/A 2
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Table 2-4., Summary of the DAAS Failure Modes and
Effects Analysis (Sheet 2 of 3)

Faéé?re Element Faﬁegeq. gi%i;giy Comments
33 Fuel Quantity OK Cat 2 2
34 DAAS Map Sensor N/A 1
35 DAAS RPM Sensor N/A 1
36 Wing Flp. Pos. Sens. N/A 1
37 Elev. Trim Pos. Sens.| OK 1 Redundant info. available
38 Cowl Flps. Pos. Sens.| N/A 1
39 LDG Gear Pos. Sens. N/A 1 i
40 Door Pos. Sens. N/A 1
41 Aux. Fuel Pump Sw. N/A 1
42 Cws-Switch & Logic OK 3 éw§°£§g§§eRggg;;giézg
43 Go-Around Switch N/A 3
44 Pitech Trim Switch N/A 2
45 Piteh Trim Button N/A 3 Runaway Not Monitored
46 A/P Dump Sw. & Relay | OK 3 2 Failures Probab. ~1077
47 a %2;§;123egngAntennas 0K 1 Duplex Probab. ~g-10"°
b %gaﬁéigsegngAntennas OK 1
48 a géigzvgiv; Antennas Ok Cat 2 2
b ggcgiigz EaXﬁtennas OK Cat 2 1
49 DME Receiv. + Ant. OK Cat 2 2 Single DME
50 Transponder + Ant. N/A 1 No Outsignal ATC Problem!
51 Audio Headsets OK 2 DAAS Duplex
52 Switch Nav 1 Sel, N/A 2
83 Switch Nav 2 Sel. N/A 2
54 Switch DME Sel. N/A 2
55 Switeh VOR Sel. N/A 1
56 Switch Loc/GS Sel. N/A 2
57 IDCC Keyboard N/A 3 ggssggogiggiiggput Check.
58 IDCC Selector Switch N/A 2
59 IDCC CPU, Display N/A 2
60 EHSI Selector Switch N/A 2
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Table 2-4.

Summary of the DAAS Failure Modes and
Effects Analysis (Sheet 3 of 3)

Failure

Far Req.

Failure

No. Element Vet Category Comments
61 EHSI CPU, Display N/A 2
62 Annunciator Panel QK 2
63 Mode Cont. Trim/Hdg. OK 2
64 Mode Cont., Toggle Sw. | OK 2
65 Mode Cont. Solea. Sw. | OK 2
66 A/P Yaw Clutch, Servo | OK 2
67 A/P Roll Clutch Servo | OK 3 -
"68 A/P Pitch Clut. Servo{ OK 3
69 A/P Pitch Trim Servo OK 3
70 Clutches Common Logic | OK 3
A/P-1/0 CPU, BIM Pault During Critical
71 A/P-1/0 A/D, D/a, mux | NOT O 3 Fault Phases
Probab. No Recon. 30-10"°%
72 NAV/FLT PLN CPU, BIM NOT OK 2 Probab. Recon. 6+10°5
73 Spare CPU, BIM N/A 2 Probab. <107 °
74 iﬁglglﬁdapter Box N/A 3 Critical Fault Phase
Dabs Transponder
75 CPU + BIM N/A 1 ATC Problem
BUS. Controller .
76 CPU, BIM NOT OK 3 Uncertain Warn.
77 488 Bus NOT OK 3 Critical Fault Phase
78 Bubble Memory NOT OK 3 Probab. <107°
79 Cassette NOT OK 3 Efficient Bite Probab. <<10™ 8
80 A/C Main 28 VDC Bus 0K 1) 4 Probab. <107
81 Avionics 28VDC Bus 0K 4 Probab. <1077
82 DAAS A-B 28VDC Bus. NOT OK 3 Probab. <1077
83 DAAS AC Buses NOT OK 3 Probab, ~107°
34 DAAS 15V DC Bus NOT OK 3 Probab. ~107°%
85 DAAS 12 DC Bus NOT OK 3 Probab. <<107 ¢
86 DAAS 5 DC Bus NOT OK 3 Probab. ~107°
1) CESSNA 402B electrical power system with DAAS installed

assumed to meet applicable Far requirements.
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o Bubble Memory and Cassette

e The Electrical Power Buses

The 23.1329(e) conflict was resnlved by introducing three hard-
ware limiters located immediately downstream of the pitch, roll
and yaw A/D converters in the DAAS hardware. These limiters
prohibit any kind of DAAS computer failure from commanding servo
hardover. The limiters reduce any DAAS computer hardover failures
to: -

e Pitch - 60% Full Scale

e Roll - 30% Full Scale

e Yaw - 45% Full Scale

Appendix B contains the complete Failure Modes and effects
analyses. Eighty-six failures were defined and categorized
as follows.

Category 1 - Failures are negligible to the DAAS pilot; e.g.,
copilot instruments, door switches, etec.

Category 2 - Pailures that cause inconvenience to the DAAS pilot;
" e.g., loss of ADC-380 RMI, « -Sensor, Annunciator
Panel.

Category 3 - Faillures during busy or critical flight-phases which
can be demanding to the DAAS pilot; e.g., IDCC key-
board, engine/status instrument, servos, autopilot
dump switch, autopilot processor, bus, and electric
power.
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Category 4 - Failures that may create a critical situation. The
two DAAS Category 4 failures a e loss of the Aircraft
and Avionics 28-Vdec Bus. The probability of occur-
rence is very remote.

Table 2-5 summarizes the number of failures that fall within
these failure categories.

Table 2-5. Failure Categorization of
the DAAS Elements -

Failure Category

1 2 3 4

Number of DAAS 22 36 26 2
Elements

The DAAS Category 4 failures have a very low probability of 10“6.

They are negligible,

Autopilot Processor failures are demanding during especially low
altitude flight pliases. The probability of such a failure may be
lO-5 for a 4-hour flight. It is vital to the DAAS flight safety
that the copilot closely monitors the DAAS performance during

such conditions.

The DAAS FMEA concludes that, with servo command limiters imple-
mented as recommended, DAAS flight safety is adequate for the
demonstration system.

The DAAS system meets the objectives of the prosium as well as
the necessary safety requirements. The conclusions and recommen-

dations pertaining to the DAAS system are presented in Section 4
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report. The DAAS design and analysis served as a baseline for
the Projected Advanced Avionics System (PAAS), which is discussed
in the following section.
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SECTION 3
PROJECTED ADVANCED AVIONICS SYSTEM (PAAS)

PAAS is a projected operational version of DAAS. It extrapolates
the DAAS concept of fault tolerant integrated avionics to a sys-
tem that could be produced in the mid-1980s. PAAS is designed to
have super functional reliability. The Autopilot/Navigation mean
time between loss of function is on the order of 10,000 hours..
PAAS can thus provide the dependable pilot relief that is essen-
tial for effective flight managemedt by using the expanded func-
tional capabilities provided.

Following is a description of PAAS and an analysis of its reli-
ability, cost, maintainability, and modularity.

3.1 PAAS SYSTEM DESCRIPTION

The PAAS system, Figure 3-1, extrapolates the DAAS concept to a
mid-1980s projected operational avionics configuration. PAAS
architecture is similar to DAAS; i.e., it is a reconfigurable
multiprocessor configuration. PAAS extends the DAAS spare pro-
cessor redundancy concept to cover all essential avionics pro-
cessors. PAAS employs a fault tolerant sensor configuration,
dual redundant data busses, and dual autopilot servos. Redun-
dancy in sensors, data bus, and servos -- in addition to fault
tolerant processing -- is required to cause significant impact
to the avionics functional reliability.

PAAS is designed as a minimum cost system that will allow con-
tinued operation of essential avionics functions after any single
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failure. Functional reliability of navigation and autopilot are
emphasized. The PAAS design provides approximately 10,000 flight
hours of operation between loss of these functions, as compared
to 200 hours for current systems. -PAAS includes extensive built-
in test for high confidence fault detection (and annunc¢iation)
and fault isnlation for efficient maintenance.

Following is a description of the PAAS fault tolerant implementa-
tion of sensors, data bus, computer, displays, servos, power _

supplies, and the redundancy management techniques envisioned for
the system.

3.1.1 PAAS Sensor Configuration

PAAS sensors required for navigation and autopilot functions are
redundant for fault tolerance. Four skewed laser gyros, and four
skewed accelerometers are proposed for the projected strap-~-down
attitude heading reference system (AHRS). Dual static and differ-
ential pressure transducers are proposed for air data sensing.
Dual VOR receivers and single DME are included for NAV inputs.
Fuel sensors, engine sensors and configuration monitoring sensors
are nonredundant.

FPollowing are details on thé unigue PAAJ AHRS and air data sensor
mechanization.

3.1.1.1 PAAS AHRS Mechanization -- The AHRS employs strap-down
skewed laser gyros and skewed accelerometers for fault tolerant

attitude and rate sensing.

The laser gyro is a solirl~-state, precision angular rate sensor
with a direct digital output. The laser gyro is ideally suited
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for strap-down system configurations because it eliminates the
need for gimbals, torque motors or other rotating parts. Instead
of the rotating mass of a conventional mechanical gyro, the ring
laser gyro utilizes two heams, of laser light counter-rotating in

a closed path. Laser gyro bised inertial navigation and inertial
reference systems are inhererntly more reliable and easy to main-
tain, and they providé the additional benefits of instant on, in-
sensitivity to acceleration error sources, and low life cycle cost.

Four gyros and four accelerometers are employed in a skewed con-
figuration, as shown in Figure 3-2.

Aircraft body rates (and accelerations) are derived from the sen-
sor tetrad as indicated. The three body axis rate components
(and accelerations) can be computed from the sensor signals even
if one sensor has failed. Fault tolerance is thus provided for
the three body rates (and accelerations) with only one added
sensor.

A faulty sensor can be detected with high confidence by sensor
comparison monitoring, and the fault can be isolated to one sen-
sor either automatically, or by pilot selection should the auto-
matic selection fail as described in paragraph 3.1.7.

The sensed aircraft rate and acceleration signals are converted
to digital form in each of the PAAS dual I/0 terminals and trans-
mitted to the PAAS AHRS processor for attitude/heading computa-
tions. A flux gate signal is also input for long term heading
reference., The attitude heading signals are used on the elec-
tronic actitude indicator in the PAAS autopilot and navigation
functions,
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A general aviation laser gyro AHRS is not currently available,
but may become feasible. Honeywell is developing a laser gyro
inertial reference assembly for the Boeing 767. Others are work-
ing on low cost laser rate sensors using optical fibers.

3.1.1.2 PAAS Air Data Sensors -- Dual solid state static and
differential pressure transducers and dual temperature sensors

are proposed for PAAS to provide fawlt tolerant inputs for com-
putation of altitude, altitude rate, indicated airspeed and true
airspeed. Honeywell's solid state transducers used in current
commercial aircraft air data systems are representative of de-
vices which will likely make the PAAS air data approach feasible
in general aviation.in coming years.

The Honeywell pressure sensor converts the applied pressure to a
usable electrical signal. An N-type silicon diaphragm within the
sensar contains two P-type resistors diffused in an orthogonal
pattern on the diaphragm. The orthogonal placement of the resist-
ors in the diaphragm creates a change in the bulk resistivity of
the resistors that is a function of diaphragm tangential and
radial strain. The trangential resistor (RT) increases resistance
with strain (applied pressure), while the radial resistor (RR)
exhibits a corresponding decrease with strain.

The silicon piezoresistors are, therefore, used as strain gage
elements.

The resistive elements have nearly identical temperature coeffi-
cients of resisiance, because tuey are formed at the same time
during the processing operations and are adjacent to each other.
This permits temperature-related errors to be largely self-compen-~
sating due to the sensor resistance-bridge circuit mechanization.
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Sensed static pressure, differential wressure and temperature are
converted to digital form and transmitted to the PAAS ADC proces-
sor for computation of altitude and airspeed signals for use on
electronic flight instruments, and in PAAS autopilot and naviga-
tion functions.

