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FOREWORD

This final technical report covers work performed under the third phase of FAA contract DOT-
FA73WA-3233, ““Collation and Analysis of Aircraft Alerting Systems Data.”” The study was ini-
tiated to establish an alerting philosophy for aircraft cockpit alerting systems.

The contract sponsor was FAA Systems Research and Development Service (SRDS) and performed
by the Boeing Commercial Airplane Company. Technical guidance for this contract was provided by

Mr. John Hendrickson, ARD-743, the contract monitor.
Study conduct covered the period January 1976 through November 1976. The performing organi-

zation was Systems Technology—Crew Systems, of the Boeing Commercial Airplane Company,
Seattle, Washington. W. D. Smith was program manager, J. E. Veitengruber was principal investiga-

tor, and G. P. Boucek was the signal/response analyst.
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SYNOPSIS

The purpose of this study was to develop preliminary design guidelines and standards for aircraft
alerting systems.

The scope of the study encompassed five major tasks. Task I consisted of tabulating current alerting
methods and deciphering factors causing proliferation of the alerts. In Task I, criteria for prioritiz-
ing the alerting functions were developed and applied. In Task III, standards and regulations appli-
cable to alerting system standards werg, reviewed and compared with the results of Task II to identify
conflicts. Tasks IV and V consisted of broadening the stimuli response data base developed in a pre-
vious study and defining tests required to obtain missing data.

Preliminary alerting system design guidelines (standards) were developed from the results of each
task. The guidelines included: (1) criteria for four alert priority levels, (2) a tabulation of the alerts
that might fit the criteria for the two highest priority levels, (3) an example tabulation of alert
priorities within each alert category, and (4) recommended methods of annunciating the alerts with-
in each priority category. In addition to these guidelines, cursory test plans for obtaining the missing
human factors data required to complete definition of and validate these guidelines are also provided.
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1.0 INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

This contract is the third of a series of contracts that have evolved from studies of independent alti-
tude monitor requirements to this, a study of cockpit alerting system problems, Under the first
contract, “Development of an Independent Altitude Monitoring (IAM) System Concept,” sensor
principles and control-display-alerting methods for IAM systems were studied. That study indicated
that additional research was required to assess the effectiveness of various IAM control-display-
alerting methods. A second contract was issued to study these alerting problems. A summary of alert
philosophies used in current aircraft and IAM systems, a data base of currently used alerting charac-
teristics including stimulus response characteristics, three recommended 1AM alerting methods for
each category of aircraft (light private aircraft, commercial transports, etc.), and guidelines for
developing or completing development and implementation of an IAM system were produced. The
proliferation of alerting devices in the cockpit, the inconsistent application of alerting concepts in
current commercial transport aircraft, nonadherence to existing alerting system standards because
they were outdated, and the need for a set of design objectives and design guidelines acceptable to

- all commercial transport aircraft operators and manufacturers became evident in this second study.
The current contract therefore was issued to study the entire cockpit problem.

The objectives of this study were: (1) refine and augment the stimuli response data collected under
the previous contract, (2) provide test plans for additional stimuli response tests required to com-
plete the stimuli response data base, (3) provide tabulations of the alerting methods and alerting
requirements used on current commercial transport aircraft, (4) develop a method for prioritizing
alerting functions and prioritizing the alerting functions accordingly, (5) note conflicts between
current alerting requirements and the prioritized list of alerts, and (6) provide recommendations for
standardization of alerting functions/methods. The results of this study represent a first cut at design
objectives and design guidelines for alerting systems in new aircraft. Considerable more refinement,
testing, and analysis of the hardware/implementation impact of the alerting system concepts that
resulted from this study are required.

1.2 SUMMARY
At the beginning of this study, numerous inconsistencies in the alerting concepts applied to each
type of aircraft were known to exist (ref. 1). Specific inconsistencies in the aural alerts were known
and similar inconsistencies in the visual alerts were suspected. These suspicions were proven to be
correct. In addition to verifying that these inconsistencies existed and the type of inconsistencies

that were occurring, the study showed that a proliferation of alerts occurred in the latest generation
of aircraft. Analyses of the type of alerts involved in the proliferations revealed the following facts:

®  FEach new aircraft has incorporated more alerting functions than previous similar aircraft
because of:

1. Differences in the operators’ alerting system utilization philosophies
2. Differences in the airframers’ cockpit design philosophies

3. Additional regulatory requirements



4. Increased size of the later vintage aircraft
5. Use of more complex systems to save weight

Number of warning-type alerts used in commercial turbojet transport aircraft nearly doubled
in the transition from narrow body to wide body aircraft.

Number of caution- and advisory-type alerts used in commercial turbojet aircraft has increased
substantially with each new aircraft design.

A trend exists toward providing the crew with more detailed subsystem information (more
lights and bands) so that the pilots can try to resolve malfunctions in flight and record better
" maintenance data.

Among the narrow body aircraft no significant change in the number of alert lights, aurals,
flags or bands occurred. Aircraft size, types of operation, and vintage had little effect on the
degign of the alerting systems in these aircraft.

Wide body aircraft use substantially more alert lights, flags, and aurals than narrow body
aircraft.

A trend exists toward more multifunctioning of the alerting devices.

The number of warnings increased primarily because of the red flags required to annunciate
the new failure modes of more complex autopilots and avionics on board wide body aircraft.

Amber and yellow lights are being used more extensively with each new generation of aircraft
to annunciate detailed subsystem operations.

A trend toward annunciating more positive GO and SAFE conditions with green light exists.

White-lighted pushbuttons are being used more extensively in place of toggle switches in each
new generation of aircraft.

Discrete alerts lights are being used to replace traditional color bands.

No consistent utilization philosophy has been applied to the aural alerts, not even within any
operator’s or airframer’s line of aircraft. Somewhat of a standard appears to have been esta-
blished for only 5 of the 9 to 17 aural alerts used on each aircraft today.

The number of aural alerts is increasing.

Most rapid growth in the number of subsystems alerts has occurred in the electrical and auto-
matic flight control systems. Negligible growth has occurred in the air conditioning, altitude
alert, APU, communications, emergency equipment, flight instrument, air data, fuel, and
powerplant systems.

Master caution and/or master warning systems are used in all two-man-crew aircraft but in only
a few three-man-crew aircraft.



Master warning systems are activated by only a small percentage of the red lights, approximately
half of the red lights in the cockpit. Similarly, master caution systems are activated by only
about half of the amber and yellow lights in the cockpit.

Only a very small percentage of the aural alerts, less than 7%, activate the master warning system.

Alert prioritization currently is not used on any aircraft except late production models of the
737 and a few 727s.

Inhibiting of subsystem fault alerts is not used on any aircraft except the DC-10.

The correlation between the type of alert and type of checklist applied to each situation is
poor.

In addition to these facts, most pilots agreed with the following issues:

The number of alerts, especially the number of aural alerts, needs to be reduced.
Most aural alerts, as currently designed, are too loud.

Noncritical alerts should be inhibited during high workload periods, such as takeoff and flare/
landing. '

Selected alerts should be prioritized.

A unique audio, visual, or combination audio-visual method of alerting should be associated
with each priority to provide an instantaneous assessment of the situation’s criticality.

A definite correlation between the type of alert and the type of checklist or procedure applied
to each situation should be established. (Note: This does not imply that a checklist is required
for each alert.)

'A study of the human factors data relevant to the design of alerting systems was then conducted

(ref. 2). The following preliminary guidelines resulted:

High-priority alerts should be located no more than 15° from the pilot’s normal line of vision.
Similarly caution signals should be located no more than 30° from the pilot’s line of vision.
Normal line of vision is defined as the line between the pilot’s eye reference point and the cen-
ter of the ADL

High-priority visual alerting devices should be no less than 1° visual angle in size. Secondary
visual alerts should be no less than 0.5° visual angle in size.

High-priority visual signals should have a brightness capability of at least 150 ft-L and be twice
as bright as secondary displays. Secondary visual alerts should have a brightness of at least 15
ft-L and be at least 10% brighter than lesser priority displays in the same area.

Automatic brightness adjustment for varying ambient light conditions should be provided.



®  High-priority (LEVEL 1) visual alerts should flash.

®  Each aural alerting signal should be composed of two or more widely separated frequencies
in the range from 250 to 4000 Hz.

® The maximum intensity of aural alerts should be 15 dB above threshold noise level or halfway
between the threshold noise level and 110 dB, whichever is less. Threshold equals level at which
50% of the alerts are detected.

® Automatic intensity adjustment for varying ambient noise conditions should be provided.

®  Aural alerts should be presented dichotically to the pilot’s dominant ear. If dichotic separation
is not possible, the source of aural alert signals should be located 90° from the primary sources
of interfering noise or messages.

® Intermittent sounds should be used for aural alerts.

®  Aural alerting messages (voice annunciations) should be preceded by an identifier to which the
pilot is more than normally sensitive.

®  Voice warnings should be used only to annunciate highest priority situations.

® Voice warning messages should be constructed of short sentences of polysyllabic words.
®  Pilots should be familiar with all voice warning messages.

®  Use of tactile alerts should be minimized.

A method of prioritizing the alerting functions was then sought. Criteria defining the priority cate-
gories are presented in table 1. These priority categories were applied to the alerting systems data
collected at the beginning of this study, i.e., the alerts were categorized as shown in section 2.3.2.
During application of these alert priority criteria, it was noted that the LEVEL 3 and LEVEL 4
alerts were very sensitive to the peculiar design characteristics of each aircraft. Thus, it was recom-
mended that alert priority guidelines be established only for the LEVEL 1 and possibly some
LEVEL 2 alerts, and that the airframe manufacturers and operators define the LEVEL 3 and
LEVEL 4 priorities for each type of aircraft.

The results of the alerting systems data analyses, the pilot surveys, the human factors guidelines
study, and the alert prioritization study were combined to formulate preliminary recommendations
for standardization of alerting methods. A synopsis of the proposed guidelines for alerting methods
is presented in table 1. Complete listing of the recommended guidelinesis presented in section 2.5.1.



Table 1 Guidelines for Standardization of Alerting Functions and Methods

Alert system characteristics

Level Condition Criteria
Visual Aural Tactile
1 Emergency Emergency operational or aircraft systems conditions Centrally Discrete sounds, Stick shaker
{warning) which require immediate corrective or compensatory located or attention (if required)
action by the crew. alphanumeric getting tone
readout plus voice
2 Abnormal Abnormal operational or aircraft systems conditions Centrally Attention getting None
(caution) which require immediate crew awareness and require located tone
corrective or compensatory crew action. alphanumeric
readout
3 Advisory Operational or aircraft systems conditions which require Centrally None None
crew awareness and may require crew action. located
alphanumeric
readout
4 Information Operational or aircraft systems conditions which require Discrete lights None None
cockpit indication but not necessarily as part of the (green, blue
integrated warning system. and white)
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The recommended guidelines should be interpreted as (1) preliminary, not final,
design guidelines, and (2) design objectives, not minimum performance standards.
At this time, the recommended design guidelines are only partially substantiated
by quantitative data. Additional testing to derive directly applicable human fac-
tors data, additional comparative testing of elements of alerting systems, addi-
tional comparative testing of full alerting system concepts and an analysis of the
hardware/implementation impact of these concepts are required to complete and
validate the proposed design guidelines.
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2.0 TECHNICAL REPORT

The methods of analysis used in studying this alerting system problem, the data used in and resulting
from these analyses, and the conclusions derived therefrom are presented in this section. This study
~was divided into five tasks:

o  Tabulating current alerting methods and requirements

e  [Establishing alerting function requirements

e Developing a method for categorizing/prioritizing alerting functions

e Developing human factors design guidelines for alerting systems

® Developing recommendations for standardization of alerting functions and methods

The first task consisted of selecting a baseline aircraft configuration for each basic type of turbo-
jet transport used in the U.S., tabulating the physical characteristics of all alerting functions in these
aircraft, and analyzing the implementation differences between the various types of aircraft. The
second task consisted of reviewing applicable standards, accident data, maintenance and operations
records concerned with current alerting systems problems, and checklists in an attempt to establish
functional requirements for alerting systems. The third task consisted of numerous discussions with
pilot organizations to obtain a consensus of pilot opinions on how an optimum aircraft warning sys-
tem would be designed and then correlating the results of these meetings with the results of the
requirements analyses to develop a rationale for categorizing and prioritizing the alerting functions.
In the fourth task, a literature search for human factors data applicable to alerting systems was per-
formed, a survey of human factors data requirements was made, and a set of test plans aimed at
obtaining the missing data were developed. The requirements, categorization/prioritization rationale,
and existing human factors design guidelines were then combined to develop recommendations for
standardization of alerting methods. The details of each of these subtasks are presented in the fol-
lowing sections.

2.1 CURRENT ALERTING METHODS

A data base consisting of tabulations of the characteristics of the alerting subsystems in each basic
type of commercial turbojet transport airplane was established to analyze differences between
various types of aircraft and to correlate pilot comments with specific design features. From these
analyses, alerting system characteristics that appear to be either good and should be retained, or bad
and should be avoided were discemed. Descriptions of the data base, analyses, and results of this
_ effort follow.

2.1.1 BASELINE AIRCRAFT CONFIGURATIONS

Aircraft types used by each major U.S. and European airline were tabulated as shown in table 2.
The quantity of each type of aircraft operated by several of these airlines was also tabulated. From
this tabulation, aircraft from several airlines operating a broad range of aircraft and a significant
number of each type of aircraft were selected to use as baseline configurations. The airlines and air-
craft selected for this purpose are specified in table 3. Airbus (A300) and Concorde data also were
sought but were not available in sufficient detail to be useful to this study.



Table 2 Aircraft Types Used by Airline

AIRLINE . |[ro1720] 727 | 737 | 747 | pce | bce | pco | Lior1|Bac111| Ad00 | SR
AMERICAN X X X X X
BRANIFF X X X
CONTINENTAL X X X X
DELTA (62 & | 3 | e 8l
EASTERN X X X X
NATIONAL X X X
NORTHWEST & | oo 08) @
PAN AMERICAN 28) %) X
TWA o2 | 0w (32 (1) (18)
UNITED (1)4(6) 8) (1)1(!) @) (3)5)
WESTERN (2);) 2 | @ ®
AIR CANADA * X X X X X
ALITALIA X X X X
ALLEGHENY ) an
BRITISH AIRWAYS X X X X (’é)
CANADIAN PACIFIC AIR x x X X
DATA SOURCE: NOTE: 1. X INDICATES AIRLINE USES THIS TYPE AIRCRAFT

WORLD COMMERCIAL AIRCRAFT INVENTORY
(DATA AS OF JUNE 30, 1975)
DOUGLAS AIRCRAFT COMPANY

2. ( ) INDICATES NUMBER OF AIRCRAFT OF THIS
TYPE OPERATED BY THE AIRLINE.




Table 2 Aircraft Types Used by Airline (Cont)

AIRLINE 707/720) 727 | 737 | 747 | DC8 | DCO |Dc-10 |L-1011|BAC-111| A-300 88255
IBERIA X V X X X X
JRAN AIR X X X X
JAL X X X X
KLM X X X X
LUFTHANSA “’;) ) ( 2’2) é) ();, (>3§)
AIR FRANCE X X X X (é) | (i()
OLYMPIC X X X
PACIFIC WESTERN X X X
SAA (S. AFRICA) X X X X
SABENA X X X X X
SAS X X | x X
SAUDIA X
SINGAPORE X X X
SWISS AIR X X X X
VARIG X X X X
WORLD COMMERCIAL AIRCRAFT INVENTORY TYPE QPERATED BY THE AIRLINE.

(DATA AS OF JUNE 30, 1975)
DOUGLAS AIRCRAFT COMPANY




Table 3 Aircraft Types Selected for Data Base

Aircraft Baseline Airline(s)
707-720 | TWA

727 TWA

737 Western

747 ' TWA

DC-8 United

DC-9 TWA

DC-10 Wester!,

L-1011 TWA

BAC-111 Allegheny

Ideally all aircraft used in developing the baseline configuration data would have been from one air-
line to eliminate airline-to-airline differences from the data. A mixture of airlines had to be used
because no single airline operated all the aircraft covered by the study. This mixture of aircraft from
several airlines caused small biases in the comparative data that reflect airline differences, not basic
aircraft differences. Comparisons of the alerting system features in various aircraft from one airline
should be valid, but comparisons between aircraft from several airlines must be made with cogni-
zance of these differences. In general therefore, comparisons of the aircraft alerting systems data
must be analyzed with caution.

2.1.2 ALERTING FUNCTIONS

Aircraft system malfunctions and operational situations for which alerts are provided vary as a func-
tion of the size of the aircraft, type of operations for which the aircraft is used, and cockpit design
features specified by the first major customer of each new aircraft type. As an example, a four-engine
747 might be expected to have approximately twice as many alerts as a two-engine 737 because both
aircraft were designed during the same time period (1964-1968). However, the 747 has substantially
more than twice the number of alerts of the 737. The differences are due to the groundrules to which
the cockpits were designed:

737 Significant automation of systems controls to be compatible with the workload capabili-
ties of a two-man crew '

747 Maintain similarity with 707 cockpit to allow easy transition of senior 707 crews to the
747

10



Because these variations are not predictable, a detailed tabulation of the type of alerts used for each
function in these aircraft was constructed.

The alerting function tabulations specify the number and type of alerts used for each function. A
sample of this tabulation is provided in figure 1. The complete tabulation is provided in appendix A.

Three new terms requiring definition have entered the discussion now, i.e., alert, alerting function,
and alerting devices. An alert is the activation of any aural alarm, indicator light, or flag. The term
alert includes the situation wherein a pointer or tape on an analog indicator displays a parameter
value in the green, yellow, orange, or red band range. Alerting functions are the operational situa-
tions or aircraft system conditions annunciated to the crew. More than one alerting function gener-
ally exists for each basic alerting situation. The 727, for example, has three alerting functions for
engine fire warning. Alerting devices are the physical devices used to annunciate alerts. Note that a
separate alerting device is not provided in the cockpit for each alerting function specified in the
tabulation. In many cases, a specific alerting device will perform several alerting functions. An
example of this type of situation is a multicolor light that illuminates green to indicate a system is
ON and amber to indicate the system is armed or has malfunctioned. Therefore each aircraft type
would in general have fewer physical alerting devices than alerting functions.

2.1.3 CHARACTERISTICS OF ALERTING SIGNALS

No consistent utilization philosophy has been applied to the alerting systems in the types of aircraft
covered by this study. Even within each airframer’s product line of aircraft and each operator’s air-
craft, numerous inconsistencies in the utilization of the alerting systems appear. These differences
were analyzed by searching the alerting function tabulations for comparable alerting situations and
noting the similarities or differences. The rationale behind obvious differences was then investigated.
These observations were combined with analyses of several dissections of the data in the alerting
function tabulations. In particular the alerting systems data were dissected to analyze the following
characteristics of the alerts:

e  Operational distribution

e  Mechanical distribution

e  Color distribution

o  Aural alert applications

e Color of visual alerts associated with aural alerts

e  Aircraft systems causing the proliferation of alerts

e  Effects of a master caution and master warning subsystems on the overall alerting system design
e Effects of alert prioritization and inhibits on the overall alerting system design

The results of these analyses were then combined to develop guidelines for categorizing/prioritizing

and designing alerting systems in future aircraft. Each of these analyses is discussed individually in
the following sections.
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Fire protection (sheet 1)

Type of alert
Alerting function
707/727 727 737 747 DCc-8 Dc-9 DC-10 L-1011 BAC-111
. . 2flred Its 2 red its 2red Its 2red Its 2redits
Master fire warning Bell 1 & pel & bell & bell & bl & bell-
Fire extinguisher bottle discharged | 4 amb Its 2amblts 3 amb Its :} ::rl:b&lts 4 amb its 2amblts | 6ambits 8 amb Its
Engine and APU fire extinguishing |
system circuits ok 8 amb Its
Engine and APU fire detection 1 flamb It
system activated (test) 6 amb its 6 amb Its 8 amb Its (&'B‘t;nab ZI?)
Wheelwell fire detection system
.activated (test) 2amb its
3amb Its 3red its
Engine overheat 2amb Its 4 yel/red 2 yel/red & 3 yel/ &3fl 2red Its
bands bands red bands | red Its
Engine overheat detection system 2 wht Its
circuits ok .
1flamb It
Galley smoke (*10) &
tone
1amb It 1amb it
Galley overheat (*9) &
¥ & horn tone
4 yel/red 3 flamb
Nacelle/pylon overheat bands \ts
E“gine fire Its %_—4}”&-—— . 4re W—

e ————————

* Same as

e

Figure 1 Alerting Function Tabulation Example




2.1.3.1 Operational Distribution of Visual Alerts

Three alert classifications, defined in table 4, were established to allow analysis of differences in
the operational distribution of visual alerts.

The term “bands” in these definitions includes radial arcs and “tick marks” on round dial and pointer
displays, and linear bands on horizontal or vertical scale displays.

Some engineers contend that since instruments and advisory/status lights are often functionally
interchangeable, all informational functions contained within the instruments also should be tabu-
lated under the advisory/status alert classification. However, basic instruments do not pollute the
visual environment of the alerting system in the same manner as extraneous lights or flags. Only the
parameter limit information (bands) on the instruments was considered to have a significant impact
on the visual effectiveness of the alerting system. Thus the basic informational functions of the
instruments were not included in these analyses.

Figures 2 and 3 specify the total number of alerting functions on these aircraft and the historical
application of these alerts. Figures 4 and 5 specify the number of visual alerting functions on each
basic type of aircraft that fall within each of these classifications and the ratio of visual alerting func-
tions in each classification. These data are also presented in tabular form in appendix B (tables B-1
and B-2).

Analyses of these data for alerting system differences as a function design vintage, aircraft size, and
types of usage were made. The number of engines on these aircraft was used to group the aircraft
into usage categories. These usage categories were selected because, in general, two-engine aircraft
are used on short-haul operations, three-engine aircraft are used on medium-range operations, and
four-engine aircraft are used on long-range operations. These categories also conveniently provide
groups of aircraft with a similar number of onboard systems, e.g., same number of hydraulic systems.

Figures 2 and 3 illustrate that at least among the two-engine aircraft, the number of visual alerting
functions increased with each new aircraft type. The question that arises is whether this increase
was due to an increase in the number of regulatory requirements or basic philosophical differences
between the manufacturer’s cockpit designers. A quick survey of the FARs indicated that a signifi-
cant number of new regulations that affected alerting systems evolved between the BAC-111 and
737 design eras. The DC-9 was designed 2 years after the BAC-111 and the 737 was designed 4 years
after the BAC-111; however, not all this increase was due to new regulatory requirements. Thus the
growth in the number of alerting functions as a function of time among the two-engine aircraft is
attributed to both differences in the airframers’ cockpit design philosophies and new regulatory
requirements.

Table 4 Alert Type Classifications

Classification Alert types included in classification
Warning , Red lights, red or orange flags and red bands
Caution Amber or yellow lights, flags or bands
Advisory/status Green, blue or white lights, flags or bands

13
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*L-1011 utilizes lighted pushbutton switches with color modes to indicate switch state in place of toggle switches.

Figure 2 Number of Visual Alerting Functions on Each Basic Aircraft Type

Among the three-engine aircraft, a similar trend toward increasing the number of alerting functions
was noted. In general, the 727, DC-10, and L-1011 have the same number of systems of each type,
e.g., all have three main electrical generator systems. However, in a few cases, such as air conditioning,
the number of channels was increased from two for the 727 to three for the DC-10 and L-1011.
Their difference in size (narrow body 727 versus wide body DC-10 and L-1011) may have influenced
these statistics. The increased use of late technology and more complex systems may also have attri-
buted to the growth in the number of alerting functions. As an example, on McDonnell Douglas
aircraft, all narrow body aircraft had a mechanical flap blow-back system; the DC-10, for weight-
savings reasons, utilized a more complex but lighter electronic flap blow-back system. Two addi-
tional annunciator lights were required with the electronic system. Additionally, between the 727
and DC-10/L-1011 design eras, a significant number of regulatory requirements were added. The
interaction between these factors is not known; the increase in the number of visual alerting func-
tions among three-engine aircraft must be attributed to all these factors.
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Figure 3 Application of Alerts as a Function of Operational Significance and Aircraft Vintage

15



2-ENGINE 3-ENGINE 4-ENGINE

AIRCRAFT AIRCRAFT IRCRA
] 400+ o AIRCRAFT
(7] . :
2 2 e z
o o S . = 747
- o : - L-1011 5
o o HYS Q
5 5 TARN 2
e Y i oo  wi |
i &5 200 L5 200 P Sg 200
xZ xZ =
Wi Wi ok
ST S5 727 sy S
——
37 23 23 | T T~~.oce
() 0 0
> ‘ > >
= [« o < [ r 4 x
>, 2 g S g S g
< 2 3 < 3 3 < 2 3
s & 9 : & 2 : S g
ALERT CLASSIFICATION ALERT CLASSIFICATION ALERT CLASSIFICATION

*L-1011 utilizes lighted pushbutton switches with color modes to indicate switch state in place of to#eswltd\es.

Figure 4 Operational Distribution of Visual Alert Functions -

3-ENGINE 4-ENGINE

- 2-ENGINE " "
g AIRCRAFT Z AIRCRAFT Z AIRCRAFT
S 1007 2 100 [ 2 1001
3 3 o
E 80 | E 80 I E 80
- - -
c e} & 60} T 6o}
- -l -
< < < 747
L W s
L 40 VANSE, 5 40 w 40} A7
[ = ]
20} \DC-9 8 20 W 20F
& BAC-111 £ i
a 0 - a0 a o0
> > >
‘2z - < P-4 [+ < [+ 4
e 8 o g S g
z - - Z - 2 < =
S 2 3 E 2 3 e 2 3
= 3§ <« = § <2 = 3§ <
ALERT CLASSIFICATION ALERT CLASSIFICATION ALERT CLASSIFICATION

*L-1011 utilizes lighted pushbutton switches with color modes to indicate switch state in place of toggle switches.

Figure 5 Percentage Distribution of Visual Alert Functions Among Operational Classifications:
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» The 707 and DC-8 were designed with approximately the same number of alerting functions. The

747, which was designed 12 years later, emerged with a significant increase in the number of alert-
ing functions. In general, the 747 required more channels of each type of system than the 707 or
DC-8. This was primarily because of its massive size as compared to the 707 or DC-8. McDonnell
Douglas claims that a significant portion of the increase in the number of alerting functions on the
wide body aircraft is .'attributable to the application of modern ‘weight-savings technology. More
complex but lighter systems were often used to save weight on the wide body aircraft. The wide
body aircraft: also had to contend with a significant number of new regulatory requirements that
emerged between 1957 and 1969. Therefore, the cause of the increase in the number of alerting
functions among the four-engine aircraft can be attributed to the size of aircraft, use of more com-
plex systems on the wide body aircraft to save weight, and additional regulatory requirements.

In the foregoing discussion it was concluded that the number of alerting functions in the cockpit
increased as a function of time. The question that arises is “what type of alerts were added and how
did the alert distributions change with these additions?”” The data presented in figures 4 and 5 for
two-engine aircraft indicate that the DC-9 and 737 designs incorporated substantially more caution
and advisory alerts than the BAC-111. All three aircraft rely approximately equally on caution-type

" alerts as shown by the percentage distribution curves. However, the BAC-111 alerting system design

relies heavily on warning functions whereas the 737 relies heavily on advisory functions.

Among the three-engine aircraft, a significant growth in the number of alerting functions from the

727 to the DC-10 and L-1011 is again noted in these data. However, the ratio of warnings-to-cautions-

to-advisories did not change appreciably.

Note that many of the advisory functions in the L-1011 data have no equivalent alerting function in
the 727 or DC-10 because the L-1011 cockpit design utilized lighted pushbutton switches with color
or ON/OFF illumination modes to indicate switch state in place of conventional toggle switches.
These lighted pushbutton switches were generally considered to be advisory-type alerting functions
whereas the toggle switches were presumed to have no alerting function. If these functions on the
L-1011 were deleted from the data so as to get more equivalent sets of data, the L-1011 would have
heavier reliance on warning and caution functions than the 727 or DC-10.

The increase in the number of alerting functions from the 707/DC-8 aircraft to the 747 is also
evident in the four-engine aircraft data presented in figure 4. The 747 alerting system design incor-
porates approximately the same number of warnings, substantially more cautions, and also substan-
tially more advisories. On a percentage distribution basis, the 747 relies the least of any four-engine

commercial transport on warning functions, approximately the same as older designs on caution-type
alerts and more heavily on advisory-type alerts than older four-engine transports.

From these analyses three significant factors were noted:

e Each new aircraft has incorporated more alerting functions than previous similar aircraft
because of:

(1) Differences in the operators’ alerting system utilization philosophies
(2) Differences in the airframers’ cockpit design philosophies

(3) Additional regulatory requirements
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(4) Increased size of the later vintage aircraft
(5) Use of more complex systems to save weight

e Number of warning-type alerts used in commercial turbojet transport aircraft nearly doubled
in the transition from narrow body aircraft to wide body aircraft.

e Number of caution- and advisory-type alerts used in commercial turbojet transport aircraft has
increased substantially with each new aircraft design.

2.1.3.2 Mechanical Distribution of Alerts

Trends in the type of mechanical devices used to present the alerts were analyzed by dissecting the
alerting function information into the following categories:

e Distribution of the alerts between lights, aurals, flags, and bands as a function of type of air-
ctaft operation (short haul, medium range, long range), aircraft size, and aircraft vintage.

e Amount of multifunctioning of the alert devices.

From these analyses, characteristics of the alerting systems that are considered good and should be
retained, or causing problems for the pilots and should be eliminated, were sought.

Figure 6 specifies the number of alerting functions to which each basic type of alerting device has
been applied. Figure 7 presents the same data as a function of aircraft vintage. In the analysis of
these data, it was noted that among two-engine short-haul aircraft, the 737 and DC-9 alerting sys-
tems incorporate significantly more lights and bands than the BAC-111. However, the application
of aurals and flags is approximately equal in these two-engine aircraft.

The difference in the number of lights incorporated in these cockpits is due primarily to the cock-
pit design philosophy applied to these aircraft. The design philosophy on the BAC-111 appears to
have been “keep the cockpit very simple—give the pilots just enough information to fly the airplane,
don’t prov1de detailed subsystem operation information that the pilots have no control over, and
don’t burden them with maintenance information.” In contrast to this philosophy, the DC-9 and
737 .cockpits appear to have been designed to provide the crew with more detailed subsystem
information (more lights and bands) so that the pilots can try to resolve malfunctions in flight and
can record better maintenance data. Additionally, the DC-9 and 737 had to meet more regulatory
requirements as noted earlier.

The three-engine aircraft data indicate that discrete lights were used in place of round dial instru-
ment alert bands on the L-1011. The newer wide body three-engine aircraft also used more flags
than older narrow body aircraft. This is probably due to more complex autopilot and avionics
systems.

The four-engine aircraft data indicate similar trends. The increase in the number of alerting func-
tions on the 747 over 707/DC-8 vintage aircraft occurred primarily in the number of lights used to
annunciate detailed subsystem information. A slight decrease in the number of colored bands used
to annunciate alerts accompanied this increased dependence on discrete alert lights.
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Figure 6 Mechanical Distribution of Alerting Functions

The total number of alert lights, aurals, ﬂags, and bands may have changed significantly from one
aircraft to another. However, the proportionate mixture of types of alerting devices did not change
significantly between aircraft. Figure 8 illustrates this situation for alert lights.

The aircraft vintage data presented in figure 7 indicate that among the narrow body aircraft no
significant change in the number of alert lights, aurals, flags, or bands occurred. Aircraft size, types
of operation, and vintage had not effect on the design of alerting systems during this era. However,
the wide body aircraft utilize substantially more alert lights and flags than narrow body aircraft.
The wide body aircraft also rely slightly more on aural alerts than narrow body aircraft. The use of
color bands as alert devices increased with the DC-10, decreased slightly with the 747, and
decreased significantly with the 1-1011. Thus, in general it can be stated that a trend currently
exists toward incorporating more and more alerting devices into the cockpit.

Figures 9 and 10 illustrate the amount of multifunctioning of the alert lights on these aircraft.
Multifunctioning is defined as any situation in which an alerting device is used to annunciate more
than one hazardous or abnormal situation. The distinctions between the various situations annun-
ciated by a device could be made by any obvious mode change, such as a color change, steady ver-
sus flashing or intermittent annunciation, or a change in brightness. The data in these figures indi-
cate that a trend toward more multifunctioning exists. The BAC-111 and 727 did not utilize multi-
functioning whereas the wide body aircraft used considerable multifunctioning. Increased usage of
‘multifunction alert lights is the result of attempts to crowd more and more information into the
cockplt Available panel spaoe became saturated and multifunction devices had to be used to get

the information into the cockpit. ’
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Figure 8 Proportion of Alerts That Use Lights

Based on the results of these analyses, the alerting system utilization philosophies applied to the
wide body aircraft appear to have included the following premises/suppositions:

The crew should perform more system debug and maintenance functions; to do this, more
detailed systems information needs to be displayed.

Multifunction alert devices would not degrade the effectiveness of the alerting systems.
Discrete alert lights are more effective than analog displays (dial type instruments).

A slight increase in the large number of already existing aural alerts would not degrade the
effectiveness of the alerting system.

The narrow body aircraft cockpit designs did not saturate the crew. A typical crew can handle
substantially more complex situations than exists on narrow body aircraft.

The validity of these premises will be discussed in further detail in later sections.
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2.1.3.3 Color Distribution of Visual Alerts

Red, fire orange, and dayglow orange colored alerts are generally used to present warnings; amber
and yellow colored alerts are used to present caution; and blue, green, or white colored alerts are
used to present advisories and status indications. More specifically, blue alerts usually indicate that
something is intransit, green alerts usually indicate that a system is operating satisfactorily and/or
has attained a SAFE/GO status; and white alerts usually indicate a system is ON. The distribution
of alerts among these colors was analyzed to determine whether a trend toward presenting any par-
ticular type of information exists. To perform these analyses, the alerting functions data was again
dissected into the type of aircraft operation, size of aircraft, and vintage of the aircraft.

These data are presented in graphical form in figures 11 through 14 and in tabular form in appendix
B (table B-3).

The data in figure 11 indicate the following significant factors:

e Essentially no difference between aircraft in the application of red lights

e L-1011 and 747 aircraft rely on amber/yellow lights more heavily than other aircraft

e BAC-111 utilizes very few blue lights

e 737, 747, and DC-10 aircraft rely more heavily on green annunciators than all other aircraft
e L-1011 aircraft use white lights extensively (to replace conventional toggle switch functions)
The data in figure 12 indicate that the wide body aircraft use significantly more red flags than
narrow body aircraft and the 707 uses substantially more white flags than other aircraft. The heavy
reliance on red flags in the wide body aircraft is due to incorporation of more complex autopilot
and navigation systems. The 707 occasionally used white flags where other aircraft generally used
red or amber lights.

The data on the application of color bands as alerting devices (figure 13) indicate that the DC-10
utilizes substantially more amber/yellow bands than other aircraft, the 1-1011 does not utilize
green bands, and L-1011 and BAC-111 aircraft utilize very few bands.

Analyses of the historical application of alert colors (figure 14) revealed significant trends toward
more amber/yellow and white lights, more red flags, and fewer red and green bands. The increase in
amber lights is due to requirements for more detailed subsystems information in the cockpit. More
red flags are being incorporated because of more complex autopilot and navigation systems in the
newer aircraft. The traditional red and green bands are being replaced by amber lights.

The following conclusions were derived from these analyses:

e The number of warnings has increased slightly because of red flags that are required to annun-
ciate the new failure modes of more complex autopilots and navigation systems
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Amber and yellow lights are being used more extensively with each new generation of aircraft

to annunciate detailed subsystem operations
A trend toward annunciating more SAFE and GO conditions with green lights exists
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2.1 34 Aural Alert Applications

Table 5 provides a listing of the various situations for which aural alerts are used. For each situation
listed, the type of aural alert used on each aircraft type is specified. Where it could be determined
that no aural alert is provided for the situation, ‘“none’’ is entered; if it could not be determined, the
space is blank. :

From this table, it is noted that all aircraft considered in this study use a bell to annunciate an
engine fire. However, the characteristics of the bell vary from one aircraft to another. Similar situa-
tions exist among all the other aural alerts. Thus, another listing (table 6) that describes the fre-
quency, loudness, and continuity characteristics of each specified aural alert is provided.

The cockpit ambient noise environment in which these aural alerts must function is specified, as a
point of reference, in table 7. The ambient noise levels specified in this table represent the maxi-
mum average octave band value within the specified frequency ranges. These values were taken from
the cockpit noise curves provided in appendix C.

