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FOREWORD

Vertical flight aircraft possess the unique capability to perform approaches at angles above that of a
conventional or even STOL aircraft. Such approach angles often exceed 4° and in visual meteorological
conditions (VMC) may approach 45°. Instrument meteorological condition (IMC) approaches of 6 to 12°
are not impossible (in a flight director driven autopilot coupled system), with 6 to 9° being the most likely
for normal operations (using manually flown flight director guidance).

These numbers are derived from flight test and simulation and a function of display symbology and
aircraft handling qualities coupled with automated flight control systems. To assist in the performance of
steep approaches, flight displays need to be located in the most advantageous place for pilot viewability
and the symbology depicted needs to be intuitive and readily useable.

Workload reduction and performance are related to (and are a function of) both display symbology and
aircraft flying (handling) qualities. For a pilot to perform steeper approaches with a lower workload in an
aircraft with less than desirable handling qualities, a set of correctly selected and displayed symbols is
required. Conversely, given an aircraft with an excellent flight control system and fairly benign handling
qualities, a pilot can accept a poorer set of symbology, since the aircraft can absorb the workload.
Excellent, intuitive displays are essential. They are required to:

1. augment poor flying qualities which are sometimes produced by flight controls system malfunction
modes

2. ounter or compensate for unusually adverse combinations of wind, turbulence, icing, etc.
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FOREWORD (Continued)

Intuitive, low workload - high performance displays are essential. Potential display degradation may be
acceptable only if the environment and the aircraft handling qualities are fairly benign.

Recommended approaches to this symbology/handling qualities mix may include traditional flight
director symbology, but may be better served by innovative and more intuitive symbology such as
pictorial flight path displays (tunnel-in-the-sky) and flight path vector guidance.

NOTE: Requirements for helmet/head-mounted and/or head-up displays will be addressed in another,
separate document.
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1. SCOPE:

The recommendations of this document apply to such aircraft as are able to perform both nhormal angle
and steep IMC approaches, the latter being defined as those approaches having a final approach
segment angle greater than 4°. Such aircraft can include both conventional and STOL fixed-wing
aircraft, commercial air transport and/or utility and normal category helicopters, compound helicopters
and powered lift vehicles (tiltrotors, tiltfans, tiltwings, etc.).

1.1 Purpose:

The purpose of this document is to set forth the recommendations of SAE Committee G-10 Vertical
Flight Subcommittee relative to the location, control, and implementation of electronic flight
information systems, primary flight displays, secondary (standby flight) displays, engine and
instruments displays, crew alert displays and associated required flight deck/cockpit displays. These
recommendations are intended to derive intuitive and easily interpretable displays and display
locations to minimize confusion, distraction and fatigue, thereby reducing crew workload and
increasing crew performance, efficiency, safety and reducing factors detrimental to flight safety. In
arriving at these recommendations the committee carefully reviewed the layouts of modern
commercial and military aircraft, developmental tiltrotor flight deck/cockpit layouts, the
recommendations and requirements of the Federal Aviation Administration Aircraft Cerification
branch and the requirements of commercial operators and aircraft manufacturers. In cases where
conflicting opinions existed, suitable compromises were made.

1.2 Field of Application:
This document applies to all electronic flight instrument display systems, including but not limited to
Liquid Crystal Displays (LCD), Field Emitting Diodes (FED), Light Emitting Diodes (LED) or Cathode
Ray Tube (CRT) technology.

2. REFERENCES:

2.1 Applicable Documents:
The following publications form a part of this document to the extent specified herein. The latest
issue of SAE publications shall apply. The applicable issue of other publications shall be the issue in
effect on the date of the purchase order. In the event of conflict between the text of this document
and references cited herein, the text of this document takes precedence. Nothing in this document,

however, supersedes applicable laws and regulations unless a specific exemption has been
obtained.
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2.1.1  SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

AS425 Nomenclature and Abbreviations for Use on the Flight Deck

AS8034 Minimum Performance Standards for Airborne Multi-Purpose Electronic
Displays

AS8035 Minimum Performance Standards for Airborne Head Up Display (HUD)

ARP268 Location and Activation of Flight Deck Controls for Transport Aircraft

ARP1068B Flight Deck Instrumentation, Display Criteria and Associated Controls for
Transport Aircraft

ARP1093 Numeral, Letter, and Symbol Dimensions for Aircraft Instrument Displays

ARP1874 Design Objectives for CRT Displays for Part 25 (Transport) Aircraft

ARP4032 Human Engineering Considerations in the Application of Color to Electronic
Flight Displays

ARPA4033 Flight Crew System Integration

ARP4067 Design Objectives for CRT Displays for Part 23 Aircraft

ARP4102 Core Document: Flight Deck Panels, Controls and Displays

ARP4102/2 Flight Crew Visibility From the Flight Deck

ARP4102/4 Flight Deck Alerting Systems

ARPA4102/7 Appendix B: Electronic Display Symbology for EHSI/ND

ARPA4102/8 Flight Deck Design EFIS Displays, Head Up Displays

ARP4104 Design Objectives for Handling Qualities of Transport Aircraft

ARP4105 Abbreviations and Acronyms for Use on the Flight Deck

ARP4107 Aerospace Glossary for Human factors Engineers

ARP4135A Human Interface Design Methodology for Integrated Display Symbology

ARP4256 Design Objectives for Liquid Crystal Displays for Part 25 (Transport) Aircraft