3.1.2 PAAS Data Bus

The PAAS data bus is dualized for fault tolerance. One bus con-
troller is located with each I/O terminal. The two busses ope}-
ate continuously to provide dual redundant inputs to detect (and
annunciate) faults with high confidence.

DAAS employs the 16-wire IEEE 488 8-bit parallel cdata bus. A
high throughput serial data bus, for which LSIC interface compo-
nents are available, is propcsed for PAAS. The serial bus would
be preferable to minimize aircraft wiring if the PAAS processcrs
are packaged separately.

PAAS data bus throughput requirements have not been established,
though PAAS data bus loading is clearly higher than DAAS because
air data, AHRS data, and weather radar display data are added to
the bus.

3.1.3 PAAS Computer Architecture

The PAAS computer employs the spare processor redundancy concept
developed for DAAS, but extends back-up capability to all essen-
tial processors. See Figure 3-1. The PAAS spare can take over
for any failed processor except the DABS processor, the weather
radar processor, or the IDCC processor.
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The DABS or weather radar function reliability would not be sig-
nificantly enhanced by redundant processing because the higher
fallure rate sensors are not redundant. The IDCC back-up is a
reversion mode on the EHSI display{ thus. IDCC processor backup
is not required.

The PAAS processors receive their inputs, and supply outputs to
dual I/0 terminals via the dual PAAS data busses.

3.1,4 DPAAS Displays

Proposed PAAS display configuration is illustrated in Figure 3-3.
Three-~color CRTs are included. One display normally presents:

e Attitude/Director Indicator

e TIAS Indicator

e Altimeter

@ Vertical Speed Indicator

e Etc.

The second panel mounted display is a horizontal situation indi-
cator similar to the DAAS EHSI. A third display would be mounted
in the pedestal for use as an IDCC.

The first display could be periodically switched to present the
EHSI ir the second display failled, and vice versa. The second
display could also be switched to operate as a primitive NAV
function IDCC if the primary IDCC failed.

Multifunction controls are provided for each display. The con-
trols are relabeled when the display function changes.
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Communication control heads are panel mounted to provide tuning
capability independent of the PAAS display system,

3.1.5 PAAS Servo Mechanization

PAAS servos are dual with clutch arrangements to allow switching
between servos for continued operation after one servo failure.
Each servo in a dual pair is driven from one of the dual I/O ter-
minals. A servo model would be implemented in PAAS software for
each mechanical servo, and model output would be compared to )
servo output to detect and isolate servo faults,

3.1.6 PAAS Power Mechanization

Dual, monitored power supplies are included in PAAS. The power
references to the essential PAAS components are switched in event
of a power supply failure.

3.1.7 PAAS Redundancy Management

PAAS would include extensive built-in test to detect and isclate
faults to facilitate automatic reconfiguration. Fault detection
confidence could exceed 99 percent for dual elements through use
of simple comparison monitoring. Automatic fault isolation is
feasible with confidence on the order of 80 to 90 percent for the
dual sensors, and approaching 100 percent for the dual model-
comparison-monitored servos.

PAAS could include capability for manual redundancy management as
backup to the automatic fault localization/reconfiguration. The
PAAS data bus could be switched manually from dual operation to
Channel I or Channel II as indicated in Figure 3-3. Sensor and
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servos could be manually selected on IDCC pages as shown in
Figure 3-4.

3.2 DPAAS RELIABILITY ANALYSIS

PAAS 1s configured to provide an order of magnitude improvement

in functional reliability at a reasonable cost with respect to
conventional architectures. Effectiveness of the PAAS architegture
is therefore analyzed by comparing PAAS Autopilot and Navigation’
function reliability with respect to a hypothesized ''conventional'
system. The reliability &>alysis also compares the maintenance
failure rate of PAAS and the ''convepiional'" system to give some
indication of PAAS relative life cycle cost.

The "conventional' system component list, and associated failure
rates, are compiled in Table 3-1. This system includes current
devices required to give functional capability similar to that cf
PAAS. Communications, navigation, flight control, performance
computations, configuration monitoring, and weather radar are in-
cluded. Where possible, failure rates are King Radio Corporation
tabulations of actual operational experience. Honeywell Reliabil-
ity Engineering Group provided generic estimates where operational
experience was not available. The PAAS computer unit reliability
prediction is extrapolated from the DAAS hardware mechanizations.

The '"conventional' system maintenance failure rates are summed to
determine a total failure rate of 1061.5 percent per 1000 hours,
for a total system mean time between failure of 94 hours.

The ''conventional' system autopilot/navigation functional reli-
ability was determined by summing failure rates of components
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Table 3-1. Reliability Estimate for a Conventional
System
HAINTENANCE AUTO PILOT/HAV
FAILURE FAILURE RATE FUNCTIOR FATLURE
RATE CONTRIBUTIONR FATE CONTRIBUTION
DeVILE (/1027 HRS) QUANTITY (171000 HRS) {Z71030 HRS) CUMMENT

NAV/FLT CONTRUL SENSURSZINSTRUMENTS
Ya:; Rate Gyro 5. 1 5. 5.
Magnetic Transmttter (KT 112) 2. 1 2. (1] Mancal slavie, asswaed if failed,
Directional Gyro (KSt 105) 33, 1 33, 33.
Slaye Control (KA 5134) 1. 1 1. 1.
Vertical Gyro (VG 208) 33, 1 33, 33.
Pitoe System, Left 5. 1 5. S.
Pitot System, Ripght 5. 1 5. 5.
Encoding Altimeter (IR 571) 20, 1 20, 20,
Air Data Couputer (KDU 380) 20, 1 20, 20.
VOR Recetver (KN 53) 25. 2 30. 2.5
DI Receiver (KN 623) 50. 1 50. -
Angle of Attack Semsor, Ind 10, 1 10, -
Turn and Bank Iadicator LS. 1 15. 15.
0AT Sensor 1. 1 1. -

25G. 141.5
CONTROLS _AND DISPIAYS
Autopilot Mode Controller (KNC 330) 3%, 1 34, 3.
Autopilor Annunciator Panel (KAP 315) 3. 1 3. 3.
ADI (KCY 310) 20. 1 20. 0 Artificial horizen backup, degraded perioroin.e.
U3t (KP1 5333 20, 1 20, (1] R backup, degraded performamce.
L (sl 226) 33. i 33. 0 us1 backup.
Audio Control Panel {KHA 23) 20. 1 . 2ue, -
Failure Annuaciatur Pancl 3. 1 3. -
Adrapew) Indicator 28, 1 28, 28,
Arcificial Hurizon (KG 253) 67. 1 67, 0

228, &5.
CONPUTER, ELEUCTRONICS
Autopilot Coaputoer (830 325) 5S. 1 55. 55.
Flight Computer (RGP 310) 85. 1 BS. 85,
RNAV Spystem (KNG 695) 90. 1 93. 90.
VIAV Couputer (KVH 399) 45, 1 5. 45.
Performance Compater 20. 1 2, =

295. 275,

o
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Table 3-1. Reliability Estimate for a Conventional System (Sheet 2 of 2)

cotT

MAINTEMARCE AUTO PILOT{NAV
FAILURE FAILURE RATE FUNCTION FAILURE
RATE CONTRIBUTION RATE CONTRIBUFION
DEVICE {Z/1000 HRS (Z1103D uRS) (=71G00 HRS) NI
SERVO ACTUATORS 7. 1 7. 7.
i
Pitch Servo z. 1 7. ‘! 7.
Roll Servo 7. 1 7. 7.
Yaw Serve 7. 1 7. 7.
Plrch Trim Servo 5. 1 3. 5.
26. 26.
HORVIORItG
HAP Suncor 0.5 2 1. - Nct gequired for Autopiler, AV funiticn.
RI?7} Sensor 1. 2 2. -
{'cwl Flap Position .5 1 e -
Flap Position 2. 1 2. -
Elcvvator Trim Postion 2. 1 2. -
Radar Altimeter 50. 1 50, =
57.9 o
NEATHER RADAR
Transmitter/Receiver 50. 1 50. - Pet require 3 T 3avepaler, WAV femers oo,
Display Unft 5. 1 5. =
55. ¢
CUBINICATIONS
CToaa Transecivers (KY 199) 3. F4 €6. - Not reqabred fivr topidct, NAY fon:taon,
BAlS Transponder 40. 1 Lo,
DAsS Controt/Display 30. 1 30, =
116. 0
ELLLTRICAL POWR SYSTEN
AFC 28VDT Bus, Adrcraft Battery K1 1 NOT IRCLUDEWD .01
BC/AC Invertor . 1 1. i.
DOJDC Converter 3. 1 3. b
5.0 4,01
TOTAL: 1056.5 « '6.51

EIBF = 93.6 IIRS Z01. URS

syd TYNIDIUO

3
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required to provide these functions., TFailure contribution of
dual VOR receivers was considered negligible. The total conwven-
tional system autdpilot/mavigation function faillure rate, assum-
ing a 1-hour mission, is 496.5 percent per 1000 hours for a mean
time between loss of function of 201 hours.

Corresponding PAAS maintenance reliability and autopilot/naviga~
tion function reliability are compiled in Table 3-2, PAAS main-
tenance reliability is 50 percent better than the conventional.
system because:

o High reliability digital electronics employed

o High reliability solid state sensor technclogy employed

@

Electronic displays replace conventional instruments

o PAAS integrated avionics architecture eliminates hardware

PAAS autopilot/navigation function reliability is improved by a
factor of 50 with respect to the '"conventional'" system, primarily
due to the fault tolerant PAAS architecture. A PAAS gyro, accel-
erometer or air data sensor failure can be tolerated without loss
of a function. A PAAS processor failure, a power supply failure,
and a servo failure can be tolerated without loss of function.
This PAAS fault tolerance is accomplished with the minimum of
redundant hardware, as described in section 3.1.

PAAS would suffer gross loss of function for certain failure com-
binations., For example, the PAAS configuration would be totally
incapacitated by two like bus controller failures. The probabil-
ity of such failures occurring during a l-hour flight is extremely
low, however; for example:
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Table 3-2.

Reliakbility Estimate for PAAS

HAINTENARCE AUTO PILCT/MAV
FAILURE FAILURE RATE FUNCTION FAILLRE
RATE CCRTRIBUTION RATE CONTRIBUTION
DEVICE (271000 HRS) QUANTITY (271030 HRS) (%1000 WIRS) COERLENT
HAV/FLT CONTROL SENSORS
tagenetic Transmitter (XMT 112) 2. 1 2. Q. Manual periclic heading aligooent required
£ T 152 fafls,
Laser Gyro, Interface Electronics 5. 4 20. 2. 96 faulit isolatica cajability assumec.
Accelerometer, Interface Electronics S. 4 20. 2. 90% fauit isolaticn capability sssw=ed.
Pitot System, Left 5. 1 5. -5 SO% fault isolation capability assu=cd.
Pitor System, Right 5. 1 S. -5 0% fault isolatico capability assi=ed.
Static Pressure Transducer 5. 2 10. i. 3G% fault isolaticn capability assimed.
Differential Pressure Traasducer 5. 2 10. 1. 90L faulr Isclaticn capadility assumed.
VOR Receiver {KH 53) 25. 2 50. 0. Manual switching 1f veguired.
DHE Receiver (KN 62A) 50. 1 30. -
Angle of ketack Sensor 5. 1 5. -
QAT Sensor 2. 1 2. s $UY fault isclation capabilite assored,
179. 7.1
CONTROLS AND DISPLAYS
Autopilot llode Controller (KMC 340) 3. 1 34, 1] 1ICC page for batkup.
EADI Diwplay, Controls 35. 1 35. o Myzzzal switching of dicplays.
BIS1 Display, Ceatrols 35. 1 35. ¢} Manual switching cf displays,
IDCC, bDisplay, Controls 35. 1 35. o Basic HAV page avallable on ENSI displays,
139, 0
CONPUTER, ELECTRONICS
Processor (B086, lewory) 6. 11 £6. 1.8 Setoprler, AV, ADC, AMNRS, RAY, Bos (ostrcller
processers aniy. 951 fault isolatica
coyabiliiy assweoed.
A/D, D/A, MUX 6. 2 12, .6 95% fault issclation capability assused.
Bubble Memory System 50. 1 50. o Net required unless ancther failure cicurs.
128. 2.4
SERVO_ACTUATURE
Pitch Servo 7. 2 14, 0 Servo-model comparison sonituring fer
faulr izoclation.
Roll Scrvo 7. 2 14, o Servo-mcdel compariscn swaitering tor
fault isclaricu,
Your Servo 7. 2 14, L] Servo-zodel curmparison monstering for
fault isclaticno.
Piteh Tria Servo 5. 2 10. [+] Servo-todel cocpariscn moaitering for
i - fault isolatica.
52. o

el
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Table

3-2.