Examination of these data for (1) consistency of application, (2) factors that may contribute to
confusion in the cockpit and should be avoided in the design of future alerting systems, and (3)
aural alerts that have been standardized on and should be retained, revealed the following facts:

o No consistent utilization philosophy has been applied to the aural alerts, not even within any
* airframer’s or operator’s aircraft.

e The number of aural alerts is increasing. Older narrow body aircraft incorporated 9 to 15 aural
alerts and newer wide body aircraft have 14 to 17 aural alerts. Human factors data indicate
that pilots can rapidly and accurately interpret only a limited number of discrete aural alerts
and that this number decreases as a function of time since recurrent training. The exact num-
ber of alerts that the average pilot can effectively recognize is not known. However, the poten-
tial for confusion is known to exist currently and should be eliminated.

e A standard appears to have been established for the following aural alerts:

Alert Situations Type of Aural Alert
Engine fire Bell
Excessive airspeed Clacker
Unsafe landing condition Horn
Unsafe takeoff condition Horn
Ground proximity Warbler and voice message

or tone and voice message

The specific characteristics of the aural alerts used for each of these situations varies slightly
but the basic function appears to be identical in all cases.
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Table 5 Summary of Currently Used Cockpit Aural Alerts

Type of aural alert applied

Airplane
707/727 727 737 747 DC-8 DC-9 DC-10 L-1011 BAC-111
Alert condition
. ITTaYi Tone A, B Y TraXl #* % 7 aXid oY *»
Altitude alert C” chord A}, C” chord A|"“C”chord A Horn Horn C’ chord B|"’C’' chord B
C’chord A
APU fire None Bell A Bell A Bell A None None None Bell E Bell
. . . Wailer
Attitude displays disagree None_ None None Tone B None None (provisional) None *
Autopilot disen N Wailer A N Wailer A | N i Wailer B | Wailer C .
utopilot disengage one (some acft) | one ailer one Click ailer ailer
Call on interphone Chime G Chime G Chime G None Chime Chime Chime Chime N *
_ Warbler Warbler Warbler Warbler Warbler Warbler Warbler Warbler Warbler
Close proximity to ground, gear up| g yoice & voice & voice & voice & voice & voice & voice & voice & voice
. . . . Chime B Chime B Chime B ] ‘
Cockpit call from flight attendants | Chime Chime Chime Chime Chime C Chime C Chime ¢ | ChimeH *
Cockpit call from ground crew None None None Chime E Chime Chime Chime Chime P *
. . . . . Chime D . . . .
Cockpit call to flight attendants Chime Chime Chime Chime L Chime Chime Chime Chime M »
Decision height Tone C Tone C ToneC |“C'chord A None Tone None ToneH *
500-foot terrain warning None Tone None Tone None Tone None Tone *
- Chime F
Emergency evacuation Tone B Tone B None TolneeB None Horn Horn Tone F *
Engine fire Bell A Bell A Bell A Bell A Bell B Bell B Beli C Bell E Bell
Excessive airspeed Bell D Clacker A | Clacker A | Clacker A | Clacker D | Clacker D | Clacker C | Clacker F Bell
L Warbler Warbler Warbler Warbler Warbier Warbler Warbler Warbler Warbler
Excessive sink rate & voice & voice & voice & voice & voice & voice & voice & voice & voice

*Characteristics unknown
**Not delivered but available




Table 5 Summary of Currently Used Cockpit Aural Alerts (Cont)

Type of aural alert applied

1A

Airplane
707/727 727 737 747 DC-8 DC-9 DC-10 L-1011 BAC-111

Alert condition ’
E . in cl Warbler Warbler Warbler Warbler Warbler Warbier Warbler Warbler Warbler

Xcessive terrain closure rate & voice & voice & voice & voice & voice & voice & voice & voice & voice
Flap load relieve inoperative None None None None ‘None None None Buzzer B .
Galley overheat None None None None None None None Tone E .
Inadvertent ‘“duck under’’ GS Voice Voice Voice Voice Voice Voice Voice Voice Voice
Low cabin pressure Horn E Horn E Horn E Horn F Horn L Horn L Horn H Horn S *

Warbler Warbler Warbler Warbler Warbler Warbler Warbler Warbler Warbler

Negative climb after takeoff & voice & voice - | & voice & voice & voice & voice & voice & voice & voice
SELCAL Chimed | ShimeY | ChimeH | Chimek | Chime | Chime Bell | ChimeM .
Instrument comparator alert Clacker B | Clacker B | Clacker B None None None None _ None *
Smoke in cargo area Bell A None Bell A Bell A None None None None *
Smoke in lower galley None None None None None None None Tone E *
Stabilizer in-motion Clacker Clacker Clacker Clacker _:grmn:dg?; Horn K Horn G | None o
Unsafe ground conditic;n None Horn A None None ~ None None None None »
Unsafe in-flight condition None Horn E None None None None None None *
Unsafe landing condition Horn A Horn A "Horn A Horn B Horn C Horn C Horn D | Horn R »
Unsafe takeoff condition Horn E Horn E Horn E Horn F Horn L Horn L Horn H Horn S Horn S
Wheelwell overheat or fire Bell A Bell A Bell A Bell A None None None Bell E .

*Characteristics unknown



Table 6 Aural Alert Characteristics

LOUDNESS,

AURAL ALERT FREQUENCY, Hz dB DESCRIPTION
HORN A 200 TO 443 90+5 Continuous
HORN B 220 TO 280 93+ 5 Continuous
HORN C 635 89 Continuous
HORN D 602 AND 657 865 Continuous
HORN E 200 TO 443 90+ 5 Same as horn A, except interrupted
HORN F 220 TO 280 93+ 5 Same as horn B, except interrupted at
- 3 Hz
HORN G 116 AND 259 Continuous
HORN H 602 AND 657 Same as horn D, except interrupted
at THz
HORN J 140 91 On 0.5 seconds; off 0.8 seconds in variable-
sized groups; 2 seconds between groups
HORN K 60 85 On for 0.5 seconds; off for 1 second
HORN L 635 84 TO 98 Interrupted at 0.6 Hz
HORN'M 625 95 Interrupted at 0.6 Hz
HORN N 325 AND 390 94 Tow tones alternating at 0.25 Hz
HORN P “Ooga’’ horn
HORN R 300 86 Continuous
HORN S 300 90 333-ms period with a 50% duty cycle
TONE A 1000 Continuous
TONE B 2800 * 300 90+ 5 Beeper tone, pulsating at 1.5 to 5.0 Hz
TONE C 800 INCREASING | Tone that increases in volume over a
3-second period
TONE D 400 INCREASING| New system for McDonnell Douglas
airplanes, application uncertain
TONE E 1.4kTO 20K 90 Alternating tone
TONE F 3k 77 333-ms period with a 50% duty cycle
TONE G 700TO 1.7k 90 Pulsating tone
TONE H 1.0K Pulsating tone
“C'”"CHORD A | 461T0563 567 TO 704 95+ 5 Intermittent
691 TO 845
“C'""CHORD B 512, 640, 768 90 Sound duration 2 seconds
BUZZER A 300, 600, AND 900 90+ 5
BUZZER B 90 81 2 seconds
WARBLER & 400 TO 800 85 TO 96 Three ““whoops’’ per second; followed by
VOICE voice saying “‘pull up.” Some
of the airplanes indicated do not have
this system and some have the warbler
without voice
WAILER A 130 + 20 TO 200 + 30 93+ 3 2 to 4 Hz of variation between longer
and higher frequencies—minimum
variation 49 Hz—mod 4.76 Hz
WAILER B 640 '
WAILER C 130 TO 200 88
BELL A 600 TO 10,000 93+ 5 Continuous
BELLB 750 87 Continuous; striker frequency, 1.8 Hz
similar to telephone
BELLC 640 AND 648 Continuous; two tones alternating,
striker frequency, 12.5 Hz
BELL D 600 TO 10,000 95+ b

Same as bell A, except interrupted
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Table 6 Aural Alert Characteristics (Cont)

LOUDNESS,

1 CLiCK

“|AURAL ALERT FREQUENCY, Hz dB DESCRIPTION
BELLE 100 "“Gong" type bell—electrically activated
CLACKER A 1000 TO 2400 86 Modulated at 5 to 10 Hz
CLACKER B Repetition frequency, 1 Hz
CLACKER C 512 Repetition frequency, 4.76 Hz, sounds
like clucking of a chicken
CLACKER D TWO TONES, CLICKS 84 TO 96 Repetition frequency, 9 Hz
CLACKERE 335 87 Similar to a square wave, modulated
with very distinctive clicks at 10 Hz
CLACKER F 2500 86 Two bursts in a 20-ms interval
repeated at a 140-ms rate
CHIME A 620 87 Repeating, 1.5 second repetition rate
CHIME B 750 76 TO 84 Single stroke gong-like sound; when
‘ mechanics call, interrupted at 0.85 Hz
CHIME C 4700 76 Single stroke gong-like sound
CHIME D 727 TO 947 9%+ 56 ““High chime"”, single stroke gong-like
sound
CHIME E 477 TO 497 9%+ 5 ““Low chime”’, single stroke gong-like
sound
CHIME F 727 TO 947 AND 95+ 5 High-low chime combination of chimes;
477 TO 497 D and E repeated at a rate of 3+ 1 Hz
CHIME G 588 95+.5 ’High chime"”, single stroke gong-like
sound
CHIME H 588 AND 488 95+ 5 High-low chime not repeated
CHIME J 588 AND 488 95+ 5 Same as chime H except fast repeat
CHIME K 588 AND 488 95+ 5 Same as chime H except it does two
cycles and stops
CHIME L 727 TO 947 AND 95 + 5 Same as chime F except it does two
477 TO 497 cycles and stops
CHIME M 587 85 Single chime in most configurations
CHIME N 587/487 85 Single high;low chime
CHIME P 487 85 Low chime not repeated
Actual sound of disconnect of the

autopilot lever
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Table 7 Cockpit Ambient Noise Environment

AMBIENT NOISE LEVEL, dB*
AIRCRAET FREQUENCY A
0-200 200—1000 1000—4000 4000—10,000
— e A e —————

TAKEOFF 99 93 79 73
707-720

FINAL

APPROACH 90 81 75 72

TAKEOFF 88 79 66 61
727

FINAL

APPROACH 87 73 66 61

TAKEOFF 88 84 70 66
737

FINAL

APPROACH 84 82 8 75

TAKEOFF 100 83 77 70
747

FINAL

APPROACH 90 81 76 71

TAKEOFF 96 95 79 73
DC-8

FINAL

APPROACH 85 81 7 67

TAKEOFF 84 77 68 51
DC-9

FINAL

APPROACH 85 72 69 56

TAKEOFF 91 91 78 70
DC-10

FINAL

APPROACH 82 75 67 66

TAKEOFF 84 76 75 68
L-1011

FINAL

APPROACH 84 72 70 63

]

*VALUES LISTED ARE THE MAXIMUM LEVELS TO OCCUR WITHIN
THE SPECIFIED FREQUENCY RANGES
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2.1.3.5 Color of Visual Alerts Associated With Aural Alerts

The number of aural alerts has increased to the point where the potential for confusion exists. To
avoid confusion over the significance of an aural alert, cockpit designers have augmented them with
identification lights. Figure 15 illustrates the type of visual alerts that are activated when aural alerts
occur. These data indicate that the best correlation between the aural alerts and red visual alerts
exists on the 737. It is generally assumed that aural alerts are used for high priority annunciations
and incoming communication alerts. However, these data show that a significant number of amber
and yellow alerts indicating caution conditions also are associated with the aural alerts. The blue
lights are associated primarily with incoming communication alerts.
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Figure 16 specifies the color distribution of visual alerts associated with the aural alerts. The heavy
reliance of Boeing 707, 727, and 737 aircraft on amber lights that identify aural alerts is reflected
in these data. These data also indicate that DC-8 and DC-10 aircraft utilize significantly blue lights
than all other aircraft to help identify aural alerts.

The historical correlation between the growth in aural alerts and the total number of lights and flags
to help identify the aurals was analyzed from the data presented in figure 17. These data indicate
that all aircraft, except the BAC-111, have multiple lights and flags associated with each aural alert;
727, 737, and DC-10 aircraft have significantly more visual backup lights for each aural alert than
similar type aircraft; the BAC-111 relies least of all aircraft on visual backup lights; and the wide
body jets rely less than narrow body aircraft on visual backup lights even though they have more
aural alerts. All aircraft also were noted to have several aural alerts that operate without visual

backup alerts as indicated in table 8.
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Figure 16 Color Distribution of Visual Alerts That Activate Aurals
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Table 8 Application of Aural Alerts Without Visual Backup Lights

Aircraft type Number aurals without visual backup lights

707

727

7137

747
DC-8
DC-9
DC-10
L-1011
BAC-111

DWW EhOOWOOOOM
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2.1.3.6 Aircraft Systems Causing Proliferation of Alerts

Tables D-1 through D-9 in appendix D specify the distribution of alerts used by each subsystem on
each basic type of airplane. These data are summarized in figure 18 in a form that illustrates which
subsystems are causing increases in the number of alerts. Caution must be used in interpreting the
data curves presented in this figure because (1) not all systems incorporated in the newer model air-
craft were incorporated in the older model aircraft, e.g., autoland systems; (2) the aircraft devel-
oped in the mid-1960s were the midsize and smaller narrow body aircraft as opposed to the larger
narrow body aircraft that constitute the data points at the start of the curve and the large wide
body aircraft that constitute the data points at the end of the curve. Therefore, if all aircraft were
equal, the left end of some curves would be lower than the right end and/or some curves would
dip in the middle. A third factor that influences these data is the trades made between presenting
systems information via alert lights as opposed to dial-type indicators. For example, on most Boeing
aircraft, the air-conditioning and electrical systems require approximately an equal number of func-
tions presented to the pilot. Most of these functions could be presented by either lights or dial-type
indicators. However, the electrical systems have transitioned to lights and the air-conditioning sys-
tems have retained dial-type indicators without alert bands as the primary method of presenting
information. Operating limits are generally downgraded, deemed less critical, if dial-type indicators
are used. Thus electrical systems would be more likely to show a proliferation of alerts than air-
conditioning systems. Cognizance of all these factors and the magnitude of influence of these fac-
tors is required when interpreting these data.

Examination of these data reveals that the most rapid growth in the number of subsystem alerts has
occurred in the following systems:

e Electrical

e Automatic flight control system (AFCS)
Secondary offenders are the following systems:
e  Hydraulics

®  Ice and rain protection

e Landing gear and brakes

® Navigati;)n

®  Pneumatics

Subsystems in which negligible growth in the number of alerts has occurred are the following:
e  Air-conditioning

e  Altitude alert

e APU
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e Communications

[ Emérgency equipment

e Flight instruments and air data
®  Fuel

® Powerplant

Inspection of the detailed data in appendix D indicates that most of this growth is occurring among
the caution and advisory lights.

2.1.3.7 Applications of Master Caution/Master Warning Systems

Table 9 specifies the aircraft that utilize master caution and master warning systems, the location
and number of lights provided for these functions, and the characteristics of associated aural alerts.
Table 10 specifies the proportions of lights that will actuate either the master caution or the master
warning.

Analyses of these data indicated that master caution and/or master warning systems are used in all
two-man-crew aircraft but in only a few three-man-crew aircraft. The majority of the three-man-
crew aircraft use a central block of lights to annunciate caution and warning situations. The 737,
DC-9, and DC-10 aircraft use a combination of the central block of annunciation lights and master
caution/master warning. :

The type of secondary alerts that actuate the master waring alert(s) also varies considerably from
aircraft to aircraft. For example, on the DC-10 nearly two-thirds of the red lights actuate the master
warning signal whereas on the DC-9 only one-third of the red lights activate the master warning. No
amber, blue, green, white, or clear lights on these aircraft, except the BAC-111, activate the master
warning signal.

Two amber lights on the BAC-111 activate the master warning. The rationale behind this discrep-
ancy may be that the situation (CSD failure) deserves special attention and, since no master caution
exists in this aircraft, the master warning signal was utilized.

The DC-9 and DC-10 alerting systems are designed to augment recognition of the cabin pressuriza-
tion aural alert with the master warning. No other aural alerts activate the master warning systems.
No inconsistencies appeared in the master caution system implementations. The master caution sys-
tems in these aircraft activate only when an amber light on the overhead panel or flight engineer’s
station illuminates.

2.1.3.8 Applications of Alert Prioritization and Inhibits
Figures 19 and 20 indicate respectively (1) the aircraft that have alerting systems with prioritized
aural alerts and (2) the aural alert prioritization scheme incorporated on recent production models

of the 737. No aircraft except late model 737s and a few 727s have an aural alert prioritization sys-
tem. The priority scheme implemented on these 737s allows the aural alerts for FIRE and OVER-
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Table 9 Master Caution and Master Warning Applications

VISUAL ALERT

PANEL AND FLIGHT
ENGINEER’'S STATION

RESPECTIVELY

ALERT TYPE AIRCRAFT TYPE AURAL ALERT
LOCATION QUANTITY
MASTER WARNING BAC-111 PILOTS MAIN PANEL 2 ?
DC-8 GLARESHIELD 1
DC-9 GLARESHIELD 2
DC-10 GLARESHIELD AND FLIGHT 241
ENGINEER’S STATION RESPECTIVELY
MASTER CAUTION 737 GLARESHIELD 2
NONE
DC-9 GLARESHIELD 2
DC-10 GLARESHIELD AND FLIGHT 241
ENGINEER'S STATION RESPECTIVELY
CENTRAL WARNING 737 GLARESHIELD 2
AND CAUTION BLOCK
747 PILOTS ENGINE INSTRUMENT 141
OF ANNUNCIATIONS PANEL AND FLIGHT RESPECTIVELY
ENGINEER’'S STATION
DC-9 OVERHEAD 1
DC-10 OVERHEAD AND FLIGHT 141
ENGINEER’S STATION RESPECTIVELY
L-1011 PILOTS ENGINE INSTRUMENT 141




or

Table 10 Number of Alerts that Also Activate Master Caution and Master Warning Alerts

PERCENT OF ALERTS THAT

ACTIVATE MASTER WARNING

PERCENT OF ALERTS THAT
ACTIVATE MASTER CAUTION

¢'Y-IEI?T AIRCRAFT TYPE AIRCRAFT TYPE
DC-8 DC-9 DC-10 BAC-111 737 bc-9 DC-10
RED LIGHTS 41 32 62 42 0 0 0
AMBER/YELLOW LIGHTS 0 0 0 5 54 66 20
BLUE LIGHTS 0 0 0 0 0 0 0
GREEN LIGHTS 0 0 0 0 0 0 0
WHITE/CLEAR LIGHTS 0 0 0 0 0 0 0
AURAL ALERTS 0 7* 7* 0 0 0 0

*CABIN PRESSURIZATION
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Figure 19 Prioritization of Aural Alerts




SPEED to occur simultaneously; causes the aural alert for CABIN ALTITUDE and UNSAFE
TAKEOFF CONFIGURATION to override any alert listed below it and the aural alert for UNSAFE
LANDING GEAR to override any alert listed below it, etc.; and causes the aural alert for SELCAL
to override the aural alert for CREW CALL. The aural alerts for FIRE, OVERSPEED, one item
from the middle groups, and one item from the right group can occur simultaneously in this
priority scheme.

In ARINC 577 a priority scheme for all aural alerting functions, currently used and anticipatable in
the near future, was proposed. Three problems are immediately noted with this scheme: (1) too
many aural alerts are allowed, (2) too many alerting functions have equal priority on the priority 1
level, and (3) the significance and urgency of an alert are somewhat aircraft design dependent and
therefore will vary from aircraft to aircraft. The standard for prioritizing the aural alerts should
provide:

o  Criteria for determining whether alert prioritization is necessary
e Ciriteria for determining the priority level of each alert if prioritization is required

e Design guidelines for equipment that allows aircraft dependent priority assignment of the

alerts
r 3
1. CABIN ALT AND TAKEOFF CONFIG
2. LANDING GEAR
[ FIRE AND ] ) . [1' SELCAL ]
OVERSPEED ,
3.  (WAILER) 2. CREW CALL
4. (BUZZER)
L y
| g - a4 -/ \ N |
BOTH ALERTS PRIORITIZED
CAN OPERATE PRIORITIZED AS NUMBERED AS NUMBERED
SIMULTANEOUSLY (NO. 1 HAS HIGHEST PRIORITY) (NO. 1 HAS HIGHEST
PRIORITY)
| . J

v

ALL THREE GROUPS CAN BE ACTIVATED SIMULTANEOUSLY

Figure 20 737 Aural Alert Priority Scheme
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Alert inhibits also have not been applied extensively. The application of alert inhibits has been
restricted primarily to enabling and/or disabling the aural alerts associated with aircraft configura-
tion management, e.g., flaps extended and throttles at idle but no landing gear extended.

Not all alert inhibits are intentional, i.e., some inhibits result because the system with which they
are associated or a sensor that feeds this system has exceeded its region of valid operation. An
example of this situation is the ground proximity warning. Above 2500 or 5000 feet radio altitude,
depending on type of equipment used, the ground proximity alert is inhibited because the radio
altitude signal is not valid.

The DC-10 is the only aircraft that incorporates intentional inhibits of selected subsystem fault
alerts, as described in figure 21, in addition to the traditional configuration-related alert inhibits.
The inhibits on the DC-10 are designed to eliminate potential disturbances to the pilot during the
critical segment of the landing maneuver, i.e., below 100 feet.

2.2 ALERTING FUNCTION AND SYSTEM REQUIREMENTS

In section 2.1, the good and bad features of existing alerting systems were discerned. Alerting func-
tion and system requirements were implied therefrom. In this section, a survey of applicable stan-
dards, accident data, operations and maintenance data, and pilot opinion data are discussed. An anal-
ysis of the correlation between the checklists and the alerts applied to each situation is also dis-
cussed. Additional alerting system requirements were derived from these analyses. These require-
ments are combined in later sections to derive “preliminary” alerting system implementation con-
cepts. “Preliminary” is emphasized because these concepts need further human factors and opera-
tional testing to validate their effectiveness.

2.2.1 APPLICABLE STANDARDS

Federal Aviation Regulations pertinent to this study are parts 21, 25,37, 91, and 121. Commercial
aircraft standards applicable to this study are ARINC 577, which was discussed in section 2.1.3.8;
SAE documents ARP 450, ARP 571, ARP 1068, and ARP 1161; and RTCA document DO-161A.
Pertinent military standards and specifications are MIL-STD-411, MIL-STD-1472, and MIL-C-81774.

AIRPLANE INHIBIT CRITERIA ALERTING FUNCTIONS INHIBITED

® MASTER CAUTION AND
MASTER WARNING LIGHTS

BELOW 100 FT RADIO ® AMBER AUTOPILOT OUT-OF-
DC-10 ALTITUDE WHEN IN DUAL TRIM AND DISCONNECT
LAND MODE LIGHTS

® AMBER AUTOTHROTTLE
DISENGAGE LIGHTS

Figure 21  Inhibit Philosophies Applied to Subsystem Fault Annunciations
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Applicable sections of the FARs are copied verbatim and tabulated in appendix A opposite the
alerting functions to which they apply. In cases where the FARs specified a general requirement
applicable to an entire system, the requirement was listed at the end of the tabulation for that
system.

ARP 450 provides guidelines relative to the design of flight deck visual, audible, and tactile signals;
ARP 571 specifies requirements for visual and aural alerts associated with nav/comm systems, and
methods of annunciating flight director, autopilot, and autothrottle system operating modes; ARP
1068 specifies design objectives for all instrumentation and displays on the flight deck; and ARP
1161 specifies lighting and color requirements for each basic type of alert. DO-161A specifies
minimum performance standards, including minimum alerting requirements for ground proximity
warning systems. The alerting system requirements/guidelines contained in these standards are
summarized in tables E-1, -2, -3, 4, and -5 (appendix E). Hardware requirements are not included.
In most cases the requirement is copied verbatim; however, in a few cases, these statements are
paraphrased to minimize similar statements.

The military standards and specifications do not provide specific requirements relevant to alerting
systems in commercial transport category aircraft. These requirements are primarily of a general
nature and not directly applicable unless referred to in a FAR or ARP. They do contain substantial
human factors data pertinent to the design of alerting systems. The bulk of these data are covered
in the survey of pertinent human factors data (section 2.4 and ref. 2). The key points in the remain-
ing guidelines provided by these standards are listed in tables E-6, E-7, and E-8 of appendix E.

2.2.2 SURVEY OF PROBLEMS WITH CURRENT ALERTING SYSTEMS

The International Air Transport Association (IATA) Technical Committee performed a study of the
operational problems its member airlines had experienced with aircraft warning systems. They
became concemned over the number of accidents that have occurred where the aircraft warning sys-
tem was a factor or may have contributed significantly to the chain of casual events, and concluded
that an analysis of these problems was required to protect present fleets and future aircraft from
similar accidents. Unfortunately, no systematic effort had been made previously to collect detailed
data regarding operational experiences with the warning systems found in current transport aircraft.
As an initial step in this direction, IATA surveyed its member airlines to determine the current
complement of cockpit warning systems in transport aircraft, and to identify problems experienced
by airline crews with the functioning of these systems.

Dr. John Lauber at NASA Ames Research Center was commissioned to perform this survey for
IATA. The survey covered 46 airlines operating the following aircraft:

e DC-3,DC-8,DC-9, and DC-10
e 707,727,737, and 747
e L-188and L-1011

™ F-27 and F-28
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e A300B

e BAC-111 and VC-10

e SE210,C-160P, YS-11A, and HS-748
Included in this fleet were 2614 aircraft.

The survey resulted in identification of 270 operational alerting system problems classified as
follows:

e 146 félse positive warnings

e 36 false negative warnings

e 74 system problems

e 9 display problems

False positive warnings are failures of the alerting system to nbtify the ciew that a hazardous or
abnormal situation demanding their attention existed. False negative warnings are nuisance alerts,

i.e., an alert was given when no hazardous or abnormal situation existed.

The system problems consisted of all cases wherein the operators were forced by regulation to
modify or voluntarily modified the basic alerting system to avoid specific operational problems.

The specific alerting system features that constituted each of these statistics were not identified in
Dr. Lauber’s study beyond the level shown in table 11. A more detailed analysis of these data by
The Boeing Company was only partially completed during this study. No specific alerting system
requirements evolved from the partial analysis. Completion of the detailed analysis is planned for
the near future.

2.2.3 CORRELATION BETWEEN CHECKLIST AND ALERTS

A cursory review was made of the correlation between the number of alerts in each alerting classifi-
cation (warning, caution, or advisory/status) and the number of checklists or procedures in each of
the following procedure categories:

e Emergency checklists

®  Abnormal checklists

e  Additional procedures

Aural alerts were not considered in this survey because the alertmg classification that each aural
alert belongs in is questionable.
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Table 11 Alerting System Problems and Modifications Reported in IATA Survey of Airlines

NUMBER OF | NUMBER OF

WARNING SYSTEM CATEGORY OPERATIONAL | MODIFICATIONS

PROBLEMS . ‘

ENGINE/POWER SYSTEMS:

' ENGINE FAILURE WARNING SYSTEM 10 6
ELECTRICAL SYSTEM WARNINGS 10 8
HYDRAULIC SYSTEM WARNINGS 6 3
PNEUMATIC SYSTEM WARNINGS 7 5
FUEL SYSTEM WARNINGS 6 3

CABIN ENVIRONMENT SYSTEMS:

AIR-CONDITIONING WARNINGS 3 1
PRESSURIZATION SYSTEM WARNINGS 2 4
CABIN DOOR WARNINGS 27 12
OXYGEN SYSTEM WARNINGS 2 2
ICE PROTECTION SYSTEMS:
WING ANTI-/DE-ICE SYSTEM WARNINGS 3 2
ENGINE ANTI-ICE WARNINGS 4 0
PITOT/STATIC HEATING SYSTEM WARNINGS 10 4
OTHER WARNINGS 2 3
FIRE DETECTION AND WARNINGS SYSTEMS:
ENGINE FIRE WARNINGS 34 20
AUXILIARY POWER UNIT FIRE WARNINGS 5 6
CARGO BAY FIRE WARNINGS 8 9
WHEELWELL FIRE WARNINGS 0 0
OTHER WARNINGS 4 2
PRIMARY FLIGHT CONTROL SYSTEMS:
HORIZ STABILIZER MOVEMENT WARNINGS 6 4
FLAP AND SLAT SYSTEM WARNINGS 9 12
SPOILER WARNINGS 4 2
AILERON, ELEVATOR, RUDDER SYS WARNINGS 2 2
TAKEOFF CONFIGURATION WARNING SYSTEM 14 15
LANDING CONFIGURATION WARNING SYSTEM 16 9




Table 11 Alerting System Problems and Modifications Reported in IATA Survey of Airlines (Cont)

NUMBER OF NUMBER OF

" WARNING SYSTEM CATEGORY OPERATIONAL | MODIFICATIONS
‘ PROBLEMS
BRAKING SYSTEMS:
BRAKE OVERHEAT WARNINGS 5 0
ANTISKID FAILURE WARNINGS 5 2
REVERSE THRUST SYSTEM WARNINGS 11 "4

PRIMARY FLIGHT PERFORMANCE SYSTEMS:,

STALL WARNING SYSTEM 10 8
MACH/OVERSPEED WARNING SYSTEM 2 0
ALTITUDE AND TERRAIN WARNING SYSTEMS 1 0
BAROMETRIC ALTITUDE DEVIATION 6 .
RADIO ALTITUDE WARNING 0 11
GROUND PROXIMITY WARNING 0 13
INSTRUMENT FAILURE WARNING SYSTEMS:
FLIGHT INSTRUMENT COMPARATOR WARNING 9 8
FLIGHT INSTRUMENT FAILURE WARNINGS 6 5
NAVIGATION INSTRUMENT FAILURE WARNINGS 3 2
ENGINE/POWER INSTRUMENT FAILURE 3 0
AUTOPILOT SYSTEM WARNINGS 9 8

The category ADDITIONAL PROCEDURES includes all procedures listed in the flight operations

» manual that do not warrant a distinct checklist in the pilot’s checklist summary booklet but are
required for the crew to remedy aircraft malfunctions. Normal checklists, such as engine start,
landing, secure, etc., also are not included in this category because their design is very dependent on
the nature of each airline’s operation.

Table 12 specifies the number of alerts and checklists or procedures that fall into each of these cate-
gories. Table 13 specifies the ratio of alerts to checklists and procedures in each category. No corre-
lative pattern between the application of alerts and the usage of checklists was discerned in these
data. However, the ratio of warning-type alerts to emergency procedures nearly doubled with the
advent of wide body aircraft. This ratio jumped from an average of 4.5 for narrow body aircraft to
an average of 8.8 for wide body aircraft. The difference apparently developed because of require-
ments for additional red lights and flags to annunciate the failure modes of more complex autopilot
systems incorporated in wide body aircraft. No emergency checklist is usually associated with these
autopilot failure situations. (

The correlation between the type of checklist and the type of alert applied to each situation also
was analyzed. The analysis showed that the majority of the checklists do correlate with the color of
the alert light(s) used to annunciate the situation: However, several examples of noncorrelation were
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Table 12 Correlation Between Number of Alerts and Number of Checklists

NUMBER OF ALERTS AND CHECKLISTS PER AIRCRAFT TYPE

707 727 737 747 DC-8 DC-9 | DC10 | L-1011 | BAC-111
WARNING 70 69 49 109 85 81 127 118 39
TYPE
OF
ALERT CAUTION 118 197 153 346 87 123 291 385 44
ADVISORY/ | 105 103 115 302 59 40 208 295 13
STATUS
EMERGENCY 14 17 12 16 16 17 12 13 11
TYPE
OF
CHECKLIST/ | ABNORMAL 15 15 50 26 76 27 46 25 26
PROCEDURES
ADDITIONAL | 130 94 - 74 - 83 37 84 -

*THIS ATIRLINE COMBINED ALL NONEMERGENCY CHECKLISTS AND PROCEDURES

INTO THE ABNORMAL CHECKLIST CATEGORY.
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Table 13 Ratio of Alerts to Checklists and Procedures

707 727 737 747 DC-8 DC-9 DC-10 | L-1011 |BAC-111
WARNING ALERTS 5.0 4.1 4.1 6.8 5.3 4.8 10.6 9.1 3.6
EMERGENCY PROCEDURES :
CAUTION ALERTS 7.9 13.1 3.1 13.3 1.1 4.6 6.3 15.4 1.7
ABNORMAL PROCEDURES
ADVISORY ALERTS 0.8 1.1 - 4.1 - 05 5.6 3.5 -

ADDITIONAL PROCEDURES




‘also found. On the 737, for example, an abnormal checklist is associated with the two blue lights
that annunciate “generator breaker tripped open.” On the BAC-111, an abnormal checklist is asso-
ciated with the two red lights that annunciate “fuel boost pump low pressure.”” A definite correla-
tion between the type of alert and the type of checklist or procedure applied to each situation
should be established. If an emergency procedure is required, a warning-type alert should be used to
annunciate the situation and if an abnormal procedure is required, a caution-type alert should be
used. Advisory and status lights should be used to annunciate situations that do not require crew
action and/or do not have a specific corrective or compensatory procedure associated with them.
The reverse of these situations also should be applied, e.g., a warning-type alert should not be used
unless an emergency procedure is required. Again, a definite correlation of these functions needs to
be established.

2.2.4 PILOT PREFERENCES

A survey of several pilot organizations resulted in the following consensus relevant to the design of
alerting systems:

e Reduce the number of alerts, especially the number of aural alerts.
e Most aural alerts, as currently designed, are too loud.

e Noncritical alerts should be inhibited during high workload periods, such as takeoff and flare/
landing.

o Selected alerts should be prioritized.

e Audio-visual characteristics of the alerts should be designed to instantaneously inform the pilot
of the criticality of the situation.

e Direct correlation between the type of alerts and the type of checklists should be established,
i.e., warning and emergency, caution and abnormal, etc.

The survey included ALPA representatives and chief technical pilots from most large airlines, plus
pilots from the Boeing, McDonnell Douglas, and Lockheed flight test organizations and the Boeing
crew training organization.

The pilots unanimously agree that the current number of aural alerts is excessive and provides the
potential for confusion in the cockpit. Even the most proficient pilots questioned whether they, in
a high-stress situation, could rapidly interpret the significance of some of the less frequently heard
aural alerts. They indicated that part of the confusion is caused by multifunction applications of
some of the aural alerts, i.e., designing the alerting system such that an aural alert has one meaning
during takeoff and another meaning during airborne operations. The number of aural alerts accept-
able to most pilots is four, preferably one. If four aural alerts are used, they must be four familiar
alerts.

The intensity of many currently used aural alerts is too high. Most aural alerts are so loud that nor-

mal crew coordination cannot be carried on. Their intensity should be reduced and/or a manual
cutoff capability should be provided.
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Many of the pilots felt that the potential for too many noncritical alerts exists in the critical opera-
ting regimes where the crew cannot afford to divert their attention from the primary flying tasks.
The pilots were particularly concerned about distracting alerts in the following two flight regimes:

e Takeoff (from slightly below Vl through climb to several hundred feet altitude)
e Landing (from 200 feet altitude through braking and thrust reverse)
An inhibit scheme of the type shown in figure 22 was suggested.

Inhibits were also suggested for the following purposes:
e Minimize nuisance alerts by inhibiting appropriate sections of the alerting system in flight
phases wherein the alert has no meaning

e Override background noise, such as radio chatter, that interferes with aural alerts
e Method of prioritizing alerts

The application of inhibits to suppress nuisance alerts and to prioritize alerts received extensive
pilot support. However, the concept of inhibiting radio communications when an aural alert is acti-
vated received numerous objections; the pilots were wary of the potential failure mode wherein the
alerting system could inhibit their radio communication capability.

The majority of these pilots also felt that alert effectiveness could be improved by selective priori-
tization. The alerts should be grouped into.three or four categories wherein each category denotes a
level of criticality. Alerts within each category should also be prioritized. The capability for an alert
to transition from one category to another as a function of flight phase should be incorporated into
the priority system. The priority of the alerts will vary from one aircraft to another. Accordingly,
variable prioritization capability must be provided.

" These pilots favored prioritization; however, they could not define criteria for when prioritization
was necessary. In a very simple alerting system, prioritization might not be required; in a complex
alerting system, prioritization probably would be beneficial.

A unique audio-visual method of alerting should be associated with each priority category so as to
provide an instantaneous assessment of the situation’s criticality. Current alerting systems do not
provide this information, thereby necessitating somewhat drastic methods of alerting for the highest
priority alerts. The need for drastic alerting methods should be eliminated by incorporating this
alerting system characteristic.

The pilots expressed concern over the lack of correlation between the type of al/ert and the type of
checklist applied to each situation. They want emergency checklists to be associated with warning-
type alerts, abnormal checklists to be associated with caution-type alerts, and the additional proce-
dures specified in the flight operations manual to be associated with the advisory/status alerts.

Other preferences were also expressed by the pilots; however, none as strongly or as uniformly as
these six points.
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2.3 ALERTING FUNCTION CATEGORIES AND PRIORITIES

The requirements established in previous sections were utilized in this portion of the study to (1)
define alerting function categories, (2) develop a method for assigning alerting functions to these
categories, and (3) develop a method for prioritizing the alerting functions within each category.
The validity of these definitions and category/priority allocation methods was tested by (1)
applying them to a 737 and (2) noting conflicts between established standards and the results of the
application. Each of these tasks is discussed in detail in the following sections.