ARP5287 Optical Measurement Procedures for Airborne Head Up Displays (HUD)

ARP5288 Transport Category Airplanes Head Up Display(HUD) Systems

ARP5289 Standardized Color and Symbology for Displays

ARDS50018 The Integration of Vertical Flight Aircraft Into The National Airspace System

SAE TP 942165 David Green and Ralph Kimberlin, Helicopter Unigue Instrument Approaches:
Trajectories, Flying Qualities, Controls and Displays, Technical Paper Series
942165, SAE Aerotech ‘94, Los Angeles, October, 1994

SAE TP 965600 Vincent Anderson and Robert Smerke, Pilot-Vehicle Integration: An Overview
for Conceptual Design, Technical Paper Series 965600, SAE World Aviation
Congress, Los Angeles, October, 1996

SAE TP 965614 Eric Bolz, Arthur Kramer, Brian Sawyer and Leon Zmroczek, Vertical Flight in
an Obstacle Rich Environment, Technical Paper Series 965614, SAE World
Aviation Congress, Los Angeles, October, 1996

SAE TP 951997 Robert Wilkins, Designing The Conceptual Flight Deck for a Short Haul Civil
Transport/Civil Tiltrotor, Technical Paper Series 951997, SAE World Aviation
Congress, Los Angeles, October, 1995
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2.1.2 U.S. Government Publications: Available from DODSSP, Subscription Services Desk,
Building 4D, 700 Robbins Avenue, Philadelphia, PA 19111-5094.

MIL-STD-1472E Human Engineering Design Criteria for Military Systems, Equipment and
Facilities

2.1.3 FAR & FAA Publications from FAA: Available from Federal Aviation Administration,
800 Independence Avenue, SW, Washington, DC 20591.

FAA Advisory Circular AC 23-1309.1A - Equipment, Systems and Installations in Part 23 Airplanes

FAA Advisory Circular AC 23-1311-a - Installation of Electronic Display Instrument Systems in
Part 23 Airplanes

FAA Advisory Circular AC 25-11, of 07-16-87 Transport Category Airplane Electronic Display
Systems, Department of Transportation, FAA Advisory Circular AC 25-11, Government Printing
Cffice, Washington, DC

FAR Part 23 Airworthiness Standards: Normal, Utility, Acrobatic and Commuter Category
Airplanes

FAR Part 25 Airworthiness Standards: Transport Category Airplanes

FAR Part 27 Airworthiness Standards: Normal Category Rotorcraft

FAR Part 29 Airworthiness Standards: Transport Category Rotorcraft

JAR Part 25 Airworthiness Standards: Transport Category Airplanes

JAR Part 27 Airworthiness Standards: Normal Category Rotorcraft

JAR Part 29 Airworthiness Standards: Transport Category Rotorcraft

TSOC113 Airborne Multipurpose Electronic Displays

2.1.4 Other Publications:

ADS-33 Handling Quality Ratios
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2.2 Related Publications:

The following publications are provided for information purposes only and are not a required part of
this document.

Anderson, Berson, Boucek, LaLumiere-Grubbs, and Williams; Flight Status Monitor Design
Guidelines, Boeing Commercial Airplane Group, unpublished, 1989

Avionics, Crew Systems Integration & Simulation Technology, AHS Technical Specialists' Meeting
Proceedings, 1998

Bell*Boeing V-22 Weapons System Allocation - Volume 1, Crew Systems Design Description
Document (CSDDD), Document No. 901-989-654, Revision D, 1998

Bell*Boeing V-22 Weapons System Allocation - Volume 2, Crew Systems Operation Description
Document (CSODD), Document No. 901-989-654, 1996

Boeing 757 Flight Deck Design Group (January 1994), Two-crew Flight Deck Design Philosophy and
Certification Process, Seattle, WA. Boeing Commercial Airplane Company.

Kelley, Brian, Greaber, and Fadden, Delmar, Applying Crew Centered Concepts to Flight Deck
Technology; The Boeing 777, Flight Safety Foundation 45th International Air Safety Seminar, Long
Beach, CA, November, 1992

Civil Tiltrotor Missions and Applications: A Research Study; NASA Contractor Report 177451,
Boeing Commercial Airplane Company, Bell Textron, Boeing Vertol, NASA ARC, November 1987

Decker, William, CTR-4 Civil Tiltrotor Symbology Design Simulation, National Aeronautics and Space
Administration, Ames Research Center, Moffett Field, 1995

Grunwald, A., Robertson, J. and Harfield, J., Evaluation of a Computer-Generated Perspective
Tunnel Display for Flight Path Following, NASA Technical Paper 1736. Langley: National
Aeronautics and Space Administration, December 1980

Integrated Cockpit Assessment; NASA Contract NAS2-13625 Phase 2 Task 15, Draft Report, June
1995