Relizbility Estimate for PAAS (Gheet 2 of 2)

MAINTENANCE AUnu PIlAT NHav
EARELLHE FAILUEZ RATE ECRCTILN FATLLRE
ZATE CONIRIBSTION EATE CeMIRIECTION
Laviln €00 1602 BRo) LLAWLITY #1; 1000 Hxs) {1,107 BaS) TR

P U.9 2 £. - Bot resuited fog R.lupbue.. . KAV ST fuud.
ki?l 1. z N -
Low) biap Pooaizom -5 ] -% -
¥la; bositien 2. 1 2. -
Pilesalor TEis *Lsisa.n 2. i 2.
Kelar Alticefor RY 221 <3, 1 53, =

57.% 2
WATHER RAUSK
Tran.n Tterele. it RN 1 3 2 Bit gey.ezed *or doTopaler, NAe rooelion.

532, >
toas Toeqgeevivers {5 19.) 7. z [~ ~
a8l Trun.mi - 3, 14 =d. -

0L, )
At 2mVy B3, sirza"t "2 €Ty .01 3 ROT IWCLUIED Gl Piler S3..mp o &y . % [ EY
BPAL Battury 15, 1 i0. ) PAAS ‘eolgn musl (perale waifl.l badlecy.
Laret Lyt Puucr S opply i. 1 1. i.
P/ Cunvetter 3. 2 6. 3 GI% $ru1T 4Lo0aL3UD w2p3b.dily ansusnd,

17. .31
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Dual Failure Probability = (Apq t)z =1 x 1078

where:

>
1

BC = bus controller failure rate = 10%/1000 hours

ct
i

time = 1 hour

The two-failure probability is similar to the order of magnitude
of Military aircraft fly-by-wire flight control catastrophic
failure rate.

3.8 PAAS COST ANALYSIS

PAAS and "conventional' system cost estimates, compiled in Tables
3~-3 and 3-4, indicate that the PAAS costs are similar to those
for a conventional system.

The cost figures used in the analysis were current King Radio
catalog prices where available, or rough estimates based on simi-
larity where catalog prices were not available., The PAAS com~-
puter cost estimate is an approximation extrapolated from the

DAAS hardware mechanization. No estimate is available for the

PAAS laser gyro AHRS, so a cost number corresponding to an electro-
mechanical device was used. Conclusions are not affected even if
this number is significantly increased.

PAAS thus provides dramatic improvements in functional reliability
without significantly increasing system costs. PAAS total costs
are contained because PAAS is integrated and does not require
dedicated controls and displays for its functions.
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Table 3-3. Cost Estimate for a Conventional System

Estimated

Basis For
Device Quantity Cost " .
(Dollars) Estimate
NAV/FLT Control Sensors
Yaw Rate Gyro 1 1,200 Catalog
Magnetic Transmitter (KMT 112) 1 205 Catalog
Directional Gyro (KSG 1085) 1 2,495 Catalog
Slave Centrol (KA 51A) 1 60 Catalog
Vertical Gyro (VG 208) 1 4,303 Catalog
Pitot System, Left 1
Pitot System Right 1
Encoding Altimeter (IDC 571) 1 4,629 Catalog
Air Data Computer (KDC 380) 1 1,785 Catalog
VOR Receiver (KN 53) 2 3,730 Catalog
DME Receiver (KN 624) 1 3,225 Catalog
Angle of Attack Sensor, Iand. 1 2,566 Catalog
Turn and Bank 1 700 Catalog
OAT Sensor 1 100 Estimate Only
Subtotal 24,998
Controls and Displays
Autopilot Mode Controller 1 885 Catalog
(KMC 340)
Autopilot Annunciator Panel 1 520 Catalog
(KAP 315)
ADI (KCI 310) 1 5,610 Catalog
HSI (KPI 553) 1 7,200 Catalog
RMI (KI 226) 1 2,205 Catalog
Audio Control Panel (KMA 24) 1 675 Catalog
Alrspeed Indicator 1 170 Catalog
Artificial Horizon (KG 253) 1 1,250 Catalog
Subtotal 18,515
Computer, Electronics
Autopilot Computer (KAC 325) 1 3,035 Catalog
Flight Computer {(XKCP 320) 1 4,465 Catalog
RNAV System (KNC 8665) 1 5,985 Catalog
VNAV Computer (KVN 395) 1 3,305 Catalog
Performance Computer 1 14,200 Catalog
Subtotal 30,990
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Table 3-3. Cost Estimate for a Conventional System (Sheet 2 of 2)

Estimated .
Device Quantity Cost g:iiiaggr
(Dollars)

Servo Actuators
Piteh Servo 1 2,140 Catalog
Roll Servo 1 2,140 Catalog
Yaw Servo 1 2,140 Catalog
Piteh Trim Servo 1 1,665 Catalog

Subtotal 8,085
Monitoring
Failure Annunciator 1 75 Estimate Only
MAP Sensor 2 200 Estimate Only
RPM Sensor 2 1,200 Estimate Only
Cowl Flap Position 1 100 Estimate Only
Flap Position 1 100 Estimate Only
Elevator Trim Position 1 100 EStimate Only
Radar Altimeter 1 2,350 Catalog

Subtotal 4,125
Weather Radar
Transmitter/Receiver 1 13,000 Split Estimate
Display Unit 1 7,000

Subtotal 20,000
Communications
Comm Tranceivers (KY 196) 2 3,510 Catalog
DABS Transponder 1 2,000 Estimate Only
DABS Control/Display 1 4,000 Estimate Only

Subtotal 9,510

TOTAL $116,223
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Table 3~4, Cost Estimate for PAAS
Estimated « T
Device Quantity Cost g:ii;agor
(Dollars) e
NAV/FLT Control Sensors
Magnetic Transmitters 1 205 Catalog
(KMT 1123)
Laser Gyro, Interface 8,000 Estimated of
Elecetronics basis of cost
Accelerometer, Interface of electromechan--
Electronics ical replacement
Pitot System, Left
Pitot System, Right
Static Pressure Transducer 2 800 Estimate Only
Differential Pressure 2 800 Estimate Only
VOR Receiver (KN 53) 2 3,730 Catalog
DME Receiver (KN 62A) 3 3,225 Catalog
Angle-of-Attack Sensor 1 828 Catalog
QAT Sensor 1 100 Catalog
Subtotal 17,688
Controls and Displays
Autopilot Mode Controller 1 885 Catalog
(KMC 340)
EADI Display, Controls 1 7,000 Estimate Only
EHSI Display, Controls 1 7,000 Estimate Only
IDCC, Display, Controls 1 8,000 Estimate Only
Subtotal 22,885
Computer, Electronics
Processor (8086, Memory) 11 9,600 Estimate Only
Power Supply and Misc. 6,000 Estimate Only
A/D, D/A, MIX 2 2,000 Estimate Only
Bubble Memory System 1 2,000 Estimate Only
Subtotal 19,600
Servo Actuators
Pitch Servo 2 4,280 Catalog
Roll Servo 2 4,280 Catalog
Your Servo 2 4,280 Catalog
Pitch Trim Servo 2 3,330 Catalog
Subtotal 16,170
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Table 3-4. Cost Estimate for PAAS (Sheet 2 of 2)
Estimated -
Device Quantity Cost ggfi;afgr
(Dollars)
Monitor Sensors
MAP 2 200 Estimate Only
RPM 2 1,200 Estimate Only
Cowl Flap Position 1 100 Estimate Only
Flap Position 1 100 Estimate Only
Elevator Trim Position 1 100 Estimate Only
Radar Altimeter (RT 221) 1 2,350 Catalog
Subtotal 4,050
Weather Radar
Transmitter/Receiver 13,000 Transceiver/display
—_— Split Estimate
Subtotal 13,000
Communications
Comm Transceivers (KY 196) 2 3,510 Catalog
DABS Transponder 1 2,000 Estimate Only
Subtotal 5,510
TOTAL $98,903
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3.4 PAAS MAINTAINABILITY ANALYSIS

The projected advanced Avionics System (PAAS) maintenance test
concept 1is depicted in Figure 3-5, Highly effective avionics
built-in test (BIT) is anticipated. On-aircraft functional test-
wng and fault localization to a module within an LRU are expected
to be feasible with minimal test equipment. The fixed base oper-
ator could exploit the BIT capability and minimize his special
purpose test equipment and become more a storehouse of replacer
able modules. The avionics. should include capability for on-
aircraft trouble shooting by the fixed base operator. Faulty
modules could be repaired at the factory.

BIT design‘objectives consistent with the above maintenance phil-
osophy are:
e Minimize fixed base operator test capability requirements

e Maximize BIT fault localization capability

Of course, the resulting BIT mechanization must not significantly

increase avionics cost.

DAAS BIT modes: include:

e In-flight test
® Functional test/fault localization - automatic
e TFunctional test/fault localization ~ interactive

¢ Maintenance trouble shooting

In-flight-test is continuous and will generate a warning when a
detected ftailure will disable a system function. The DAAS will
automatically reconfigure for computer unit processor failures,
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In-flight failures that are detected by BIT will cause the amber
warning light to flash. A message will be displayed on the IDCC
on the line reserved for warning messages. The message will be,
"Device Failure" followed by identification of the failed device,
(Vertical Gyro, Compass, etc.).

Functional Test/Fault Localization, Automatic, is performed at
rower-up, or when commanded by the operator, and tests system
components as feasible without operator interaction. This fest
function exercises DAAS equipment and identifies failed LRUs éé
well as failed modules within the LRU as ifeasible.

Functional Test/Fault Localization, Interactive, is performed on
command and allows testing of devices where operator actions or
observations are necessary to complete a test, IDCC and EHSI
test pattern tests are included in DAAS as examples of avionics
interactive testing.

Maintenance trouble shooting allows the operator to apply signals
and measure signals via IDCC. Memory words can be displayed.
Analog and discrete signals can be applied at computer outputs,
and various system analog and discrete signals can be measured
and displayed.

Fault localization and replacement of 2 faulty avionics line re-
placeable unit can be accomplished in mean time of 15 minutes
with the level of BIT envisioned for PAAS. Repair of a faulty
unit, i.e., fault localization and replacement of a faulty part,
can be accomplished in mean time of 1 hour.

PAAS packaging must be designed to allow operator removal of
hardware modules and continued operation with only partial loss
of function.
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3.5 PAAS MODULARITY ANALYSIS

PAAS is designed to be modular. The system is constructed of
building blocks that can be configured to provide varying levels
of functional capability depending on user requirements, The
design is intended to facilitate addition of functions without
major upheaval to the existing aircraft control panel or existing
avionics,

-

Modularity is achieved through:

¢ System architecture
e Controls and displays modularity
e Hardware modularity

e Software modularity.