2.3.1 CATEGORY AND PRIORITY DEFINITIONS

Many cockpit designers and pilots believe that current alerting system problems could be resolved if
firm category definitions and requirements to design to these definitions were established. Attempts
at establishing firm definitions for alerting categories were made long before the current study.
Thus, a historical review of recent developments in this subject will be utilized to develop the
rationale for the category definitions and prioritization methods proposed by this study.

Two SAE standards—ARP 450 and ARP 1068--established a set of groundrules for mechanizing
alerting systems encompassing single-function aural alerts, discrete visual alerts, a master caution
system, and a master warning system. No alerting categories or priority schemes were established in
these standards. :

During the era in which the aircraft analyzed by this study were designed, these ARP standards
often were not adhered to because they had not been updated to reflect latest methods of imple-
menting cockpits. This lack of operational guidelines resulted in each airframer and each operator
developing and implementing their own unique alerting system philosophy. Pilot encouragement
finally caused the SAE S-7 Committee to direct their attention to updating these ARP standards
and the FAA to initiate this research program which is aimed at developing a universally agreed to
set of design objectives/guidelines for alerting systems.

The SAE S-7 committee, “‘Flight Deck and Handling Qualities Standards for Transport Category
Aircraft,” recognized this flaw in their standards and requested inputs from the airlines and airframe
manufacturers. Boeing responded with two proposed sets of alerting system categories plus a list of
typical alerting functions that fall within each category. SAS airlines responded with a dissertation
on alerting system implementation requirements. Copies of both responses are provided in
appendix F.

The Boeing response (see section F.1) provided a “first-cut” at categories that were oriented toward
importance of the alert rather than the categories of configuration, flight profile, and systems as had
been suggested by earlier studies. Three basic levels of importance (categories) were established
therein:

LEVEL 1 Highest priority alerts requiring immediate crew action. It was recommended that the
dedicated alerting systems currently used for these functions be retained.

LEVEL 2 Safety of ﬂight items requiring crew action but not immediately. Three sublevels were

defined in this category. LEVEL 2-A consisted primarily of alerts currently annun-
ciated by an aural alert; LEVEL 2-B consisted primarily of system malfunctions and
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aircraft misconfigurations with which the pilot would not want to take off with; and
LEVEL 2-C consisted primarily of aircraft misconfiguration items that should be
corrected prior to taxiing.

LEVEL 3 Checklist items that have only a minor effect on safety of flight. Included passenger
service items.

The requirement for a central readout device that identifies the nature of each alert and provides for
graduations in the boldness of the alert was established therein.

In an attachment, Boeing also proposed a secondary set of category definitions based on crew recog-
nition and action requirements. This concept identified the various types of pilot responses that are
required and suggested alerting methods that would provide such response.

The SAS response (see section F.1) to the SAE S-7 committee’s request for guidelines relevant to
the operation and design of alerting systems was very similar to Boeing’s but did not provide cate-
gory definitions. Both responses indicated a need for (1) minimizing the application of discrete
aural alerts and (2) an alphanumeric display located in front of each pilot that describes the exact
nature of the alerted situation. SAS also provided a detailed description of how the central alpha-
numeric display should operate.

The FAA simultaneously initiated a series of studies aimed at developing standards for alerting sys-
tems in new aircraft. This study is one of that series. Based on knowledge acquired in earlier phases
of this study, two more detailed alert category definitions were suggested (see section F.2, appendix
F). These category definitions were amplifications of the alerting levels suggested earlier and as inte-
grated by Boeing engineers as opposed to Boeing pilots. A slight diversity of opinion existed
between the two groups; however, the fundamentals of both concepts were identical.

A numerical method of analyzing the criticality of each alerting situation and accordingly assigning
it to an alerting category was then sought. The purpose of resorting to a numerical method was to
eliminate the subjective aspects of assigning alerting categories. The relationship between the pro-
bability of an alerting situation occurring and the severity of its effects, as established in BCAR
paper number 670, was used as a basic for this numerical method. Figure F-1 in appendix F defines
this relationship as applied to alerting systems. The numerical method consisted of calculating the
probability of a failure or hazardous situation occurring in conjunction with (1) the crew not recog-
nizing the alert and (2) the situation resulting in injuries, as a function of time, and then equating
the resulting probability value to the levels specified in figure F-1. The resulting probability value
defined the type of alert required. Figure F-2 defines this relationship.

Several potential problems were encountered with the probability method of categorizing and
prioritizing alerting functions:

e How to compensate for pilot latency?
o How to distinguish between major and catastrophic events?

o  What crew workload level to assume?
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e What “time allowance for corrective crew action” distinguishes a warning from a caution?
e Should “crew reliability” be utilized to design and certify aircraft systems?

No substantive answer exists to the first four questions. The answers to the questions were very
dependent on subjective opinions. The last question is dominated with many legal implications.
Thus, although the probability method of categorizing and prioritizing alerting functions is viable,
it was abandoned.

Nongquantitative methods of prioritization and the definition of firmer nonnumerical categoriza-
tion/prioritization criteria were then resorted to again. Two more sets of category criteria were pro-
posed. A Boeing engineer proposed the four category definitions defined in table F-2 (appendix F).
The key factor in this proposal was the definitions of crew recognition and response time require-
ments. The SAE S-7 committee simultaneously developed the alerting system philosophy and cate-
gory criteria defined in section F-5. The comments of Swissair’s chief technical pilot on the SAE S-7
committee’s alerting system philosophy are also provided. These three concepts were integrated to
formulate the category criteria defined in table 14.

The category criteria provide guidelines for cockpit designers to roughly prioritize the alerting func-
tions. However, they do not provide a detailed method for analyzing the priority of each alerting
situation as a function of flight phase and within each category. An air-conditioning systems failure,
for example, would have higher priority during cruise than during takeoff or final approach. During
final approach the crew is almost totally occupied with flying the aircraft down the ILS and land-
ing. Annunciation of an air-conditioning failure during cruise could result in a very uncomfortable
situation of the remainder of the flight. The crew usually is not busy during this time period and
would try to remedy the air-conditioning problem promptly.

The impact of various types of alerts on the crew’s primary tasks during each of the following flight
phases were analyzed:

e Preflight e Cruise

e Engine start e Descent

o Taxi e Approach

e Takeoff e Landing

e Climb e Taxi and shutdown

Note that in a practical situation this many flight phases probably would not be used. For this
analysis, excess detail was felt to be better than lack of detail. Therefore, since the optimum
combination of flight segments was not known, excessive segmentation was used.
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Table 14 Criteria for Categorizing Alerting Functions

LEVEL CONDITION CRITERIA

1 EMERGENCY | EMERGENCY OPERATIONAL OR AIRCRAFT
(WARNING) | SYSTEMS CONDITIONS WHICH REQUIRE
IMMEDIATE CORRECTIVE OR COMPENSATORY
ACTION BY THE CREW.

2 ABNORMAL | ABNORMAL OPERATIONAL OR AIRCRAFT
(CAUTION) SYSTEMS CONDITIONS WHICH REQUIRE
IMMEDIATE CREW AWARENESS AND REQUIRE
CORRECTIVE OR COMPENSATORY CREW
ACTION.

3 ADVISORY OPERATIONAL OR AIRCRAFT SYSTEMS CONDI-
TIONS WHICH REQUIRE CREW AWARENESS AND
MAY REQUIRE CREW ACTION.

4 INFORMATION OPERATIONAL OR AIRCRAFT SYSTEMS
CONDITIONS WHICH REQUIRE COCKPIT
INDICATION BUT NOT NECESSARILY AS
PART OF THE INTEGRATED WARNING
SYSTEM.

This analysis showed that a considerable change in the crew’s level of concentration on their pri-
mary flying tasks occurs midway through each of these flight phases. During takeoff for example,
the crew’s concentration on the takeoff flying tasks increases as V| is approached, remains very
high through rotation and climb to a safe altitude, and then decreases again. A period of GO/NO
GO uncertainty also exists during takeoff roll from approximately 30 knots prior to V| or Vp.
Any noncritical alert during this period would disturb the crew and possibly cause the pilot to make
an erroneous GO/NO GO decision. Only the most critical situations with which the crew would not
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want to take off should be annunciated during this period. A similar situation exists in the landing
phase wherein the crew should not be disturbed during the last 200 feet of descent, flare, and
touchdown. Distinctions also exist between operations above and below 14,000 feet altitude due to
aircraft pressurization requirements.

Ground maintenance operations were reviewed and found to require many of the same alerting
functions that the flight crews need. When trimming an engine, for example, the maintenance crew
requires all the engine malfunction and fire protection alerts. However, the criticality of these func-
tions may not be as high in maintenance operations as in flight operations.

Based on these types of analyses, the flight phases or flight-phase segments defined in table 15 were
selected for further prioritizing the alerting functions. The two problems that still remained were
(1) how to prioritize compound malfunctions and (2) how to prioritize the alerting functions within
each category.

The compound malfunction situation is very aircraft and type of system dependent. The failure,
for example, of one hydraulic system does not pose as critical a situation on the 747 as on the 737
because the 747 has four parallel hydraulic systems, whereas the 737 has only two parallel systems.
Is the failure of two hydraulic systems or three hydraulic systems on the 747 equivalent to the
failure of a single system on the 737? Figure 23 illustrates the general type of logic that had to be
applied to prioritize these alerting situations. The logic in this diagram was developed primarily
for nonavionic systems. The general application of this logic to all systems, however, is not feasible.
In attempts to develop and verify prioritization logic of this type, it was determined that parallel
sets of logic were required—one set of logic for each type of system malfunction and operational
situation. The development of these detailed prioritization logic sets required more expertise on the
compound effects and safety implications of each alerting situation than was available to the group
performing this study. An analysis of the effects and safety implications of each compound mal-
function was required for each basic type of aircraft in order to assign relative priorities to these
alerting situations.

Similar situations arise with regard to compound malfunctions involving various types of systems.
For example, what should the priority be of an alert annunciating a pneumatic system failure after
an air-conditioning system failure has already occurred? Should it be the same priority as, or a
higher priority than, a pneumatic system failure without any previous air-conditioning failures?
Another example, how should the relative priorities of an autopilot channel failure as compared to
an electrical generator be established? The electrical generator failure would have broader effects on
operation of other aircraft systems, including the autopilot, but the autopilot could have an imme-
diate effect on controlling the flightpath of the aircraft. Which is more important?

Some pilots argue that compound effects should not be considered in prioritizing the alerts. The
priority assigned to the basic alerting function should be used for all situations, irrespective of com-
pound effects, and the assessment of compound effects should be left up to the pilots. Other pilots
want an elaborate alerting system that makes all the compound effect judgments for them. The
analyses performed in this study indicate that the elaborate versions of the system would:

e Require substantial computation capability

e Require software that is very sensitive to aircraft configuration modifications and frequent
modifications of this software to keep it current (as with the checklists)
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Table 15 Flight Phases Used in Prioritizing Alerting Func tions

DEFINITION

COMMENTS

GROUND MAINTENANCE
PREFLIGHT

ENGINE START

TAXI

INITIAL TAKEOFF ROLL

FINAL TAKEOFF ROLL

INITIAL CLIMB

LOW-ALTITUDE CLIMB, CRUISE,
OR DESCENT

HIGH-ALTITUDE CLIMB, CRUISE,
OR DESCENT

APPROACH

LANDING

TAXI AND SHUTDOWN

PRIOR TO ENGINE START
PRIOR TO TAXI

PRIOR TO APPLYING TAKEOFF THRUST

'PRIOR TO ATTAINING A SPEED OF V4-30 KNOTS

DURING ACCELERATION FROM V4-30 TO VR

FROM Vg THROUGH ROTATION AND CLIMB
TO 1500 FT

BETWEEN 1500 AND 14,000 FT ALTITUDE
OPERATIONS ABOVE 14,000 FT

FROM 1500 TO 200 FT ALTITUDE

FROM 200 FT ALTITUDE THROUGH FLARE,
TOUCHDOWN AND SPEED REDUCTION TO
TAXI SPEED
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NONAVIONIC
SYSTEM
MALFUNCTION

AFFECTS YES
SAFETY OF
FLIGHT
NQ AUTOMATIC VES
COMPENSATION
PROVIDED
AFFECTS YES LEVEL 3
CREW/PASS { ALERT
COMFORT REQUIRED
NG MANUAL YES

AFFECTS
PASSENGER
SERVICES

NG

AFFECTS
AIRCRAFT

EVALUATE
SITUATION FOR
OTHER FLIGHT
PHASES

YES LEVEL 4
ALERT
AEQUWIRED

ACTION
REQUIRED

EVALUATE
SITUATION FOR
OTHER FLIGHT
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MAINT
NQTATION
REQUIRED
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AUTO
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RECORDING
: PROVIDED
EVALUATE

SITUATION FOR
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MAINT
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REQUIRED
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Figure 23 Generaf Type of Lagic Required to Prioritize Alerting Functions
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e Make the logic unique to each aircraft—differences could exist between aircraft of the same
type, even within an airline’s fleet

The elaborate version of the system could become an expensive- maintenance item for the airlines.
For these reasons, therefore, it is recommended that alert prioritization as a function of compound
effects be minimized.

The prioritization of alerts within each category was also studied. An example of such a case is
prioritization of the stall warning relative to the ground proximity warning. Both alerts will prob-
ably be LEVEL 1 alerts as defined in table 14. If a ground proximity warning occurs and then a
stall warning occurs while the pilot is pulling up, should the stall warning take precedence, should
the ground proximity warning take precedence, or should both be allowed to occur simultane-
ously? Ideally, a numerical rating method would be utilized to prioritize these alerting functions
within each category; however, none was conceived. The ranking of these alerts is very subjective;
pilot opinion on these rankings currently is diverse. Much of the diversity results from differences in
the designs of the aircraft. However, better agreement exists among the high priority alerting func-
tions than on the middle or low priority alerts. Thus it is recommended that priority sequence
guidelines be established only for the LEVEL 1 and possibly LEVEL 2 alerts, and that the prioriti-
zation of LEVEL 3 and LEVEL 4 alerts to be left up to the airframe manufacturers and operators.

2.3.2 APPLICATION OF CATEGORY/PRIORITY RATIONALE

Category criteria for defining alert priorities were specified in table 14. The flight phases and flight
phase segments for which alert priorities have to be specified were defined in table 15. Considera-
tion of compound effects was deemed unnecessary. Standardization on alert priorities within the
categories was deemed feasible only within the two highest priority alert categories. The low pri-
ority alerts are too dependent on aircraft design differences to allow standardization. These alert
prioritization philosophies were applied to a 737 to validate the concepts and to identify conflicts
with existing standards.

Each alerting function specified in appendix A for the 737 was assigned a priority as a function of
flight phase (see appendix G). The alerting functions within LEVELS 1 and 2 were then prioritized
as shown in table 16. Note that prioritization of the LEVEL 3 and LEVEL 4 alerts was not attempted
because these alerts are too aircraft design dependent. Significant differences in the alert priorities
will exist in these two categories between aircraft models.

2.4 HUMAN FACTORS DESIGN GUIDELINES

In section 2.1, current alerting methods were reviewed and the good and bad features of each design
were discussed. In section 2.2, existing standards, operational data, and pilot preferences were ana-
lyzed to obtain a composite listing of requirements that apply to existing alerting systems and to
develop an alternate set of requirements that should be applied to future alerting systems. In section
2.3, alerting function category criteria and a set of alert priorities matching these criteria were estab-
lished. The problem that then remained was “what human factors guidelines should be applied
when implementing the results of these analyses?” A survey of the human factors data applicable to
alerting systems was performed to develop these missing guidelines. The derivation of these guide-
lines and the types of data required to complete and validate these guidelines are discussed in the
following sections.
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Table 16 Example Application of Alerting Function Prioritization

ALERT
LEVEL 1. EMERGENCY (WARNING)
(CATEGORY)
GROUNOD 1. GEAR DOWN AND LOCKED BUT LEVER NOT IN DOWN DETENT
MAINTE- 2. UNSAFE TAKEOFF CONFIGURATION 4. GROUND PROXIMITY WARNING
NANCE 3. STALL WARNING
PRE-
FLIGHT 1. GEAR DOWN AND LOCKED BUT LEVER NOT IN DOWN DETENT
ENGINE
START 1. GEAR DOWN AND LOCKED BUT LEVER NOT IN DOWN DETENT
(T8 )
W
= | TAxi 1. GEAR DOWN AND LOCKED BUT LEVER NOT IN DOWN DETENT
(-9
(=
X
2] INTIAL 1. UNSAFE TAKEOFF CONFIGURATIGN
= | TAKEOFF
- ROLL 2. GEAR DOWN AND LOCKED BUT LEVER NOT IN DOWN DETENT
o
Z | FINAL
E TAKEOFF
= roLL
=
=
- 1. STALL WARNING
«» | INITIAL :
-4
" CLimg 2. GROUND PROXIMITY WARNING
w
(=
« | 1500TO 1. STALL WARNING
© | 14,000 FT
= | ALTITUDE | 2. GROUND PROXIMITY WARNING
(-9
(=
= | Agove 1. STALL WARNING
= | 14,000 2. GROUND PROXIMITY WARNING
<| FT

3. PRESSURIZATION FAILURE

APPROACH | 1- STALL WARNING :

1500200 | 2. GROUND PROXIMITY WARNING . 4. UNSAFE LANDING CONFIGURATION
FTALT 3. GEAR DOWN AND LOCKED BUT LEVER NOT IN DOWN DETENT

LANDING | 1+ STALL WARNING 4. UNSAFE LANDING CONFIGURATION
(BELOW 2. GRDUND PROXIMITY WARNING 5. AUTOPILOT DISCONNECT

200 FT) 3. GEAR DOWN AND LOCKED BUT LEVER NOT IN DOWN DETENT

TAX| AND VER NOT IN DOWN DETENT
SHUTDOWN 1. GEAR DOWN AND LOCKED BUT LEVER

NOTE: ALERTS PRIORITIZED AS NUMBERED. NUMBER 1 HAS HIGHEST PRIORITY.
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Table 16 Example Application of Alerting Function Prioritization (Cont)

ALERT LEVEL

2. ABNORMAL (CAUTIONS)

(CATEGORY)
4ROUNO 1. FIREWARNING 2. EGI OVERTEMP 6. PASSENGER DXYGEN SYSTEMS ON
MAINTE ;:&TNE: 3. BLEEO AIR TEMP HIGH 7. BELOW GLIDESLOPE WARNING
NANCE ZapU 4. 0IL TEMP HIGH 8. EQUIPMENT TIRE BURST
_CARGO 5. AIR CONDITIONING DUCT OVERHEAT 9. EXCESSIVE AIRSPEED OR MACH
1. FIREWARNING 2. AIR CONDITIONING DUCT OVERHEAT
PRE- “MASTER 3. PASSENGER OXYGEN SYSTEM ON
FLIGHT ~ENGINE STEMO
-APU
-CARGO
1. FIREWARNING 2. EGT OVERTEMP
ENGINE -MASTER 3. BLEEO AIR TEMP HIGH
START ‘_i';g'“s 4. 0IL TEMP HIGH
CCARGO 5. AIRCONDITIONING DUCT OVERHEAT
1. FIRE WARNING 2. EGT OVERTEMP 6. CSD OR 1DG OJL TEMP HIGH 8. YAW DAMPER FAIL
~MASTER 3. BLEEO AIR TEMP HIGH 7. HYORAULIC PRESSURE LOW 9. RAOIO ALTIMETER FAIL
Wi rax 'i';ﬁ'“ 4. OIL TEMP HIGH —sh%\g\ETROR 10. PASSENGER OXYGEN SYSTEM ON
- - 11. PARKING BRAKE ON
< TEARGD 5. AIRCONDITIONING DUCT OVERHEAT CAILERDN
Fa —WHEELWELL
~ 1. FIREWARNING 2. EGT OVERTEMP 4. HYDRAULIC PRESSURE LOW 5. STABILIZER'OUT-OF TRIM
g INITIAL —*E‘:SITNEE“ 3. OIL TEMP HIGH ‘ELEVAETOR 6. GYRO FAIL
=] TAKEOFF - —RUDOER 7. RADIO ALTIMETER FAIL
= | RoLL —APY —AILERON DIO ALTIME
uw ~CARGO
w ~WHEELWELL
o
= FivaL
o | TAKEOFE
=] Rou
1 X
=
S| nmAL
Wl crime
)
<
B 0010 1. FIREWARNING 2. PRESSURIZATION FAIL 6. AIRCONOITIONING OUCT OVERHEAT  10. APU 0iL QUANTITY LOW 12 YAW DAMPER FAIL 16. £SO OR I0G OIL PRESS. LOW 20. GEAR NOT DOWN & THROST LEVER AT 10LE
= 1ewooer ‘z‘:ém‘ 3. EGT OVERTEMP 7. APU EGT OVER-TEMP 1. HYDRAULIC PRESS. LOW  13. EDUIPMENT TIRE BURST  17. AUTOPILOT DISCONNECT 21. RADI) ALTIMETER FAIL
a=| ALTITUOE ZaPU 4. BLEED AIR TEMP HIGH 8. APU OIL TEMP HIGH -ELEVATOR 14. GYRO FAIL 18. AUTOTHAOTTLE DISCONNECT 22 SPEED BRAKE 00 NOT-ARM
= T CARGO 5. OIL TEMP HIGH 9. PU OFL PRESSURE LOW R 15. CSO OR (06 OfL TEMP HIGH 3. EXCESSIVE AIRSPEED OR MACH  23. PASSENGER OXYGEN ON
= —WHEELWELL
a 1. FIRE WARNING 2. EGYT OVERTEMP 6. APU EGT OVERTEMP 10. HYORAULIC PRESS. LAW 12. EQUIPMENT TIRE BURST 16. AUTOPILOT BISCONNECT
B asove -MASTER 3. BLEEO AIR TEMP HIGH 7. APU OIL TEMP HIGH ~ELEVATOR 13. GYRO FAILURE 17. AUTOTHRUTTLE DISCONNECT
wl 14000 *i';g'“ 4. OIL TEMP HIGH 8. APU OIL PRESS. LOW 'Zﬂ‘;‘;m 14. CSO DR (0G OIL TEMP HIGH  18. EXCESSIVE AIRSPEED O MACH
— FT - . (] R 9. AP » . GE
= TCARGO 5. AIRCONDITIONING DUCT OVERHEAT UOILOUANTITY LOW |\ i e m Al 15. CSO OR I10G 0L PRESS. LOW 19. GEAR NOT DOWN & LOCKEO & THRUST LEVER AT I0LE
“WHEELWELL
1. FIREWARNING 2. BELOW GLIOESLOPE WARNING 7. APU EGT OVERTEMP 11. HYORAULIC PRESS. LOW 13. EDUIPMENT TIRE BURST  18. AUTOPILOT DISCONNECT 2z. REVERSER ACCUMULATOR PRESS. LOW
APPROACH ~MASTER 3. EGT OVERTEMP 8. APU OIL TEMP HIGH -ELEVATOR 14. GYRD FAILURE 19. AUTOTHROTTLE DISCONNECT  23. SPEED BRAKE- 00 NOT ARM
{1500 200 TERGINE 4. BLEED.AIR TEMP HIGH 9. APU LOW 0iL PRESS. ’mﬂ?fo“u 15 RADIO ALTIMETER FAIL 20 GEAR NOT DOWN & LOCKED &  24. CSO OR DG GIL TEMP HIGH
FTALT) ZCARGO 5. OIL TEMP HIGH 10. APUOIL DUANTITY LOW 10 v oo e eanl 16. GLIDESLOPE INFO FAIL THRUST LEVER AT IDLE 25. CSO OR 1DG OIL PRESS. LOW
_WHEELWELL 6. AJRCONDITIONING OUCT OVERHEAT . 17. LOCALIZER INFO FAIL 21. BRAKE PRESS. ABNORMAL
ANOING 1. HYDRAULIC PRESSURE LOW 2. GYRO FAILURE 5. REVERSER ACCUMULATOR PRESS. LOW
(LBELOW —ELEVATOR 3. RADIO ALTIMETER FAILURE
W0FT 0061 _paanen 4. BRAKE PRESS. ABNORMAL
TAXE AND 1. FIRE WARNING 2. EGT OVERTEMP 5. BRAKE PRESS. ABNORMAL
SHUTOOWN —MASTER 3. BLEED AIR TEMP HIGH 7. CSO OR 106 OIL TEMP HIGH
TENGINE 4. OILTEMP HIGH 8. CSO OR 106 OIL PRESS. LOW
“CARGO 5. AIRCONOITIONING DUCT OVERHEAT
~WHEELWELL
NOTE: ALERTS PRIORITIZED AS NUMBERED. NUMBER 1 HAS HIGHEST PRIORITY




Table 16 Example Application of Alerting Function Prioritization (Cont)

ALERT LEVEL

J ADVISORIES

s INFORMATION (NOT PART OF
INTEGRATED WARNING SYSTEM)

GROUND
MAINTE-
NANCE

PRE-
FLIGHT

ENGINE
START

TAXI

INITIAL
TAKEOFF
ROLL

FUNCTION OF AIRCRAFT DESIGN

PRIORITIES TO BE DETERMINED

FINAL
TAKEOFF
ROLL

& OPERATOR

BY AIRFRAME MANUFACTURER

FUNCTION OF AIRCRAFT DESIGN

PRIORITIES TO BE DETERMINED

BY AIRFRAME MANUFACTURER——
& OPERATOR

INITIAL
CLiMB

1500 TO
14,000 FT
ALTITUDE

ALERT PRIORITIES AS FUNCTION OF FLIGHT PHASE

ABOVE
14,000
FT

APPROACH
(1500-200
FT ALT)

LANDING
(BELOW
200 FT)

TAXI
AND
SHUTDOWN
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2.4.1 LITERATURE REVIEW AND RECOMMENDED GUIDELINES

The literature review was structured to investigate how pilots respond to alerting signals. The
current variety of signaling devices utilized to transfer information in the cockpit have begun to
saturate the pilot and decreased his efficiency to the point where prioritization of the information
presented may be necessary. The basis for any prioritization scheme must be the time in which a
pilot must react to the situation. Signaling devices must be selected to ensure a response time that is
commensurate with the priority of the signal and must convey enough information to maximize the
probability of the correct response within a reasonable time. Since current aircraft design practices
for alerting systems have evolved with some nonoptimum characteristics due to cost, implementa-
tion difficulties, or personal biases of various chief pilots and designers, the 11terature review was
performed with a ground rule to ““ignore current aircraft design practices.”

The literature review was conducted with the following specific objectives:

e Investigate the type of signals that can be used to transfer information in a cockpit
environment.

e Determine the factors that affect the detection of these signals.
e Determine the factors that affect the time from signal detection to a correct action.
e Formulate guidelines for maximizing the effectiveness of signaling systems.

e Evaluate the data with respect to its relevance and applicability and recommend research pro-
grams to augment the existing data and refine the guidelines.

The review was divided into two primary areas of concern:
e Factors that affect detection of signals
e Factors that affect time from detection to correct response

The literature review and guidelines are quite lengthy and will therefore only be presented in a con-
densed form in this section; the full text is contained in reference 2.

2.4.1.1 Factors That Affect Detection of Signals

A summary of the factors that affect visual, auditory, and tactile signals is presented in table 17.
These data indicate that the detection of visual signals is affected by the signal location, size, bright-
ness, color, and steady state or intermittent nature.

The location of a visual signal relative to the pilot’s centerline of vision has a significant effect on
not only the speed with which a signal is detected, but also the probability that it will be seen at all.

Evidence indicates that the likelihood of detecting a small visual signal decreases from 83% for those
alerts located directly in the center of the pilot’s visual field to 35% for those signals located in the
300 to 40° deviation zone.



Table 17 Stimuli Response Sensitivities and Applications Guidelines Summary

STIMULUS CHARACTERISTIC SENSITIVITY/APPLICATION GUIDELINE
VISUAL LOCATION 15° FROM LINE OF SIGHT (MAX)
SIZE 1° VISUAL ANGLE
BRIGHTNESS BRIGHTER THAN BACKGROUND BUT NOT SO BRIGHT
AS TO BLIND OBSERVER
FLASHING VS FLASHING AGAINST STEADY BACKGROUND MOST
STEADY EFFECTIVE
COLOR FASTEST —= SLOWEST
RED GREEN YELLOW WHITE
1.8 SEC 2.0 SEC 2.3 SEC 2.7 SEC -~ DETECTION TIMES!
AUDITORY | PERCEIVED LOUDNESS | MAXIMIZED IN 2000 TO 4000 Hz RANGE
FREQUENCY USE TWO OR MORE FREQUENCIES IN 250
DEAFNESS TO 4000 Hz RANGE WITHIN EACH SIGNAL
SOUND LEVEL 15 dB ABOVE MASKING THRESHOLD OR
HALFWAY BETWEEN MASKING THRESHOLD
AND 110 dB, WHICHEVER IS LESS
LOCATION MONAURAL SIGNALS SHOULD BE PRESENTED TO DOMINANT EAR
WARNING SIGNAL SOURCE SHOULD BE SEPARATED
AT LEAST 90° FROM THE SOURCE OF INTERFERING
NOISE OR MESSAGES
INTERMITTENT VS INTERMITTENT MORE LIKELY TO BE DETECTED
STEADY
MESSAGE CONTENT PRECEDE MESSAGES BY AN ATTENTION GETTER TO WHICH THE
PILOT IS MORE THAN NORMAL SENSITIVE
TACTILE INTERMITTENT VS TOUCH SENSE IS ACTIVATED ONLY BY SKIN DE-

STEADY
VIBRATION

AREA OF BODY

INTENSITY

FORMATION
MAXIMUM SENSITIVITY BETWEEN 200 AND 300 Hz

FINGERS MOST SENSITIVE
BUTTOCKS LEAST SENSITIVE

50 TO 100 MICRONS
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The military standards and design guides define the pilot’s centerline of sight as a vector emanating
from the pilot’s eye, extending straight forward and angled 10° below horizontal. The commercial
airframe manufacturers have several definitions of the centerline of sight, all of which differ from
the military definition. The most consistently used commercial aircraft definition of centerline of
sight appears to be the line between the pilot’s eye reference point and the center of his ADI. The
definitions of primary and secondary field of view also vary. The military defines primary field of
view as the region within a 15° cone around the centerline of vision and the secondary field of view
as the region between a 15 and a 30° cone around the centerline of vision. Commercial aircraft
manufacturers generally define primary field of view as a binocular-shaped area covering most of the
pilot’s primary instrument panel (containing ADI, HSI, airspeed, and altitude indicators) and secon-
dary field of view as a binocularshaped area covering most of the pilot’s front panel (including
engine instrument and autopilot mode select panels). Considerable variations of these definitions
were found in the commercial aircraft industry. The human factors data indicate that most of these
definitions are reasonable with respect to location of alerting signals. However, until further testing
can be performed to better define these criteria, the following combination of military and commer-
cial criteria for location of visual alerting signals is recommended:

e High priority alerts should be located no more than 15° from the pilot’s centerline of vision.
e Caution signals should be located no more than 30° from the pilot’s centerline of vision.

To summarize, the higher priority a visual signal is, the closer it should be located to the center of
the pilot’s visual field. An illustration of these guidelines is provided in figure 24.

The size of the visual signal also has a strong effect on its detection time. Figure 25 presents the
effect of increasing the lighted area of a border-lit signal. A moderate improvement in response time
is obtained when the border width was increased from 0.26° visual angle (1 square degree of surface
area) to 0.64° (2.74 square degrees). However, there is essentially no improvement beyond this
point. Other research efforts have also found this signal size of 1° visual angle produces the quickest
response times. Therefore it is recommended that: (1) high-priority signals be no less than 1° visual
angle in size, and (2) secondary signals be no less than 0.5° visual angle in size.

The higher the priority of a signal, the brighter it should be as long as it is not so bright that it
blinds the pilot. High-priority signals should be at least twice as bright as other displays in the same
area.

Even though the criticality of the signal dictates the intensity of any signal, the range of intensities
is dictated by the detection threshold on one end and the disruption of normal activity on the
other. Military standards require rear-lighted signals to have a brightness capability of 150 ft-L
(dimmable) for high-priority signals and a 15 ft-L (dimmable) for secondary signals. These standards
are consistent with research findings. The resulting recommendations were:

e Highest priority signals should be at least twice as bright as secondary displays.

e Lower priority signals should be at least 10% brighter than lesser priority displays in the same
vicinity.

e Highest priority signals should have a brightness capability of at least 150 ft-L and secondary
signals 15 ft-L.
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The detectability of flashing and steady lights is dependent upon whether the other possible distrac-
ting signals are flashing or steady. The experimental evidence showed that flashing alert lights are
detected 30% faster than steady alert lights when combined with steady distractors, but 24% slower
than steady lights when combined with flashing distractors. However, the fastest mean detection
times are obtained by flashing alerts with steady distracting signals. Therefore it is recommended
that high priority alerts should flash and have the capability of making other lights that may be
activated go to a steady state.

The effects of color are small as shown in table 17. In most situations, the 0.9 sec (maximum found
in the data; in most of the data, the difference is closer to 0.1 sec) in detection time between the
most efficient and least efficient colors probably has no practical significance. It was, therefore,
recommended to continue using the existing ground rules for colors of alerting lights:

e Red for warning annunciations indicating a hazard that requires immediate action
e Amber for caution annunciations indicating the possible need for future corrective action
e Green for SAFE annunciations

Any other color for lights not described above is acceptable provided the color differs sufficiently
from the colors described above to avoid possible confusion.

The auditory stimuli data indicate that the primary factors affecting detegtion of such signals are:
e Frequency

e Loudness

e Location

e Intermittency

®  Message content

Young humans can detect sounds with frequencies ranging from 20 Hz to about 20,000 Hz. Fre-
quency has a strong effect on perceived loudness. Midfrequency (2000-4000 Hz) sounds tend to
sound louder than either high- or low-frequency sounds of the same energy level. Two additional
frequency-related factors that impact the detection of aural signals are aging which causes a pro-
gressive loss of hearing in the higher frequencies, and ear injuries, which occasionally produce unsen-
sitivities or deafness to particular frequencies. For these reasons it is recommended that each aural
signal be composed of two or more widely spaced frequencies in the range from 250-4000 Hz.

The guidelines recommended for determining the loudness required of aural alerting signals were
expressed as delta loudness required above the masked threshold created by ambient noise. It is
important to distinguish between this threshold and ambient noise. “Threshold” is defined as the
loudness level required of an aural alerting signal to assure 50% detection. This factor usually has
a value that is less than the overall ambient noise level. Methods of calculating this threshold value
are presented in reference 2. With cognizance of these factors, the following guidelines for present-
ing high priority aural alerting signals were derived:
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e 15 dB above threshold
e Halfway between threshold and 110 dB

However, these guidelines may in some cases conflict with the pilot criticism that most aural alerts
as currently implemented are too loud. Care must be taken when applying these guidelines to the
actual cockpit environment because it is possible to introduce sound levels that are intolerable to
the pilot. The range of signal intensity by necessity must be limited on one end by the auditory
threshold and at the other end by the onset of pain (110 dB). The intensity/exposure time inter-
action, which imposes limits after which there is a high risk of damage for unprotected ears (figure
26) must also be considered. Thus, until data that resolves this conflict are obtained, it is recom-
mended that the following guideline be used:

THRESHOLD + 15 dB
SIGNAL LOUDNESS = OR WHICHEVER IS LESS
THRESHOLD + 1/2 (110 dB-THRESHOLD)

150
7

140 Body-exposure limit (nonauditory effects)

130 N
Pain limit for unprotected ears

120

A~

Exposure limit for octave bands above 300 Hz
100 |-

Sound-pressure level, dB *
—-—
=3
o
|

90 1 1 1 1 1 1 ! 1 i i 1 L
25 5 10 20 30 1 2 5 10 15

30 1 2
le———  Seconds >i¢ Minutes l«— Hours —.l

Exposure time
*Re 0-0002 u bar

NOTE: PAIN LIMIT FOR UNPROTECTED EARS IS SHOWN AT 135 dB. WHEN EAR PROTECTORS
ARE USED, SOUND PRESSURE LEVEL IN SOUND FIELD CAN EXCEED THESE CRITERIA
BY AMOUNT OF ATTENUATION PROVIDED BY PROTECTORS. BODY-EXPOSURE LIMIT
AT 150 dB IS POINT AT WHICH POTENTIALLY DANGEROUS NON-AUDITORY EFFECTS
OCCUR. THIS LEVEL SHOULD NOT BE EXCEEDED IN ANY CASE (ELDRED ET AL’ 1955).

Figure 26 Damage Risk Criteria for Various Exposure Times Up to 8 Hours
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The experimental data also indicate that aural signals, which are perceived as coming from a different
location than the background sounds, are more likely to be detected than signals that cannot be
separated in location from background sounds. It was found, as shown in figure 27, that detect-
ability of an aural signal can be improved 40% by going from 0° to 90° directional separation
between the sources of background noise and the aural alerting signals. It was also shown that if
earphones are used, a substantial improvement in detectability can be obtained by presenting all
aural alerting signals only to the pilot’s dominant ear. The resulting recommendations from this area
of study were:

e Present aural warning signals dichotically to the pilot’s dominant ear. (In dichotic listening the
alert is presented by an earphone to one ear, and interfering noise or messages are restricted to
the other ear.)

e If dichotic separation is not possible, locate the source of aural alerting signals 90° from the
source of interfering noise or messages.