Managing the Modern Cockpit: Third Human Error Avoidance Techniques Conference Proceedings,
SAE P-239, Society of Automotive Engineers, Inc. Warrendale, PA 1990

Newmanh, Richard L., Head-Up Displays: Designing the Way Ahead, Ashgate Publishing Company,
Brookfield, VT, 1995

O'Hare, D, & Roscoe, S. (1990). Flightdeck Performance: the Human Factor. lowa State University
Press, Ames, |A 1990
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2.2 (Continued):

Oliver, J, Improving Situational Awareness Through the Use of Intuitive Pictorial Displays. SAE
Technical Paper 901829. Warrendale: Society of Automotive Engineers (SAE) 1990

Sanders, M., & McKormick E. (1987), Human Factors in Engineering and Design (6th ed.). New
York: McGraw-Hill

Stokes, Kite and Wickens; Display Technology Hurman Factors Concepts, Society of Automotive
Engineers, Warrendale, Pa., 1990

V-22 Side-Stick Controller Study, Bell*Boeing FSD V-22 Contract, Boeing Helicopters, Philadelphia,
PA, 1990

Whoods, David D. and Elias, Glenn, Significant Messages: An Integrated Display Concept; Ohio State
University, Columbus, OH

2.3 Definitions:
DISPLAY: Any visual system used to present formatted data and/or symbology to the flight crew.
Displays may be singular in purpose, such as the primary flight display, or multifunction, permitting a

multitude of formats to be presented.

FLIGHT DECK: That portion of the forward aircraft fuselage containing the flight stations and all
associated equipment, controls and displays necessary for the flight control of the aircraft.
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2.4  Acronyms and Terminology:

AGL Above Ground Level - Altitude measured from the ground to the aircraft wheel height/
fuselage underside, usually by radar altimeter.

AL Altitude - Normally a notation to indicate a standby display.
AMLDC Active Matrix Liquid Crystal Display — A device for displaying data using a series of
interconnected and interactive transistors arranged in such a manner as to display a

unified RGB symbol.

Area Navigation - see RNAV

AS Airspeed - A notation to indicate a standby display.

AT Attitude - A notation to indicate a standby display.

BALT Barometric Altitude

CA Crew Alert/Crew Alerting

CAS Crew Alert/Crew Alerting System - The system of displays and tactile/aural/visual

indications, generated by the aircraft electronic flight data management systems, to
alert or appraise the crew to/of any required data or condition.

CDI Course Deviation Indicator

cbu Control Display Unit - The keyboard and associated display used for input/display of
selected/required data.

CDU/EICAS Control Display Unit/Engine, Instruments, Crew Alerting System - The keyboard and
associated display used for input/display of selected/required data associated with an
integrated engine, drive and crew alerting system display.

CDS Control Display System - Central display surface/systern using the 6 in x 8 in display
surface for data input/display and systems control.

CFIT Controlled Flight Into Terrain - Inadvertent stable and controlled flight of an aircraft
into underlying/adjoining terrain, with or without warning.

CMS Cockpit Management System - The integrated computerized flight deck/cockpit
systems of the V-22 used to manage/schedule/control all other systems within the V-
22 aircraft.
COMM Communications
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2.4 (Continued):

CRT

Crew Alerting

CTR

DCTR

DEU

DGPS

DH

DMA

DME

DMS

EICAS

EFIS

EGPWS

Cathode Ray Tube - A device for displaying data on a phosphor screen excited by a
directed and focused electron beam.

The system through which flight crews are made aware of normal and non-normal
system functioning.

Centered display format with the aircraft position at the center of the display. See also
Civil Tiltrotor.

De-centered display format with the aircraft position nhormally at the bottom center of
the display.

Display Electronics Unit - An electronic module that controls formatting and logic for
electronic display systems.

Differential Global Positioning System - A system for determining exact horizontal and
vertical position using satellite-based data and a locally broadcast error correction
signal.

Decision Height - Associated with precision approach TERPS criteria.

Defense Mapping Agency - U.S. government group tasked with developing and
providing maps of the world. Usually associated with terrain maps.

Distance Measuring Equipment - Ground based navigation transmitter/receiver using
UHF signals that when transmitted and received will display distance in nautical miles.

Digital Map System - An onboard, computer generated navigation display system
based on either DMA topographical data or a sectional WAC-type map display used
to provide enroute and terminal terrain data. Proposed to be integrated with the CFIT
ground avoidance system.

Engine, Instruments, Crew Alerting System - A centrally located display used to
display both aircraft systems parameters and crew alerting data.

Electronic Flight Information System - A system of electronic-based display surfaces
enabling generated symbology to be presented on an electronic surface, typically a
CRT, LCD, or other suitable device.

Enhanced Ground Proximity Warnhing System - Based on terrain data base
coordinated/coupled with radar altimeter and rate of closure/rate of descent data and
aircraft configuration. Generates alerts, visual tone and/or voice annunciation alerts
to warn pilots of upcoming (impending) terrain along the predicted flight path.
Warnings are based on terrain proximity to aircraft flight level.
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