Basic system architecture, i.e., multimicroprocessors inter-
connected via data bus, supports modularity. Functions can be
added by adding appropriate process or modules, and the process-
ing can interface to the system through the data bus.

PAAS employs programmable controls and displays that can be re-
configured for various functional complements, The IDCC includes
basic mechanical controls (key!oard page callup buttons, etc.)
and a programmable display. The basic display module is the dis-
play page. The page can be used as a function control panel or
for required data and information input/output. The EHSI and
EADI are displays that can bhe programmed for the set o7 functions
included in a particular PAAS installation,

PAAS hardware is modular. Standard modules can be added to pro-
vide computing power, memory, or I/O required for added functions.
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PAAS software is structured and modular. Each of the hardware
modules are programmed with independent software modules that
require minimum interfaces with other functions. These snitware
modules are developed using structured design techniques, The
system modularity has been demonstrated by addition of the DABS
function,

The integration of DABS into DAAS late in the DAAS development
program demonstrates basic modularity. Incorporation of DABS _
required -~

e Installing a DABS transponder in the aircraft, and interfac-
ing it to the DAAS computer unit.

Adding a DABS processor module, including software, and two
DABS interface electronics modules to the DAAS computer unit,

e Adding three DABS pages to the IDCC,

e Adding a DABS '"Message Pending" light to the panel.

The DAAS processor module is appropriate for DABS computations.
DAAS keyboard and IDCC page formats are appropriate for DABS.
Consequently, DABS readily fit into the DAAS framework. PAAS
modularity is further assessed in the following paragraphs.

3.5.1 PAAS System Modularity

PAAS system modularity is demonstrated in Figure 3-6. The vari-
ous levels of functional capahbility are depicted. The core PAAS
functional entity is the autopilot.

The autopilot processor and a basic I/O terminal are required for
this function.

115



9TT

X
”l/’ l l
W5y PAR | PT0T2 = PR 2
- -
SO NN NN bt Ll 1
\AHRS SENSORSY — P-SERVOSETT s sERSORS {—p- B2 —»- SERVOSET2
TRNANNS NN "o oTHE - o
L » otHER —> - OTHER
TERMINAL NAV2 —p- ESyERmINAL
1 FUEt2 —p- B 2
ENGINEZ —p
oME lossst
m"mugmuu — CONFIGURATION —p» TRANS ;;ﬁf#f,‘:_
ETC —»{ {sciv ETIC. B3 srv PONDE = =
/4227, N N SN 3 111
AUTOPILOT / ab banns N\ \EAD|§ SPARE DAES = wxn —]
NN SNNNNSAN . 1t

PAAS FUNCTIONAL LEVELS

D‘ AUTOPILOT
V7771 2 AR DATA FUNCTION
R\ 3 AHRS, ADI FUNCTIONS

4 NAV. EHSL, IDCC FUNGTIONS

ﬂﬂﬂ]ﬂm 5 DABS
% 6 WEATHER RADAR

(TR 7 FAULT TOLERANT CAPABILITY

0 000

Figure

3-6. PAAS Modularity

#

#
U vustFewas

= e

ALYND ¥00d A
0} 3%vd



A second version of PAAS could include the autopilot and the

air data functions. In this version, the air data function would
only supply references for the autopilot., Altimeter and IAS data
sources would be independent,

A third version of PAAS cwuld have autopilot, air data, AHRS, and
the electronic ADI that includes the altimeter, IAS and VSI dis-
plays.

A fourth version could also include the NAV, EHSI and IDCC
functions,

A fifth version could have DABS added, and a sixth version could
include weather radar data superimposed on the EHSI.

A seventh version could include the necessary redundant hardware
for fault tolerant operation.

Each version of PAAS would be complimented by systems necessary
for desired functional capability and backup. A particular ver-~
sion of PAAS could include spare room to allow incorporation of
some additional capability: either the defined next higher level,
or a yet-to-be-defined advanced capability.

3.5.2 PAAS Controls and Displays Modu}arity

The ideal controls and display configurations from a modularity
standpoint, would include only general purpose controls. No con-
trols dedicated to a specific runction would be allowed in order
to minimize impact on panel hardware when a function was added.
In an i.ealized PAAS configuration, controls would include a
general purpose keyboard, and one IDCC page callup button for

each function.
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DAAS has deviated from this ideal in certain respects:

s Various dedicated NAV function controls are implemented
above the IDCC, included with page call-up buttons; i.e.,
USE, CRS, SEL, LAT DIR TO, AUTO CRS SEQ.

o Dedicated map control buttons are implemented next to the
IDCC; i.e,, HDG/NOR, MAP/CRSR, MAP RTN, WP BRG, REVU, MAP
SCALE,

e Dedicated autopilot mode controller, annunciator panel.

e Other function controls

These dedicated function controls were implemented to maximize
thelr accessibility,

Dedicated NAV function controls could be avoided if these controls
were instead implemented in IDCC pages. The penalty for elimina-
tion of dedicated NAV function buttons is as follows:

e One additional button push required to activate LAT DIR TO.

e One additional button push required to change waypoint data
access from linked wervpoint, to unlinked waypoint.

The advantage of this approach, in addition to improved modularity,
is elimination of dedicated NAV function buttons above the IDCC,
which leaves only page call-up buttons there. This eases system
comprehension,

Current dedicated map control buttons do not significantly degrade
modularity. They can be an integral part of the EHSI assembly.
Spare control buttons should be included, however, for additional
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functions which use the BHSI, which will also have dedicated cone
trols; o.g., weather radar.

Thoe DPAAS Autoplilot mode controller Ls a dedicated panel., Accos-
sibility to the safoty critical mode controller seoms to proclude
its incorporation fnto multifuncetion control facilitlies such as
the IDCC,  The autopilot mode annunciator pancel would Llikoly be
incorporated into the FEADI 1f EADI wore included ln DPAAS.

3.5.3 DPAAS Hexdware Modularity

The existing DAAS bardwarae is modulaxr. The basic hardware build-
ing block 1s tha processor board, Figure 3-7. This 6.25 by 6,28
ineh printed circult board includes:

e INTEL 8088 16~bit microprocessor

e 2K x 16 PROM Memory

o K x 16 RAM Memory

e Crystal clock

e [LEE 488 bus talker/listoener/controlloer

e Intorrupt controller

I more than 4K x 16 meomory is rogquired for a particular PAAS
processor, 4 supplomental 6,25 by 6.25 inech memory board is used.
This memory board can contain up ro 12K x 10 additionnl RAM
momory,  Other hardware modules that could be employed in a PAAS
systom Inelude:

o DIADI, EHSI display roefresh memory module
e DBubble memory module

e Aunlog/Discrete I/0 modules
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PAAS would employ a higher level of circuit integration than the
existing DAAS system. Custom VLSIC would be economical for PAAS
for the basic hardware modules. Exploiting modularity of a pro-
duction version of PAAS requires the following hardware design
considerations:

@ The PAAS computer box must have sufficient room and external
connector pin capacity to support eventual growth.

o DPower supply - The PAAS power supply must have reserve capac-
ity to support eventual system growth or else the power sup-
ply must be changed as functions are added.

e Data bus throughput - The PAAS data bus must have sufficient
throughput margin to support eventual system growth. The
current system IEEE 488 bus is only 30 percent loaded, which
is consistent with this requirement. The PAAS data bus
would require higher throughput to accommodate the AHRS and
weather radar functions.

3.5.4 PAAS Software Modularity

PAAS software must be modular. Functions are implemented in
software modules; i.e., independent programs with single entry
and exit, separate data locations and clearly defined and con-
trolled interfaces. Data bus communications are managed in an
orderly fashion by the bus control processor, with growth in mind.
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SECTION 4
CONCLUSIONS AND RECOMMENDATIONS

The DAAS system design is completed, and flight hardware built.
Simulator evaluations have been performed., The PAAS configura-
tion has been defined and analyzed on the basis of cost, reliabil-
ity, maintainability, and modularity. The following conclusions
and recommendations are based on the experience associated with
this effort to date.

e Functional Configuration - DAAS provides expanded functional

capability with respect to currently available avionics and
has the potential to significantly improve single pilot IFR
safety and efficiency. The DAAS architecture provides the
framework for additional expansion without the requirement
for added displays. This is accomplished by using the shared
data base, displays and bus. The distributed architecture

of the system provides for functional independence. This
minimizes the number of needed interfaces between functions
and thereby reduces data input and subsequent pilot training.

e Function Set - The DAAS function set is comprehensive and

suitable for demonstration. Operational simplification and
functional additions have been suggested that may be appro-

priate for an operational system.

e Cost - The DAAS concept is cost effective, and has cost ad-
vantages with respect to conventional avionics as the number
of integrated functions increase.
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e Reliability - The DAAS system architecture reduces computer

system failure rate to a negligible portion ¢f the total
system failure rate., Sensor and servo failure rates dominate.
Low cost sensor and servo redundancy should be pursued with

a goal of 10,000 hours in-flight MTBF for autopilot and basic
navigation functions to provide extremely reliable pilot re-
lief to facilitate effective f£light management. The PAAS
configuration promises much higher functional reliability.

® Maintainability - DAAS offers improvements in avionics main-

tainablility through improved reliability, automatic fault
detection and isolation, and on-aircraft trouble shooting
without special test equipment.

® Modularity - DAAS is functionally modular, with general pur-
pose controls and displays, and hardware and software build-
ing blocks to provide varying levels of capability. Expan-
sion of capability has minimum impact on the existing aircraft
control panel and existing avionics.

Following is an expansion of these conclusions and recommendations.

4.1 FUNCTIONAL CAPABILITY

The DAAS system provides comprehensive facilities for flight
management. Concensus of evaluations is that DAAS provides im-
proved functional capabilities with respect to current avionics,
and has the potential to significantly improve single pilot IFR
efficiency and safety. Checklists, weight and balance, and per-
formance functions are convenient to use, and they support good
pilot practices. The moying map display, IDCC data readout, and
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comprehensive warning system inform the pilot of flight status.
The autopilot, which couples to the NAV system, provides the
necessary relief that allows the pilot to monitor and effectively
manage his flight,

The DAAS moving map display is well received and considered a
major aid in flight management., However, the following enhance-
ments have been suggested:

e Terminal area display should be expanded to include stored
approach plate details., Automated terminal area flight
management including coupled NAV and autothrottle functions
should be considered.

@ It would be desirable to accurately display the runway during
landing approach. This could, perhaps, be feasible if 1) a
strapdown AHRS with short term INS capability were a part of
DAAS, or 2) MLS were included, or 3) GPS were included, or
4) ILS/DME navigation mode were included,

e A color map display would be useful to facilitate increased
display information content.

e Ixpansion of DABS to aid in congested terminal area communi-
cations would be desirable.

e Incorporation of an EADI into DAAS would be an appropriate
follow-on effort to further develop the concept.

The DAAS function set is considered representative and adequate
for demonstration purposes. There are areas where changes might
be considered for an operational system. For example, DAAS com-
plexity must be controlled and pilot/system interface must bg
efficient to maximize pilot access to DAAS functions.
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DAAS controls and displays have been generally accepted by
evaluators, including the alphanumeric keyboard, The system
simulator IDCC touclpoint mechanization was found objectionable
because;

® No tactile feedback to indicate signal initiation.

®» Smudges on CRT face obscured image.

® Inadvertent data entries possible if touchpoints are not
accurately touched.

An alternate approach using bezel-mounted buttons has been added.

The DAAS Kalman filter blending of VOR/DME data with dead reconing
position is expected to improve navigation, precision and stabil-
ity. The addition of DME/DME integration into the DAAS algorithms
seems like an appropriate follow-on. Integration of an IRS to
augment the blender position should also be considered.