Another factor that must be noted is that the human auditory system rapidly becomes used to
hearing steady-state signals. Therefore, it is recommended that intermittent sound signals should be
utilized for aural alerting. :

100 B
80 |-
60 |-
Detectability,
percent
40 -
20+
o 1 1 1 1 ] 1

30 60 90 120 150 180

Separation of sources of signal and background noise, degrees

Figure 27 Effect of Aural Alerting Signal Source Location
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The detection of a sound signal is often affected by the content of the signal. For example, a per-
son’s name is usually more attention attracting than any other auditory message of the same vol-
ume. Experimental data indicate that having a person’s name precede an auditory message appears
to have about the same effect on detection as increasing the loudness of the message by 3 dB. Thus,
it is recommended that aural alerting messages can be preceded by an identifier to which the pilot is
more than normally sensitivite, e.g., the pilot’s name or aircraft identification.

Tactile signals consist of such things as vibration, shock, heat, etc. The data indicate that the pri-
mary factors affecting the effectiveness of a tactile type signal are intermittency, intensity, and part
of body stimulated.

Continuous skin movement is required to stimulate the touch or pressure sense. It has been shown
that this sense is maximally sensitive on the fingers at vibrations in the 200- to 3000-Hz range. The
intensity of these signals has nominally been given the range of 50-microns. This range is directly
related to the area of the body receiving the signal. The sensitivity to touch varies widely from one
section of the body to another; the fingers are the most sensitive and the buttocks the least. There-
fore, the amplitude of any tactile signal must be calibrated to produce a sensation on the body area
where it is placed.

Other types of tactile stimuli should be used very cautiously. They are either dangerous to use,
cause excessive startle or adverse reactions, or otherwise inhibit normal pilot actions. The magnitude
of an electrical shock, for example, is very difficult to control because of its sensitivity to perspira-
tion. Electrical shock also frequently startles the subject to the extent that he is momentarily
incapacitated and then reacts excessively in an inappropriate manner. Other tactile devices such as
seatbelt jerkers or seat jabbers tend to inhibit normal pilot movement. These problems are typical of
difficulties that are encountered with most tactile stimuli.

Environmental factors such as distractors, existing cognitive workload, and vigilance also have a
significant effect on pilot response to a signal. Any kind of distracting stimuli (visual, auditory, or
tactile) will have an adverse effect on the detection of alerting signals. In the presence of visual and/
or auditory distractors, the effectiveness of types of warning signals from best to poorest are tactile,
auditory, and visual. However, tactile distractors have a more disruptive effect than visual or audi-
tory distractors on other activities.

Vigilance and cognitive workloads are a function of the rate at which information is presented.
There is a limited range of rates at which human beings process information effectively. When infor-
mation is presented at rates slower than the optimum rate, an individual will tend not to monitor
the information sources effectively and will miss a substantial proportion of the information being
presented. Information rates above the optimum range produce cognitive overload. Individuals
under a cognitive overload will miss part of the information being presented and will process other
parts of the information incorrectly. General characteristics such as these were found in the litera-
ture. However, consistent quantitative definitions of the minimum information rate necessary to
maintain vigilance and the maximum information rate allowed so as not to cause cognitive overload
were not found. '

A tabulation was made of response times obtained in the experiments covered by the literature and

the conditions under which these times were obtained. This tabulation was used to detect trends
and unique characteristics of combinations of stimuli. These data are presented in table 18. From, an
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Table 18 Typical Stimuli Response Times

NATURE OF STIMUL!

RESPONSE TIME, SEC

TEST CONDITIONS

TRACKING TASK; NO IMPACT ON

VISUAL 12.12

VISUAL AND BUZZER 4,02 CONCURRENT TRACKING TASK

VISUAL AND VOICE 240 PERFORMANCE

VISUAL AND BUZZER 4,57 TRACKING TASK; BETTER TRACKING

VISUAL AND VOICE 1.94 WITH VOICE WARNING

VISUAL AND TONE 9.35

VISUAL AND VOICE 7.89

VISUAL AND BUZZER 2,63

VISUAL AND VOICE 1.62

VISUAL 128.27 HIGH-SPEED LOW-LEVEL MILITARY

VOICE 3.03 FLIGHT TESTS

VISUAL 44,05 VISUAL CONSISTED OF ANALOG

VOICE 293 INSTRUMENTS AND LIGHTS IN
AN F-100 AIRCRAFT

VISUAL (STEADY) 2.0 HUMAN FACTORS TEST IN A STERILE

VISUAL (FLASHING) 1.3 LABORATORY ENVIRONMENT

AUDITORY 2.2 SIMULATION OF A TYPICAL COCKPIT

VISUAL 2.7 ENVIRONMENT

VOICE 1.94

BUZZER 2,57

TONE 9.35 F-111 SIMULATOR; EACH ALERT CON-

VOICE 7.89 SISTED OF A MASTER CAUTION
LIGHT, AN ALERT IDENTIFICATION
LIGHT, AND AN AURAL ANNUNCIA-
TION OF THE TYPE DESCRIBED TO
THE LEFT

VISUAL 0.494

AUDITORY 0.453 NO LOADING

TACTILE 0.381

VISUAL SLOWEST

AUDITORY NO LOADING EXCEPT VISUAL AND

TACTILE FASTEST AUDITORY DISTRACTORS '
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overview of these data, it is obvious that tactile signals produce the fastest response in the non-
loaded situation and a combination of visual and aural signals produce the fastest response when
used with aircraft-related tasks. Of the combination visual and aural stimuli, the visual/voice com-
bination appears to be more effective than the visual/tone combination. Voice stimuli consistently
produce a faster response than visual stimuli. Based on these data, these types of alerting stimuli
and combinations thereof might be ranked as shown in figures 28 and 29.

EFFECTIVE
VOICE
TONES, BUZZERS, BELLS, AND CLACKERS A
LIGHTS AND LEGENDS
ANALOG DISPLAYS

VIBRATIONS
PRESSURE
SHOCK v

DECREASING EFFECTIVENESS

INEFFECTIVE
Figure 28 Alert-Type Effectiveness

(BEST)
10 — VISUAL AND VOICE
8 |- VISUAL AND BUZZER OR TONE
— VOICE
6 -
o
2 |- VISUAL
0 .
(POOREST)

Figure 29 Relative Effectiveness of Acceptable Types of Alert Stimuli
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2.4.1.2 Time From Detection to Response

The foregoing discussion has dealt mainly with the detection of signals. However, if an alerting sig-
nal is to be effective, the pilot must both detect the alert and make the appropriate response. There-
fore, a warning signal must convey information about the nature of the problem and/or tell the
pilot how to respond. There will always be a finite interval of time between the detection of the
alert and the completion of the response. The length of this interval is primarily dependent on
signal-related factors, environmental factors, and previous experience.

The major signal-related factors that affect the time from detection to response are number of steps
in the data collection and length of the signal.

A pilot cannot make a correct response to an alerting signal until he has deduced the proper res-
ponse. If the initial alerting signal contains adequate information, the pilot may initiate action at
once. However, if the initial alert does not give adequate information of the nature of the problem,
then the pilot must obtain more information before he can take corrective action. Thus, the extra
steps in the data acquisition will increase the time to the correct response.

Two experiments were reviewed to obtain a quantified estimate of this effect. In both experiments,
alert detection and identification times were measured for visual, buzzer, and voice alerts and com-
binations thereof. The visual and voice alerts provided enough information so the subjects did not
have to scan the other displays to identify the nature of the alert, i.e., a single-step process. The
buzzer alerts required the subject to scan one or more visual displays in order to identify the cases,
the voice alerts resulted in the shortest identification times. Another advantage of both systems is
that under high-stress conditions with peak visual load, this type of system permits the pilot to
evaluate the criticality of the problem without adding to his visual workload. It was concluded,
therefore, that the number of information-gathering steps required to identify the nature of an alert
should be minimized and that voice warnings should be used wherever possible for high-priority
alerts. Based on these data and other experiments with voice alerting systems, the recommended
practices for voice alerting systems are:

° Reserve voice warnings for highest priority alerting situations.

e Voice alerts, when actuated, should attenuate messages and signals of lower priority.

e Pilots should be familiar with all the messages.

e Messages should be constructed of short sentences of polysyllabic words.

The time from detection to response is also affected by the time required for each step in the data
collection. At each step in the data collection, the observer must detect and locate a sighal and then

process the information in that signal. The time for each step is dependent upon the following
factors:

®  Time required to process the information in the present step

®  Time required to change from one signal source to the next
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The time to process the information in any one step is dependent upon the amount of information
in that step and the rate at which the information can be assimilated. The rate of data assimilation is
directly related to the number of absolutely identifiable signals used for data transmission. The
experimental data indicated that the fastest assimilation rates occur with larger signal vocabularies
than those currently used for alerts on commercial aircraft. However, this conclusion is valid if, and
only if, the signals are not confusable. The inclusion of confusable signals reduced the information
assimilation rate and led to errors.

The primary factor affecting the time required to change from one signal to the next is search time,
i.e., the number of stimuli the subject must reference to obtain the required information and the data
assimilation characteristics of each stimulus. From the exterimental data, it was concluded that the
longest time required for shifting from one signal to another occurs when the first signal does not
give the precise location of the second signal, and the second signal is a visual stimulus.

The environment in which pilots must operate may also affect their alert reaction time. No directly
applicable quantified data were available on this effect. However, the experimental evidence does
indicate that the response to any stimulus is very much dependent upon the number of possible
responses to that stimulus as well as the number of possible responses to all other stimuli. In general,
any environmental factor that increases the demands on the pilot will increase the time signal detec-
tion to response.

The performance of airplane pilots is strongly affected by skills that they have learned previously in
other situations. The effect of a previously learned skill on performance in a new situation is called
transfer of training. There are two types of transfer of training—positive transfer and negative transfer.
Positive transfer is any improvement in performance due to previous experience and usually occurs
when the response to be made in a new situation is similar to the response made in a previous situa-
tion. Negative transfer is any detriment in performance due to previous experience and usually
occurs when the response to be made in a new situation is different than the response that was
made in a previous situation.

The signal-response relationships are often not the same in different aircraft. This may result in nega-
tive transfer of the pilot’s experience. A study of the effects of negative transfer on crew perfor-
mance was reviewed in order to assess the significance of this factor. It was found that pilots who
are crosstrained to fly several different types of aircraft do make incorrect responses that can be
attributed to this negative transfer effect. To minimize this effect, it was concluded that all alerting
signals, particularly high-priority alerts, should be standardized on all aircraft.

2.4.2 REQUIREMENTS FOR ADDITIONAL DATA

In addition to providing data for the formulation of alerting system design guidelines, another major
objective of the literature review was to assess the adequacy of the existing data and recommend
research efforts necessary to complete the data base. Three tasks were undertaken to accomplish this
objective. First the data were evaluated and categorized into two groups, those research efforts direc-
tly applicable to the design of alerting systems and those that provided data which, while not quan-
titatively applicable, provided indications of the direction of the effects. Short abstracts of the data
from the studies and military standards that fall into these two categories are tabulated in appendix
H. The second task was (1) to delineate those areas where more data are required to provide an ade-
quate data base, and (2) to prioritize those needs so that appropriate research objectives and plans
could be formulated in the third task. '
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2.4.2.1 Adequacy of Data in Literature

The data evaluation portion of the review assessed each of the areas of concern listed in table 19.
Two aspects of the research data for each area were evaluated to determine their usefulness in devel-
oping design requirements. Most important was the relevance of the data to the signal detection and
response process. Many of the studies that were evaluated were not applicable even though they
dealt with human sensory mechanisms. The remaining data were then reviewed and classified as to
the applicability of the quantitative results.

Those data that were obtained in an actual or simulated aircraft cockpit using a flight-type task were
considered to be directly applicable. In these studies the observer was required to do a primary task
(i.e, tracking a prescribed course or listening to an air traffic controller) and simultaneously respond
correctly to any alerting signal. The quantitative results of this type of study closely resembled what
may be expected in the “real” flight situation. This class of study included approximately 20% of

Table 19 Areas of Concern of the Literature Search

1. Visual signals
Size Location
Brightness Workload
Contrast Vigilance
Format Pilot age
Color Legend characteristics
2. Auditory signals
Frequency False signals
Intensity Workload
Ambient noise Vigilance
Disruptions Ear dominance

Number of signals
3. Bimodal presentation (auditory—visual)

Interstimulus interval Workload

Format Vigilance
Intensity

4. Tactile signals
Detectability Frequency
Effectiveness Disruptiveness

Number of signals
Intensity
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the cited works (see appendix H). The other 80% of the studies were primarily laboratory studies to
obtain basic research data. These studies in general used as their unit of measurement the time it
takes the observer to react to the signal (reactive time) when that was the only task that he had to
do. The quantitative applicability of these types of data to in-flight alerting situations is suspect
because of the unrealistic nature of the data-collection process. What can be said is that the time
data gathered in these studiés is the minimum expected response time for a particular sensory chan-
nel and that the highest priority alerts should attempt to produce this time as optimum. Even though
the actual quantitative time data from these studies may not be directly relevant to cockpit situa-
tions, the information gained about the relationship between variables can be used in many cases.

For example, the real effect of signal location on detection time has not been quantified in the
literature for the full range of signals. However, there are simple reaction time data that indicate a
trend toward slower reaction as deviation from the line-of-sight increases. These data may be used as
an indication of the relative effect of different locations if detection timeis a design criteria. Another
and possible more important source of information in these types of data is the number of times the
observer missed the signhal or gave “no response.”” These data, although still not directly applicable,
quantitatively will come closer to “real world” values because they are not time dependent.

These types of evaluations were made for the data collected in each of the areas of concern. Follow-
ing this process, it was determined that the amount of directly usable data for all areas of concern
was sufficiently low to warrant augmentation. Since the amount of data needed was large, a method
of prioritization was needed.

2.4.2.2 Prioritization of Missing Data

Rating, ranking, and paired comparison techniques were used to prioritize the data needs. Two
questionnaires were developed using the matrices illustrated in figures 30 through 33. Each ques-
tionnaire was distributed to one of two groups of seven people in the Boeing flight deck design
organization along with the data that had been gathered and abstracted (see appendix H). The first
group of seven were told that “each cell in the matrices (excluding the diagonals) represented a com-
parison between two variables, i.e., size and location.” Their task was to (1) review the data that
had been collected, (2) compare the importance of obtaining more data about each variable, and
(3) indicate the variable for which more data were most needed by putting its number in the cell.
This paired comparison technique allowed the comparison of each variable with every other variable
and the ranking of the variables according to their importance.

Another objective of the prioritization scheme was to determine how the variables should be com-
bined in the testing phase to produce the most effective data. To accomplish this objective, a second
group of seven raters was told that “each cell in the matrices represented either a single variable (the
diagonals) or a combination of two variables, i.e., size and location.” They were to assume for the
latter case that the combinations of the variables was producing an effect on signal detection and
that it was the importance of obtaining additional data on that effect which they were rating. Two
variables were used as the maximum number of combined variables because it was felt that the diffi-
culty of rating any more combinations would detract from the usefulness of the findings. The rater’s
task was to rate the importance of collecting data for each cell on a four-point scale.
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The results from the two sets of matrices were combined to form the prioritization that can also be
seen in figures 30 through 33. The diagonal priorities represent the importance of individual variables
and the other cell priorities the importance of the two variable interactions. To assess the validity of
the responses, two variables—visual signal size and aural intensity—were included even though they
were covered by directly applicable data in the literature review. Both of these variables were low
priority in the survey.

2.4.2.3 Test Plans for Acquiring Missing Data

The high-priority data requirements established in figures 30 through 33 were evaluated and a set of
19 three-page test plans was constructed. The groundrules followed for the first cut at defining
required test programs were:

®  Use as many of the high-priority data cells as possible.

® The number of variables and levels should be chosen to provide approximately 2 weeks of test-
ing per test plan.

®  The test design should be statistically sound.

The resulting test designs are presented in appendix I. It should be noted that if the time restraints
(2 weeks testing per test plan) are relaxed, some of the test plans can be expanded quite easily to
include a larger number of variables.

These test plans define only the testing necessary to fill the most important gaps in the human fac-
tors data required to design alerting systems. Elements of alerting systems will be evaluated by these
tests. Then alerting system concepts based on substantiated design data can be developed. Another
set of tests that provide comparative evaluations of these concepts are then required in order to vali-
date the ideas incorporated therein. The exact nature of these comparative tests has not been defined
yet.

2.5 PRELIMINARY RECOMMENDATIONS FOR STANDARDIZATION OF ALERTING
METHODS AND FUNCTIONS

Current alerting methods and the inconsistencies in the alerting philosophies applied thereto were
reviewed in section 2.1. Alerting function and system requirements were established in section 2.2.
The rationale, criteria, and method for prioritizing the alerting functions were developed in section
2.3. A review of the human factors data applicable to designing alerting systems was presented in
section 2.4. These four aspects of developing alerting systems were combined to formulate prelimi-
nary recommendations for standardizing alerting methods and functions. The recommendations, a
sample alerting system concept that conforms with these recommendations, and an analysis of the
conflicts between the proposed prioritized alerting systems, tradition and existing requirements are
presented in this section.
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2.5.1 RECOMMENDED DESIGN GUIDELINES

RN

/ The recommendations presented in this section should no¢ be interpreted as firm
design guidelines or as minimum performance standards. At this time, these guide-
lines have been only partially substantiated. Significant testing is still required to
validate these guidelines.

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
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The interactions between the data presented in the previous sections were analyzed, agreements,
correlation and conflicts were noted, and preliminary design guidelines (not minimum performance
standards) for alerting systems were formulated.

The design guidelines were oriented to provide the following type of alerting system characteris-
tics and cockpit environment:

® A consistent design philosophy that can be applied to all new aircraft, irrespective of
manufacturer.

®  Quiet, dark cockpit when all systems are operating normally and when abnormal situations
have been “cleaned-up” (except automatic flight control mode annunciators).

®  Associate a unique audio, visual, or combination audio-visual method of alerting with each
alert priority level.

®  Provide alerting system growth capability in a form that does not necessitate additional discrete
annunciators.

Accordingly, the following preliminary design guidelines are recommended.
Prioritization

®  Selected alerts should be categorized as a function of criticality and flight phase. Category cri-
teria are presented in table 14. Flight phases that might be considered are defined in table 15.

®  Selected alerts within each category should also be prioritized as a function of criticality.

Inhibits

® The number and type of alerts that can be annunciated during critical phases of flight should
be restricted.

®  Prioritization of the alerts may be used as a method of inhibiting or at least attenuating non-
essential alerts.
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Visual Alerts

An alphanumeric readout device, located in front of each pilot, should be provided to identify
warning- and caution-type alerts.

Discrete alerts—Wherever possible, reduce the number of annunciations in the cockpit.
—Advisory lights should not illuminate unless a discrete crew action, such as
pushing a button, is performed (except automatic flight control mode

annunciators).

Red alerts—Apply only to situations where immediate action is required, i.e., only LEVEL 1
alerts.

—Use when annunciation by an aural alert plus the alphanumeric readout devices is
not adequate.

Amber/yellow alerts—Apply only to situations that require immediate crew awareness and
eventual action, i.e., only to LEVEL 2 alerts.

—Use when annunciation by the common aural alert for all LEVEL 2 items
and the alphanumeric readout devices is not adequate.

Green alerts—Use to confirm the SAFE OPERATION or GO status of a system.

—A manual action by the crew, such as pushing a button, should be required to
illuminate green lights (except automatic flight mode annunciators).

Blue alerts—Use to annunciate intransit conditions.

—A manual action by the crew, such as pushing a button, should be required to
illuminate blue lights (except automatic flight mode annunciators).

White alerts—Use for illuminating keyboards and annunciating ON/OFF system modes, i.e.,
when used in place of toggle switches.

Location—LEVEL 1 alerting devices (warnings) sho_uld be located within 15° of the pilot’s
centerline of vision (centerline of vision is defined as the line between the pilot’s’
eye reference point and the center of the ADI).

—LEVEL 2 alerting devices (cautions) should be located within 30° of the pilot’s
centerline of vision. '

—Green, blue, and white lights can be located anywhere in the cockpit that is readily
visible to the crew.

—All alerts presented by discrete lights, flags, or bands should be repeated on the
alphanumeric readout device (except automatic flight mode annunciators).
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e  Size—High priority lights (associated with LEVEL 1 and 2 alerts) should be no less than 1°
visual angle in size.
—Secondary lights (associated with LEVEL 3 and lower priority alerts) should be no less
than 0.5° visual angle in size.
®  Brightness—-LEVEL 1 alerts should have a brightness capability of at least 150 ft-L and should
be at least twice as bright as other displays in the vicinity of the alert.
—LEVEL 3 and lower priority alerts should have a brightness capability of at least
15 ft-L and should be at least 10% brighter than nonalert displays in the vicinity
of the alert.
—Automatic brightness adjustment for varying ambient light conditions should be
provided.
®  Flashing—Use only for highest priority (LEVEL 1) alerts.
Aural Alerts
®  Application—Use discrete aural alerts to annunciate highest priority situations (LEVEL 1 alerts)
and to attract attention to LEVEL 2 alerts on the alphanumeric readout device.
®  Maximum number—Less than four familiar alerts (based on pilot opinion).
—If the number of discrete aural and tactile alerts exceeds seven, they should
be supplemented by voice annunciations.
® Intensity—Should be less than intensity of most currently used aural alerts.

—Maximum intensity of 15 dB above threshold noise level or halfway between thres-
hold level and 110 dB, whichever is less.

—Automatic ‘intensity adjustment for varying ambient noise conditions should be
provided.

—Aural alerts associated with LEVEL 1 items should be noncancellable without cor-
rection of the fault or situation.

—A means of reducing the annoyance of continuous aural alerts after initial recogni-
tion is achieved should be provided.

—A means of disabling any nuisance actuation of an aural alert should be provided in

a form that does not affect the integrity of the other aural alerts (e.g., one circuit
breaker or guarded/wired shutoff switch for each aural alert).
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® Sound characteristics—Each signal should be composed of two or more widely separated fre-
quencies in the range from 2504000 Hz.
—Intermittent signals should be used.
®  Voice characteristics—Messages should be preceded by an identifier to which the pilot is more
than normally sensitive (attention getter).
—Messages should be constructed of short sentences of polysyllabic words.
—Pilots should be familiar with all voice messages.
®  Location—Aural alerts should appear to emanate from the vicinity of the alphanumeric readout
device.
Tactile Alerts
®  Minimize use of tactile alerts.

Master Warning/Master Caution

® A master warning signal and a master caution signal should be located in front of each pilot if
the alphanumeric readout display is located outside the pilot’s primary field of view.

e All LEVEL 1 alerts should activate the master warning signal (if utilized).

e All LEVEL 2 alerts should activatev the master caution signal (if utilized).

® No LEVEL 3 or 4 alerts should activate the master warning or master caution signals (if
utilized).

Qhecklists

® Type of alert and type of checklist used to rectify an annunciated situation should correlate.

®  Emergency procedures should be associated only with LEVEL 1 (warning type) alerts.

®  Abnormal procedures should be associated only with LEVEL 2 (caution type) alerts.

NOTE: A checklist is not necessarily associated with each LEVEL 1 or LEVEL 2 item, and an
alert is not necessarily associated with each checklist.

2.5.2 SAMPLE ALERTING SYSTEM CONCEPT THAT CONFORMS WITH RECOMMENDED

DESIGN GUIDELINES

One of the primary goals of this study is to provide preliminary design guidelines for achieving a
quite, dark cockpit when all systems are operating normally and when abnormal situations have been
“cleaned-up.” With the quiet, dark cockpit concept, all visual and auditory alerting devices except
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automatic flight mode annunciators would be OFF unless (1) an abnormal situation exists or (2) the
crew desires annunciation of a specific situation. The amount of advisory and status information in
the cockpit would be minimized. The crew would have the capability to enable or disable certain
annunciations, primarily status information. Manual action by the crew would be required to get a
momentary display of certain annunciations, e.g., the annunciation of intransit conditions. The
crew would then have a ‘“‘clean” cockpit to work in, would not become insensitive to common
annunciations, and would recognize and be able to correct abnormal situations more rapidly than in
current cockpits.

The recommended preliminary design guidelines could be applied as follows to fulfill this objective.
Discrete aural alerts were recommended for annunciating LEVEL 1 situations, for attracting atten-
tion to the alphanumeric display when LEVEL 2 situations arise, for annunciating assigned altitude
deviations and decision height, and possibly for annunciating incoming communications. Accordingly,
a unique discrete aural alert might be required for each of the following situations:

®  Gear down and locked but lever not in down detent

®  Unsafe takeoff configuration

®  Unsafe landing configuration

®  Ground proximity warning

®  Rapid depressurization

®  Autopilot disconnect

e Common attention-getting tone for all LEVEL 2 alerts

e SELCAL

® (Cabin call

® Datalink

®  Decision height

®  Altitude alert (altitude deviations)

Thus 12 discrete aural alerts would be required; however, another guideline stated that the number
of aural alerts should not exceed 4 (pilot opinion). The number of discrete-aurals can be reduced
almost to this number by retaining the traditional horn for all LEVEL 1 ““unsafe configuration”
warnings; by incorporating the alerts for SELCAL, cabin call, and data link into the integrated alert-
ing system as LEVEL 2 alerts; and by using a command aural alert for decision height and altitude
deviations. One aural alert could be used for unsafe takeoff configuration, unsafe landing configura-

"tion, and gear down and locked but lever not in down detent.

The central alphanumeric readout device could simultaneously denote the exact nature of the con-
figuration problem. Similarly, the common tone used for all LEVEL 2 alerts could be used for
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annunciating incoming SELCAL, cabin call, and data link messages, and the alphanumeric readout
device could denote the specific communication channel requiring attention. Decision height could
not be included as a LEVEL 2 alert because the pilot cannot afford to divert his attention to read-
ing the alphanumeric display at the critical time when this is annunciated. Thus decision height and
altitude alert require a separate, distinct aural alert. By implementing the system in this manner, the
number of aural and tactile alerts would be reduced to six.

The number of potentially ambiguous aural alerts could be even further reduced by using voice
.annunciations for all other LEVEL 1 alert situations listed above. However, the effects of extensive
application of voice alert annunciations are not known at this point. Current experience with voice
alerting systems has not been satisfactory. The type of systems described above wherein a small
number of discrete aurals are used in conjunction with an alphanumeric display is thus recommended

at this time.

In addition to these types of annunciation for the high-priority alerts, a very limited number of green,
blue, and white advisory alerts would be utilized. A third switch state might be added to the lights
test switch to handle these alerting functions. The three lights test switch positions would be reas-
signed to provide the following functions:

® TEST-AIll lights ON to test light sources plus test pattern on alphanumeric display to validate
operation of display.

e IMMEDIATE SITUATION—AII faults, intransit conditions, etc., would be annunciated as they
occur. Existing alert situations would also be annunciated. Alerting system operation would

as in current aircraft.

® CLEAR-—This would cancel all currently displayed alerts except warnings and automatic flight
mode annunciations and provide a relatively quiet, dark cockpit. No intransit or SAFE/GO
conditions would be automatically annunciated while the system is in this state. Only new cau-
tions and warnings would be automatically annunciated. Any new caution annunciation could
be “cleared” by switching from CLEAR to IMMEDIATE SITUATION and back to CLEAR. A
small pushbutton might be added to each system’s panel. While in this alerting system operating
mode, the crew could get all green, blue, and white light annunciations on that system panel
by pushing this button. This would provide the crew with selective alert annunciation capability.

§\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\S
? These alerting system implementation ideas are at this point only preliminary sugges- ?
? tions and examples of how the design guidelines could be applied to (1) clean up the 7/
/. cockpit, (2) provide the crew with the capability to select an alerting system operat- ?
? ing mode that is similar to current aircraft, and (3) provide the crew with the capa- //
'/ bility to select an alerting system operating mode that results in a relatively quite, ?
? dark cockpit when all systems are operating normally and when abnormal situations ./,
"/ have been “cleaned up.” These ideas represent only several of many ways in which %
? an alerting system could be implemented and still conform to the recommended ./
e design guidelines. More refinement, testing, and analysis of the hardware/implemen- ?
2 tation impact of these concepts are required to validate them. %

<
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2.5.3 CONFLICTS BETWEEN TRADITION, REQUIREMENTS, AND RECOMMENDED DESIGN
GUIDELINES

The preliminary design guidelines recommended in section 2.5.1 conflict with traditional alerting
system concepts and with the requirements in the following areas:

®  Elimination of traditional aurals
® Downgrading of several alerts previously considered high-priority items
®  Terminology used in the FARs

The priority system proposed in table 16 conflicts with tradition by eliminating several traditional
aural alerts. This priority system would eliminate the unique aural alerts associated with fire, exces-
sive airspeed, stabilizer in motion, and below glide slope warnings. Many pilots feel that these aural
alerts are sacrosanct. However, the analyses showed that the required pilot response to these alerts
is not immediate action. Thus, they do not qualify as LEVEL 1 alerts and do not deserve unique
discrete aurals.

The proposed priority system also conflicts with tradition by downgrading several alerts previously
considered high-priority alerts from red lights to amber lights or nolights at all (just an alphanumeric
identification). In the case of the 737, autopilot disconnect, fire, gear unlocked, and gear not down
and locked with thrust lever at idle are examples of traditionally large, red light alerting functions
that might be downgraded. The amber flight director mode “armed” annunciations are examples of
alerting functions that might be downgraded or modified so as not to imply a “caution” situation.
Similarly, other functions might be upgraded. The blue lights used to annunciate APU oil quantity
low and thrust reverser armed are examples of such alerts. In a new aircraft, these alerts might be
upgraded to amber lights and green lights, respectively, so as to make the color of the light reflect
the criticality of the situation.

Federal Aviation Regulations (FARs) use the word “warning” indiscriminately. Examples of where
such usage occurs in the FARs are tabulated in table 20. If the guidelines recommended herein are
adopted, the language in these FARs will have to be modified. It is suggested that the type of termi-
nology used in other sections of these FARs to indicate a requirement for an alert be extended to
all FARs and that the term “warning” be deleted. Examples of such terminology are the following:
®  “Means to indicate”

®  “An aural or visual signal”

®  ““Means must be provided to alert the crew”
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Table 20 Federal Aviation Regulations Using the Term “Warning”

25.207(b) )
25.729(e}(2), (3) and (4)
25.777(c)

25.812(e}(2)
25.841(b)(6) and (7)
25.859(e)(3)

25.1165(g)
25.1203(b}(3}
25.1303(c}(1})

25.1305

25.1309(c)

25.1353(c) (6){ii) and (iii)
37.201(a}(3)

91.49

121.289(a) and (b)
121.360(b) and (c)
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3.0 CONCLUSIONS

ALRLRRREEREREERLLREELLERRELELEE SR RALLRARRRRRARRNRNG

The alerting system implementation guidelines specified herein should be interpreted
as (1) preliminary,not final, design guidelines, and (2) design objectives, not minimum
performance standards. The recommended design guidelines are only partially sub-
stantiated by quantitative data—they represent our best implementation ideas at this
time. Additional testing to (1) derive directly applicable human factors data, (2)
quantify the effectiveness of various elements of alerting systems, and (3) quantify
the effectiveness of various full alerting system concepts plus an analysis of the
hardware/implementation impact of these concepts are required to complete and
validate the proposed design guidelines.

&\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
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The following conclusions are the results of analyses of current alerting methods and requirements,
the development of alert prioritization criteria, and a survey of human factors data pertinent to the
design of alerting systems.

The aircraft operators and manufacturers apparently feel the pilots need more in-flight malfunction
resolution capability and need to record better maintenance data. Thus each new aircraft has incor-
porated more alerting functions specifically due to a trend toward providing the crew with more
detailed subsystem information. The most rapid growth in the number of subsystem alerts has
occurred in the electrical, navigation, and automatic flight control systems. Negligible growth has
occurred in the air-conditioning, altitude alert, APU, communications, emergency equipment, flight
instrument, air data, fuel, and powerplant systems. All other systems have exhibited moderate
growth in the number of alerts. With this proliferation of alerts, the cockpits have become saturated
with information systems. More multifunctioning of the alerts is being used to get around the lack
of panel space problem. The inclusion of these devices is adding to the potential for confusion in
the cockpit.

The number of alerts, especially the number of aural alerts, should be reduced. The potential for
confusion exists with this many alerts. To maximize the effectiveness of the alerts, noncritical alerts
should be inhibited during high workload periods such as takeoff and flare/landing. Prioritization of
the alerts, so as to identify the most critical problem, should also be considered.

Prioritization of the alerting functions currently must be accomplished via subjective methods.
Numerical methods require additional quantitative data about crew reliability and pilot latency, and
the effects of workload on these two factors, or the time history of the aircraft’s/system’s perfor-
mance degradation as related to each alert.

Criteria for four levels of alerting function prioritization are available. Most organizations working
toward developing standards for alerting systems basically agree with the four levels of priority
established in this study and the criteria defining these levels. Minor grammatical differences remain
to be “ironed out.”
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Standardization of the alerting function priorities may be possible for alerts within the two highest
priority levels. However, the alerts within the two lowest priority levels are too dependent on each
aircraft’s unique design features to be amenable to priority standardization.

A unique audio, visual, or combination audio-visual method of alerting should be associated with
each priority category to provide an instantaneous assessment of the alerting situation’s criticality.
Human factors data pertinent to optimizing this audio-visual interface with the pilot are available.
However, the data are incomplete and further testing of specific elements of alerting systems is
required to fill the major data gaps.

Preliminary design guidelines for standardization of alerting functions and methods are available.
The basic guidelines specified in section 2.5.1 are recommended. Numerous conflicts exist between
these guidelines, traditional alerting system concepts, and existing regulations. Most conflicts with
existing regulations can be resolved with minor modifications of the language used to indicate a
requirement for an alert. '

Additjonal comparative testing of elements of alerting systems and full alerting system concepts

plus analyses of the hardware implementation characteristics of these concepts are required to
complete and validate the proposed design guidelines. :
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APPENDIX A
TABULATION OF ALERTING FUNCTIONS AND IMPLEMENTATION CHARACTERISTICS

This appendix provides detailed descriptions of the alerting functions in a typical configuration of
each basic type of commercial turbojet transport aircraft. To simplify this tabulation, similar types
of indications were consolidated under one title. Examples are: (1) red bands, red limit marks, and
pink limit marks were consolidated under the title “red bands’ because they have similar operational
implications; (2) fire orange flags used as warning indications were tabulated as red flags; and (3)
yellow lights were tabulated as amber lights.

The asterisks on tables contained in this section mean ‘‘same as.”
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20

2

Air-conditioning {shest 1)

Alerting function

Type of alert

707/120

121

131

1417

0C-8

DC-I

DC-10

L-101

BAC-11

Applicable federal aviation
regulations (FAR)

Air conditioning system
malfunction

tambit

1 fl amb It

Air supply temp high

2 amb Its

Avienics cooling air
valve open

2 amb Its

Avionics vent duct air too
warm or flow restricted

2amb its

No air flow in cockpit
or eqpmt cooling compt

1amb It

2 amb Its

1amb it

1amb It

1amb it

Cargo heat on

Tgmit

Cargo compartment too hot
or too cold

1 amb it

tambit
(*15)

6 amb Its

Center accessory compartment
overheat

1ambit

Cool air oved valve closed
(galley & avionics exhaust)

1amb It

Differential pressure
excessive

1 yel/red
band

1 red band

Duct overheat

2 amb Its

3ambits

2amb its

5 amb Its
(*49)

1amb It
(*15)

1 whtlt

Equipment cooling valve
position (open)

Tgmit

Floor heat failed

1 amb it

Fioor heat off

1 whtit

Forward avionics
compartment overheat

1amb It
(*7)

2amblts

Freon pack on

2grnits

2 biu its

Freon system compressor off

2amb its

Cabin compressor overspeed

4 red bands

Freon compressor overheat

2 amb Its

Abnarmal freon temperature

4 grn/red
bands

Humidity control override

1 whtit




S6

2
2
2
25
2%
2
2

29

30
N

32

kX]

35

36

Air conditioning (shest 2)

Alerting function

Type of alert

Applicable federal aviation

, regulations (FAR)
w0 | 127 737 147 DC-8 | DCS | DC-10 | L-1011 |BAC-111

INS flow off 2 amb [ts

Oft schedule descent 1 amb It

Outflow valve oparating 1 smb it 2 wht its

modas manual {auto fail)

Outflow valves position 1blult 2 grn bands

Pack control mode S whtlts

(auto/manual)

Pack temp, valve & door ::::'zh:'; d

indicetors mode it o

(]
Pack area overheat Jambits
Pack avarheat trip off 2 amb fts 2amb lts Jemblts 4red Ite Jamblte 3amhb ite 2emb lte | 25.859(2) (3) There must be means to warn the crew
{*31) when any heater whose heat output is essential for

safe operation has been shut off by the automatic
means prescribed in subparagraph (1) of this
paragraph. B

Auto pack trip armed 1grnit

2amb its
Pack valve closed (*29)
_— . . . . . 1ambit& X . . . Tamb It & 25.841(b) Pressurized cabins must have st lsast the
Pressurization failure ;‘nt:;mmont :::: rmittant intermittent Ln::,:mlttont ;'n‘::':mmsnt ’I'or:: it& :or:: lts& intermittent 1red It following vaives, controls, and indicators for controtfing
o " horn horn cabin pressurs: (6) Warning indication st the pilot or

flight engi station to ind when tha safe or pre-
sat pressure differential and absolute cabin pressure limits
are exceeded. Appropriate warning markings on the cabin
pressure differentiai indicator mest the warning require-
ment for pressure differentiat limits and an aural or visusl
signal (in addition to cabin altitude indicating masns)
meets the warning requirement for absolute cabin pres-
sure limits if it warns the flight crew when the cabin
absalute pressure is below that equivalent to 10,000 feet.
{7) A warning placard at the pilot or flight angineer
station if the structure is not designed for pressure differ-
entiais up to the maximum relief valve satting in combina-
tion with landing loeds.