4.2 COST

DAAS includes significantly more functional capability at a cost
competitive with conventional avionics, as illustrated in section
3.3. The DAAS cost advantage will become more decisive as more
functions are incorporated. For example, DAAS could be expanded
to integrate:

o Weather radar

& Air data computer

e Autothrottle

® Automatic storage of airport facility data
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e AHRS
® Radar altimeter

e Other functions

Therefore, with each function added total system cost per func-
tion would come down since packaging power supplies, and controls
and displays are shared in DAAS and need not be duplicated for
separate functions.

Consequently, the DAAS concept of integrated avionics is cost
effective.

4,3 RELIABILITY, SAFETY

The PAAS system reliability, including sensors, instruments,
computers, and servos is estimated to be 137 hours MTBF. This
system reliability is expected to improve as integrated circuit
technelogy advances, and electromechanical devices are replaced
by solid state devices.

The existing DAAS NAV/Autopilot function reliability is estimated
to be 9260 hours mean flight time between loss of function.

The DAAS architecture, using advanced electronics, has produced
a very reliable computer system. Consequently, DAAS reliability
was affected mainly by sensor and servo failure rates; e.g.,
system sensors and servos contribute 96 percent of the autopilot
failure rate. Since the autopilot and NAV functions are essen-
tial to effective flight management, it is recommended that low
cost redundant sensor and servo configurations be pursued, with
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a goal of 10,000 hour NAV/autopilot flight MTBF. The DAAS
architecture can cost effectively provide such reliability.

The failure mode effects analysis of 86 DAAS elements concludes
that, with recommended modifications implemented, DAAS failures
are tolerable and safe. The DAAS safety pilot's contribution to
flight safety is also acknowledged, especially in take-off and
landing situations.

4.4 MAINTAINABILITY

DAAS concept offers improved maintainability through:
@ Improvements in hardware reliability
e Built-in test for automatic fault detection, localization

e Capability for on-aircraft trouble shooting without special
test equipment.

4.5 MODULARITY

The DAAS system is functionally modular. It is composed of hard-
ware and software building blocks that can be configured to pro-

vide varying levels of functional capability and cost. Expansion
of capability will have minimum impact on the existing DAAS air-

craft control panel and avionics.

The DAAS system can be adapted to interface with devices from a
variety of manufacturers. For example, hardware and software
modules could be developed to allow use of different WAV receivers,
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even i1f the NAV receivers were 10t equipped for remote tuning,.
Manual tuning would be required in this version of DAAS, on com-
mand from the IDCC. The system can also accept input signals
from sensors supplied by a variety of manufacturers. The variety
of subsystems with which a production version of DAAS would be
compatible would be determined in a marketing study,

DABRS integration into DAAS late in the DAAS development program
demonstrates basic modularity. Incorporation of DABS required:

e Installing a DABS transponder and control panel in the air-
craft, and interfacing it to the DAAS computer unit.

® Adding a DABS processor module, and two DABS interface clec~-
tronics modules to the DAAS computer,

» Adding three DABS pages to the IDCC.

e Adding a DABS '"Message Pending" light to the panel.

The DAAS processor module is appropriate for DABS computations.
DAAS keyboard and IDCC page formats are appropriate for DABS.
DABS readily fit into the DAAS framework, thereby demonstrating
that DAAS is a highly modular system.
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. GLOSSARY

ADI - altitude direction indicator

AHRS -~ Altitude Heading Reference System

ALT - altitude, altitude hold

ARM -~ arm

ATC - Air Traffic Control (National)

BIT - built-in test

CC - central computer

CCU - central computer unit

COM - communication

COMM - communication message

CPU -~ central computer unit

DAAS - Demonstration Advanced Avionies System
DABS -~ Discrete Address Beacon System

DME -~ distance measuring equipment

EHSI - electronic horizontal situation indicator
ELM - extended length message

EPROM - electrically alterable PROM

ETA - estimated time of arrival

FAR - federal aviation regulation

DI

flight director indicator
GMT - Greenwich mean time

GS - glideslope
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GLOSSARY

HDG - heading
IAS ~ indicated air speed
IDCC - integrated data control center

IFR - instrument flight regulations

LOC ~ localizer
MDA - minimum descent altitude
MLS - microwave landing system

NAV -~ navigation

NAVAID - navigational aid

PAAS -~ Projected Advanced Avionics System
PROM - programmable read~only memory
RAM -~ random access memory

RAU ~ radio adapter unit

RMI - radio magnetic indicator

ROM - read-only memory

RPM -- revolutions per minute

SEL -~ select

SM - standard message

UV - ultra-violet

UV-EPROM - ultra-violet eraseable PROM
VFR - visual flight regulations

VHF - very high frequency
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GLOSSARY

VNAV - vertical navigation

VOR -~ VHF omnidirectional (omni) range
VOR/LOC - VOR localizer

VOR/LOC/GS - VOR localizer glideslope
VSI - vertical speed indicator
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APPENDIX A
PROFILES OF DAAS TEST PARTICIPANTS

SUBJECT PROFILE #1

Name: Bill Unternaehrer
Position: Design Engineering, Honeywell, Inc.

Number of Years Active Flying: 13 years

Certified Flight Instructor: Yes

Ratings: ATP, MEL, Commercial, SEL, SES, Glider
Flight Instructor - Instrument and Airplane

Experience with HSI; Yes (20 hours)

Aircraft Flown Flight Hours
Piper (Single & Twin) 550
Cessna (Single) 1500

Currently Fly: Cessna

PRECEDING PAGE BLANK NOT FILMED

133



SUBJECT PROFILE #2

Name: Larry Pedersen
Position: Supervisor, Test Equipment Field Engineering,
Honeywell, Inc.

Number of Years Active Flying: 15 years

Certified Flight Instructor: Yes

Ratings: ATP, Airplane and Power Plan Mechanic
Flight Instructor - Airplane and Instrument

Experience with HSI: Yes (King HSI)

Aircraft Tlown Flight Hours
Cessna (Single & Twin) 825
Beech (Single & Twin) 205
Piper (Single 800
Others 20 20

Currentiy Fly: Beech Bonanza, Cessna 172, Cessna 421

SUBJECT PROFILE #3

Name: Ron Albertson
Position: Pilot, King Radio Corp.

Number of Years Active Flying: 12 years
Certified Flight Instructor: Yes
Ratings: MEL, ATP, Gold Seal
Flight Instructor - Airplane and Instrument

Experience with HSI: Yes (KFC 300, KFC 200, KFC 250,
Bendix 810, Mitchel)

Aircraft Flown Flight Hours
Beech 3,000
Piper 3,000
Cessna 3,000
Bellanca 3,000
Mooney 3,000

Currently Fly: All above
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SUBJECT PROFILE #4

Name:; John Lindbe.rg
Position: Pilot, Instrument Flight Training

Number of Years Active Flying: 10
Certified Flight Instructor: Yes
Ratings: MEL, ATP
Flight Instructor - Airplane and Instrument

Experience with HSI: Yes (KFC 300, KFC 200, Collins Bendix, Narco)

Aircraft Flown Flight Hours -
Beech 1,000
Piper 1,000
Cessna 1,000
Bellanca 1,000
Mooney 1,000

Currently Fly: All above

SUBJECT PROFILE #5

Name: Dan Rodgers
Position: Director Special Projects; King Radio

Number of Years Active Flying:
Certified Flight Instructor:
Ratings: MEL, Private Instrument

Experience with HSI: Yes, Project Engineer KFC 300 and KFC 200

Aircraft Flown Flight Hours
Beech Not available
Piper Not available
Cessna Not available
Mooney Not available

Currently Fly: All above
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APPENDIX B
DAAS FAILURE MODES AND EFFECTS ANALYSIS
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LET

FAlLRE FAILURE  AFFECTED DAAS FAILURL
110, DAAS ELEHENT 110, FAILURE  RATE*W® ELELMENTS EFFECTS OF FAILURE WARN. ETC. CATLGORY CUuitaTs
1 Encoding Alti- =571 Faulg 200 Altireter Erroneous Visual Dutput w5, Power 3 UBuring IFh-comditiuns,
neeter uiu_nn the Indicator Servo Loop Proxinity karn. vo aot
Altim, vetect, Vartical Lustacles
Babs Transpond. Erroneous Output Error Check 3 Histeads Traffic Cuntrol.
KY76A - " Amber Light
AP CPU trroneous 3
*G. Proximity Warn.” Hrong Harn. Turessold
- A/ & ICC CPU  Erronecus “Alt. Advisory”
Light Info. {Alt. Alert,
MDA & DH.) 2 “secondary tffect™
- - A/P & HAV CPU trroneous Paraweter bhrong Fuel or T.U.-
T.0. & Hav. Calculation 3 Bistance Calculation.
Conclusion: Far 91 do not require redundant altimeters for Cat. 1 1FR, only for CAt II.
The Probability for a failure is ~ 102 during 4 hours fit. significant!
The co-pilot instrumentation required {n DAAS. OK.
2 Co-Pilot Fault ine
ATtireter in the 200 Altimeter Erronecus Visual Output tio 2 Will cause soue inconven-
Altimeter Indicator fence until decided whicn
altim. failed.
Conclusion: Loss of the co-pilot altitude info is a minor problem to the UAAS pilot. Tie probability of loss of

botn bero-altimers during 4 Flt. hrs. is:

= { apitot + 1 altim)pilot - { A pitot + 1 altim)co-pilot ~

- m‘_ . A catastrophe will occur if the A/C collides with a2p object not detected Ly the proximity
warning systen. The probability for this to happen 1s considerably less thani0™ .

2
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Fallute o dliitenT Fidiute  AbReCTow UARD FAILLKL
w. pns cLibiod . FATLURE  ®aTL*1o®  tLiHELTS cFFLCTS Uk FAILUKL wiRi. LTC,  CATEGURY L Lals
3 Hauar altimeter KT221  Fault in AP VL o TuCC trroneous "u. Praxinity Rad. Alt, Tue protacility <<ig-®
Rau. Alt. ouy arn.” valid. for yaro.-ang
Incl. Ant. AP CPu o buSE Lrronecus: Rad. Alt. Info.  {Amwer Liynt) 2 Radar-Altiu, Failures
Conclusion: 1o Far ul requirement on Rad. Alt. if installed, fail. warn. required. Valiaity signal Gi.
A critical situation {4) occur if Loth tne daro. Alt. and Rad. Alt. fails.
Hegligible probability. OK.
4 True Aiv
Speed Sensor Y8218 Fault in 1ug A/P & Hlav. CPU Erroneous inputs to Nav. o - 2 Pilot confused. higat
Tas OR ENSI & Fuel consum. create a provlems if no
Sign. Cond. calculations radio dav. availaule.
Conclusion: TAS not required by Far Y1.
It is very unlikely (<1u-8)} tnat a TAS failure will cause a critical situation in UAAS
due to redundant IAS and VOR/UME information. .
5 IAS Instru- Panel Instru- 280 IAS Erroneous visual output Ho 2
ment ment Indicator
Failure
Conclusion: Single IAS instrument UK for Cat 1 IFR, Far Y1, 2 required Cat. 1I conditions.
Loss of IAS instrument not critical in DAAS. Redundant visual speed info. available.

6 {a-Pilot Instru- pailt) 1AS krroneous visual output o 1 Heylectable to pilot.
TAS Tnstru- ment Indicator Redundant info. available
ment Failure {1AS + KPH)

Conclusion: Loss of Co-Pilot IAS info. no problem to the pilot.
The probabiiity of loss of botn IAS indicators are {witn reference to fault ho. 2):
(4 33u-1078)2 =2-10"8, Tne risk for a catastropne is significantly lower in the uMAS
systems since redundant info. such as VOR/DME and angle of attack are available. OK.

7 Air bata KDC- Instru- 200 A7P CPU krroneous a-u Signal Yes 2 Additiona} Alt. & VS
Computer 380 ment Alt. Valid info. available, Tne

Failure {Anber Ligiit) pilot monitors Alt. nola.

Conclusion: Far part 91 do rot require a 3rd IAS/ALY. Sensor.