Pressurization system

operating mode 2 its 1blult

Standby pressurization 1bluit

system operating mode

Pressure safety vaives open 2amb Its

Radio rack fan off 1amblt Tambit
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37

38,

3

40
41

2

LX]

45
‘48
47
43

49

Air conditioning {sheet 3}

Alerting function

Type of alert

107/720

127

131

747

DC-8

1]

0c-10

L-1011

BAC-111

Applicable federal aviation
regulations (FAR)

Ram sir door open

2 blu s

Ram air door operating
automatically

t amb it

Pack discharge temp high

1 yel/orn
band

Roﬁﬂrvdvo open

2amb s

tamb it

Smoke in equipment
cooling compartment

1 amb It

Tail compartment temp high

1red it

Temperature indicator
mode selected

3 wht/blu
dual legend
s

2 wht its

Temperature regulstor fault

2 whtlts

Trim air press hi

1 grn band

tamb It

Turbine inlet temp hi

1 yei/orn
band

Water separator snti-ice
system—manual control

2amb Its

Zone overheat

1 amb it

1 red band

Zona trim valves clossd

s

5 wht its

Freon superheat

4 red bands
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n

12

13

18

19

20

Aircraft general {sheet 1)

Type of alert

Applicable federal aviation

Alerting function i
. regulations (FAR)
707/720 127 137 147 DC-8 DC-9 DC-10 L-1011 } BAC-111
Position lights off 1 amb it
Strobe lights off 1amb It
Anti-collision lights off 1 amb it
Wing flood lights on 1amb It
Wheel well lights on Tamb it
. 1 blu/wht
Fasten seat balts sign on it & tone 1 wht it
o 1 blu/wht
No smoking light on 1t & tone 1 wht it
Thunderstorm lights on 1 wht it
Evye locator light on 1 wht it
Pilot's warning, caution advisory )
lights intensity bright-dim Twhtlt 1 2whtlts
Pilot's warning, caution & )
advisory lights test mode 1wht it 1whtht
Flight engineer’s warning, caution & 2 'wht It
advisory Jights intensity bright/dim wht ts
Flight engineer’s warning, caution 1 wht it
& advisory lights test mode w
Master caution 2 amb Its 2 amb Its 3amb Its 25.771{c} if provision is made for a second pilot, the
: airplane must be controllable with equal safety from
either pilot seat. 25.777(a) Each cockpit control must be
Master warning 1flred It 1flred It 1red it 2 red its 3redlts 2 fl red Its |iocated to provide convenient operations and to prevent
) confusion and inadvertent operation. 25.1309(c) Warn-
ing information must be provided to alert the crew to
unsafe system operating conditions, and to enable them
to take appropriate corrective action. Systems, controls,
and associated monitoring and warning means must be
designed so that crew errars that would create additional
hazards are improbable.
25.1459{a} Each flight recorder required by the operat-
X ing rules of this chapter must be instailed so that—(4)
Flight recarder off 1 amb ft 1amblt 1 amb it 1amb It tamb it 1 amb it 1 amb 1t There is an aural or visual means for preflight checking of
the recorder for proper recorder tape movement.
L 25.1457(d) Each cackpit vaice recorder must be in-‘
f;:':)‘:t voics recorder stailed so that—(3) There is an aural or visual means for
preflight checking of the recorder for proper operation.
Movia projectors on 3bluits 2 wht lts
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21
%
27

0

3

32

33

34

35

Aircraft general (sheet 2)

Type of alert

Alerting function

Applicable federal aviation
regulations (FAR)

707/720 127 'i37 141 DC-8 DC3 DC-10 L-1011 | BAC-111
Movie projectors off 1whtt
Water system pressure limit ;av'::t/yel
Fit. deck door lock released lambit . I't blu/wht
Aft airstair locked down Tgmit
Galley fault 1amb It
(I)ﬂ\z:;::;i::n:?nunciation on 1amb it
Water line heater failure 1amb It
Door foult/apen Bamblis | 13ambits | 9Sambits | 16embls | 2Zredits | Tombits | 20ambis [ J2AMBIE ] grggy,

General requirement

25.1322 |f warning, caution or advisory lights are in-
stalled in the cockpit, they must, unless otherwise
approved by the Administrator, be—(a) Red, for warning
lights (Lights indicating a hazard which may require
immediate corrective action} (b) Amber, for caution
fights (lights indicating the possible nesd for future
corrective action) {c) Green, for safe operation lights;
and {d) Any other color, including white, for lights not
described in paragraphs-{a) through {c} of this section,
provided the color differs significantly from the colors
prescribed in paragraphs (a} through {c) of this section to
avoid possible confusion.




Altitude alert system
Alerting functi Type of alert Applicable federal aviation
riing function regulations {FAR)
107/720 121 137 147 Dc-8 0c9 DC-10 L-1011 | BAC-111 ¢
: 2 amb Its, 1amb It 91.51(b} Each altitude elerting system or device required
Approaching aititude ! 'mb:" & Vamb it Thlu it Vamb it horn & beeper 1amb It & 1tone 2 amb It Tone by paragraph (a of this section must be able to (1) atert
C chor & tone & tone & tone (*3) & tone (*3) & tone the pilot, upon approaching a preselected altitude in

sither ascent or descent, by a sequence of both sural and
visual signels in sufficient time to establish level flight at
that preselected altitude; (4} be tested without special
equipment to determine proper operation of the alerting
signals; however, for operations below 3,000 feet AGL,
the system or device need only provide one signal, either
visual or aural, to comply with this paragraph.

On-altitude Tgmnit 1gmit 1gmlt Tgmit 2¢gnits

2 amb Its
: . 1 red dual 1 fired it 11l amb It 2 flred Its
Altitude deviation 1 i red it 11l red it fegend It ?.h:a)psr & tone (*1) & tons
. . 1 red barber | 1 red barb,
Altitude alert failure p er ": pole flag 1 1 red flag 1 red flag 1 red flag 1 red flag




oot

APU {sheet 1)

Type of alert Applicable federal aviation
Alerting function regulations (FAR)
707/720 127 137 147 Dc-8 De-9 Dc-10 L-]OH BAC-111
APU N2 overspeed/auto 1 red flag
shutdown
“APU low oil pressure/ 1amblt 1 red flag
auto shutdown
APU high oil temp/ 1 red flag
auto shutdown
APU turbine gas temp 1 red fiag
overternp/auto shutdown
APU don’t load alert 1 amb it
APU compartment vent 1amb it
closed
APU inlet flow restriction/ 1 amb it
auto shutdown
APU oil quantity low 1bluit 1 amb it
APU battery shorted or 1amb it
overheated
APU doors-in-transit 1 amb it
APU fuel! filter clogged 1 amb It
or icing
APU max mode 1ambit
{max. air flow}
APV auto fire shutdown lTamb It
system armed
APU bleed air valve open 1 amb it 1)
APU start switch on 1 amb it 1whtit
1 grn/yel/ 1 grn/yel/ 1 yel/red ¢
APU EGT overtemp red band red band band 1 orn band
APU tachometer— 1 grn/yel/
normal & overspeed ranges red band
APU oil temp hi 1amb it 1amb it 1amb It
APU oit press low 1 amb It 1amb it
APU fuel valve in-transit 1 blu it
APU DC fuel pump on tomn it
( {
—— - -




tot

APY (sheet 2)

. . Type of alert Applicable federal aviation
Alerting function regulations (FAR)
707/120 | 727 737 | 747 0C8 | DCY | DC-10 | L1011 |BAC-111
APY failure 1amb It 1amb It
APU inlet daor in-transit 1bluit
APU fuel vaive not closed 1amb it
APU overspeed 1ambit :r:t;:alx:'s/
AP fuel pressure low ' 1amb It 1 amb it
APU fuel pump switch on 1blu it
APU door open . 1blu It
APU operating in standby
control mode using electricat 1biu it

power

APU fuel valve open 1(




zot

10
"
12

16

18

19
20
21

22
23

2

.25

26

Automatic flight control system (sheet 1)

Alerting f . Type of alert Applicable federal aviation
erting function regulations (FAR)
107/120 121 137 147 oc-8 0c3 oc-10 L-1011 | BAC-111
Autopilot/flight director
cat. | approach mode armed Twhtit
Flight director aititude hold 2 amb Its 2 bik flags
mode armed (*10) {(*11}
Flight director—selected . 2 grn lts 2 wht flags
altitude captured (*9) {(*12)
Autopilot altitude 2ambits 2 bik flags
hold mode armed (*12) (*9)
Autopilot--selected 2qrn its 2 wht flags
altitude captured (=11} {*10)}
Flight director approach 2 amb its
speed command mode armed (*17)
Flight director approach 2 grn its
speed command captured (*16)
2 fl red Its 37.119(a)
Autopilot disconnect 2ftredits | 2firedhs | 2flredtts | (21,55, 2 red its Tftredit | (See 101 2redflags { g ampyt | {3) Additions. In addition to the means of indicetion
56,57 )& & click & 102) & wailer specified in section 4.3 of AS 102A, the following shall
WAILER be included: {i) Power, malfunction indication. Means
shall be provided to indicate readily to the pilot in 8 posi-
tive manner when each phase of the primary power
(voltage and/or current) to the automatic pilot is not
adeguate for safe operation, {ii) Airborne navigetion
reference indication. A visual means shall be provided
to indicate readily to the pilot in a positive manner when
the ic pilot is not ged to the airborne
navigation reference.
Indicated
Improper AFCS configuration by flags
for autoland engage 20, 21, 133,
; 134,135
Autopilot failure during 2 amb flags
autoland approach (*21)
Marginal AFCS condition 2.!‘ amb ts 2 amb flags
N (* 18,58, .
for autoland operation 56,57 ) {*20)
Autopilot’s stabilizer
control at limit Zred flags
AFC§ faii‘ure—master 2 fl amb Its
warning signal
Autothrottle disconnect THoamblt | 1fiambit f,;‘;‘;,'“ (zf'_,:;d :4', 1red It gs:;eog? 2 red flags
Autothrottie channel failure 2 red flags
Gg-arnund computation 2 amb flags
failure




Automatic flight controf sytsem (sheet 2}

cot

27

28

43

44 .

45

45

47 |

52

53

54

55

87

58

61

62

63

Alorting funci Type of alert Applicable federal aviation
erting function ‘ : regulations (FAR)
107/120 727 137 747 bCc-8 bC-9 DC-10 L-1811 | BAC-111
Flare computation failure 2 amb flags
Autopilot tripped from command
to CWS because of faulty inputs Zamb flags
Automstic landing mode armed 2 bk fiags
Runway align mode of
sutoland armed 2 blk flags
Flafa mode of 4 smb/grn
sutaland srmed it 2bik flas
Flight director in-
takeoff mode 2 M",""'
R-nav ﬁwds engaged 2 wht flags
AFCS mode annunciator
test switch
Autothrottie 2 red Its
self-test switch on (*24,54)
Speed error more then 2amb Its
10 knots (*24,53)
Autopilot fault without %.";‘; ‘;‘,
disangage 56&57)
2 red Its
Autopilot self-test switch on (*18,21,
i 65857}
Autopilot channels notin - 2 red its
agreement while in suto- {*18,21,
lend mode 558 56)
Flight director on 2grnits
Flight director VOR/LOC 2amblts | 2ambit
capture mode armed (*61) (*61)
Flight director VOR 29rnits 2¢gmits
1 course/LOC captured (*60) {*60)
Flight director glide slope 2 amb its 2 amb Ity 2 blk fiags
capture mode armed (*63) (*83) (*66)
Flight director glide 2qmlts 2 grn fts 2 wht flags
slope captured (*62) (*62) (*67)
Autopilot VOR/LOC 1 amb it 1 amb It 2 amb its 2 amb Its
capture mode armed (*65) (*65) (*66) (*65)




yol

>+

LBG

65

67

70

n

3

74

75

78

77

78

9

80

81

82

83

84

85

Automatic flight control system (sheet 3}

Alerting function

Type of alert

Applicable federal aviation
regulations (FAR)

107/720 121 137 147 DC-8 DC-9 DC-10 L-1011 | BAC-111
Autapitot VOR course/ Tgen it Tgn it 2qmits 2gmits
LOC captured {*64) {*64) ~(*64) (*64)
Autapilot glide slope 1 amb It 1 amb It 2amb fts 2amb lts 1ble it 2 bik flags
. canture mode armed (*67) (*67) (*67) (*67) (*62)

Autopilot glide slope 1gmit 1gem it 29rnits 2grnlts 2 wht flags
cepture {*66) (*66) (*66} {*66) (*63)
Autopilot/menual ILS %_“;I‘é"
approach extended only)
Flight director speed
command mode selected 20 ) flags
Go-around mod
anu::“ mode 2grnits 2 wht flags
N1 autothrottie mode in use 2grnlts
Alpha speed hold
Autothrottle mode in use Zgenlts 1 blu flag
.Airspaed hold more 2gtnlts 2 wht flags
in use
Retard (flare) autothrottle 2
mode in usa grnlts
INS nav mode armed 2 amb its
INS nav/altitude capture - 2 amb Its
mode armed
VOR nav mode armed 2 amb lts
VOR nav/altitude capture
maode armed Zamb hts
Altitude capture mode ermed 2amb fts
Localizer/altitude capture 2 amb Its
mode armed
Localizer capture mode Twhtitd
armed P 2amb its 2 bik flags
|LS/altitude capture
mode armed Zemb Its
LS capture mode armed 2amb s

1whtt&
Autoland mode armed 2amb its 2 blk flags

> On the DC-10, these lights are part of the muiti-fegend autopilot flight mode annunciator, not individual light units.




soL

9

92

93

94

a7

100

101

102

103

Automatic flight control system (sheet 4) -

Type of alert Applicable federal aviation
Alerting function regulations (FAR)
107/720 121 131 141 pc-8 bDcI DC-10 L-1011 | BAC-111

Autoland/attitude cepture
mode armed Zamb fts
Dual autoland mode in use 2grn lts 2 wh flags
Single autofand mode in use 2amb Its
Auto-approach only mode 2.amb it
in use
Flight director localizer
beck course/sititude capture 2 amb its
mode armed
Flight director focalizer
back course capture 2amb it
mode armed
Back course sensing 2 wht its
mode activated
N1 autothrottie mode 1
selector (ED} wht it
Radio/ins nav mode 1 wht it
selactor (ED)
1LS nav mode selector (ED} 1 whtit
Autoland mode selector (ED) Twhtit
CWS mode selected 1 wht it
Both auththrottle systems 4 fired Its
disconnacted
Signal, sutothrottis 4 amb Its
system disconnected

N . 2 fl red its
Autopilot disconnect during & wailer
single A/P autoland operation (*102)

o j 4 amb Its or
Autopilot disconnsct during 4flredits &
dusl A/P autoland operation wailer (* 101)
Flight Quidmco system mode 8 g its
annuncistor test ok

2 wht fh

Heading select moda engaged 29l &1 wht‘l?
Heading hold mode engaged 2 gin its
INS capture mode engeged 29mnits
D On tha DC-10, these lights are part of the multi-legend ilot flight mode , not individual light units.




ot

9

107

108

108a

109

110

m

112

13

114

18

116

n7

118

19

120

2

122

123

124

125

Automatic flight control system (sheet 5}

Type of alert

Alerting f L Applicable federal aviation

erting function regulations (FAR)
707/120 127 137 7147 DC-8 DC9 DC-10 L-1011 | BAC-111

INS track mode engaged 2qinits

VOR capture mode engaged

{armed) 2gmits 2 bik flags

VOR track mode engaged 2genits 2 wht flags

Roll CWS engaged 2grnits

Back course capture

mode engaged Zamnlts

Back course track :

mode engaged 2gmits

Localizer capture mode

engaged (armed) Zornits 2 bik flags

Localizer track mode engaged 2grnits 2 wht flags

Runway alipnment mode 2gmnits 2 wh flags

engaged

Roll out mode engaged 29 its 2 wht flags

Rolt go-around mode

engaged 2grnits

Roll takeoff mode 2grnits

engaged

VOR course capture mode engaged 2gmits 2 blk flags

Autopilots out-of-trim 1amb it 2amb Its

Airspeed hald mode engaged 1grn it fv::"ht ! ; ::: 2:;:

Mach hold mode engaged i:;"l t? ! ; vwv:: l':.:

Turbulence mode engaged 2grn lts ; m: 'f::‘

Vartical speed mode engaged Tgrnht Zgrnhs ; :::: If:o:s

Altitude capture mode

engaged 2grnlts

Altitude hold mode engeged 1gmvit 2Zgmits ; x: ::.:

> On the 0C-10, these lights are part of the multi-legend autopilot flight mode annunciator, not individual light units,




01

126

121

128

129

130

131

132

133

134

138

136

137

Automatic flight control system (sheet 6)

Alerting function

Type of alert

707/120

0C-8

oc-10

L-1011

Applicable federal aviation
regulations (FAR)

Pitch CWS engaged

2¢qrn lts

Glide slope capture
mode engaged

2¢mits

Glide slope track
mode engaged

2grnits

Flare mode engaged

29 its

2 wht flags

Pitch go-around mode
engaged

2¢grits

Pitch takeoff mode engaged

29 lts

Dusl autoland not
available

11l amb it

Autoland selscted and
no autopilot engaged

2 amb flags

Automatic runway
alignment mode failure

2 amb flags

Flight director: glide slope
extend mode activeted

Autopilot & glide path
extend activated

1 amb It

Glide path on

1 emb It

D On the DC-10, these lights are part of the mufti-iegend autopilot flight mode annunciator, not individual fight units.
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16

17

Communications

Alerting function

Type of alert

Applicable federal aviation
regulations (FAR)

077120 | 127 737 747 pc8 | Dbc9e | pc-10.] L1011 | BACIM
Service interphone active 1 wht It
Flight station call 1blu it
Aiternate SATCOM 2 wht lts
smplifier in uss
Microphone/transmitter 18wht &
combiriation selocted 9 wht its 15 grn Its 18 wht its 8 blu Its 3 red its 18 wht its
1blu it &
Ground crew call 1{ )i chime ()'"& 1amb it 121.319 (b} The crewmember interphone system
:o:’n,::' ?t {out) required by paragraph {a) of this section must be ap-
ou proved in accordance with Section 21,305 of this chapter
1blelt& 1 blu ¥ Tolult& and meet the following requirements: (5} for hfge.
Attendant call chin?n chin\:n‘ & l:hir::a 1blu It :hai:: t& turbojE! powered .nirplllm—(i) ‘lt must have an alerting
system incor g aural or visual signels for use by

S flight crewmembers to afert flight attendants and for use

Flight interphone on 1 whtlt by flight attendants to alert flight crewmembers; (iii) The
alerting system required by subparagraph (b} (5) (ii) of
6 dual legend this section must have a means for the recipient of a call
Cockpit call ;Mt:‘ It chim hi wht/blu Its, 1blue it & to determine whether it is 8 normal call or an emergency
{normal incoming cal) | .':9';“ ° chime 1whtit chime call.
& chime
Cockpit call {incoming all ;"ht!:“ It
stations or pilot priority call} ( 'COI) e
1 dual
PA on Tamb It Tgmit 1blu it 1blu it legend 2 amb its
wht/blu it
VHF camm channgl selected
by transfer switch 4gmits 6 grniy Bornits 4grnits Ggrnits
. 2ambits& | 2amblts& | 2gmits & 2 amb its 3bluits& | 2amblis& | 2bluits & 2amblts &

SELCAL activated chime chime chime Bchime | chime chime bell hi chime
HF tuned light 2amb its
Tape on tape annunciator
rewinding Tyelh
Tape snnunciator pleying tgmit
Tape snnunciator stopped 1 red it
VOR test warning 2red its 2redlits




601

1

12

3

1"

15

18

17

Electrical systems (sheet 1)

- o W w

Alerting functi Type of alert Applicable fedeval aviation
erting function regulations (FAR)
707/720 121 137 147 DC-8 DC-9 Dc-10 L-i011 | BAC-111 9
Galley power oft 4 amb Its Jamb Its 3 whtlts
APU generator oil
overheated 1amb it
APU generator
tow oil pressure 1 amb it
External power available 2 clsa} Its 1 clear it 1blult 2 wht its 1 biu it 2 blu lts Tgmit Tgmit 1amb ht
External power on 2 blu Its 2gmits 1blu lt 1 whtlt
g?::;t:;;::ld relay 4 amb its 3 amb hs 4 amb Its 4 amb Its
Generator qiﬁersntial fault 3 amb its 4 amb Its
Generator bearing feuit 4 amb {ts 4 amb Is
Flight station AC bus faitura 3 amb Its
2 amb ity
€SD o IDG oil temp high Sysibands | 3 aeiiees | 4yl bands 2yeliced | Born6yel | 3ol pands | (* 11,48,
, . 57&76)
: 2 amb Its
CSD or IDG-low oif pressure 4 amb Its 3amb its 2 amb its 4 amb its 4 amb Its 2 amb lts 3 amb lts Jamb its (*10,48,
§7&76)
o ekt or ey 4amblts | 3ambls | 2blults | 4ambits Jambits | 4ambits
AC bus tie open 4 amb its 3amb Its 4 amb Its ?f’;: ;" g :mb"':s & Jamb It
AC standby bus fail/off 1amb It ?.mld 5';‘
DC standby bus fail A
AC essential bus feil or off 1 red it 1red it 2 amb its 1 red It
DC essentisl bus fail 1 red It
DC tie breakers open & OC busses bit
isolated from DC tie bus gmits lam
Essantial AC bus on alternate . t
power source Tamb it 1amb it
AG and/or DC standby busses
switched to bettery bus 1 amblt




ott

Electricel systems (sheet 2)

Type of alert

Applicable federal aviation

Aleiting function i
regulations (FAR)
707/720 127 131 147 DC-8 DCc9 DC-10 L-1011 | BAC-111 9

Standby power switch or

battery switch off 1amb It

Ground service busses

energized 1whtlt

Standby power on 1grnlt

Essential master radio

power off 2 amb Its
25.1165 (g} There must be means to warn appropriete

Emergency power in-use flight crewmembers if the malfunctioning of any part

alert 1amblit 1whtit Zwhtits of the electrical system is causing the continous dis-
charge of any battery necessary for engine ignition.

APU power available 2 blu lts 1gm It

AC bus on APU 2 blu its

AC bus on ext. pwr 2 blu lts

AC crosstie lockout 1amb it

Ground service bus on

APU power 1bluit

Ground service bus on

external power 1blult

Generator feeder fauit 2 amb [ts

Generator off 2amb Its

AC bus off 2 amb Its ?3‘;‘?;“ 2amb its 3 amb its 2ved its

AC emergency bus off 2 red its 1red It 2 red its

DC bus off 1amb it 3 amb Its 1red it

DC transfer bus off 1 amb it
25.1353 (c) (5) Nicksl cadmium battery instaliations

DC emergency bus off Vred it 2red It capable of being used to start an engine or auxitiary
power unit must have—(iii) A battery temperature
sensing and aver-tamperature warning system with a
means for disconnecting the battery from its charging
source in the event of 8n over-temperature condition;
and (jii) A battery failure sensing and warning system
with a means for disconnecting the battery from its
charging source in the avent of battery failure.

{
A 1
i - - - - - M e
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46

47

48

49

50

51

52

53

54

85

56

57

Electrical systems {sheet 3)

&58)

Alerting functi Type of alert Applicable federal aviation
srting function regulations (FAR)
707/720 127 137 147 DC-8 DC4 DC-10 L-1011 | BAC-111 9
Split system breaker open 1gmht
AFU generator bearing 2 amb Its
faifure
APU generator field off 1amb It 2 amb Its
APU generator relay open 1 amb It 1 biu it 2 amb Its
CSD oil temp low 4 yel bands
DC ammeter reading selected 6 biu/wht its
AC ammeter reading selected 9 blu/wht Its
Generator fault 4 amb Its 4 amb its 3ambits 3 amb Its
Genarator control unit fault 4 amb Its
: 2 amb Its
CSD fault 4 amb Its (*10,11,
57&76)
Load controi fault 4 amb Its
Gen/feeder fault 4 red lts 4 amb Its
AC bus synchronization ‘Zuﬂ clear
APU generator fault 2 amb Its tamb it 1
APU bus power unit fault 2 amb its
APU gen/feeder fault 2amb its 1 amb it
1 wht/yel
band
AC overvoltage 3ambits {*56,57
& 58)
1 wht/yel
AC undervoltage 3 amb band
9 amb \ts (*55,57
858 )
1 wht/yel 2 amb its
AC system over excited 3amb its band (*10,11,
(* 55,56 48&76)




ctt

58

59

60

61

62

63

64

65

67

68

69

70

n

n

3

74

75

76

. Electrical systems (sheet 4)

Alerting funcion

Type of alert

Applicable federal aviation
regulations (FAR)

107/120 721 137 147 DC-8 Dc-9 DC-10 L-1011 ] BAC-111
1 whifyel
: band
AC system under excited 3 amb Its {*55, 56
&57)
Phase unbalance Tamb It
AC transfer bus off 2amb Its
Electrical system fault 1amb It 1amb it 1l amb It
APU generator off 1amb it tamb It
APY power in use 3 bluits
AC overload Tamb it 3 yel bands
DC crosstie closed Jblults
DC overload 4 yel bands
Dual Jand electrical system
operating mode selected thiutt
Dual iand power on 1ot
Battery bus off 1 amb it
Galley external power
available Yo it
_Galley external power 1blu It
in-use
Coffee bar power off Tamb It
APU ac overload 1 yel band
Emergency bus off 1red It
2 amb Its
Turbine overspeed (" 10,11,
438 57)
1orn, 1 yel,
Sg':::'t:rr:; volt/amp 3 9mn & 2 wht
bands
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Emergency equipment

Alorting functi Type of alert Applicable federal aviation
erting function - regulations (FAR)
707/120 127 131 147 DC-8 DC-9 Dec-10 L-1011 | BAC-111
Evacuation command 11l red It 11l red It ;':Dr:: it 1 fi red it 1 flred It 11l red It
activated & tone & tone & chime & horn & horn & beeper
Oxygen press low 2 wht bands
Passenger oxygen
system on 1amb it 1amb It 1 amb It 2 amb Its 1 blu it Tgmit
Oxygen flow—pressure 1 wit
3whtflags | 3whtflags | 3whtflags | 3 whtflags 1 whtflag blinking
reguiator flag
25.812 (e} (2) There must be a flight crew warning light
Emergency lights not armed 1amb it 1amb it 1amb it Tamb it Tamb it 1amb It ‘which illuminates when power is on in the sirplane and
emergency lighting contral device is neither armed nor
turned on.
25.1555 (d) For accessory, auxiliary, and emergency
. 1 controls—(1) Each emergency control (including each
Emergency lights test ok gm it fuel jettisoning and fluid shutoff control) must be colored
red.
Evacuation cgmmand Tambht
system energized
( \
N N
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1

Fire protaction (sheet 1)

Alerting function

Type of alert

Applicable federal aviation

i regulations (FAR)
707/120 121 137 147 DC-8 Dc-9 DC-10 L-1011 | BAC-111
N ! 2 fl red Its 2 red Its 2 red Its 2 red Its 2red Its
Master fire warning Bell & bell & beli & blt & bell & bell
25.1199(c) There must be a means for each fire extin-
Fire extinguisher 11blu & guishing agent container to indicate that the container
bottle discharged 4 ambAits 2 amb its 3 amb its 11 amb Its 4 ambits 2ambits B amb its 8 amb tts has discharged or that the cherging pressure is below the
blished mini y for proper functioning.
Engine & APU fire extinguishing
system circuits ok 8 amb its
. " . 1141 amb it
Engine & APU fire detection
. 6 amb Its 6 amb Its 8 amb Its & 8 amb its
system activated {test) (*17,24)
Wheel well fire detection 2 amb It
system activated (test) 25.1203(d) There must be means to atiow the crew to
Tamb I & check, in flight, the functioning of each fire or over-
. 4 yel/red 2 yel/red 3red its & heat detector electric circuit.
Engine overheat 2 amb Its bands bands g yel/red 31l red Its 2red fts
ands
Enpine overheat detection
system circuits ok Zwhtlts
1flamb it
Galley smoke {(*10)
& tone
Tamb it
Galley overheat 1 amb it (*9)
& tone
4 yel & red
Nacelle/Pylon ovarheat bands on vert 3l amb fts
scale
indicators
25.1305 The following are required powerpiant
Engine fire 4 red Its 3 red Its 2 red Its 4 red Its 4 red s gr:;!l:ts ; f:d"“’ 3 red Its ;r:zlm instruments: (a) For alf airplanes. (7) Fire-
e warning indicators.
APU fire 1red It 1 red it 2red Its “1red it 2red Its Tred it ;'::""
Wheel well fire 1red It 1 red It 1 red It 1red It 1 fl red It
1 red 25.863(c) f action by the flight crew it raquired to pre-
red It id fi . i hutdown
2 d vent of counteract a fluid fire (e.g., equipment shu
Cargo compartment smcke {cargo only) red its 3red Its or ion of a fire extinguisher) quick acting mesns
must be provided to alert the crew.
Fire bottle squibs ok 3grnlts 6 grnlts
25.1203(b) Each fire detector system must be con-
structed and instatled so that—(3) There is a meens to
- p 1amb It 6 amb its warn the crew in the event of a short circuit in the sensor
tire d } 2 amb |
Engine fire detector failure amblts (*24) (*5,24) or associated wiring within a designated fire zons, unless
the system i to function as a sati
detection system after the short circuit.




9Lt

19

20

21

22

23

24

Fire protection (sheet 2)

Alerting function

Type of alert

707/720

127

737

147

0C-8

0c-s

oc-10

Lt-1011

BAC-111

Applicable federal aviation
regulations (FAR)

Surge tank protection
system operative

2graits

APU fire detector loop
foult

2ambits

Smoke detector system on

4gmits
{cargo oniy)

‘Smovka

4 blk/wht
flags
{cargo only)

Engine ares overheat

3ambts

Engine overhsat or APU
fiire detector inap

1 amb it

APU fire detection system
failurs

1 amb it

1amb It
(*17)

2amb lts

(*5,17)

Fire bell isolated

1 amb it

Nacelle/Pylon overheat
-detection system .
failure or test

6 amb Its
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Flight controls (sheet 1)

12

13
1
15

18

L Type of alert Applicable federal aviation
Alerting function 01120 | 721 | 137 747 | oce | pcs | pc1o | L1011 {BAC1 regulations (FAR)

R ol

Stabifizer jammed 4 amb its

Stabilizer hydraulics inop 4 whtlts

Aileron jemmed 4 amb Its

Ail.ron jam monitor off 2whtits

Spoiler jsammed 5 amb Its

Spoiler servos off 6 whtits

Rudder hydraulies off (' L ;' (' e ;' 1red it

Pitch channels disconnected 1ambit

Aft ;:t;uplcr open 1emb it

Roll con}rol patch jsmmed 1 amb It

No. 1 spoiters off Twhtht

YM’SAS off 2whtlts

Yaw SAS fail 2amb Its

Stell warn system oft : .‘"": ;t 2 whtits

Stall warn system fail (et | rembre 1 vamoe 2ambits | Tredit
25.2})7(!)) The wnrning_muv b? .iurni:hod either through

Stoll warning Sick stk | stick Stick st | ZUONI | s | s | Stk | il gwe ey distinguishale dicaons

' aker shaker shaker shaker shaker shaker shaker shaker & 2 horns under expected conditions of flight. Hown.m, a visual

stall warning device that requires the attention of the
crew within the cockpit is not acceptable by itseif.

Pitch trim system off 2whtits

Pitch trim tail 2 amb its




81l

20

21

22

23

24

25

26

27

28

29

30

33

34

35

36

37

38

39

Flight contrals (sheet 2)

Alerting functi Type of alert Applicable federal aviation
erting function regulations (FAR)
707/720 127 137 147 DC-8 DC-9 DC-10 L-t011 jBAC-111
Direct lift/auto spoilers off 2 wht s
Direct lift/auto spoilers fail 2 amb Its
Auto thrust off 2 whi lts
Auto thrust fail 2 amb s
Mach trim off R 2wht ts
. . 1 red It tamb It
Mach trim fail (*24) 1amb it 1amb It 2 amb Its (*103)
Slats locked Jamblts
Slat monitor system an T wht it
2blu&
Leading edge flaps & slats 14grn & 12grn & 16 amb & 1 ambit 1 i
extension status 14amblts | 10 amb Its 16 grn Its (*70, 1 grn lis
&72)
Pitch trim compensator
>80% or fail 1amb It
Speed brake handle not fHoT t= u;gd
down and flaps extended porres::"e;:' in
Mechanical rudder limiter 2:amb its &
incorrect position 1fl amb it
Automatic mechanical rudder
limiter deactivated Twhtlt
Rudder travel unrestricted 1 blu It 1whtt
Rudder travel limited 1 wht it
Out-of-trim 2 vel i
(with autopilot engaged) yel Hlags
Leading edge slats 2 amb Its
or flaps in-transit Tamb it Tamb h (*40) 1amb it
Leading edge slats 1grnlt
fully extended (*40) Tgmit Tgmit




1%}

40

41

42

43

45

46

438

49

50

51

52

53

55

56

57

59

60

Flight controls (shest 3}

Alerting function

Type of alert

102/720

121

137

147

0c-8

Dc-9

Dc-10

L-10m

BAC-111

Applicable federal aviation
regulations (FAR)

Leading edge flaps extended

2grnlts

Tgmit
(*39)

1gmit

2grn s
(*38)

Elevator hydraulic power
on

Thblult

Auto spailer system failure

1 amb It

tamb it

1t amb it

Speed brake handle not
retracted

1 amb (t

1 #l amb It

Elevator servo otf

Tredlt

Aileron servo off

1 red It

4 wht its

Stabilizer out-of-trim

1amb It

1 amb It

tamb It

Auto stab trim system
failure

2 amb [ts

Yaw damper failure

2 yel flags

1 amb it

2 amb Its

2 amb its

Rudder ratio comparator
circuit normal

1 wht it

Rudder ratio discrepancy

1amb It

Flight controls hydrautic
power on/off

8 amb Its

2 red Its

Stabilizer trim operating

Yamb it

Vamb It

tamb it

Rudder and spoiler hydraulic
pump low pressure

1amb It

Stabilizer in motion

Clacker

Clacker

Clacker

Clacker

Horn (on
~60 models)

Horn
.

Horn

Aileron hydraulics off/manual
control

1ambit

Elevator hydrautics low
pressure

2amb Its

2 amb Its
(*59,60)

Rudder hydraulics low pressure

Tredit&
2grn, 1yel
& ¥ red
band

2 amb Its

2 amb Its
{*58,60)

1 amb it

Aiteron hydraulics low pressure

2 amb Its

2 amb its
(*58,59)
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Flight controls {sheet 4)

61

62

63

65

66

67

69

70

n

72

n

74

75

76

7

78

79

81

82

Alerting function

Type of alert

107/720

121

131

1417

0c-8

0c9

0C-10

L-1011

BAC-111

Applicable federal aviation
regulations (FAR)

Rudder load limiter failure

Tamb [t

Stab trim cutout
brake release

2 amb Its

Flight control system
malfunction

1amb It

14 amb it

Rudder or elevator feel differential
pressure excessive

1 amb it

1ambit

Speed-brake—do not arm

1 amb ft

1 amb It

Speed brake armed

1gmit

Yaw damper test
in progress

1 blu dual
legend it

Yaw damper test failure

2 amb Its

Auto slat extension
system reset

tamb It

Flap limit system
failure {1 channet)

1bluit
(*28)

Flap limit system

failure {all channels)

1 amb It
(*29)

Flap limit overriden

thiult
(*28)

Inboard flap positions
disagree

1 orn flag

Flap limit speed
indication failure

1 yel flag

Rudder standby power of f.