The Al1t./1AS valid and available redundant info. will winimize risks.
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FAILLRL FRILLRe  AFtelTeb UAAS FAILUKL
_Ju- UAAS ELEMLAT Hu, FrILUKRL AATL 1% LLLHENTS tFFELTS UF FAILURL WARI.ETC. CATEGURY CutMeuTs
8 Pitot systew left faulty 50 Altiveter Erroneogus:
PTOT or VSI-indicator AT & A-H info. [1i1] 3 Confusing info,
PSTAT IAS-indicator 1AS & vSI Risk for wrong
ADC KUC-383 flight warning action in IFR
proxinmity * cond, Pilat or
transponder response ground controi.
9 Co-pilot
pitot system right faulty 50 Altimeter Erroneous visva! info. to £y 1 Co-pilet not in tne
PTOT or VSI-indicator co-pilot control loop.
PSTAT IAS-indicator
Conclusion: Dual PITOT systems required by FAR 91 oaly for CAT. II operations. For DAARS, the co-pilot and the right
PITOT system provide adequate redundaacy. ° % 2 -7
The probability of failures in both left and right PITOT systems is - {4- Su- iU ) <lu .
Very low risk!
10 Qutside air

temp.

sensor or 5
sign. cond.
failure

Lonclusion: Lo OAT required by FAR.
VAT failure 15 not assuoed to cause severe pilot problems.

HAV-CPU

Erroneous input to 1.0.,
crufse, and fuel/distarce

calculat.

wo

It 1s

2 Fuel qty. coecks
will alara pilot in
tize for refueling.
Protatility of failure
low

suggested, however,

that inputs to calculations such as OAT ALT etc. are displayed to the pilot when used.
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FAILURE

FAILURL  AFFLCTED DAAS FAILURL
WU, UARS tLeHedT W0, FAILURE  RATE*1US  ELEMEWTS EFFECTS OF FAILURE WARH, ETC. CATEGURY Cuttizadd
11 Hagnetic Flux AT Faulty 20 Radio Magnetic Erroneous Visual Output. o 3 The pilot wisled vy «-o
vetector 112 Mag. Horth indicator {uir. GYRO sTaved to indicators giving consistent
ref, signal and EHSI Mag. Fx. bat.) faulty infonmtion.
A/P - CPU Faulty Hdg. brror 3 KiT112 essential unit!
in Hdg-hoid mode
HAV - CPU faulty Havigation 3 Kaluan Filter will output
focc-CPu and fuel/distance excessive wing, spoiling
calculations calculations,
Conclusion: Far Y1 reguires mag. dir. indicator and dir. GYRO for IFR. 2 dir. GYROS req. for Cat II cond.
Co-pilot dir. GYRO and Mag. compass makes UARS okl
12 Slave Acces- KA Dead or . pU} The indicator Faulty visual output o 1 RHl and way. compass info
51A wrong available to pilor, eliui-
. cutput nates confusion.
Conclusion: Far yl do not explicitly state the need of a slave accessory.
13 birectional LYRU Faulty 300 Radio waynetic trroneous visual output Yes 3 Uir. GYRO essential. See
including KSG idg. Uut- indicator amd hdg. valid See do. 11 coutents.
Scott T/7WA 15 put EAST {Anber Light)
hjP - CPU Faulty tHdg. brror in
lidg. Mode
AV - CPU Faulty navigation
and fuel/distance
10CC-CPU calculations
Conclusion:

14 Radio magnetic KZ
indicator

Conclusion:

See fault No. 11 comments.

Fault in 33
226 the RNE

The Dir. GYKO validity-test coverage - 70%. Probability for undetected failure (U.3-3 - 3u0-107%)
~ 4°10°% during @ 4 hours flight. Still significant!

Rl indicator Erroneous visual cutput

o 2
GYRO or VOR wmode )

Hag. conpass, Pal and widl
provides redundant info to
pilot.
Far requirement see No. 11. OK.
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FAILLRE FAILURE  AFFECTED BARS FAILURE
. DAAS ELEMENT Wo. FAILURE RATE*106 ELEMENTS EFFECTS OF FAILURE WARN. EiC. CATEGORY COMENTS
Co-Pilot KMT  Faulty 20 PHI Erroneous Visual Qutput Ha 3
15 Fag. Flux 112 Mag. Horth {Slave Acc.)
Detector Ref. Signal
16 Slave Aceessory KA Pead or 10 Slave Acc. Erroneous Visual Outpat to 1 1 to tne pilot
51A Wrong
Cutput
17 Directional KG Faulty 340 PlI trroneous Visual Output Ho {2 w co-pilor)
GYRO 102A Hdg. (Slave Acc.)
Output
1d Pictural llav. KI  Mag. Card 33 ol Erroneous Visual Qutput tio J
Indicator 525A Lbrror
{P.i1.1.)
Conclusion: Loss of co-pilot slaved directional GYRU info. is a minor problem to the DAAS pilot.
The probability of one failure in the pilot slaved directicnal GYRO system and one
failure in the co-pilot system is [4.660.1076)2 <10.75 Tne probability is vemote and tne
mag. compass and VOR Info. available makes the risk very low.
19 Turn and Slip “RC  Faulty 1% TJurn Rate Erroneous Visual Uutput lio 1 Turn rate determined from
Instrument Allen* Turn Rate Indicator roll angle as replacement
Instrument
Faulty 10 Stip " " - to 1 Side acceleration sensed by
Stip fndicator pilot acceptable replacenent.
Instrument
Conclusion: Single sYip-skid indicator required for Cat. I and 11 IfR, By Far 31,
Loss of this instrument minor problem.
20 Co-Pilot Faulty 150 Turn Rate Erroneous Visual Output Ho 1
Turn and Stip Turn Rate Indicator
Instrument Instrunent
F?liﬂl)' 10 Slip Indicator trroneous Visual Cutput o 1
Stip
instrunent
Conclusion: liegligible to the pilot and co-pilot.
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FAILURE

FAILURE  AFFECTED

DAAS FAILURE
HO. DAAS ELEMENT RO. FAILURE RATE*10®  ELEMENTS EFFECTS OF FAILURE WARN. ETC. CATEGORY COtLUTS
21 Yaw Rate GYRO GG Faulty 50 A/P - CPY Worst Case: Hudar trans- lio 2 Inconvenient before Y/u
2472 GYRO ient and convergent Yaw and R/P disengaged.
oscillations.
Conclusion: 1t is d that the rudder servo slip clutch protects against danyerous sive- and
angular-acclerations and that tne A/P disp switch is an adequate mean to disengage wie
Y/0.
e Angle of attach Type Faulty 1wy R/P - CPU Stall warning given at 1] Py Visaal coech of tie
Sensor and tC Qutput noralX , ur not given indicator and crusscaecs of
Ingicator wien needed, speed, vert. syeeu 3md
attitude will reveal a
fault.
Conclusion: o Far requirement on anjyle of attack iudicator or stall warniny.
<3 Yertical LYRU VG Faulty 33 Attitude Direct. trroneous “Artificial Yes < vifficult Failure to uelect,
253 Pitch Indicator norizon® "Vert. GLYRO especially for zero vutput,
and/or Valid” siuce Avl, W and wodl all
Roll (Anber Ligit) agree. Cluse cuservante of
Signal otner Fl-instrusents
assumed.
A/P - CPL trrors in control laus, 2
Servos -
it - CPU Error in predicted 2
Trendlines
Conclusion:

Far 31 requires 1 "Artifical storizon” for Cat. I comditions and 2 for Cat. 1I.

Tne coverage of the validity test is -~ (©.3-4-330-1076) - 3-1U7" siguificent!

Far 23.1329 e} a hardover failure in twe vertical 6YRO rol} output propages via

tie A;? cont. Taws to roll, yaw and pitch axis. This is not acceptable to Far 9@ wording.
A modification to eliminate the Far-confiict is recormended.
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FalLure FAILURE  AFFECTED GARS FAILUR:

"o, uand Lokl . FAILURE RATE*1u®  LLEMENTS LFFECTS oF FAILURE WARK. ETL. CATEGLURY Cutik TS

24 Artitude bir. KCI Faulty 330 “Artifi. Horiz.“ Faulty Visual Output No 2 AJP sedes ang resundent iufo
Indicator 310 “Artif. Indicator available.
=artifi. Hori.* vorizon®

Conclusion: Far requirements, see fault fo. 23.
The 18AS is OK in this respect.

25 Co-Pilut KG Fault in 670 "Artifi. Horiz." Faulty Visual Output to 1 The DAAS pilot can easily
"Artiti. 258 Artifi. Indicator determine that the sugod 1S
worizon” Horizon*™ faulty. Several reaangant

Unit indicators availavle to niwm,

Conclusfon: Loss of the co-pilot Artificial Horizon is a minor problem. The suction
ir;‘dic?]mr snows if “power® is available and provides valuable infc to
the pilot.

The probability A of failures je both vertical_GYROS and “Artificial Horizons™ during 2 § hr.
Flight 1s ~ 4 (330 + 340} - 107 x 4 -620- 10 " or 7 -10™® _ The risk for loss

of both *Artificial Horizons™ is not negligible and may bring tne pilot in a

demanding situation.

P« Hanifold Panel  Instrument 1y Map Indicator Faulty Visual Lutput Ho 2 1n case of 2p instruscat
Pressure Failure failure tnese instrusents
Instrusent and audiovisual feed backs

provide enough info. to

27 Engines HPH Panel  Instrument 1 RPH Indicator Faulty Visual Output Ho 2 the pilot to allow correct
Instrument Faflure failure localization.

24 kxh. Las. Panel Instrument 10 EGT Indicator Faulty Visual Output Ho 2
Tewp. Instr. Fajlure

29 Engine Status Panel Low O} 10 Enng. Status Faulty Visual Output Ho 3 Faulty indication of low
Instrunent 2 Pressure Indicator 1 oil pressure way duricg

or ligh soce conditions force
Temp. the pilot to shut of f the
engine and Jand A.S.A.P.

30 tngine Status Panel Low Ofl 16 tngine Status Faulty Visual Output tio 3
Instrument 2 Pressure Indicator 2 N

or High
Teap.

Conclusfon: Far 41 regquires with exception of the EGT, the engine instrumentation. Listed above. {VFR cenditionsj.
DAAS independent of these instruments.
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FAILURE FAILURE  AFFECTED UAAS FRILURL
Ho. UARS ELENENT Ho. FAILURE RATE*I0® ELEMENTS LFFECTS OF FAILURE WARH. ETC. CATEGURY CUPERTS
31 Fuel Flow Faulty 5 Fuel Flow Faulty Visual Output Ho 2 Fuel Gtv. Info. available
Sensor 1 Sensor Indicator
mec Faulty 10CC info: No 2 “Estim. Fuel Remaining™
"Fuel Remaining Time® pav indicate too much
*Estim. Fuel Remaining® left, wasch will wislead
the pilot.
Conclusion: Far 91 do not require a fuel flow sensor.
A faulty sensor might result in a pilot dec’sfon to continue a flight without sufficient fuel.
Fue) gty. cross checks may not reveal the situatfon. It is a low probability (<1078} that tre
pilot might end up in a flight safety critical situation (4).
32 Fuel Flow Faulty 5
Sensor 2 Sansor TUENTICAL TO FAULT 50. 31.
33 Fuel qty. Panel  Faulty 150 Fuel qty. Faulty Visual Output o 2 URAS provides independent
Sensor Indicator and redundant info. re-
LorR garding remaining fuel.
Conclusion: Far 91 requires fuel gqty. instruuent for VFR conditions. DAAS supports tne pilot in his
fuel/distance/time calculations, wnich improves the probability of cetecting fuel gty.
instrument failures.

34 hanifold Cele- Faulty 3 A/P - CPU Harning + Ho Hap Fault tio 1 Redundant engine instru-
Pressure SCOo Sensor Anber Light rents provides adequate
Sensors fio Warn. + Hap Fault info.