1blu it

Tamb It

Elgvator feel system
inop {1 channel)

1 bluit

Elevator feel system
inop (alt channels)

Tamb It

Elevator emergency
power in-use

1red it

Flap primary shaft failure

1amb It

Unsafe tekeoff configuration

{ntermittent
horn

Intermittent
horn

intermittent
horn

Intermittent
horn

Intermittent
horn

Intermittent
horn

fntermittent
horn

Inter mittent
horn

Horn

Rudder travei—not
in agresment

1amb it

Flap load relief
system failure

1fl amb it (&

buzzer DELTA)
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83

87

9N

92

a3

94

97

100

101

103

113

Flight controls (shest 5)

Alerting function

Type of alert

707/720

121

131

147

0c-8

0cy9

0cC-10

L-1011

BAC-111

Applicable federal aviation
regulations (FAR)

Speiler extended

1bluit

Rudder control manual -

1 amb ft
(*8)

1amblt
(*8)

Wing slots

1 amb It

Rudder hydraulic pressure in-
corract for flight condition

1l amb It

Roll speed brekes made of
operation improper

1flamb it

Fiap foad relief system
functioning

1l amb It

Pitch and rol! jam
monitor feil

4 amb its

Pitch and roli jam
monitor off

4 wht Its

Automatic hydraulic rudder
limiting deactivated

1whtlt

Flap toad relief system
overriden

1 whtit

Assymetric flap/slat
detection system failure

1 amb it

Gust damper mode engaged—
ground only

1grnit

Spailer system failure

2 amb Its

Stall protection system
valve open

2 red fts

Stick pusher system—
low pressure

1red It

Stick pusher activated

2amb lts

Elevator emergency power
system — [ow pressure

1 amb it

Mach trim system operating

1 inter-
mittent
amb It

(*28)

Stell identification master warning

2red!ts

Fiap position info failure

2 orn flags
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Flight instruments and air data (sheet 1)

Type of alert

Applicable federal aviation

Alerting function g ions
regulations (FAR)
707/720 127 131 147 DC-8 DcY Dc-10 L-1011 | BAC-111
Vo indication bad 2 red flags
Mach indication bad 2 red fiags 2 red flags 2 orn flags 2 red flags
Airspeed indication bad 2 orn flags 2 red flags
2 red flags
Radio altimeter failure &2( ) 2 red flags
flags (*5)
2 red flags
Radio altitude info fail 2red flags [&2( ) 2 red flags 2 red flags 2 red flags 2 red flags 2 yel flags 2 red flags
flags {*4)
Turn and slip indicator/
info fail 2 red flags
Instrument source selections 14 amb its
. . . Wailer
Attitude displays disagree Tone (prov.)
R . 6 yel fts, 12 yel lts 12 yel its 2 fl red Its
Instrument indications comparisons & clacker & clacker & clacker &8 amb Its 12 amb Its 8 amb flags
Instrument comparison ‘
monit:‘r failure parse 1yelit 2 yelits 2yel lts 2amb Its 8 amb flags
Static source error
correction faiture 2wht flags | 2whtflags | 2bik flags 2 orn flags 2 red flags
B tric alti
ina;:)ufvgielur’ng altitude 2 grn flags 2 red flags 2orn flags | 2 red flags
Vertical speed info fail 2 orn flags 2 red flags
Static air temp faif 1 red fla Vorn flag 1 red flag
9 (=15}
True airspeed fail 1 red flag 1 red flag (I:)r&f)lag 1 red flag
g;?ndbv attitude fai/ 1 red flag 1 red flag 1 red flag 1 red flag 1 red flag 1 red flag 1 red flag 1 red flag
2 fl red its 2 flred Its 1 red it 2red Its . '121.360(f) Except as provided in paragraph (g) of this
Ground proximity warning wailer & éfrlnr;:ah: éredesl:: o wailer & wailer & wailer & ;red its éred Its Wailer & section, after June 1, 1976, no person may operate a
message 9 messag g It g i ¥ e d large turbine-powered airplane unless it is equipped with a
round proximity warning-glide slope deviation alertin
. ] 2amb Its 2amb its 2amb Its 2 amb Its 2amb its 2amb Its 2amb Its 2amb Its g stem P i 99 P 9
Below glideslope warning & & & & & Py & {7) ystem.

37.201(a) (3) Aural and visual warnings. The required
aural and visual warnings must initiate simultaneously.
(4} Deactivation control. If the equipment incorporates
a deactivation control other than a circuit breaker, the
control must be a switch with a protective cover. The
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Flight instruments and air data (sheet 2)

Alarting functi Type of alert Applicable federal aviation
erting function regulations (FAR)
107/720 121 131 141 bDC-8 nc-s Dc-10 L-1011 | BAC-111
cover must be safety wired so that the wire mast be
broken in order to gain access to the switch.
(Note. Specific requirements for these alerts provided
in RTCA Document No. DO-161A. These requirements
are summarized in Appendix E, Table E-5).
gr"ound proximity system 1amb It 1amblt 1 amb it 1amb It 1amb It 1ambit 1 amb it 1amb It
500 foot terrain warning Tone Tone g:::(:::e ?:::
2 ambIts
ot | gt | Zombie | | g | 20| gy | 2ol
Below sea level 2 red flags
Totat air temp 1 red flag
indications bad 1 yel flag 1 yel flag 1 red flag & 1 yel flag 1 orn flag
Qver outer marker 1blult 2 blu Its 2 fl blu its 2 blu lIts 2 blu Its 1blult 2 blu Its 2 bluits 2flbluits |
Qver middle marker 1amb Iy 2 amb Its 2 fl amb Its 2 amb its 2 amb Its 1amb it 2 amb its 2 amb [ts 2 fl amb lts
. 2 fl clear
Airways marker beacon 1 clear It 2 clear s Its 2 clear its 2 clear its 1 clear It 2 clear Its 2 whtlts 2 fl wht Its
CADC switched 1amb it
R 2 red Its Clacker & 4 Intermittent | 26.1303(c) (1) A speed warning device is required for
Excessive airspeed or mach Bell Clacker Clacker Clacker & clacker | yel red bands Clacker Clacker bell Turbine engine powered airplanes and for airplanes with
Vino/Mmo greater than 0.8 V4g/My¢ of 0.8 Vy/M 4. The
speed warning device must give effective aural warning
(differing distinctively from, aural warnings used for other]
purposes) to the pilots, whenevar the speed exceeds Vo
plus 6 knots or M, + 0.01. The upper limit of the
production tolerance for the warning device may not
exceed the prescribed warning speed.
91.49 Aural speed warning device. No person may
operate a transport category airplane in air commerce
unless that airplane is equipped with an aural speed
warning device that complies with Section 25.1303(c) {1),
RMI failed 2 orn flags




Fuel (sheet 1)

Alerting function

Type of alert

707/720

121

137

147

Dc-8

Dcy

DC-10

L-1011

BAC-111

Applicable federal aviation
cegulations (FAR)

Fuel Limiting system
overridden

3 whtits

Fuel jettison valves operating in
automatic dump control mode

2 amb its

4 amb Its

Jettison valves in-transit

6 blu its

6 blu Its

6 blu lts

2 blu lts

Master jettison control switch
status

1amb it

APU emergency shutoff valve V
in-transit

2 amb Its

Engine fust shutoff valve in-transit

4 blu lts

3 biults

2 brt blu Its
(*23)

4 whtits

3blulits

Cross-ship fuel isolation
valves in-transit

1blult

Master switch at refuel panel
armed

1amb It

144}

=]

Fuel quantity readout
selection

2 whtlts

Fuel quantity fow

2 amb fts

2amb Its

Fuel boost pump
low pressure

10 amb Its

8 amb Its

6 amb Its

10 amb Its

4ambits & 4
gren/red bands

6 amb its

12 amb its

8 amb Its

2red its

25.130% The following are required powerplant instru-
ments: (a) For all airplanes. {1) A fuel pressure warning
means for each engine, or a master warning means for all
engines with provisions for isolating the individual warn-
ing means from the master warning means.

Engine fuel pump
low pressure

3amblts

2 amb Its

Fuel used indication bad

4( )
flags

. Fue! flow indicator
failure

4 yel flags

Fuel filter icing

4 amb Its

3 amb its

2 amb Its

4 amb Its

Fuel temp readout
selected

5 blu/wht
Its

Scavange pump pressure lost

Tamb It

Reserve tank fuel valve
in-transit

2 blu Its

2 bly Its

Crossfeed valve in-transit

4 blu Its

3 biu its

t brt blu it
(*26)

4 blu ts

3 biu ts

Fuel jettison pump
low pressure

4 amb its
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Fuel (sheet 2)

. . Type of alert Applicable federal aviation
Alerting function regulations (FAR)
707/720 1271 137 147 DC-8 DC9 DC-10 L-1011 | BAC-111

Fuel jettison dump chute not ,

retracted and latched Zamb lts

Fuel crossfeed valve position dis-

agrees with switch pasition 3amb Its

Engine fuel shutoff vaive 2 dim blu Its

closed (*6) 4 blu its

2 dim biu Its 23.1305(c) For turbine engine-powered airpfanes. in
Fuef heat valve open (*25) 2blvits addition to the powerplant instruments required by pare-
graph (a) of this section, the following power ptent instru-
: : 2 brt blu Its mants are required: (8) An indi 10 indicate the
. Fuel heat vaive in-transit (*24) = proper functioning of any hester used to prevent ice
clogging of fuel system components.

Crassfeed valve open (1 .9 "T; l;lu "

Fusl system metfunction 1amb it 1 fl amb It Yamb it

Fuel usage or transfer off

schedule ‘2 amb Its

Fuel it vaive apen 3 blu Its

Tank overfilled tambht

Fusl used indication resat 1 wht it

Emargsncy‘shutoﬂ valve

in-transit 4 amb lts

Fuel jettison valves

in-transit ) 4 biults

Alternate tank fuel

shutoff valve closed 4 blu Its
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Hydraulic power (sheet 1}

Type of alert

Applicable federal aviation

Alerting functien h
regulations {FAR)
107/720 727 137 141 DC-8 DcI9 DC-10 L-1011 | BAC-111 g
ATM oil temp high 2 amb Its
ATM oil pressure low 2 amb Hs
ATM pump high temp 3amb Its
ATM pump low press 3 amb its
Ram air turbine unlocked 1 amb It
Ram air turbine pressure
being supplied Tarnit
Reservoir fluid quantity low 2 amb its ;g‘;n;“lz;n'rtl: 2red bands | 3 yel bands 4 amb Its
Reservoir fluid temp high 3 yel bands 4 amb Its 2 red Its
Pump suction valve closed 4 whtits
Pump depressurizing valve
closs'; P ’ 4 whtits
AC pump on 2 wht its
Engine driven dump case drain fluid
high temperature 3amblts
Engine dri 1
output prossure dambits | 2ambits | 2ambis | 4amblts 3amb f1s
Hydraulic temp hi 1red it 3 amb fts : :Tihb::‘n% 2 amb its g::bhr:lﬁ 1red it
. 2 .
Hydraulic pressure fow regrzg\?‘l’s/ 4 amb ts Zamb lts g :r::lbbli::\i (2:“;; I'E;o )
Hydraulic pump case drain
fluid temp high 2 amb Its 4 amb Its
Air driven pump low 4 amb It
pressure
Standby system hydraulic
fluid quantity low 1amblt 1 amb it
Air driven pump operating 4 blu Its
Break interconnect valva open Tomit
Electric-driven pump
low output pressure 3ambits 2amb Its
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Hydraulic power (sheet 2)

Alerting function

Type of alert

1071/720

121

137

147

DC-8

0c-9

DC-10

L-1011

BAC-111

Applicable federal aviation
regulations (FAR)

Hydraulic system malfunction

1amb it

1amb It

1 ft amb It

2 amb Its
(*15,30)

Hydraulic pressure abnormal

1 grn, 2 yel
& 1red band

2 grn bands

Hydraulic filter pressure high

1 biu it

Auxiliary hydraulic
pump(s) on

1blu it

3 blults

Hydraulic system ground
test controls

3ambits

Ram air turbine deployed

1 fl amb It

Power transfer unit on

2whtits

Auxiliary hydraulic pump
overheat

Hydraulic reservoir air
pressure low

Standby hydraulic pump—
low pressure

1amb It

Utility hydraulic pumps—
low pressure

2ambits &
1grn 2 yel
& 2 red bands
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Ice and rain prdtection (sheet 1)

Type of alert

Applicable federal aviation

Alerting functicn ians
. regulations {FAR)

701/120 127 137 1417 DC-8 DC-9 0Cc-0 L-1011 | BAC- 1N

Wing anti-ice duct failure (13';: "35 } 2 amb lts

Wing anti-ice on 1hiult 1bluit 4 wht lts

Wing anti-ice temp hi 1 amb it 2 amb Its 2amb Its

Engine anti-ice heat available in

cowt leading edge Jgmits

Engine anti-ice on 4 amb hs 2 blu fts 1bluit 3whtlts

Engine anti-ice 3 amb |

over pressure amb Its

Engine anti-ice valve and 3ambits

switch disagreement 3gm lts 2amb its {*38)

Wing anti-ice auto

tripped to off Tamb it

Pitot heat off tamblt | 8ambhts

Temperature probe heat off 2 amb its

Angle of attack sansor

h:agt 1?: attack sens 2 amb its 4 amb Its

Pitot heat on 3blults 2 blults Tornlits 6 grn tts 1bluit

Tail de-ice on Tamb it 1bluit

Airfoil anti-ice press low 1amb

Nacelle anti-ice press high 4 amb its

Wing anti-ice valve 2 brt blu it

in-transit (*37) Zblults

Wiste water pump failure 2 amb its

Insufficient heat in .

drain masts amb Its

Temperature probe and scat

heat on 2 blu its

Window underheat 1 amb It 2 amb Its

Window heat fault 2 amb Jts 6 amb fts
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Ice and rain protection {sheet 2)

Alerting function

Type of alert

707/720

121

137

147

bc-8

bc9

pc-10

L-1011

BAC-111

Applicable federal aviaticn
regulations (FAR)

Detog fan on/off switch
status

Twhtit

Window overheat

2 amb Its

4 amb Its

4 amb Its

3 amb lts

1amb it

2 amb Its

Window heat on/off

4grnits

4 grn its

6 grn lts

6 wht Its

Windshield washer pump on

1 amb It

Nacelle valve position
synched with switch

4 grn its
(*27)

Nacelle anti-ice valve open

4gmnits
(*26)

4gmlts

Stator anti-ice vaive open

4 grnlts

Window heat lights
operating mode

1 blu/wht
it

Window heat test

1 blu/wht
It

Window overheat test

1 blu/wht
It

Attitude warning transducer
‘heat on

2bluits

Q-inlet heater fail/off

1amb It

Engine 2 anti-ice duct
overheat

Tambit
(*1,35)

Wing anti-ice duct overhest

1 amb It
(*1,34)

Wing anti-ice valve and
switch disagreement

2grn s

2amb ts

Wing snti-ice valve open

2 dim blu its
(*16)

2 wht lts

Engine anti-ice vaives in-transit

6 brtbiu Its
(*39)

—~w
g

—_
3

Engine anti-ice valves open

6 dim biu Its
(*38)

Anti-ice system malfunction

1amb It

APU anti-ice on

1 blu it
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Ice and rain protection (shest 3)

Alerting function Mtk Applri:g?t?ll:ti'::: r(a'!:\ll‘i?tion
707/120 727 131 141 Dc-8 DC-3 DC-10 | L1011 | BAC-111

Ice protection temp low 2amb Its

Rain repellent reserve in use " Tblukt

Nacelle overheat 3 amb its

Ice forming on icing probe 11l amb It

VHF antenna anti-ice failure 1amb It

ce protection press high 1.amb it
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Landing gear and brakes (sheet 1)
. . Type of alert Applicabie federal aviation
Alerting function regulations (FAR)
707/120 121 1317 147 Dc-8 Dc-9 DC-10 L-1011 | BAC-111
Gear door(s) open " Aredit 1red it :3 :::J‘hs; Vambit ;::b&hs
R . Yred It
Gear or doors in-transit (*a}
Gear unlocked or gear & doors not 1red It 3redits 3red Its 1red it .
in agreement with gear lever 3 red Its 1redit & horn (*29,31) 1 (*7,29) (*3) Tredlt
Truck not level ‘
(in gear down position) Tambt 1amb it
Gear unsafe 1 red It
Jgmits .7 i i
Gear down and locked 3gmnits 3grnits 3gmlts B grnlts 3gmits 3o lts ('92, 29) gnits 3gnlts .2: » f::::nr:“r: :;::;:I: ;;:;L?J::;m:;:: ust
inform the pilot that the gear it secured in the extended
{ar retracted) patition.
. 4 red bands Tambit&
Brake high temp & 4 amb bands| & amb Its 1flambit
Brake overheat 2 amb its 4 red Its 1red It
Anti-skid hydraulic valve
not fully open 1ambt
Anti-skid failure (zf"l‘;’ ;“ ambles | Tambit dambits | 1flambht
Anti-skid off 2o u 4 omb Its 2ambits
C s 8 amb Its
Anti-skid systam test ok (*14)
Anti-skid operated 4 wht flags § amb Its (3 :T; )Its
"Tail §kid notin agraerﬁgnt with 1 amb it 1 amb It
landing gear lever position
Body gear nat centered 1 8mb it
Gear and gear door position 6 blu/wht
" lights operating mode Its
s &
Tgmilyel & 2 gro/ 2amb
Brakes—low pressure 2 amb Its 1 red band 1famb it
2 red bands red bands & 2 yof bands
Secondary system supplying
brake pressure Tgmit
Brake pressure indicator off 1 red flag

Reserve brake velve opsn

Tgmnit
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Landing gesr and brakes {sheet 2)

Alerting functi Type of alert Applicable federal aviation
erting function regulations (FAR)
107/720 1217 131 141 DC-8 1] v ] DC-10 7 L1011 | BAC-111 9
Tgrn, 1yel &
Brake pressure abnormal 2 red bands
Parking brakes on 1red It 1 red it 1 red’It 1 red It 1amb It 2amb Its 1red it
Body gear steering hyd.
Pressure avaitable 1amb it
Body gear steering
cylinders unlocked 2 amb ts
Gear compartment not sealed 1 amb It
Gear not down and locked & : red (':35' 3 "’d'(“ff' Jred Its & S v h Horn 25..729(9)'(2). Landplanes must have an aural warning
thrust lever at idle 3""8) ' horn (¥4, | porn(*4,7) | Steady horn { gy 38) | device that will function continuously when one or more
o 3) throttles are closed, if the landing gear is not fully
extended and locked. (3) If there is a manual shutoff
for the warning device prescribed in subparagraph (2)
of this paragraph, it must be installed so that reopening
the throtties will reset the warning mechanism.
JredIts &
Gear uniocked horn (* 29,
31,38)
Gear down and locked and : rod (‘Fzg 3red Its
lever not in down detent orn < {*4,29
30.38)
Equipment tire burst 1amb It
Gear not down and locked with flaps Horn
extended beyond the approach position (* 29, 38)
Gear not down & locked & throttle Steady horn
retarded to idle with flaps 1,5, 10 or 20 (* 36, 38)
Gear not down and locked Steady horn 25.729{e) (4) Landplanas must have an aural warning
with Haps 25 or 30 (* 35, 38) | device that will function continuously, when the wing
i flaps are extendad beyond the maximum approach posi-
g:. : :::;:,::; ;: do'::';.:omth Horn tion determined under Section 26.67(e), if the gear is not
s il fully extended and locked. There may not bs a manual
shutoff for this warning device.
121.289(a) Each large airplane must have a landing gear
aural warning device that functions continuously under
the following conditions: (1} For airplanes with an
established approach wing-flap position, whenever the
wing flaps are extended beyond the maximum certificated]|
approach climb configuration position in the Airplane
Flight Manual and the landing gear is not fully extended
and tocked. (2} For airplanes without an established
approach climb wing-fiap position, whenever the wing
flaps are extended beyond the position at which landing
gear extension is normally performed and the fanding
gear is not fully extendad and locked. {b} The warning
- . - —-— — . -— - ~ -~ -
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Landing gear and brakes (sheet 3)
Alerting functi Type of alert Applicable federal avi;mon
arting function regulations (FAR
707/720 121 131 147 DC-8 DC9 DC-10 L-1011 | BAC-111 g
system required by paragraph {a) of this section—(1) May
not have a manual shutoff; (2) Must be in addition to thej
throttle-actuated davice instalted under the type cerficica-
tion airworthiness requiraments.
Unsafe landing configuration Horn Horn ;‘;, '2,( ). B, r..o;g'“, Horn Horn Hom (H . er; 34)
Anti-skid on Tgmit
Truck not tilted 4 amb Its

{in gear up position)
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Navigation (shest 1)

Alerting functi Type of alert Applicable federal aviation
erting function regulations (FAR)
107/720 127 137 747 DC-8 DC9 DC-10 L-1011 | BAC-111 v
Attitude info unreliabls 2 rod flags’ 25.1331(a) For sach instrument required by paragraph
! or failure Zrod flags (*6) 2ornflags | 2rad flags 25.1303(b) that uses a power supply, the following
apply: (1) Each instrument must have a visusl meens
integral with, or adjacent to, the instrumant, ta indicate
when power adequate to sustain proper instrumant per-
formance is not being supplied.
2} Approach gate info failure 2 red flags
T red/bik
3] Slow-fast into failure 2 rad flags 2 rad flags striped 2 orn flage 2 rod flags
shutters
Rollout command
4 info failure 2red flags
5§ Flight director info faiture 2 red flags 2 red flags 2 red Hags 2 red flags 2redflags | 2red flags | 2orn flags 2 1ed flags 2 red flags
i 2 rod flags
61 Gyro failure 2 red flags 2 red flags 2 vad flags - 2 rod flags (*1) 2 red flags
9| Magnetic heading info fail 2 red flags ?,m";')""
Magaetic campass
1 info unreliable 2 red tiags
11} Nav info failure 2fl red ts 2red flags | 2 yel flags 2 red flags
12§ Compass system failure 2redflags | 2redflags | 4 red flags Ared fisgs | 2red flags f;a(,s )
13 ] Compass caged 2 red flags
15 { Auxilisry vertical gyro inop 1 wht flag {smhit 16l amb it
16 | Drift info fail 2 red flags
17 } Ground speed info fail 2 red flags
18 § Transponder faiture 1 amb it 1yellt
19 § Transponder tests ok Tgrnlt
20 § VHF nav inoperative 2ndits
21} LS receiver faiture 2 amb its
Auto/manuel tuning
z failure 2whtlts
23| VOR receiver in test mode 2red Its 2 red its
- r ‘
«\ A\
. At S .. —— - g . - - -~ ey % o~
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Navigation (sheet 2)
A . Type of alert Applicable federal aviation
lerting function regulations (FAR)
707/720 127 137 747 DC-8 Dc-8 0C-10 | L1011 |[BAC-111
Transponder in tast mode ) Tl Temit
Rising 'runwuyllonlinr‘ 2 orn flegs 2( ) shutters
info fail
N " 4 rad flags 4 red flags 4 rod flags 2 striped
DME receiver power fail (*27) (*27) (*27) orn flegs 4 red flogs
Z whtlines
DME data failure :'";Gﬂ)m ("r.zdsﬂ).'l 4 red flags 2 rad flags ::'zdsﬂ," in plece of 4 red flogs
digits { * 46)
. . 2 red flags 2 red flags 2 red flags 2 red flags 2( )flags
Localizer info fail (*32) (*32) (*32) (*32) (*32)
o vdtiags | 2redf 2red N 2 red flags 20 )1
VOR info fail 2o I | I | 4t (*28) 2red flogs (fn’,"'
] 2 orn flags
Heading info fait 2 red flags 2 red flags Irdfisp | (og 4q) | 2redfiom
Glide slope info fail 2redtisgs | 2'redflags | 2red flags | 2 red flags 4red fiags | 4 om flags 2 red flogs
Weather rader mod;“. wht |
annunciation 6 whtlts 6 wht lts 6 s
Weather radar antenna X
failure 1amb It 1amb It 1ambit 1amb It
Weather rader receiver/ it
transmitter failure 1amb it 1amb It 1ombit 1 amb
Heading system using 2 blk/wht
magnetic heading data flagn 2'whtits
H.eading system fning gyr9 compass data 2 whtits
without magnetic corrections
ing i 101tson 2 blk/wht
Heading info sources 2 HS1s flags
INS out-of-tolerance 3redits
4 orn flags 121-APPENDIX G2. Equipment and equipment instal-
INS failure 6 red its (*9)& lation—inertial Navigation Systems (INS) or Doppl
2redits Radar System. {c) The equipment must provide, by
visusl, mechanicsl or efectrical output signals, indica-
tions of the invalidity of output data upan the occurrence
of prabable failures or maifunction within the system.
3. Equipment and equipment installation—Inertisl
Navigation Systems (INS). (d} The squipment must
provide such visual, mechanical or electrical output
signals as may be required to permit the flight crew to
detect probable faitures or maifunctions in the system.
INS computer operating in 3gmits
nav mode
NS ready to accept remotely
loaded waypoint data 3 amb Its
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Navigation (sheet 3)

. . Type of alert Applicable federal aviation
Alerting function regulations (FAR)
707/720 727 137 147 Dc-8 bc9 | -bDC-10 L-1011 | BAC-111
3ambits & 2
Waypoint alert ( ) Lightson 4amb its
HSts
INS on battery 6 amb Its 2 amb its
T 2flwht &

Dappler 10-mile staging alert 2 amb ks
Rate-of-turn info fail 2 orn flegs
Clock power interrupter 3 red flags

2 amb/grn 121-APPENDIX G3. Equi i i

. . — . pment and equipment instal-
INS alignment in progress :‘t:a(l ‘l.eg;nld lation—Inertial Navigation Systems (INS). (2) A display
of alig t status or a ready to navigate light showing
completed alignment to the flight crew.

2 amb/gro
INS ready for nav mode dual legend

Its { *58)
NS battery power less
than minimum 2 red fts
Avionics failure 1 amb it
Doppler sensor failure 2whtlts

| L
\
=N - - —~ g em

L I - .
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Pneumatics (sheet 1)

Alerting function

Type of alert

103/720

727

731

741

Dc-8

0c9

0c-10

L-1011

BAC-111

Applicable federal aviation
regulations (FAR)

Engine isolation
vaive off {closed)

Iwhtlits

Engine area overheat

3 amb its

2 amb lts
(*5,25,27)

Crossbleed valve off {clased)

2 whtlts

Crossbleed area overheat

1ambit

Ouct overheat

4ambits

1red it

4 amb its

2 amb fts
(*2,25,27)

High pressurs bleed vaive
closed

3 whtlts

ATM isolation valve
off {closed)

1Twhtit

Pneumatic press hi and
relief valve open

4 amb Its

4 amb Its

1 red band

Bleed air vaive closed

4 amb its

Righ stage bleed valve open

4 g s

Jamb s

Turbocompressor fow oil press

3amb its

Turbocompressor overspeed

3 amb its

Blead air overheat/trip-off

2amb Itg

Bieed air temp high

1 amb it

2 amb Its

2 grafred
bands

4redits &
3 orn bands

6 red Its

Bieed trip off

2 amb Its

Dual bleed sources

1 amb it

Manifold failure

2 amb Its

4 red Its

Abnormal pneumatic press

1 amb it

JambIts &3
yel/orn bands

isolation valve and switch
positions disagree

2 amb lts

Use engine pneumatic supply

Tamb It




Pneumatics (sheet 2)

Alerting functi Type of alert Applicable federal avie)nion
erting function : regulations {FAR
707/720 127 1317 147 DC-8 nc9 DC-10 L-1011 { BAC-111 9
24 | APU isolation valve open 1 blu It
. . 2 amb its
25 § Pneumatic system failure 1amb It (*2,5.27)
26 | Supply duct failure 2 amb Hts
27 ] Bleed duct overpressure 1 amb It (Z.azrtlg'lzt;)
Abnormal pneumatic
28] Gir flow rate ’ 3 wht bands
@
[- -
| [ )
L \\\ \\
A e e satn e - - . -y, . -~ - —— -
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Power plant (sheet 1)
Alerting functi Type of alert Applicable federal aviation
erting function regulations (FAR)
707/720 | 727 737 747 DC-8 | DCY | DC-10 | L-1011 [BAC-IN
Reverser in-transit
{or doors open—DC-8) 4 blu lts 3 blu fts 4 blu its 4 amb Its 2blults Jgnlts
Reverser operating 4 amb its 3 amb Its 4 amb Its 4 amb its 28mb Its 3gmits 3 amb Its
Reverser accumulator
pressure low Tamb it Zamb Its
No. 2 engine failure 2amb its
2grnivel/ 3 orn bands 25.1549 For each requirad power-plant instrument, as
N2 overspeed 4 gro/red 3 grn/yel/ g’: V: 4ambits | 4redbands { 2redbands | & 3om 3 red flags appropriate to the type of instrument, {a} Each maxi-
bands red bands red bands painters mum and, if applicable, minimum safe operating limit
must be marked with a red radial or red horizontal line;
(b) Each normal operating range must be marked with
a green arc or green vertical line, not extending beyond
the maximum and minimum safe limits; {c) Each takeoff
and precautionary range must be marked with a yellow
arc or yellow vertical line; and (d) Each erigine or propel-
ler range that is restricted b of fve vibrati
stresses must be marked with red arcs or red vertical lines.
3 orn bands
N1 overspeed : n!:::s/m# .:_::r:i ml‘/ 395’:/. Vn:li 4 amb Its 4 redbends | 2red bands | & 3 orn 3amb itz
pointers
3 fl (for§
seconds, then
TGT overtemp steady rod
its
Ignition systems off 4 blu/wht its
N3 overspeed 3 amb i
Maximum indications on engine 1 wht it
instruments reset
EPR indication fail 1 red flag 3red flags
f . 20red 15 red/wht
!.oss 0 powuhr to 'lnv engine barber poie barber pole
instrument channe! flags flags
Jemb Its,
4amb its & d
dgmiyel/ | 3gmiyel/ | 2grniyel/ 4 yel/rad 2yel/red | 3 yaljorn
EGT avertemp red bands red bands | red bands :.:/':"dv bands bands bands & 3
orn pointers
Continuous ignition on 1wht It
Ground start switch pressed b
and N3 < 51% lambit.
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Power plant (sheet 2)

Alerting f . Type of alert Applicable federal aviation
erting function regulations (FAR)
707/720 127 137 147 DcC-8 DE-9 ] DE10 L-1011 | BAC-111
Ground start vaive apen 3amb lts 4gralts 2amb lts 3gmits
Flight start system on 4 blu/wht its 3amb Its
EPR mode selected 6 wht Its 5 blu Its ; v:h(t Its) fag
N1 or N2 indicator 6 bik/orn
failure off flags
Excessive engine vibration 3amb its 2 whtlts
Vibration pickup selection . 2 whtlts
pil pressure indicator 1wht it
in test mode
. " 4gm& 3 grn/yel/ 2 grn/yel/ 4 yel 4 grnfyel/ 2 yel/red 3yel/orn
0il temperatures high . 4 red bands red bands red bands bands red bands bands bands
Ground start system on 4 biu/wht Its
Ignition system(s) on Tamb It 1gmit 4 biu Its 3amb Its 4 amb lts
Fuel filter pressure drop 2 amb Its 3 amb its
Engine fail 2amb lts 2amb Its
' 25.1305(c) For turbine engine-powered airplanes. In
il fitter clogged 4 amb Its 3red Its 2amb its 4 amb Its 2 amb its 3amb Its Jambits addition to the powerplant instruments required by
paragraph (a} of this section, the following powerplant
instruments are required: (7) A warning means for the
oil strainer or filter required by Section 25.1019, if it has
no bypass, to warn the pilot of the occurrence of con-
tamination of the strainer or filter screen before it
reaches the capacity established in accordence with
Section 25.1019(a) (2)
Jambits& | 2ambits& 4ambits& | 2ambits& : . :
L 4ambits & 4 amb Its & 25.1305 The foltowing are required powerplant instru-
Engine oil pressurs low 4 grn bands ?.:’:ﬁ;l'/ :’gr:ﬁ:l{ 4 yel bands :agr:ﬁz"/ rzogr:£ r:"'/ Samblt | 3fiamblts | ZredMts | oone Eor il sirplanes. (6) An oil pressure warning
means for each engine, or a master warning means for all
engines with provision for isolating the individual warning
means from the master warning means. 1
Ground idle relay
in ground idle mods Vambit
Water injection pump
pressurized Aot
Lozs of water injection
pUMp pressure 1ambit
_— . o e o - - -~ -
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Power plant (sheet 3)

] ) Type of alert Applicable federal aviation
Alerting function regulations (FAR)
707/720 1271 137 147 Dc-8 DC-9 DC-10 L-1011 | BAC-111

Wnt_lr injection/flow to dgmin 25.1305(f) For airplanes equipped with fluid augment

engine on tion systems (other than fuel), an epproved means must
be provided to indi the proper f ing of that
system to the flight crew.

.Er"n‘:::. 2 tailure monitor 1gmit

Reverser unlocked 2amb its 3amb its 2 amb Its

Reverser armed 1blu it

N1{EPR) limit data 1 bik/orn

unuseble 1 yel flag fiag

EGT info fail/off ?I.I;l'k/um

Engine oil pressure abnormal gr:’:{:;zi

Reverser valve open : 3ambits

Engine low pressure shaft 1 variable

rotation rate fl grn it

Engine/APU malfunction 1l amb It

Ground cooling & 1blu ke

blowaway jet shut off




vt

Weight and balance system

Type of alert

Applicable federal aviation

Alerting function requlati
. ations (FAR)

101/120 121 137 141 Dc-8 Decsy DC-10 L-1011 | BAC-111 I

Gross weight indication

selected 1 whtit

Center of gravity

indication selected 1 whtit

Center of gravity at forward 1amb It 2 amb Its

or aft limit

Weight and balance system 1 wht It 1 whtlt

power on

Waeight and balance system

in test mode 1 wht it

Herd landing gnz;dlg s

Weight and balance system Tgn&2

operational status amb Its

Hard landing indications reset 1 wht it
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Table B-1 Operational Distribution of Visual Alerting Functions

AIRCRAFT TYPE

ALERT
CLASSIFICATION 707 727 137 747 DC8 | DC9 |DC-10 JL-101 1*[BAC-111
WARNING 70 69 49 109 85 81 127 118 39
CAUTION 118 197 153 346 87 123 291 385 44
ADVISORY/STATUS] 105 103 116 302 59 40 208 295 13
TOTAL | 293 369 317 757 231 244 626 798 96

*L-1011 utilizes lighted pushbutton switches, with color modes to indicate switch state,

instead of toggle switches.
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Table B-2 Percentage Distribution of Visual Alerting Functions Among Operational Classifications

AIRCRAFT TYPE

ALERT
CLASSIFICATION 707 727 737 747. DC8 DC-9 DC-10 L-1011* | BAC-111
WARNING 24% 19% 16% 14% 37% 33% 20% 15% 41%
CAUTION 40% 53% 48% 46% 38% 50% 47% 48% 46%
ADVISORY/STATUS 36% 28% 36% 40% 25% 16% 33% 37% 13%

*L-1011 utilizes lighted pushbutton switches, with color modes to indicate switch state,

instead of toggle switches.