35 Engine RPH HASA Faulty 10 AP - CPU Warning + Ho RPH Fault lio 1 Redundant engine inscru-
Sensors and Sensor 1Dcc Auber {ight
F/V Converter Light

Conclusion: OK.

Ho Warning + RPH Fault

rents provides adeguate
info.
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FAILURE
i}

DARS ELEHEAT HO.

FAILURE  AFFECTED

FAILURE

RATE*10% ELEMENTS

EFFECTS OF FAILURE

DARS FAILURL

COREATS

EH)

37

34

44

41

Hing Flap Pos.
Sensors

tlevator Trim
Pos. Sensor

Cowl Flaps
Pos. Sensors

Landiny tear
Pos. Sensors

Cabin Joors
Pos. ensors

Hux. Fuel Puups
Switcn pusition

Faulty
Potentio-
neter

Faulty
Potentio-
meter
faulty
Switen

Faulty
Switen

Faulty
Switch

Fauity
Switca

Conclusion:

0 AP - (PU
16CC

20 A/P - tPu
Tuce

3 AP - CPy
iiing

3 A/P - (PU
1nce

% AJF - CPY
j1ia

4 NP - CPu
Tute

Far 23 requires pitcn trim indicator. A
provides additivnal info. to alert the pifiot if the A/C status is oK. It is

assuned that the today used pre flight cnuck routines will be followed.

Warning + OK flap pos.
Amber Light
ilo ¥arning + OK Wlaps

Harning + OK flap pos.
BAuber Lignt
to Haraning + UK flap pos.

Warning + UK flap pos.
Amber Light
Ho Marping + oK flap pos.

Warning + UK position
Acker Light
No Warning + OK position

Marning + O\ position
Anber Light
Ho Warning + UL position

Warning + UN position
Amber Light
Qo Warning + 0K position

the UAAS may introduced new failure modes.)

WARH. ETC. CATEGORY
Ho 1
o 1

o 1

Ho 1

"o 1

tlo 1

(Included in Lasic instrumeatation} vARY

Regular insgection ~
routines will stil) we
followed by tne pilot.

Regular inspection -
routines will still ve
followed by toe pilot.

Reyular iaspection -
routines will stii] ve
followed Ly tae pilot.

Keyular inspection -
routines will still be
follewed by we pilot,

Hegular fnspaction -~
routines will still ve
followed by tne pilor,

Keyular inspection -
routines will still ve
followed Ly tne gilot.

{If not,
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FAILURE FAILURE  AFFLCTED DRSS FAILLRE
HO. GAAS BLEMENT KO, FAILURE  RATE*106 ELEIEHTS LFFECTS OF FAILURE WARALETC. CATLGORY (13 2314
$2 Ldd ~ Switcn  Lontrol Failed 5 &/P - CPU CWS-Mode Engaged o 3 AP and nold wodes Jis-
and related Hheel Switen Clutches accldently. engaged without pilot
loyic amarecess. No info.
Conclusion: Far 23 requests adequate means to disengage tre A/P. UK. It is assumed tnat the
pilot by ronitoring the Instrunents will detect a not desired (WS-mnde engagement arnd
that he will hold the cont. wheel steady when releasing the A/P.
43 u-Around Control Failed 4 AJP - CPU Go-around mode engaged Ho 2 Infermation glven on tee
Switch Wheel Switch accidently. annunclater parel.
Go-around mode not 3 Pecanding wenents Lo tue
engaged when wanted. pilot, especia 1y If in tue
AJP-Appri6d uode,
Conclusion: If the go-around wode not is available when needed a less experienced pilot way
even create a critical sftvation. {4-4-10-® x ?,low probability howeverd
44 Eng./uisen- tontrol Failed 4 A/P - CPU Disengage of A/P-modes o 2 Anmunced}
gage-switch vheel Suitch Triu Motor accidently.
Pitch Trim Only Aut. Tef available 2 Use Avto.-Tris
45 veep-Trin Control  Failed 4 AP - CPU fio tanual Trim 2 Use ﬁutu:-Irim
Piten riteel Switen Tria Motor Run-away Trin 3 Gse Autu.-TIriu
Lonclusion:  Tie Auto.-Triu function replaces Hanual Trin in W/P wodes.
wu hatopilot iLontrol Failed 44 AP - (PU bisengage of A/P Ho 2 Rsyrunced!
bap Switen el Switen Clutches wodes accidently.
any kela,
ot possible to Jdisengage 3 vemanding in an AP failure
AP, sitvation cver pover
possible.
Conclysion:

Tise probability for this sftvation involves Loth a switch faijure and failure ic
anothier flight safety critical elerent. Estirated probability x ~ (4-3-1076 x 4-Iutu-1u78)"1-1077. oK.
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FAILURE  AFFECTED DARS FAILURE
COMENTS

FAILURE
NO. DARS ELEMENT HO. FAILURE RATE*106 ELEMENTS EFFECTS OF FAILURE WARN. ETC. CATEGORY
37 Lommmnication Ky~ Faulty 330 Cornunication lio cousmnication Ho 1 Rssurwed Far 9l rules
Transceivers 190 radio Alds followed.
Antennas
Conclusion:  Far %1 requires 1 two-way radio cocmunications systen, Cat 1 and 1L
DAAS has 3 systems, including anternas. Tae probability of loss of
corsunication due to faulty transceivers is for DAAS (4-330-10°8)2 x §-6£0-107% ~b-1u78
{Co-pilot transceiver 660-167° fault/FLT hour). OK.
8 g:‘g%:;:g“ g' Faulty 250  Radlo Adpt. Box Faulty Havigativa Info. lo 2 Traffic coatrol support
Antennas VOR HAV-CPY radar vectoring ett. UCARD
EHST - RMI tlo or faulty VOR/GS dead-reckonicg.
Radio Adpt. tox directions.
HAV-CFU
EHSI - ADI
Conclusion: Far Y1 reyuires 2ppropriate single channel navigation equipment for Cat. I conditions
and dual LOC/GS - receiving systems and a FC-guidance system far Cat X conditions.
DRAS provides triplex receivers and duplex-antennas, including co-pilot back up. UK.
33 LML receiver Khi- Faulty Sud R6in Adapt. Box Faulty Havigation Info. Ho 2 Fault detected “halman-
antenna 62A  hecelver lRfES:d Wind" etc. VOR available.
1
Conclusion: Far 91 requires DHE if flying at and above 23000 feet. Scparate antenra. OK.
20 Transponder KI- Faulty 400 Radio Adapt. vox o Identification possible Mo 1 Traffic coatrol takes
Antenma 75A  Transpond. proper action.
Conclusion:  Far 91 do not require transponder.

Ihe probability for a faflure giving informaticn possible to misinterpret by traffic ceatrol
is neaglected. Separate anteana.

-
ALYND Yo

[

Od H0
IR0

3

Yy

MWel

by

hmj o5



8%T

FAILURL  ASFECTED EFFECTS CF LARS FAILURE

Fkxl;t?xk URAS ELEMEMT w.  FRILURt  RATE*19® ELEMENTS FAILURE WARN. ETC.  CATRGURY Lutitzals
51 Audio headsets KMA-24 Fault In 200 Ezrsets, No audic info. NO
recelving speakere Talk, Nav. G MM
parts oicrcphones Ro curgsing talk 3 Cze-way com prssible
Fault in
transait
parts
CRCLUSION: FAE 91 requires only cne coccunication systenm, (Single fallure allowed to block a1l asdlo comsunicxtical)
DAAS provides 3 separate systems pcssible to ccanect te the pilct or copilct headser or spesiers via re-
dundant switches on the audio panel. Very gcod redundancy. ©K,
52 Switch RAV 1 SEL Stuck {n & HAV-CFU Caly cne of manual cr DAAS KO 2 Assuzed To create a
cne position HAVI “RECEIV  control available. cczfosing situaticn tefcre
53 " HAV z SEL " - 4 NAV-CEPU the pilct fieds cut hoew
RAV2-RECEIV i ” - KG 2 a fault affects DAAS
54 " DME SEL " " 4 RAV-CFU Oaly cne of MAV 1, 2, or NG 2 functicn, and hov ke has
ME RECEIV DAAS contrcl available to set the suitckes for
55 " VOB SEL  RMI ” " 4 RAV 1.2 RECEIV Only VOR 1 or 2 or none of WO 1 3 terrect systen creraticn.,
I VOR 1.2 avail, cn RMI
56 " LOC/GS SEL ADI ™ " & Radio adpt. Only LOC/GS info. froo HO 2
Box ADI RAV 1 or KAV 2 or vhat
DAAS selects avail. cn
ADL
COGCLUSIOR: These switches do not represent single puoint failures In critical sfngle
chamnels. OK. Co-pilot backup.
57 IDCC keybourd & Faulty in- 50 IDCC, CFU Errcnecus flr. plan, flight KOSYES 3 ¥Keyed in cessages dis-
teuch P, puts to NAV-CPU status, way points, map, etc. played cn 1CC tefcre
1pcc EHST entered. Detectable.
58 1IDCC Selector switches Faulty 40 ipcc, Cru Wreng & not changeable "pages™ NO 2 ¥t wanted =zde sel-
node selection ected & rzt possible
to select desired =cde,
59 1T CPU, refresh- Faulty 75 ipcc, C¥u Wrong or garbeled info. TES 2 Pilct misses }5 2 AID,
mezery & computation displayed, nct nnder- BITE Pilcr detects the
display & presen- 300 standable failore.
tatfon
CONCLUSION: The prcbability of the pilot’s not detecting “No 57 errcrs” by IDCC or ERSI checks is very low, Ok
in this respect! The BITE detects gkou: 832 Xf all cmputsﬁ' fallures, shich reduces the prchability
of uvndetected failures froo 75.4°10 = 3-107" to 0.2-3-10 * = .6-107%/4 hra.
60 £{IST Selector switches Faulry 20 EHSI-CPU Wrong & nct chargeable codes KO Yot prysible to select
node EHSI or scales. desired mode.
selection
61 EHSI, CPU & BIM, Faulty 75 " Wrong or garbled YES 2 Pilct wisses EWSI infc,
refresh-memncry covputation info. displayed BITE Faslt detect prssible
and and by plict.
display presentaticn 300

The probabiliry for less of EHSI ilN!oOO-!;'IO-E - 1.6-10-3 per 4 flr, hrs. -
The possibility of reconfiguraticn (BIM + CFU) reduces the prebability tc  4-325°10
BITE cuverage.
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FAILURL
Hu.

52

63

64

65

66

67

68

69

70

FAILURE AYFECTED EFFECTS OF DAAS

DARS ELEMERT Ho. FAILURE RATE*10® ELEMENTS FAILURE HARd. ETC. COAHeTS

CONTLUSION: Reconfiguration of the wost reliable elements does not improve the risk situation Ygty wuch! The cc-pilot

NAV.-fgcllil:iea makes DAAS OK. BITE reduces undetected computer failures to 15#10°° per flr. hr. or
. 60210 per flighe,

Anaunciator KAP~  Fault in 30 Annunciator Missed or wrong mode status NO Might teamp. uislead
panel & drive 315 panel or panel info. the pilot, FC and
circuits driv. cizc. NAV iastruzents will

Hode controller
and drive cir-
cuics

Auto pilot

CONCLUSION: FAR 23.1329 requests means to inform the pilot what A/D -NAV,
mode 1s engaged. Switch positions are not acceptable. DAAS

0K in this respect.

KMC-  Faulty trim &0 Ale-ceu
340 or hdg sel.
knob of BAAS
Faulty tog- 180 ”*

gle switches

Faulty solen- 100 "
aid switches

various parts

Yo trim/hdg sel avail, KO
Trim/hdg sel activated
accidentally.