Table B-3 Color Distribution of Warning/Caution/Advisory Alerts

AIRCRAFT TYPE

ALERT TYPE 707 | 727 {737 | 747 |{DC-8 | DC-9 | DC-10{ L-1011|BAC-111
LIGHTS
RED 31| 26| 16| 45 22 28 45 43 33
AMBER OR YELLOW | 110|172 |134| 316 | 69 | 109 | 235 362 44
BLUE 33| 20| 26| 90| 36 26 | 49 17 2
GREEN 21| 39| 68| 116 3 4 93 40 7
WHITE ™ 15| 20 2] 88 2 2 41 177 4
FLAGS
RED 20| 24 ) 18| 56| 19 28 44 75 6
AMBER OR YELLOW 1 3 0 6 2 2 3 18 0
GREEN 0 0 2 0 0 0 0 0 0
WHITE 13 5 4 3 0 1 6 37 0
BLACK 0 0 0 0 0 (4] 0 22 0
BANDS
RED 19| 20 | 156 8| 44 25 38 0 0
AMBER OR YELLOW 71 22 19| 24 | 16 12 63 5 0
GREEN 23| 19| 13 5| 18 7 6 2 0
WHITE 0 0 0 0 0 0 13 0 0
AURAL 1315 13| 17} 10 15 14 15 9
146
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Table B-4 Number of Visual Alerts Which Also Activate-an Aural Alert

ALERT TYPE

NUMBER OF ALERTS PER AIRCRAFT

707 727 737 747 DC-8 DC-9 DC-10 L-1011 BAC-111
RED LIGHTS OR 8 10 14 20 8 10 16 14 4
FLAGS
IAMBER AND YELLOW 1 19 16 7 2 7 7 10 1
|LIGHTS OR FLAGS
BLUE LIGHTS OR 3 1 2 3 3 1 8 1 0
FLAGS
GREEN LIGHTS OR 0 0 2 0 0 0 0 0 0
FLAGS
WHITE/CLEAR 0 0 0 2 0 0 7 0 0
LIGHTS OR FLAGS
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SOUND PRESSURE LEVELS, DECIBELS RE 0.0002 MICROBAR
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SOUND PRESSURE LEVELS, DECIBELS RE 0.0002 MICROBAR
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Figure C-6 Estimated Cockpit Noise Levels During Various Flight Conditions



SOUND PRESSURE LEVELS, DECIBELS RE 0.0002 MICROBAR

100

90

80

10

60

50

40

% T B T I T T T ]
g T : T T T T ;
- - s -‘}- T T I T ]
C T T NN I I T ]
T TN E S
— I I I + I I 3
- T T T N T T 3
= ] 4 4 4 N I -+ .
- _& - b -+ \\& j_ -
- I T T T P - .
S T T F F = =
—
C T T T I T I I T ]
g T + I I —+ + o I —
- T T T T T I T T -
- T I T j& T T T T 3
— X1 T I T I 0 g - —
|- pu N e P . . - - -t - -
: O TAKEOFF AT 20 KN ': T n
- @—— TAKEOFF AFTER LIFTOFF T + E
:—- A———A APPROACH, 1600 FT ALT!TUDE, 133 KIAS —E:— —E-_— -—:
o O——— FINAL APPROACH, 400 FT ALTITUDE, 1.3 Vg T I ]

OVERALL

45 90 180 355 710 1400 2800 5600
90 180 355 710 1400 2800 5600 11,200

OCTAVE PASS BANDS, CPS

NOTE: SOUND PRESSURE LEVELS MEASURED 40 INCHES ABOVE FLOOR
"BETWEEN PILOT AND COPILOT

Figure C-7 Cockpit Noise Levels During Various Flight Conditions for

DC-10-30 Aircraft

156
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APPENDIX D

TABULATIONS OF FUNCTIONAL DISTRIBUTION OF ALERTS ON EACH BASIC
TYPE OF AIRCRAFT
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Table D-1 Functional Distribution of Warning/Caution/Advisory Alerts For 707 Aircraft

" WARNINGS "CAUTIONS ADVISORY/STATUS
SYSTEM z
CLASSIFICATIONS S |reo |neo | reo |ameews Aunend AMBER/ | GREEN | BLUE |wHITE | GREEN | GREEN | WHITE
< LIGHT | FLAG BAND | YELLOW|YELLOW YELLOW[ LIGHT { LIGHT { LIGHT [ BAND FLAG FLAG
LIGHT |FLAG BAND
AIR CONDITIONING 1 6 3 2
AIRCRAFT GENERAL 1F 8
ALTITUDE ALERT SYSTEM 1 1F 1 1 1
APU
AFCS 2F 1F+2 2
COMMUNICATIONS 2 3 "5 1 1
ELECTRICAL 5 17 2 2
EMERGENCY EQUIPMENT 1 1F 1 3
FIRE PROTECTION 1 6 4 4 4
FLIGHT CONTROLS 2 2 1 2 1 2 2
;I&IS:TF:%%TPAUMENTATION 4 oF 3 1 1 3 . 2
FUEL 16 16
HYDRAULIC 1 2 8 2 1
ICE AND RAIN PROTECTION 4 4 7
LANDING GEAR AND BRAKES | 1 3 1 3 4
NAVIGATION 2F+2| 16 4 1 2F+8
PNEUMATICS 6
POWER PLANT 16 13 4 4 20
WEIGHT AND BALANCE

NOTE: ( }F denotes fiashinglight.

1 light of undefined nature not

included in listing above
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Table D-2 Functional Distribution of Warning/Caution/Advisory Alerts For 727 Aircraft

» WARNINGS CAUTIONS ADVISORY/STATUS
SYSTEM 1
CLASSIFICATIONS S treo | reo RED |AMBER/ {AMBER/{ AMBER/{ GREEN]| BLUE | wHITE | GREEN | GREEN | WRITE
< | LigHT | FLaG | BanD |YELLOW) YELUOW YELLOW| LigHT | LiHT | LIGHT ] BAND | FLAG | FLAG
LIGHT FLAG BAND
AIR CONDITIONING 1 9 1
AIRCRAFT GENERAL 1F 14 1
ALTITUDE ALERT SYSTEM 1 1F 1 1 1
APU : 1 2 ‘ 1 1
AFCS 2F 1F+2 4
COMMUNICATIONS 2 1 3 4 1 9
ELECTRICAL _ 1 1 31 3 2F+1
EMERGENCY EQUIPMENT 1 1E 2 3
FIRE PROTECTION 1 |2F+5 1
FLIGHT CONTROLS 3 27 | 2 15
;hlg:lTﬂerngrLUMENTATlow 5 | 2F 5 | 9 ; 2 2 2
FUEL v_ 1 12
HYDRAULIC ' 2 | 8 2 1 2
ICE AND RAIN PROTECTION 6 9 | 2
LANDING GEAR AND BRAKES 1 5 2 6 1 3 1
NAVIGATION 2 | 18 3 6
PNEUMATICS 3
POWER PLANT 1 3 15 1 15 3 15
WEIGHT AND BALANCE

NOTE: ( )F denotes flashinglight.
8 flags of undefined nature not
included in listing above.

161



Table D-3 Functional Distribution of Warning/Caution/Advisory Alerts for 737 Aircraft

* WARNINGS CAUTIONS ADVISORY/STATUS
SYSTEM z
CLASSIFICATIONS g RED RED RED  |AMBER/ Amggnq,mssn/ GREEN| BLUE | wWHITE | GREEN | GREEN | WHITE
< LIGHT | FLAG BAND |YELLOW]YELLOW YELLOW] LIGHT. | LIGHT | LIGHT | BAND FLAG FLAG
LIGHT {FLAG BAND
AIR CONDITIONING 1 1 8 1 2 3
AIRCRAFT GENERAL 14
ALTITUDE ALERT SYSTEM 1 1 1
APU 1 4 1 1 1
AFCS 2F 8 10
COMMUNICATIONS 2 23 1
ELECTRICAL 10 | 4 4
EMERGENCY EQUIPMENT 2 3
FIRE PROTECTION 1 8 7 3
FLIGHT CONTROLS 2 21 15
;hlgim%iraumsumnovu 5 2 4 2F+19 2F 2F 2
FUEL 9 5
HYDRAULIC 1 9 2 1
ICE AND RAIN PROTECTION 5 1 8
LANDING GEAR AND BRAKES | 1 4 2 4 1 3 1
NAVIGATION 12 1 1
PNEUMATICS 5
POWER PLANT 1 10 7 10 1 10
WEIGHT AND BALANCE

NOTE: { )F denotes flashing light.
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Table D4 Functional Distribution of Warning/Caution/Advisory Alerts For 747 Aircraft

" WARNINGS CAUTIONS ADVISORY/STATUS
SYSTEM 3
CLASSIFICATIONS S lreo [neo | neo  |ameens|amees/|Amsen/| creen| sLue |wwite | oreen | green | weite
< | LGHT | FLAG [ BAND |YELLOW|YELLOW YELLOW| LIGHT | LIGHT | LiGHT | BAND | FLAG | FLAG
LIGHT FLAG BAND
AIR CONDITIONING 1 14 1 6 6 1
AIRCRAFT GENERAL 1 17 3 3
ALTITUDE ALERT SYSTEM 1 2 1 1
APU 1 ‘ 1 2
AFCS ' 1 |4F+2 2F+20 23
COMMUNICATIONS 2 2 7 |1F+2 | 22
ELECTRICAL 58 1 8 7 15 | 17
EMERGENCY EQUIPMENT 1 1F 2 3
FIRE PROTECTION 1 12 4 15 4 8 1
FLIGHT CONTROLS : 2 34 18 1
;lﬁlgleRu\En)sATTZUMENTATnon 6 aF | 10 15 1 2 2
FUEL 19 4 17 9
HYDRAULIC , 20 4 4
ICE AND RAIN PROTECTION _ 7 ‘ 20 5 3
LANDING GEAR AND BRAKES | 1 3 4 34 4 8 6 6
NAVIGATION 9 26 14 4
PNEUMATICS : 12 4
POWER PLANT 4F+a| 20 26 1 8 13 | 16 | 18
WEIGHT AND BALANCE 3 1 1

NOTE: { )F denotes flashing light.

5 flags and 12 lights of undefined
nature not included in listing above.
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Table D-5 Functional Distribution of Warning/Caution/Advisory Alerts for DC-8 Aircraft

" WARNINGS CAUTIONS ADVISORY/STATUS
SYSTEM I
CLASSIFICATIONS E lreo | reo RED |AMBER/ AMBERd AMBER/| GREEN| BLUE | wHITE | GREEN | GREEN | WHITE
L-¢ LIGHT | FLAG BAND |YELLOW|YELLOW YELLOW| LIGHT LIGHT | LIGHT | BAND FLAG FLAG
LIGHT |FLAG BAND
AIR CONDITIONING 1 4 12 3 2 4
AIRCRAFT GENERAL 3 1 3
ALTITUDE ALERT SYSTEM 1 1 2
APU
AFCS 2 3 1
COMMUNICATIONS 2 12
ELECTRICAL 2 13 1
EMERGENCY EQUIPMENT 1
FIRE PROTECTION 1 6 4 4 4
FLIGHT CONTROLS 2 4 2
;lﬁlgl:\'lrﬁll\ll)i‘\r_riUMENTATION 5 3 8 5 9 2
FUEL 4 6 8 4
HYDRAULIC 1 2 1
ICE AND RAIN PROTECTION ‘ 5
LANDING GEAR AND BRAKES | 1 1 1 1 3
NAVIGATION 10 2
PNEUMATICS 1 2 7 2
POWER PLANT 20 12 12 4 8
WEIGHT AND BALANCE

NOTE: { )F denotes flashinglight.
8 lights of undefined nature not
included in listing above
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Table D-6 Functional Distribution of Warning/Caution/Advisory Alerts For DC-9 Aircraft

” WARNINGS CAUTIONS ADVISORY/STATUS
SYSTEM 3
CLASSIFICATIONS S lreo |reo | meo  |aweess AMBERAAMBER/ GREEN| BLUE | WHITE | GREEN | GREEN | WHITE
< | LIGHT | FLAG | BAND |YELLOW|YELLOW YELLOW| LIGHT | LIGHT | LiGHT | BAND |[FLAG | FLAG
LIGHT JFLAG BAND
AIR CONDITIONING 1 2 2 3
AIRCRAFT GENERAL 2 10
ALTITUDE ALERT SYSTEM 1 1 1 1 1
APU 2 2 2 1
AFCS 1 |1F+ ;L
COMMUNICATIONS 2 2 2 z :
ELECTRICAL 2 2 13 2 10 1
EMERGENCY EQUIPMENT 1 1F 1 1 1
FIRE PROTECTION 1 3 2 9 2
FLIGHT CONTROLS 2 |2F+2 6 2
;bIS:T;%TTllUMENTATION 5 2 5 4 20 2 1 1
FUEL 6 2
HYDRAULIC 2 4 2
ICE AND RAIN PROTECTION 10 6
LANDING GEAR AND BRAKES 1 7 2 10 3 2
NAVIGATION 20
PNEUMATICS 1
POWER PLANT 10 | 12 6 2 2
WEIGHT AND BALANCE

NOTE: { )F denotes flashinglight.

2 flags of undefined nature not

included in listing above.
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Table D-7 Functional Distribution of Warning/Caution/Advisory Alerts for DC-10 Aircraft

" WARNINGS CAUTIONS ADVISORY/STATUS
SYSTEM e :
CLASSIFICATIONS £ lreo |reo | meo lamees Auaeqmasm GREEN| BLUE |wHiTE { GREEN | WHITE [ wHITE
< | uGHT | FLAG | sanD {YELLOW|YELLOW YELLOW| LIGHT | LIGHT | LIGHT |BAND |[FLAG | BAND
LIGHT {FLAG BAND
AIR CONDITIONING 1 2 2 10 2 2
AIRCRAFT GENERAL 3 24 1 2 1
ALTITUDE ALERT SYSTEM 1 1F+1
APU 3 3 2 3 2
AFCS® 1 8F 40 76 10
COMMUNICATIONS 2 3 4 9 25
ELECTRICAL 5 4 26 16 4 12 2 3 3
EMERGENCY EQUIPMENT 1 1F 1 1 2
FIRE PROTECTION 1 6 3 18 3
FLIGHT CONTROLS 2 1 1F+9 1 5
Zlﬁng:m%iTTr}uyENTATmN 5 2 13 8 9 2 )
FUEL 1F+20 3
HYDRAULIC 3 16 9 4
ICE AND RAIN PROTECTION 8 3
LANDING GEAR AND BRAKES 1 3 2 6 2 3 2
NAVIGATION 4 | 20 9 2 6
PNEUMATICS 8 6 | 10 3 1 3
POWER PLANT 10 15 23 15 3 5 3
WEIGHT AND BALANCE

NOTE: { )}F denotes flashing light.
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Table D-8 Functional Distribution of Warning/Caution/Advisory Alerts for L-1011 Aircraft

* WARNINGS CAUTIONS ADVISORY/STATUS
SYSTEM <
CLASSIFICATIONS S |neo | reo | neo [aseens|amsen/| amsen/ | creen| siue | white |cReen | Green | wHiTe | siac
< LIGHT { FLAG BAND |YELLOW]YELLOW YELLOW] LIGHT | LIGHT | LIGHT | BAND FLAG FLAG FLAGS
LIGHT |FLAG BAND
AIR CONDITIONING 1 1F+24 18 2
AIRCRAFT GENERAL 1F+20 . 13
ALTITUDE ALERT SYSTEM 1 2F 2 2 2
APU 4 1 1
AFCS 1 8 3F 9 36 | 22
COMMUNICATIONS 2 4 6 2 19
ELECTRICAL 1F+5 1F+33 3 1 5
EMERGENCY EQUIPMENT 1 1F ) 1 1
FIRE PROTECTION 2 |4F+9 PF+33 -2
FLIGHT CONTROLS 2 1 7F+40| o 15 39
:lﬁl[();:'ll’nlt:)SITRAUMENTATION 4 2 17 21 16 2 2
FUEL 26 13 6
HYDRAULIC 2F+25 1 12
ICE AND RAIN PROTECTION 3F+30 3 16
LANDING GEAR AND BRAKES | 1 4 1 3F+18 2 4
NAVIGATION 2 26 1F+6 12
PNEUMATICS 6 1 9
POWER PLANT 3F 17 )4F+21 7 9
WEIGHT AND BALANCE 3 5 5

NOTE: { )F denctes flashinglight.
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Table D-9 Functional Distribution of Warning/Caution/Advisory Alerts for BAC-111 Aircraft

WARNINGS CAUTIONS ADVISORY/STATUS
n — .
SYSTEM Zl
CLASSIFICATIONS % taeo |meo RED |AMBER/|AMBER/{ AMBER/ | GREEN| BLUE |wHiTE | GREEN | GREEN | WHITE
< LIGHT | FLAG | BAND |YELLOW|YELLOW YELLOW| LIGHT | LIGHT | LiGHT | BAND | FLAG | FLAG
LIGHT |FLAG |BAND ;
AIR CONDITIONING 1 3
AIRCRAFT GENERAL 2F+5
"ALTITUDE ALERT SYSTEM 1
APU (2| LIGHTS)
AFCS 1F (6] FLAGS)
COMMUNICATIONS 1 2
ELECTRICAL 3 8
EMERGENCY EQUIPMENT
FIRE PROTECTION 1 5
FLIGHT CONTROLS 3 9 7 1
FLIGHT INSTRUMENTATION
AND AIR DATA 2 2F 2F | 2F
FUEL 2 2
HYDRAULIC 3 3
ICE AND RAIN PROTECTION 8
LANDING GEAR AND BRAKES 1 1 4
NAVIGATION 6
PNEUMATICS 2
POWER PLANT 2 6. 2F 2
WEIGHT AND BALANCE
NOTE: (. )JF denotes flashing light.
3 lights and 12 flags of undefined
nature not included in listing above.
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APPENDIX E

SYNOPSIS OF ALERTING SYSTEM REQUIREMENTS
FOUND IN SAE, MILITARY, AND RTCA STANDARDS
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2.1

2111

2.1.1.2

2.1.1.3

2.1.14

2.1.1.5

2.1.1.7

2.1.2.1

2.1.2.2

TABLE E-1
ALERTING SYSTEM REQUIREMENTS FOUND IN ARP 450

FLIGHT DECK SIGNALS

GENERAL PHILOSOPHY; AIRCRAFT FLIGHT DECK SIGNAL SYSTEMS MAY CONSIST OF ONE OR MORE OF
THE SIGNALS HEREIN DEFINED.

INSOFAR AS IS TECHNICALLY FEASIBLE, IT IS DESIRABLE TO PREVENT WARNING OR CAUTION SIG-
NALS FROM EXISTING OR OCCURRING WHEN NOT APPLICABLE IN VIEW OF THE BASIC INTENT OR
DESIGN AIM OF THE SIGNAL SYSTEM. THIS DESIGN PHILOSOPHY IS DESIRABLE IN ORDER TO PREVENT
A BUILD-UP OF FLIGHT CREW TOLERANCE AND DISREGARD FOR THE SIGNAL,

IF THE PRIME FUNCTION OF A MASTER VISUAL SIGNAL, OR OF ONE OF THE VISUAL SIGNALS IN AN
ANNUNCIATOR PANEL, IS TO DIRECT ATTENTION TO AN INDICATOR OR CONTROL DEVICE, IT SHALL
SUPPLEMENT A SEPARATE VISUAL SIGNAL AT THAT LOCATION. THE INDIVIDUAL VISUAL SIGNALS
USED WITH MASTER WARNING SIGNALS, MASTER CAUTION SIGNALS OR ANNUNCIATOR PANELS,
SHOULD BE IDENTIFIED WITH TRANSILLUMINATED NOMENCLATURE.

SIGNALS SHOULD BE OF LIMITED INTENSITY SO THAT ATTENTION IS NOT DRAWN MORE TO THE NOISE
OR LIGHT THAN IT IS TO THE SITUATION WHICH IS CAUSING THE SIGNAL. OVERWHELMING SIGNALS
SHOULD BE AVOIDED SINCE THEY INTERFERE WITH CREW COORDINATION AND COMMUNICATION AND
MAY ALARM A CREW MEMBER ENOUGH TO REDUCE HIS EFFICIENCY IN AN EMERGENCY SITUATION.

VISUAL SIGNALS: MAY CONSIST OF LIGHTS (WITH OR WITHOUT TRANSILLUMINATED NOMENCLATURE),
WARNING FLAGS OR INDICATORS, OR, IN THE CASE OF INSTRUMENT INDICATIONS, IN THE TOTAL
REMOVAL OF THE PERTINENT INSTRUMENT DISPLAY.

MASTER WARNING LIGHT(S): A MASTER WARNING LIGHT IS A LIGHT WHICH IS USED WHERE WARNING
LIGHTS ARE LOCATED OUTSIDE OF THE DIRECT VISION OF EITHER PLOT.

NOTE: A MASTER WARNING LIGHT OR LIGHTS MAY BE REQUIRED BECAUSE OF THE LIMITATIONS
OF VISIBILITY OF COLORED LIGHTS AND THE VARIABILITY OF LIGHTING CONDITIONS IN
THE FLIGHT DECK.

WARNING LIGHTS: LIGHTS PROVIDED TO WARN THE CREWMEMBER, OR THE CREW, OF A CONDITION
WHICH REQUIRES IMMEDIATE PROTECTIVE OR CORRECTIVE ACTION.

MASTER CAUTION LIGHT(S): A MASTER CAUTION LIGHT IS A LIGHT WHICH IS USED WHERE CAUTION
LIGHTS ARE LOCATED OUTSIDE OF THE NORMAL FIELD OF VISION OF EITHER PILOT.

CAUTION LIGHTS: LIGHTS PROVIDED TO INDICATE MALFUNCTIONS WHICH DO NOT REQUIRE IMME-
DIATE ACTION, BUT WHICH MAY HAVE A SUBSEQUENT SIGNIFICANT EFFECT ON THE OPERATION OF
THE AIRCRAFT.

ADVISORY LIGHTS: LIGHTS PROVIDED TO INDICATE SAFE OR NORMAL CONFIGURATION, CONDITION
OF PERFORMANCE, OPERATION OF ESSENTIAL EQUIPMENT, OR FOR ATTRACTING ATTENTION FOR
ROUTINE PURPOSES.

WARNING FLAGS OR INDICATORS: MECHANICALLY OR ELECTRICALLY ACTUATED DISPLAYS USED TO
WARN OF AN UNSAFE SETTING OR MALFUNCTION OF INSTRUMENTS OR MECHANICAL DEVICES.

AUDIBLE SIGNALS: IF ONE AUDIBLE SIGNAL IS USED FOR MORE THAN ONE FUNCTION, IT SHALL BE
ACCOMPANIED BY VISUAL SIGNALS WHICH WILL INDICATE THE MALFUNCTION WHICH IS CAUSING THE
AUDIBLE SIGNAL.

WARNING BELL: A BELL WHICH OPERATES IN CONJUNCTION WITH A WARNING LIGHT ONLY TO INDI-
CATE THE EXISTENCE OF A FIRE.

WARNING HORN: A HORN WHICH OPERATES TO INDICATE AN UNSAFE CONFIGURATION.
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2.1.2.3

2124

2.1.2.5

2.1.2.6

2.1.31

2132

22141

2.2.1.2

2.2.1.3

22241

2222

2224

2233

225

2.2.6

TABLE E-1 (CONT)
ALERTING SYSTEM REQUIREMENTS FOUND IN ARP 450

WARNING GONG: A SINGLE BEAT SOUND USED TO WARN OF AN UNSAFE FLIGHT CONDITION OR
INDICATION.

WARNING “CRICKET”: A DEVICE WHICH GENERATES A CRICKET-LIKE SOUND TO WARN OF SPEEDS IN
EXCESS OF VMO MO

CHIMES: USED IN CONJUNCTION WITH COMMUNICATION SYSTEMS OF THE AIRCRAFT. FOR EXAMPLE:
CABIN 10-FLIGHT DECK; SELCAL, ETC.

TONE: AN 800-CYCLE THREE-NOTE CORD OF INCREASING AMPLITUDE USED TO INDICATE APPROACH-
ING THE DECISION HEIGHT AND CUTTING OFF WHEN REACHING DECISION HEIGHT.

STICK-SHAKER: A DEVICE WHICH CAUSES THE PILOT’S CONTROL WHEEL TO VIBRATE TO WARN OF
APPROACHING TO, OR OF OPERATION IN, A STALLED CONDITION.

FOOT-THUMPER: A DEVICE WHICH VIBRATES THE PILOTS FOOT ON THE BRAKE PEDAL TO INDICATE
THE CYCLING OF THE ANTI-SKID SYSTEM, OR TO WARN OF WHEEL SKIDDING’

STEADY MASTER WARNING LIGHT: THE STEADY MASTER WARNING LIGHT SHALL BE USED EXCLU-
SIVELY TO WARN OF FIRE AND WILL BE ACCOMPANIED BY THE WARNING BELL.

FLASHING MASTER WARNING LIGHT: THE FLASHING MASTER WARNING LIGHT SHALL BE USED TO

-INDICATE AN UNSAFE CONDITION OTHER THAN FIRE.

LOCATION: THE MASTER WARNING LIGHT, OR LIGHTS, AND THE MASTER CAUTION LIGHT, WILL BE
LOCATED NEAR THE CENTER LINE OF THE AIRCRAFT NEAR THE TOP OF THE CENTER INSTRUMENT
PANEL.

WARNING, CAUTION AND ADVISORY LIGHTS: AN INDEPENDENT LIGHT SYSTEM SHALL BE PROVIDED
FOR EACH INDIVIDUAL FUNCTION OR SYSTEM TO BE MONITORED. WHERE A MASTER WARNING LIGHT
IS REQUIRED, IT WILL SUPPLEMENT A SPECIFIC STEADY WARNING LIGHT AT THE INDICATOR OR CON-
TROL OF THE AREA OR EQUIPMENT AFFECTED.

WARNING LIGHTS SHALL BE WITHIN THE CONTROL DEVICE, OR SHALL BE LOCATED IN CLOSE PROX-
IMITY TO THE INDICATOR OR CONTROL DEVICE, WHERE ATTENTION TO THE INDICATOR OR CONTROL
DEVICE IS THE PRIME FUNCTION OF THE WARNING SIGNAL,

THE WARNING LIGHTS FOR THE FOLLOWING SPECIFIC INDICATORS OR CONTROL DEVICES WILL BE
LOCATED IN THE INDICATOR OR CONTROL DEVICE, OR ON THE CONTROL PANEL IMMEDIATELY ADJA-
CENT THERE TO IN SUCH A MANNER AS TO POSITIVELY IDENTIFY THE INDICATOR OR CONTROL
REQUIRING ACTION.

A. LANDING GEAR
B. FIRE CONTROL

CAUTION AND ADVISORY LIGHTS SHALL BE LOCATED IN CLOSE PROXIMITY TO THE INDICATOR OR
CONTROL DEVICE WHERE ATTENTION TO THE INDICATOR OR CONTROL DEVICE IS THE PRIME FUNC-
TION OF THE SIGNAL.

SIGNAL FLAGS-WARNING AND ADVISORY: SIGNAL FLAGS MAY BE USED WHERE SPECIFIC INDICATION
IS ASSOCIATED WITH AN INSTRUMENT OR MECHANICAL DEVICE. WHERE THEY ARE SO USED THE FLAG
SIGNAL WILL BE AN INTEGRAL PART OF THE INSTRUMENT OR DEVICE.

AUDIBLE SIGNALS: AUDIBLE SIGNALS ARE REQUIRED FOR ALL FIRE WARNING SYSTEMS AND OTHER
CRITICAL SYSTEMS OR DEVICES WHERE VISUAL CHECKS OR WARNING MAY BE INSUFFICIENT TO
GUARANTEE SAFETY. THEY MAY ALSO BE USED FOR OTHER FUNCTIONS NOT BEARING ON SAFETY
BUT OF SUFFICIENT IMPORTANCE TO REQUIRE THEIR USE.
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227

2.2.8

2.2.8.1

2282

2283

2284

2.2.85

2.3.2

2.3.1

2.3

2.3.3.1

2.3.3.2

24.1.1

24.14

2.6.1

2.6.2

TABLE E-1 (CONT)
ALERTING SYSTEM REQUIREMENTS FOUND IN ARP 450

TACTUAL SIGNALS: TACTUAL SIGNALS MAY BE EMPLOYED TO ALERT PILOTS’ ATTENTION WHERE
VISUAL CHECK OR NORMAL SENSATIONS MAY BE INSUFFICIENT TO GUARANTEE SAFETY’ THEY MAY
ALSO BE USED FOR OTHER FUNCTIONS NOT BEARING ON SAFETY, BUT OF SUFFICIENT IMPORTANCE
TO REQUIRE THEIR USE.

VOICE WARNING SYSTEMS: A SYSTEM THAT INDICATES TO THE FLIGHT CREW BY MEANS OF SPOKEN
WORDS, A SAFETY FLIGHT MALFUNCTION OR ABNORMALITY.

WHEN A VOICE WARNING SYSTEM IS USED, IT MAY INCLUDE, BUT NOT BE LIMITED TO, ALL WARNINGS
REQUIRING AN AUDIBLE SIGNAL AND SHALL INDICATE THE SPECIFIC ITEM CAUSING THE UNSAFE
CONDITION.

THE WARNING MAY INCLUDE AN APPROPRIATE SIGNAL CORRESPONDING TO THE SPECIFIC ABNOR-
MALITY AND SHALL OCCUR ALTERNATELY WITH THE VOICE SIGNAL.

AN ANNUNCIATOR PANEL SHALL BE INCLUDED IN THE SYSTEM TO INDICATE ABNORMAL CONDITIONS
AS LONG AS THEY EXIST, IF A CANCELLABLE AURAL SIGNAL IS EMPLOYED.

A SILENCE SWITCH SHALL BE PROVIDED TO SILENCE THE AURAL SIGNALS ONLY AFTER THEY HAVE
COMPLETED ONE CYCLE AND WILL RESET THE SYSTEM. NONCANCELLABLE TAKE-OFF AND LANDING
WARNINGS CANNOT BE SILENCED.

THE VOICE WARNING SYSTEM WILL USE SEPARATE COCKPIT SPEAKERS AND THE COCKPIT INTERPHONE
TO DISSEMINATE INFORMATION.

COLOR CODE-LIGHTS:

WARNING LIGHTS: WARNING LIGHTS WILL BE COLORED AVIATION RED. THE COLOR IS DEFINED IN
SPECIFICATION AN-C-56-2, SECTION D—GENERAL REQUIREMENTS.

CAUTION LIGHTS: SHALL BE AMBER, AS DEFINED IN AN-C-56-2, SECTION D.
ADVISORY LIGHTS: MAY BE GREEN, BLUE, OR WHITE, AS DEFINED IN AN-C-56-2, SECTION D.

GREEN: USED TO INDICATE A SAFE CONFIGURATION OR CONDITION, WHEN USED IN CONJUNCTION
WITH A WARNING LIGHT THE GREEN LIGHT WILL INDICATE THAT THE ACTION TAKEN HAS RESULTED
IN COMPLETE SYSTEM OPERATION AND THE RESULTING CONFIGURATION IS SAFE.

BLUE: USED TO INDICATE THAT A SYSTEM IS ON AND OPERATING NORMALLY, OR THAT TRANSITORY
ACTION IS TAKING PLACE (WITH THE EXCEPTION OF THE LANDING GEAR WARNING SYSTEM).

MASTER WARNING LIGHTS: THE INTENSITY OF THE MASTER WARNING, MASTER CAUTION AND
WARNING LIGHTS WILL BE 275 MILLILAMBERTS FOR THE BRIGHT INTENSITY, AND 140 MILLILAMBERTS
IF DIMMING IS USED.

CAUTION LIGHTS: THE INTENSITY OF CAUTION AND ADVISORY LIGHTS WILL BE 275 MILLILAMBERTS
FOR THE BRIGHT INTENSITY AND CAPABLE OF DIMMING TO NOT LESS THAN 25 MILLILAMBERTS. IF
CAUTION LIGHTS ARE LOCATED NEAR THE PRINCIPAL FLIGHT INSTRUMENTS THEY SHOULD DIM SO
AS NOT TO INTERFERE WITH READING THE INSTRUMENTS DURING NIGHT FLIGHT WITH THE INSTRU-
MENT LIGHTS TURNED DOWN.

WARNING LIGHTS: WARNING, CAUTION AND ADVISORY LIGHTS WILL ILLUMINATE WHEN THE CONDI-
TION TO BE WARNED REMAINS ILLUMINATED UNTIL ITS CAP IS PUSHED IN, OR UNTIL THE CONDITION
IS CORRECTED, EITHER OF WHICH EXTINGUISHES THE MASTER WARNING AND RESETS IT FOR OTHER
POSSIBLE FAILURES.

WARNING LIGHTS: WARNING. CAUTION AND ADVISORY LIGHTS WILL ILLUMINATE WHEN THE CONDI-

TION TO BE WARNED OR ADVISED OF OCCURS. THESE LIGHTS WILL REMAIN ON AS LONG AS THE CON-
DITION EXISTS OR UNTIL THE SYSTEM IS DEACTIVATED.
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2.6.3

2.7.1

2.7.2

2.7.3

2.8

283

284

285

2.8.6

29

2.10

2.11

2.11.1

TABLE E-1 (CONT)
ALERTING SYSTEM REQUIREMENTS FOUND IN ARP 450

MASTER CAUTION LIGHT: WILL ILLUMINATE WHEN THE CONDITION TO BE ADVISED OF OCCURS. THE
MASTER CAUTION SIGNAL REMAINS ILLUMINATED UNTIL ITS CAP IS PUSHED IN OR UNTIL THE CONDI-
TION IS CORRECTED. EITHER OF WHICH EXTINGUISHES THE MASTER CAUTION SIGNAL AND RESETS
IT FOR OTHER POSSIBLE ABNORMALITIES.

COLOR CODE: WHERE WARNING FLAGS ARE USED EXTERNALLY OR INDEPENDENTLY FROM INSTRU-
MENTATION, THEY SHOULD BE OF A BRIGHT YELLOW WITH BLACK DIAGONALS TO PROVIDE CON-
TRAST TO THE SURROUNDING AREA.

WHERE WARNING FLAG INDICATORS ARE USED INTERNALLY IN INSTRUMENTS, THE COLOR SHOULD
BE YELLOW, OR FLUORESCENT RED, WITH BLACK WORDING THEREON, IF REQUIRED.

WARNING FLAG OR INDICATORS INDEPENDENT FROM INSTRUMENT: FLAGS USED IN CONJUNCTION
WITH MECHANICAL DEVICES INDEPENDENT OF INSTRUMENTATION WILL PROVIDE A CLEAR, UNMIS-
TAKABLE WARNING THAT THE CONDITION TO BE WARNED OF HAS OCCURRED.

INSTRUMENT WARNING FLAGS OR INDICATORS: FLAGS USED IN CONJUNCTION WITH INSTRUMENTS
WILL PROVIDE A CLEAR, UNMISTAKABLE WARNING THAT THE CONDITION TO BE WARNED OF HAS
OCCURRED. :

AUDIBLE SIGNAL-CODE:

BELL: INDICATES “FIRE,” FUNCTIONS AUTOMATICALLY AND SIMULTANEOUSLY WITH A FIRE
WARNING LIGHT.

HORN: INDICATES AN UNSAFE AIRCRAFT CONFIGURATION.
SPECIFIC APPLICATIONS:

A. LANDING GEAR UNSAFE WITH THROTTLES RETARDED, OR WITH WING FLAPS IN THE
LANDING CONFIGURATION, STEADY SOUND.

B. UNSAFE TAKEOFF CONFIGURATION UPON THROTTLE OPENING INTERMITTENT SOUND.
C. CABIN PRESSURE ABOVE 10,000 FEET INTERMITTENT SOUND.
“CRICKET”: INDICATES SPEED IN EXCESS OF Yumo 'MMO'

GONG: USED FOR ALTITUDE ALERTING SYSTEM AND SPECIFIC WARNING ASSOCIATED WITH FLIGHT
INFORMATION.

CHIME: USED FOR ROUTINE OPERATIONAL INFORMATION.

TONE: AN 800 CYCLE THREE NOTE CORD OF INCREASING AMPLITUDE MADE UP OF THE FOLLOWING
FREQUENCIES: 512/640/768 Hz.

AUDIBLE SIGNAL SOUND LEVEL: THE LEVEL OF SOUND FOR ALL AURAL SIGNALS SHOULD BE THE
MINIMUM LEVEL WHICH WILL BE CLEARLY DISTINGUISHABLE ABOVE THE NOISE LEVEL OF THE
FLIGHT DECK FOR ALL CONDITIONS OF FLIGHT OPERATIONS OVER THE ENTIRE DESIGN ENVELOPE.

AUDIBLE SIGNALS TESTING: MEANS SHALL BE PROVIDED IN THE FLIGHT DECK AREA FOR TESTING
AUDIBLE SIGNALS.

OPERATION OF AUDIBLE SIGNALS: THE AUDIBLE SIGNALS WILL SOUND WHEN THE CONDITION TO BE
WARNED OF EXISTS.

BELL:

A. THE WARNING BELL SHALL HAVE A PROVISION FOR CUT-OFF. IF CUROFF IS AUTOMATIC,
THE BELL WILL RING NOT LESS THAN ONE OR MORE THAN THREE SECONDS.
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2.11.2

2.11.3

2.11.4

2.11.5

212

2.13

TABLE E-1 (CONT)
ALERTING SYSTEM REQUIREMENTS FOUND IN ARP 450

B. THE CUT-OFF WILL NOT AFFECT CONTINUED OPERATION OF THE SIGNAL LIGHT.

C. THE CUT-OFF WILL AUTOMATICALLY RESET THE WARNING BELL FOR RECURRING FIRE IN
THE SAME SYSTEM, OR FOR OCCURRENCE OF FIRE IN ANY OTHER SYSTEM, FOR EITHER
MANUAL OR AUTOMATIC CUT-OFF.

HORN: THE WARNING HORN SHALL BE PROVIDED WITH A MANUAL CUT-OFF SWITCH. IT SHALL NOT BE
POSSIBLE, HOWEVER, TO SILENCE THE HORN WITH THE CUT-OFF SWITCH:

A. DURING TAKEOFF, EXCEPT BY CORRECTING THE UNSAFE TAKEOFF CONDITION.

B. INFLIGHT WHEN THE WING FLAPS ARE IN THE LANDING CONFIGURATION.
IF THE HORN-SOUNDS IN FLIGHT AS A RESULT OF RETARDING THROTTLES AND THE HORN IS THEN
SILENCED WITH THE CUT-OFF SWITCH, THE WARNING SYSTEM SHALL AUTOMATICALLY RESET FOR
OPERATION UPON ADVANCEMENT OF THROTTLES.
“CRICKET”: WILL BE FULLY AUTOMATIC IN OPERATION WITH NO CUT-OFF PROVIDED.
GONG: WILL BE FULLY AUTOMATIC IN OPERATION WITH NO CUT-OFF PROVIDED.
CHIME: WILL BE SOUNDED BY AN ACTUATING SWITCH OR BUTTON, AS REQUIRED.

TACTUAL SIGNALS PERCEPTIBILITY: THE INTENSITY OF TACTICAL SIGNALS SHALL BE SUCH AS TO
ASSURE THEIR PERCEPTIBILITY UNDER ALL CONDITIONS.

TACTUAL SIGNALS TESTING: MEANS SHALL BE PROVIDED IN THE FLIGHT DECK AREA FOR TESTING
TACTUAL SIGNALS.