Engage not vanted uode
Disengage vanted mode
Not defined wode {e.g.
ATTe2ALT)

#Accidental engage or disen~
gage of A/P (Y/D) modes

CONCLUSION: FAR 23 requirement on accessibility of controls nat. OK.

Fault in any 70

yaw clutch, servo harduarxe

Roll Clutch, servn

Pitch clutch, servo

Trim clurch, servo

Clutches coumon
logic

« 70 "
" 70 u
o 50 n

Faulty 5
circuitry faces

Control sur-

Controi gurface Servo not movable NO

Servo run away clutch not
locking clutch ailw,

locked

n @ Ho

" " m

Trim not moveable Yea

Trim run away Trim
wonitor

None of the clutches en- NO

gages. All clutches
stay engaged.

tell the truth, how-
ever.

The pilot cverrides
and disengages the
system.

Demanding 1f a wode
change takes place

at busy part of the
flight, or a =ode just
quietly opens up.

No Y/D avail,
Filot override
Disengage Y/D

No roll A/P avail.
Pilot overrtde
Disengage A/P.

No pitch A7P avail.
Pilot override.
Disengage A/P, *

ALIMYND Yood d0
81 30vd TYNIDIYO

Honiter detects trim
runaways opea circuit-
ries, but not metor
fallures (e.g., only
one direcrica.)

No A/P engaged. Pilot
must override in 3
axes,
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FAILURE
NU. UARS ELENENT

FAILUKE  AFFECTED EFFECTS OF DARS FAILLRE
HO.  FAILURE  RATL*1US  ELEMENTS FAILURE WARH. ETC.  CATKGURY COMLATS

CONCLUSION: FAR 23 met regarding possibilities to override. FAR 23 requirement on fault in only one channel not met.
The pilot might end up in & critical situation if one or more of the servos or of the clutches are not
operational. Ho warning or info given. The pilot is in a critical sltuation if he has to override

all 3 servos. The probability of not being able to engage all clutcheg PNI 474 his. The probabilicy
of mot being able to disengage all clutches is~ (4-5°10 )

) x (4+4-10"°) 21071274 hys.
The probability of a critical situation is negligible! OK.

71 AfP-1/0 Fault in any Almost all Erroneous:
CPU + BIY hardware 60 + 12  elements!
A/D, D/A, HUX 60 "

YES
Mode status BITE

F/D-commands
servo-commands
Flt warning BITE 3
cruise-perform.
fuel distance
GENERAL POSSIBLE FAILURE MODES | Mux | A/D ] CPU MEMORY | D/A | MUK IDDC infc
RIL signals high or low x EHSI map
" zeros Annunciator
fauley x x
Beparate signals "

H]
L]
L]

Error may affect

only one function,

e.g., door warn- 1
ing, or many

elements, e.g. DJA § 3

failure commanding
3 servos hardover.
The bite coverage is about 95%. It 1s very likely that BITE will detec

The A/P-1/0 computer
i3 & key elecent in
DAAS. Faifure effects
of ail categories may
occur. For instance,
a CPU faflure may
affect separate in-
structions, e.g. shily.
which will spoil all
wult. and div, A

D/A Eallure may cause
all outputs to go high,
including all servos
and ADI comnand bars.

g even more of the severe’failures. A BITE covrvage of 99.9% is
requested to bring the probability of an undetected failure down to 10

/& hrs.

CONCLUSION: FAR 23 requirement on disengages:ar and possibility to override is met.
FAR 23 requirement on only sing’+ axix hardover failure is viclated.
detected . or not by the BITE, v .ll cause transients and shut down major parts of the DAAS.
will, in such situations, takr over and DAAS will be disengaged.
Actlions to resolve the FAR conflict is recommended.
72 NAV FLT/PLAN Fault in 60 + 12 A/P comm. bars YES
CPU & BIM any hard- A/P servos Erron. comm. references BITE
ware EHSI Faulty map 2
1nce Faulty NAV info.
WAV I, 2 Wrong frequencies
BUBBLE MEM. Store faulty NAVAID
data

-6 b -
CONCLUSION: The probability of faulty NAV calculations isnJ 4+72°10 ~~ 310 4 without reconfiguration.

(The added 1G-dump-switch {s helpful).
1t is probable that failures occur vhich,
The DAAS co-pilot

Undetected erronecus
NAV computaticns wmay,
during a fairly long
time, introduce AJC
position errors. Several
indicators may give con~
sistently faulty info.
Loss of HAVAID after a
detected fault may also
bricg problems to an
unexperienced pilot.

- 2 -4
The probability of faulty NAV calculations s~/ 4+72-10 5(1-%) + (4.72.10‘5) . (I-T%O)M.S'lo with reconfiguration.

Reconfiguration improves the availability of the WAV calculztions 5 times,
better BITE coverage.

DAAS with co-pilot OK.

Significant improvements requires
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FAlLuxL
NO.

FnlobRe AFFECTED EFFECTS OF LAAS
URRS LLLR kG sd.  FRILLKE  RATE*I®  ELEMENTS FAILURE HAKiL, ETC. Ludindd>
3 SPARE CPU & BIM Fault in 60 + 12 EHSI or by Same failure effects as fault YES Siuflar to faults
any parts NAV computer 61 EHSI, CPU, and 72 NAV CEU. BITE No. 61 and 72,
controlled *
elements
CONCLUSION: The likelihood that any spare CPJ or BIM failure will affect the DAAS performsnce is negligible. Because 2 similar
fallures are required, the EEobablltq?fur this 1s: (NAV, FAIL + EHS1 FAIL) * (SPARE FAIL) or
(72 + 72)+4.10 ® . (724-10 ")~r2-10 7,
The spare CPU itself will not harm the DAAS!
74 Radio Adapter KRC Fault tn 40 + 12 EHSI Mistune NAV/DME receiv. YES The failure effects are
Box & BIM any part iDnce Garble NAV data to RAV BITE dependent on engaged modes,
A/ (ADI) A/P CPU, which way affect e.g. during a coupled
visual indicators and bugs landing the DAAS may con-
asz well A/P servos. tro} all indicators (except
the RMI) as well as the
A/P zervos and ADI bugs.
CONCLUSION: The co-pilot backup KAV instrumentation makes DAAS OK.
75 DABS - Any part 60 + 12 1Dce No identification possible YES Ho cteadable cutpul
CPU + BIM failure BITE Tr. €£1c control takes
Panel proper actiocn.
Transponder Misleading IDCC info
presented to the 1 pilot
CONCLUSION: SEE ALSO FAULT NO. S50 KT-76A TRANSPONDER,
DABS NOT FULLY DEFINED,
76 Bus controller Any part 60 + 12 All DAAS Power up mode, Omne or more YES 1 These failures are
and reconfig. failure computers & faults in one or more of the BITE expected to be
CPU + BIM functions CPU's when loading the pro~ detected by BITE
grams or the pllot.
Normal Mode These fafilures might result
1. HMisinterpretation of walidity 3 in a demanding situation 1f
signals and shutdown of fault~ they occur during a busy
free CPU, flight phase.
2. No warn. given for some BUS-CPU and 3
1DCC-CPU failures.
3. Bus control failures may result 3 Loss of most of the DAAS
in missed Inforwation or com- functions in a busy flight
plete bus traffic breakdown. phase is demanding.
Reconfiguration Mode
The CPU may fail to zecon- 2
figure.
77 488 Bus

CONCLUSTON:

Faults in 1
wires or con-~

EQUAL TO BUS CONTROL FAILURES NO. 76
mectors

Failures in the bus controller may affect more than 1 channel.
The DAAS co-pilot provides backup, making DAAS OK.

Results in loss of EHSI
or HAV cocputer.
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FAILURE

FAILURL AFFECTED
Hu. DAAS ELEHERT . FAILURE

UAAS FAILUKE
RATE*10®  ELEMENTS §§§Eﬁ§§ oF WARIL. LTC.  CATEGORY 403 LRT A
78 Bubble Mem. Any part 300 All DAAS All kinds of failuree might YES. Mem 3 A fault happening before
failure computers occur from single {mstruction sum checks flight will be detected
and func- failure to all CPU instructions in the CPU*s by the mem. sum. check
tions faulty. or uy the pilot before
takeoff. £ fatlure dur-
ing flight followed by a
temp. rower loss may, in
a wecrse case, wean loss
of the DAAS,
CORCLUSION: Failures affecting more than 1 channel may happen, FAR 23 violation. The most severe fallure
is bubble wemory failure in air, followed by a temporary power loss during a demanding phase -5 -7
of the flight. The probability for this to happen is estimated at less than (360:4-107°) x (50-4-10 )~ 2-10 ',
The probability for critical failures to occur due to the bubble memory is low encugh to make BAAS OK.
Action is recommended to resolve the FAR conflict.
79 Cassette Any part 500 Bubble memory The failure effects are similar YES 3 A faulr will be detected
failure to bubble memory failures. CPU mem. before flight.
sum, check
CONCLUSTON: Cassette failures will very likely be detected by BIT or the pilot before takeoff. The probability of an undetected
cassette failure is judged to be <107 . DAAS OK,
80 Alterrator Alternators, ~.1 All electrical Shuts down all major DAAS Obvious 4 Very critical situation.
(Batt.) Battery, bus units except sensors.
28VIC bus failures DAAS-buses
CONCLUSION: No FAR 23 or 91 requirements on avionics el. power bus redundancy or failure probability.
It 1s assumed that the pilot quickly disengages a faulty A/C battery If it falls when any alternator is OK.
The probabilitya‘ of loss of the 28 VDC bus during &4 f l:2 hrs. is thus;
«~ ate. A x4 Alt. B xAf Bact. +{ bus s (200-4-1070) x (100°4-10 ) + 1710 %ns,1-10°®
NOTE: The battery will be drained in less than 1 flt, hr. (Before the battery is drained, the probability of
open or shorted bus is the most likely reason for electrical power loss).
81 Avionics bus Connections, Audfo MAV, Loss of communication. NO 4 Affects both the pilot
28 vC switches bus A DME, X-ponder, and co-pilot comrun. RAV
etc, equipment.
CONCLUSTION: The reduncant lines and switches make the avionics bus as safe as the alternator 28VDC bus.
(Pilot and co-pilot instrumentation electrical power should, in principal, be separated.)
82 DAAS A and B Connections, ns.5 DAAS CPU's Shuts down DAAS YES 3 Reljability degradation
28 VDC bus switches, wmemories, BITE is due to single switches
diods, battery, ENSI, 1IbCC, and iines.
buses FCS, etc.
CONCLUSION: DAAS with co-pilot, demanding 3. Still low probability of electrical power loss}
83 DAAS bus 115 Lines, 1c DIR & vert. gyro Errors or no attitude refer- YES 3
and 26 VAC switches, ADI, RMI, ADC ences, etc,
converters

“VaLIDITY"
sign condit.

CONCLUSION: Loss of DAAS-AC judged OK.
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FAILURL FAILUYL AFFECTED EFFECTS OF UAAS FAILURL
NO. unhS LLLhuiT Hu. FAILURE RATE*10° ELEMENTS FAILURE HAKH, ETC. CATLGURY LUHRERTS
84 DAAS 15VDC Lines 15 ANALOG 1/0 Most sensor inputs missing. YES 3
switches BITE
inverter i
85 DAAS 12vDC " 18 Bubble Mem. Reconfiguration rot possible, NO 3 Probability of
reconfiguration low.
86 DAAS 5VDC " 15 ipce Shut down of DAAS Obvious 3
CPU's
CONCLUSION: Failures 84 and 86 can be accepted in DAAS due to the co-pilot backup.
FAR 23 is not met for electrical power failures 82 to 86.
Actions are recommended.
ADDITION  DAAS Soft- ALL Cri's unknown A/P, servos, Any type of erroneous comm. NO 3
ware EHSI, IDCC, etc. and informacion.

CONCLUSTON:

The DAAS co-pilet will take over and DAAS will be disengaged. OK.
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