OPERATION OF TACTUAL SIGNALS: THE TACTUAL SIGNALS WILL BE ACTIVATED WHEN THE CONDITION
TO BE WARNED OF EXISTS, OR IMPENDS, AND WILL PERSIST UNTIL THE CONDITION IS CORRECTED.

WHEN THE CONDITION IS CORRECTED THE TACTUAL SIGNAL WILL BE AUTOMATICALLY DEACTIVATED
AND RESET FOR FUTURE RECURRENCE.
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3.2.2

32.2.1

5.11

55

5.5.1

TABLE E-2
ALERTING SYSTEM REQUIREMENTS FOUND IN ARP 571

SELCAL: A SYSTEM MAY BE INSTALLED FOR PROVIDING VISUAL AND AURAL INDICATION OF A RADIO
CALL INTENDED FOR THAT PARTICULAR AIRCRAFT.

VISUAL INDICATION SHALL BE PROVIDED FOR EACH RECEIVER FOR WHICH THE CALLING SYSTEM IS
PROVIDED, BY AN ADVISORY LIGHT (OF A COLOR CONFORMING TO ARP 450). EACH LIGHT SHALL BE
LOCATED AS CLOSE AS PRACTICAL TO THE RESPECTIVE RECEIVER’S FREQUENCY SELECTOR AND/OR
VOLUME CONTROL.

THE FLIGHT DIRECTOR, AUTOPILOT, AND AUTOTHROTTLE SYSTEM MODE ANNUNCIATION DISPLAY
SHALL PROVIDE A VISUAL INDICATION OF THE ARMING AND ENGAGEMENT OF ALL SELECTED MODES;
AND, FOR SPECIFIED CASES, A VISUAL AND AURAL WARNING OF DISCONNECT CAUSED BY A SYSTEM
FAULT OR BY PILOT ACTION.

THE MODE ANNUNCIATION DISPLAY SHALL BE LOCATED ON EACH PILOT’S FLIGHT INSTRUMENT
PANEL WITHIN THE AREA OF THE “BASIC T” LAYOUT, PREFERABLY CENTRALLY ABOVE EACH ATTI-
TUDE DIRECTOR INDICATOR (ADI).

MARKER EQUIPMENT INDICATION: A SET OF MARKER LIGHTS SHALL BE PROVIDED FOR THE CAPTAIN;
IT IS CONSIDERED DESIRABLE TO ALSO PROVIDE A SET FOR THE CO-PILOT.

THE MARKER LIGHTS SHALL BE POSITIONED AT THE RIGHT END OF THE TOP ROW OF FLIGHT INSTRU-
MENTS AND SHALL BE FURTHER ARRANGED VERTICALLY AS FOLLOWS: UPPERMOST, WHITE—-3000
CYCLE; MIDDLE, AMBER 1300 CYCLE; BOTTOM, BLUE—-400 CYCLE. THE COLOR OF THE AMBER AND THE
BLUE LIGHTS SHALL BE AS DEFINED IN AN-C-56-2, SECTION P.
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5.2

521

5.2.2

5.23

524

5312

5.3.2.6

5.3.2.11

5.3.3.1

5.3.3.3

5.3.34

5342

5.3.5.2

5.3.53

TABLE E-3
ALERTING SYSTEM REQUIREMENTS FOUND IN ARP 1068

FAILURE WARNINGS: FAILURE WARNINGS FOR THE VARIOUS FUNCTIONS SHALL BE PROVIDED FOR
THE PRIMARY FLIGHT PATH CONTROL INSTRUMENT SYSTEMS WHERE OTHER MEANS ARE NOT AVAIL-
ABLE FOR THE CREW TO IMMEDIATELY DETERMINE A FAILURE.

INDIVIDUAL FAILURE WARNING SHALL BE PROVIDED FOR EACH INSTRUMENT FUNCTION WHICH IS
ESSENTIAL FOR CONTINUATION OF FLIGHT UNDER ANY OPERATION CONDITION.

FAILURE WARNINGS SHALL COVER MECHANICAL AND ELECTRICAL MALFUNCTIONS AS WELL AS
POWER FAILURES. POWER FAILURE IS CONSIDERED AS ANY TYPE OF POWER DISCREPANCY WHICH
WILL RESULT IN A MALFUNCTION OF THE DISPLAY.

PREFERRED METHOD OF FAILURE WARNING IS TO REMOVE THE AFFECTED DISPLAY FROM VIEW OR
OTHERWISE PREVENT INADVERTENT USE OF THE FAILED DISPLAY.

WHEN A WARNING FLAG IS USED, IF PRACTICAL, IT SHOULD OBSCURE THE FUNCTION INDICATOR FOR
WHICH THE WARNING IS PERTINENT.

THE AIRSPEED SYSTEMS SHALL INCORPORATE A WARNING FEATURE FOR SIGNIFICANT DISCREPANCIES
IN EITHER OF THE SYSTEMS, INCLUDING THE INSTRUMENT READOUT.

THE VSI DISPLAY SHALL PROVIDE WARNING OF SIGNIFICANT DIFFERENCES IN SYSTEMS QUTPUT.
THE FLIGHT DIRECTOR COMPUTER FAILURE WARNI‘NG SHALL BE ACTIVATED BY FAILURE IN THE

COMPUTER AND SHALL ALSO INDICATE FAILURES THAT HAVE OCCURRED IN ANY OF THE INPUTS TO
THE COMPUTER THAT ARE BEING MONITORED.

A VISUAL ADVISORY SIGNAL SHALL BE PROVIDED TO ALERT THE CREW WHEN THE ASSIGNED ALTI- -

TUDE IS BEING APPROACHED OR VACATED.

THE RADIO ALTIMETERS SHALL INCORPORATE AN AURAL AND VISUAL WARNING OR ALERT SIGNAL
AT DESIGNATED ALTITUDES ABOVE THE TERRAIN. THIS ALERT SIGNAL SHALL BE SEPARATE AND DIS-
TINCT FROM THE SIGNAL IN PARAGRAPH 5.3.3.1. SEE ARP 450B FOR DESIGN CRITERIA OF THESE WARN-
ING SIGNALS.

A WARNING SYSTEM SHALL WARN THE PILOT (VISUAL SIGNAL) WHEN A SIGNIFICANT DISCREPANCY
EXISTS IN EITHER OF THE TWO BAROMETRIC DISPLAYS. THIS ALSO SHALL APPLY TO THE RADAR ALTI-
METER DISPLAYS.

A WARNING SHALL BE PROVIDED TO INDICATE SIGNIFICANT DISCREPANCIES IN THE H81 SYSTEMS.
WARNING, AUDIO AND VISUAL SIGNALS SHALL AUGMENT THE DISPLAY IN 5.3.5.1 ABOVE.

IT IS DESIRABLE THAT A RATE OF APPROACH TOWARD AN OPERATIONAL SITUATION OR LIMIT ALSO
BE DISPLAYED AND WHERE NECESSARY SUITABLE WARNINGS BE PROVIDED.
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55.22

5.5.2.21

*1.

TABLE E-4

ALERTING SYSTEM REQUIREMENTS FOUND IN ARP 1161

BLACK BACKGROUNDS:

NONTRANSILLUMINATED SYSTEMS: THE BRIGHTNESS OF THE BLACK BACKGROUND SHALL -HAVE A
MAXIMUM VALUE OF 7% OF THE BRIGHTNESS OF NEARBY WHITE MARKINGS (WITHIN AN APPROXIMATE
0.25 IN. (6.35 MM) RADIUS), AND WHEREVER PRACTICAL NO LIGHT SHALL BE EMITTED FROM THE BLACK

BACKGROUND. -
TABLEI — DISPLAY COLORS
USE — TYPICAL COLOR COLOR DESCRIPTION*
DISPLAY MARKINGS:
PRIMARY WHITE 37875
SECONDARY BLUE 35177
EXTRANEOUS BLACK 27038
FLAG BLACK 37038
BACKGROUNDS:
DISPLAY BLACK 37038
DK. GRAY 36118
FLAG RED DAY-GLO FIRE ORANGE
YELLOW DAY-GLO SATURN YELLOW
POINTERS, LUBBER LINES & BUGS:
PRIMARY WHITE 37875
SECONDARY ORANGE DAY-GLO ARC YELLOW
RED DAY-GLO FIRE ORANGE
NON-LIT AREAS YELLOW DAY-GLO SATURN YELLOW
BLACK 37038
LIMIT MARKS:
WARNING RED DAY-GLO FIRE ORANGE
CAUTION YELLOW DAY-GLO SATURN YELLOW
RANGE BANDS:
WHITE 37878
YELLOW DAY-GLO SATURN YELLOW
GREEN DAY-GLO SIGNAL GREEN
RED DAY-GLO FIRE ORANGE
KNOBS:
HANDLE LT. GRAY 36440
SKIRT BLACK 37038
MARKINGS WHITE 37875

COLOR NUMBERS NOTED IN THIS TABLE, INCLUDING THEIR FINISH, ARE PER FED-STD-595.

ALTHOUGH THE COLORS IDENTIFIED AS DAY-GLO SHALL MATCH IN COLOR THE RESPECTIVE COLORS
OF THE DAY-GLO DAYLIGHT FLUORESCENT PAINTS MADE BY THE DAY-GLO COLOR DIVISION OF
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8.1

8.2

8.3

83.1

8.3.2

8.3.3

8.4

8.5

8.6

TABLE E-4 (CONT)
ALERTING SYSTEM REQUIREMENTS FOUND IN ARP 1161

SWITZER BROS., INC., CLEVELAND, OHIO, THEY ARE NOT NECESSARILY REQUIRED TO HAVE THE
FLUORESCENT CHARACTERISTICS OF THOSE PAINTS.

WARNING, CAUTION, AND ADVISORY SYSTEM LIGHTING

REFER TO THE LATEST ISSUE OF SAE ARP 450 FOR RECOMMENDATIONS ON WARNING, CAUTION, AND
ADVISORY LIGHTING. AS AN OPTION, SECTIONS 8.1 THROUGH 8.10 CAN BE OMITTED.

PURPOSE: THE PURPOSE OF THIS SECTION IS TO PRESENT THE LIGHTING REQUIREMENTS FOR WARN-
ING, CAUTION, AND ADVISORY SYSTEMS.

SCQPE: THIS SECTION SETS FORTH THE LIGHTING REQUIREMENTS FOR WARNING, CAUTION, AND
ADVISORY SYSTEMS.

DEFINITIONS:

MASTER WARNING: A SIGNAL INDICATING A CONDITION REQUIRING IMMEDIATE ACTION. THE SPECI-
FIC CONDITION IS SHOWN BY A SEPARATE INDICATION. '

INDEPENDENT WARNING: A SIGNAL INDICATING A CONDITION REQUIRING IMMEDIATE ACTION. THE
SPECIFIC CONDITION IS DEFINED BY THE LOCATION OF THE SIGNAL OR THE LEGEND ASSOCIATED
WITH THE SIGNAL.

MASTER CAUTION: A SIGNAL INDICATING A CONDITION WHICH MAY REQUIRE ACTION. THE SPECIFIC
CONDITION IS SHOWN BY A SEPARATE INDICATION.

ADVISORY, SAFE: A SIGNAL INDICATING A SAFE CONDITION.

ADVISORY, STATUS: A SIGNAL INDICATING A STATUS CONDITION ONLY, NOT NECESSARILY A SAFE
CONDITION.

DEPENDENT WARNING OR CAUTION: A SIGNAL INDICATING THE SPECIFIC CAUSE OF ACTIVATION OF
THE MASTER WARNING OR CAUTION SIGNALS, RESPECTIVELY.

COLORS:

WARNING SIGNALS: AVIATION RED PER MIL-C-25050.

CAUTION SIGNALS: AVIATION YELLOW PER MIL-C-25050.

ADVISORY, SAFE: LIGHT GREEN PER DEVICE SPECIFICATION.

ADVISORY, STATUS: ANY COLOR INCLUDING WHITE EXCEPT THOSE ABOVE OR COLORS EASILY
CONFUSED WITH THE ABOVE COLORS. A LIGHT (ICE) BLUE IS RECOMMENDED.

Sowy

MASTER WARNING INDICATOR AND MASTER CAUTION INDICATOR: THE PURPOSE OF THESE INDICA-
TORS IS TO INTRUDE UPON THE ATTENTION OF THE CREW MEMBERS UNDER ALL OPERATING CONDI-
TIONS. THUS THE DESIGNER MUST CONSIDER PLACEMENT OF INDICATOR, AMBIENT LIGHTING, SHAD-
ING FROM DIRECT SUNLIGHT, SIZE OF LIT AREA, STEADY STATE VERSUS FLASHING AND BRIGHTNESS.
MINIMUM BRIGHTNESS SHALL BE 150 FOOTLAMBERTS AT RATED VOLTAGE PROVIDED THE INDICA-
TORS CAN BE PLACED OUT OF DIRECT SUNLIGHT. THE INDICATORS SHALL BE DIMMABLE TO 15 FOOT-
LAMBERTS. THE BRIGHT-DIM CONTROL SHALL RETURN TO FULL BRIGHT POSITION WHENEVER POWER
IS REMOVED FROM THE CONTROL OR THE AMBIENT BRIGHTNESS REACHES A PREDETERMINED LEVEL.
THE INDICATORS SHALL BE RESETTABLE SO THAT A SECOND SIGNAL SHALL REACTIVATE THE MAS-
TER INDICATOR.

INDEPENDENT WARNING INDICATOR: IN GENERAL, THE INDEPENDENT WARNING INDICATOR SHALL
MEET THE REQUIREMENTS OF 8.5 WITH THE FOLLOWING EXCEPTIONS: THE INDICATOR NEED NOT BE
RESETTABLE; EITHER THE PLACEMENT OF THE INDICATOR OR AN ASSOCIATED LEGEND SHALL
CLEARLY SHOW THE NATURE OF THE WARNING; THE DESIGNER SHALL CONSIDER ADDITIONAL DIM-
MING TO 5 FOOTLAMBERTS. '
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DEPENDENT WARNING AND CAUTION INDICATORS: THESE INDICATORS SHALL BE ACTIVATED SIMUL-
TANEOUSLY WITH THEIR RESPECTIVE MASTER INDICATOR AND SHALL SHOW THE SPECIFIC CAUSE OF
THE MASTER INDICATOR ACTIVATION. IN GENERAL, THEIR BRIGHTNESS SHALL BE 150 FOOTLAMBERTS
MINIMUM AT RATED VOLTAGE BUT THE REQUIRED BRIGHTNESS SHALL BE EVALUATED IN TERM OF
OPERATING CONDITIONS AND LOWER BRIGHTNESS USED WHERE PRACTICABLE. THE INDICATORS
SHALL BE DIMMABLE TO 15 FOOTLAMBERTS AND THE DESIGNER SHALL CONSIDER DIMMING TO
VALUES APPROXIMATELY TWICE THE NOMINAL VALUES OF THE INTEGRALLY LIGHTED DISPLAYS.

THE BRIGHT-DIM CONTROL SHALL RETURN TO FULL BRIGHT POSITION UNDER THE CONDITIONS
DESCRIBED IN 8.5. THE INDICATORS SHALL NOT BE RESETTABLE WHILE THE ACTIVATING CONDITION
EXISTS.

STATUS INDICATORS: THE STATUS INDICATORS SHALL HAVE A BRIGHTNESS SUFFICIENT FOR LEGIBI-
LITY UNDER ALL CONDITIONS OF FLIGHT OPERATION. THE DESIGNER SHALL CONSIDER LOCATION
AND SHADING FROM SUNLIGHT TO ENHANCE READABILITY AT LOWER BRIGHTNESSES. THE INDICA-
TORS SHALL BE DIMMABLE TO VALUES COMPARABLE TO THE INTEGRALLY LIT DISPLAYS OF SECTION 5.

LEGENDS: IN GENERAL, WHERE INDICATORS HAVE LEGENDS, THE LEGEND SHOULD BE
ON AN OPAQUE BACKGROUND. CONSIDERATION MAY BE GIVEN TO AN OPAQUE LEGEND ON A TRANS-
LUCENT BACKGROUND WHERE ADDITIONAL VISUAL STIMULUS IS CONSIDERED ESSENTIAL. LEGENDS
SHOULD BE AS BRIEF AS POSSIBLE AND. ONE LINE PRESENTATIONS ARE PREFERRED. IF ABBREVIA-
TIONS ARE USED, THEIR MEANING SHOULD BE CLEAR TO AVOID MISINTERPRETATION.
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WARNING AND ALERT INDICATIONS: DISTINCTIVE AURAL AND VISUAL WARNING MUST BE PROVIDED
FOR MODES 1 THROUGH 4. A SEPARATE DISTINCTIVE AURAL ALERT MUST BE PROVIDED FOR MODE 5.

AURAL WARNING/ALERT: THE AURAL WARNING FOR MODES 1 THROUGH 4 SHALL CONSIST OF THE
SOUND “WHOOP-WHOOP”, FOLLOWED BY EITHER “PULL-UP” OR “TERRAIN” (OR OTHER ACCEPTABLE
ANNUNCIATION) REPEATED UNTIL THE HAZARDOUS CONDITION NO LONGER EXISTS. THE WARNING
MAY BE PROVIDED BY THE GPW EQUIPMENT ITSELF OR AN AUXILIARY WARNING UNIT WHICH IS ACTI-
VATED BY THE GPW EQUIPMENT.

THE AURAL ALERT FOR MODE § SHALL CONSIST OF THE ANNUNCIATION “GLIDE SLOPE” (OR OTHER
ACCEPTABLE PHRASE) REPEATED UNTIL THE CONDITION RESPONSIBLE FOR THE ALERT NO LONGER
EXISTS OR THE ALERT IS INHIBITED.

VISUAL WARNING CHARACTERISTICS (MODES 1 THROUGH 4): THE VISUAL WARNING PROVIDEL FCR
MODES 1 THROUGH 4 SHALL BE DISTINCTIVE UNDER ALL NORMAL LIGHTING CONDITIONS AND COM-
MENSURATE WITH OTHER COCKPIT WARNINGS.

EMERGENCY/PLANNED ABNORMAL DEACTIVATION: MEANS.TO DEACTIVATE THE WARNING INDICA-
TIONS (MODES 1 THROUGH 4) MAY BE PROVIDED, AND MEANS TO DEACTIVATE THE ALERT INDICA-
TION (MODE 5) MUST BE PROVIDED FOR FLIGHT CREW USE IN PLANNED ABNORMAL OR EMERGENCY
CONDITIONS.

CHARACTERISTICS OF WARNING INDICATIONS (MODES 1 THROUGH 4)

AURAL WARNING CHARACTERISTICS: THE AURAL WARNING FOR MODES 1 THROUGH 4 CONSISTS OF
THE SOUND “WHOOP-WHOOP,” FOLLOWED BY EITHER “PULL-UP” OR “TERRAIN” (OR OTHER ACCEP-
TABLE ANNUNCIATION) REPEATED UNTIL THE HAZARDOUS CONDITION NO LONGER EXISTS. IT IS
NOT NECESSARY FOR ANY WARNING CYCLE (“WHOOP-WHOOP” PLUS VOICE ANNUNCIATION) TO BE
COMPLETED FOLLOWING THE TERMINATION OF A HAZARDOUS CONDITION. “WHOOP-WHOOP“ IS
DESCRIBED AS A TONE SWEEP FROM 400 Hz +10% TO 800 Hz +10% AT A PERIOD OF 0.3 SECONDS +20%
AND WITH INCREASING AMPLITUDE OF 9 dB +3 dB. THE COMPLETE CYCLE OF TWO TONE SWEEPS PLUS
VOICE ANNUNCIATION SHOULD TAKE 1.4 SECONDS + 20%, WITH THE CYCLE REPEATED IMMEDIATELY.
THE GAIN MAY BE AUTOMATICALLY REDUCED AFTER THREE COMPLETE WARNING CYCLES TO A
LOWER, BUT DISCERNABLE, LEVEL.

SPEAKER OUTPUT LEVEL: THE VOICE WARNING SIGNAL SHALL HAVE AN OUTPUT LEVEL OF AT LEAST
2W RMS.

HEADSET OUTPUT LEVEL: IF PROVIDED, THE HEADSET VOICE WARNING SIGNAL SHALL HAVE AN OUT-
PUT LEVEL OF AT LEAST 50 mW.

VISUAL WARNING: THE VISUAL WARNING FOR MODES 1 THROUGH 4 SHALL BE RED AND INCLUDE, IN
DISTINCTIVE LETTERS, THE LETTERS GPWS (OR OTHER ACCEPTABLE LEGEND).

DEACTIVATION CONTROL: THE CONTROL FOR DEACTIVATION OF THE WARNING INDICATIONS UNDER
PLANNED ABNORMAL OR EMERGENCY CONDITIONS SHALL BE A CIRCUIT BREAKER. ALTERNATIVELY
A SWITCH WHICH IS PROTECTED FROM INADVERTENT CREW OPERATION MAY BE USED. SUCH A SWITCH
SHALL PROVIDE OBVIOUS INDICATION IT HAS BEEN OPERATED.

GLIDE SLOPE DEVIATION ALTERING (MODE 5)

ENVELOPE OF CONDITIONS FOR ALERTING: AN ALERT SHALL BE PROVIDED WHEN THE COMBINATION
OF DEVIATION BELOW AN ILS GLIDE SLOPE AND THE HEIGHT ABOVE TERRAIN IS WITHIN THE ENVE-
LOPE FOR MODE 5 PRESCRIBED IN APPENDIX A.

DEACTIVATION: IT SHALL BE POSSIBLE FOR THE FLIGHT CREW TO DEACTIVATE MODE 5. THE CON-
TROL PROVIDED FOR THIS PURPOSE SHALL BE SEPARATE FROM ANY CONTROL PROVIDED TO DEACTI-
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VATE MODES 1 THROUGH 4. THE MODE 1 THROUGH 4 DEACTIVATION CONTROL, HOWEVER, MAY ALSO
DEACTIVATE MODE 5.

REACTIVATION: IF MODE 5 IS DEACTIVATED BY THE PILOT, IT SHALL BE AUTOMATICALLY REACTI-
VATED FOR THE NEXT APPROACH.

ARMING/DISARMING: MODE 5 SHALL BE ARMED WHEN THE LANDING GEAR IS SELECTED TO THE LAND-
ING POSITION AND DISARMED EITHER WHEN THE FLAPS ARE RETRACTED FROM THE LANDING POSI-
TION OR THE LANDING GEAR IS SELECTED TO THE NON-LANDING POSITION.

GLIDE SLOPE MODE ALERT: THE GLIDE SLOPE DEVIATION ALERT SHALL CONSIST OF THE AURAL
ANNUNCIATION “GLIDE SLOPE” (OR OTHER ACCEPTABLE ANNUNCIATION) REPEATED UNTIL THE CON-
DITION RESPONSIBLE FOR THE ALERT NO LONGER EXISTS OR THE ALERT IS INHIBITED. AN AURAL
WARNING RELATED TO GPWS MODES 1 THROUGH 4 SHALL TAKE PRECEDENCE OVER THIS ALERT.

THE EQUIPMENT MAY PROVIDE A CONSTANT ALERT REPETITION RATE AND AUDIO OUTPUT LEVEL, OR
ONE OR BOTH OF THESE QUANTITIES MAY INCREASE AS THE BELOW GLIDE SLOPE DEVIATION
INCREASES AND/OR THE TERRAIN CLEARANCE DECREASES. IN THE FORMER CASE THE ALERT SHALL
BE REPEATED AT LEAST ONCE EVERY THREE SECONDS. THE AUDIO OUTPUT POWER LEVELS MAY TAKE
ON ANY VALUE BETWEEN 0 AND 6dB BELOW THOSE VALUES SPECIFIED FOR THE MODES 1 THROUGH 4
AURAL WARNING IN PARAGRAPHS 2.3.1.1 AND 2.3.1.2.

IF THE REPETITION RATE/AUDIO OUTPUT LEVEL IS/ARE VARIED WITH TERRAIN CLEARANCE/GLIDE
SLOPE DEVIATION, THE ALERT SHOULD BE REPEATED ONCE EVERY SEVEN SECONDS (NOMINAL) AT
1000 FEET TERRAIN CLEARANCE AND THE AUDIO LEVELS BE DISCERNABLE TO THE PILOT. AS THE
TERRAIN CLEARANCE DECREASES AND/OR THE GLIDE SLOPE DEVIATION INCREASES, THE ALERT
RATE SHOULD INCREASE TO A MAXIMUM OF ONCE EVERY 0.7 SECONDS AND THE AUDIO OUTPUT
POWER LEVELS TO THE MAXIMUM OF THOSE VALUES SPECIFIED FOR THE MODES 1 THROUGH 4 AURAL
WARNING IN PARAGRAPHS 2.3.1.1 AND 2.3.1.2.
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LIGHT SIGNALS:

NON-LEGEND TYPE: A NON-LEGEND LIGHT SIGNAL ASSEMBLY IS ONE WHICH HAS NO MARKINGS ON ITS
LIGHT TRANSMITTING SURFACE.

LEGEND TYPE: A LEGEND LIGHT SIGNAL ASSEMBLY IS ONE WHICH HAS THE LEGEND ON ITS LIGHT
TRANSMITTING SURFACE.

WARNING LIGHT: A WARNING LIGHT IS A SIGNAL ASSEMBLY WHICH INDICATES THE EXISTENCE OF A
HAZARDOUS CONDITION REQUIRING IMMEDIATE CORRECTIVE ACTION.

MASTER WARNING LIGHT RESET: THE MASTER WARNING LIGHT SHALL HAVE A PUSH-TO-RESET CAPA-
BILITY WHICH DEENERGIZES THE MASTER WARNING LIGHT WHILE THE APPLICABLE LEGEND WARNING
LIGHT REMAINS “ON.” THE MASTER WARNING LIGHT AND ANY APPLICABLE WARNING LIGHT(S) SHALL
BE ENERGIZED SIMULTANEOUSLY.

A. THE AIRCRAFT POWER SETTING IS LESS THAN THAT REQUIRED TO MAINTAIN LEVEL FLIGHT IN
THE POWER APPROACH CONFIGURATION.

B. THE FLAPS OR OTHER HIGH-LIFT DEVICES ARE NOT FULLY RETRACTED.
C. THE WHEELS ARE NOT DOWN AND LOCKED.

MASTER WARNING LIGHT: A MASTER WARNING LIGHT IS A SIGNAL ASSEMBLY WHICH INDICATES THAT
AT LEAST ONE OR MORE WARNING LIGHTS HAVE BEEN ENERGIZED.

CAUTION LIGHT: A CAUTION LIGHT IS A SIGNAL ASSEMBLY WHICH INDICATES THE EXISTENCE OF AN
IMPENDING DANGEROUS CONDITION REQUIRING ATTENTION BUT NOT NECESSARILY IMMEDIATE
ACTION.

MASTER CAUTION LIGHT: A MASTER CAUTION LIGHT IS A SIGNAL ASSEMBLY WHICH INDICATES THAT
ONE OR MORE CAUTION LIGHTS HAVE BEEN ACTUATED.

ADVISORY LIGHT: AN ADVISORY LIGHT IS A SIGNAL ASSEMBLY TO INDICATE SAFE OR NORMAL CON-
FIGURATION, CONDITION OF PERFORMANCE, OPERATION OF ESSENTIAL EQUIPMENT, OR TO ATTRACT
ATTENTION AND IMPART INFORMATION FOR ROUTINE ACTION PURPOSES.

AUDITORY WARNING SIGNALS: AUDITORY WARNING SIGNALS ARE AUDIBLE SIGNALS INDICATING THE
EXISTENCE OF A HAZARDOUS CONDITION(S) REQUIRING IMMEDIATE CORRECTIVE ACTION.

WARNING LIGHTS: LEGEND WARNING LIGHTS SHALL BE USED IN ALL AIRCREW STATIONS. A MASTER
WARNING LIGHT, WHEN REQUIRED, SHALL BE ENERGIZED SIMULTANEOUSLY WITH ANY APPLICABLE
WARNING LIGHT.

COLOR: THE COLOR OF THE WARNING LIGHTS SHALL BE AVIATION RED.

CAUTION LIGHTS: LEGEND TYPE MASTER CAUTION AND LEGEND TYPE CAUTION LIGHTS SHALL BE
USED IN ALL AIRCREW STATIONS. THE MASTER CAUTION LIGHT AND ANY APPLICABLE LEGEND CAU-
TION LIGHT SHALL BE ENERGIZED SIMULTANEQUSLY.

COLOR: THE COLOR OF THE CAUTION LIGHTS SHALL BE AVIATION YELLOW.

MASTER CAUTION LIGHT RESET: THE MASTER CAUTION LIGHT SHALL HAVE A PUSH-TO-RESET CAPA-
BILITY WHICH DEENERGIZES THE MASTER CAUTION LIGHT WHILE THE APPLICABLE LEGEND CAUTION
LIGHT REMAINS “ON.”

ADVISORY LIGHTS: EVERY ATTEMPT SHOULD BE MADE TO MINIMIZE THE USE OF ADVISORY LIGHTS IN
THE COCKPIT AREA, PRIMARILY TO AVOID UNNECESSARY DISTRACTION OF THE PILOTS AND TO MINI-
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MIZE THOSE FACTORS WHICH DETERIORATE NIGHT VISION CAPABILITY OF THE CREW. THEY SHALL
NOT BE USED WHERE OTHER METHODS, SUCH AS SWITCH LABELING, MECHANICAL VISUAL SIGNALS,
ETC., MAY BE EMPLOYED. ADVISORY LIGHTS MAY BE EITHER OF THE LEGEND OR NON-LEGEND TYPE,
IN THE EVENT THAT A LEGEND LIGHT IS NOT EMPLOYED, A READILY IDENTIFIABLE LABEL SHALL BE
PROVIDED ADJACENT TO THE LIGHT, PREFERABLY ABOVE.

COLOR: THE COLOR OF ADVISORY LIGHTS IN THE FLIGHT COMPARTMENT SHALL BE AVIATION GREEN.
GREEN, BLUE, OR WHITE COLORS MAY BE USED IN OTHER CREW STATIONS.

MASTER WARNING SIGNALS: A NON-VERBAL AUDIO MASTER WARNING SIGNAL SHALL PRODUCE AN
OUTPUT WITH THE FOLLOWING FREQUENCY AND INTERRUPTION RATES:

A, FUNDAMENTAL AUDIO OUTPUT FREQUENCY SHALL SWEEP FROM 700 Hz TO 1,700 Hz IN 0.85
SECOND.

B. INTERRUPTION INTERVAL 0.12 SECOND.
C. THE CYCLE SHALL BE REPEATED UNTIL THE SIGNAL GENERATOR IS DEENERGIZED.

WHEELS-UP-SIGNAL: WHEN A NON-VERBAL AUDIO WHEELS-UP SIGNAL IS USED, IT SHALL HAVE THE
FOLLOWING TONE:

FREQUENCY 250 +50 Hz, FUNDAMENTAL TONE INTERRUPTED AT 5.0 1.0 Hz
WITH A 50 +10 PERCENT ON-OFF CYCLE.

AUDIO ANGLE OF ATTACK/AIRSPEED/STALL WARNING SIGNAL: WHEN A NON-VERBAL AUDIO SIGNAL
IS USED FOR PRESENTING ANGLE OF ATTACK/AIRSPEED/STALL WARNING INFORMATION, REFER-
ENCED TO A SELECTED ANGLE OF ATTACK/AIRSPEED/STALL SPEED, IT SHALL BE AS NOTED IN TABLE
IV. THE DISCRETE POSITION AT WHICH THE CHOPPED SIGNAL COMMENCES ON EITHER SIDE OF THE
“CORRECT” SIGNAL WILL BE READILY ADJUSTABLE.

VERBAL AUDITORY WARNING SIGNALS: VERBAL WARNING SIGNALS SHALL BE AUDIBLE SIGNALS IN
VERBAL FORM INDICATING THE EXISTENCE OF A HAZARDOUS OR IMMINENT CATASTROPHIC CONDI-
TION REQUIRING IMMEDIATE ACTION AND SHALL ONLY BE USED TO COMPLEMENT RED WARNING OR
OTHER CRITICAL VISUAL SIGNALS. THE VERBAL WARNING SIGNALS SHALL BE PRESENTED AT LEVELS
WHICH WILL INSURE OPERATOR RECEPTION UNDER NOISE CONDITIONS IN THE SPECIFIC AIRCRAFT,
THERE SHALL BE PROVISION FOR OVERRIDING AND RESETTING THE SIGNALS. THE SIGNAL, WHEN
ACTIVATED, SHALL ALWAYS START AT THE BEGINNING OF THE MESSAGE AND SHALL CONTINUE TO
BE PRESENTED UNTIL EITHER:

A, THE CAUSATIVE CONDITION IS CORRECTED.

B. A WARNING OF HIGHER PRIORITY IS PRESENTED.

C. THE SIGNAL IS SILENCED BY MANUAL ACTUATION OF THE OVERRIDE SWITCH.
THE STRUCTURE FOR VERBAL WARNINGS SHALL BE:

A. GENERAL HEADING-IE., THE SYSTEM OR SERVICE INVOLVED

B. SPECIFIC SUBSYSTEM OR LOCATION

C. NATURE OF EMERGENCY
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TABLE IV
AUDIO ANGLE OF ATTACK/AIRSPEED/STALL
WARNING SIGNAL

ANGLE OF
ATTACK

AIRSPEED » TONE SIGNAL

LOowW

FAST 1,600 TONE INTERRUPTED AT A RATE OF 1 TO 10 Hz, THE
RATE INCREASING LINEARLY WITH DECREASING ANGLE
OF ATTACK/INCREASING AIRSPEED.

SAFE LOW SAFE FAST 900 Hz STEADY TONE, PLUS 1,600 Hz TONE INTERRUPTED

AT A RATE OF ZERO TO 1 Hz, THE RATE INCREASING
LINEARLY WITH DECREASING ANGLE OF ATTACK/
INCREASING AIRSPEED.

CORRECT

CORRECT 900 Hz STEADY TONE.

SAFE HIGH SAFE LOW 900 Hz STEADY TONE, PLUS 400 Hz TONE INTERRUPTED

AT A RATE OF ZERO TO 1 Hz, THE RATE INCREASING
LINEARLY WITH INCREASING ANGLE OF ATTACK/
DECREASING AIRSPEED.

HIGH

SLOW . 400 Hz TONE INTERRUPTED AT A RATE OF 1 HzTO 10 Hz,
THE RATE INCREASING LINEARLY WITH INCREASING
ANGLE OF ATTACK/DECREASING AIRSPEED (STALL
WARNING).

54.1.2

54.1.3.2

5445

54442

WARNING LIGHTS: WARNING LIGHTS SHALL BE INSTALLED WITHIN THE PILOT’S 30-DEGREE CONE OF
VISION. WHEN SPACE IS LIMITED OR THE REQUIRED NUMBER OF WARNING LIGHTS IS EXCESSIVE,
WARNING LIGHTS MAY BE GROUPED OUTSIDE OF THE PILOT’S 30-DEGREE CONE OF VISION. IN THESE
CASES, A MASTER WARNING LIGHT SHALL BE INSTALLED IN THE PILOT’S 30-DEGREE CONE OF VISION,
AND IN ADDITION, A MASTER AUDITORY WARNING SIGNAL MAY BE USED.

SIDE-BY-SIDE PILOT COCKPITS: CAUTION LIGHTS SHALL BE GROUPED AT THE LOWER PORTION OF THE
CENTER INSTRUMENT PANEL BELOW THE INSTRUMENTS OR ON THE CENTER PEDESTAL IMMEDIATELY
AFT OF THE POWER QUADRANT. THE LIGHTS SHALL BE VISIBLE TO BOTH PILOTS.

SIDE-BY-SIDE PILOT COCKPITS: A MASTER CUATION LIGHT SHALL BE INSTALLED ON THE UPPER POR-
TION OF THE INSTRUMENT PANEL WITHIN BOTH PILOTS’ 30-DEGREE CONE OF VISION. IF THE ABOVE
CRITERIA CANNOT BE MET WITH ONE LIGHT ASSEMBLY, THEN TWO MASTER CAUTION LIGHTS SHALL
BE INSTALLED.

ADVISORY LIGHTS: ADVISORY LIGHTS SHALL BE GROUPED CATEGORICALLY OR FUNCTIONALLY
WHERE PRACTICAL, OR ASSOCIATED WITH A SPECIFIC UNIT OR COMPONENT, AND SHALL BE SO
LOCATED THAT THEY CAN BE OBSERVED FROM THE OPERATOR’S NORMAL POSITION, EXCEPT WHERE
SPECIFICALLY AUTHORIZED, ADVISORY LIGHTS SHALL NOT BE LOCATED ON THE MAIN INSTRUMENT
PANEL OR SUBPANEL IN THE COCKPIT.
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USE: TRANSILLUMINATED INDICATORS SHOULD BE USED TO DISPLAY QUALITATIVE INFORMATION TO
THE OPERATOR (PRIMARILY, INFORMATION THAT REQUIRES EITHER AN IMMEDIATE REACTION ON
THE PART OF THE OPERATOR, OR THAT HIS ATTENTION BE CALLED TO AN IMPORTANT SYSTEM
STATUS). SUCH INDICATORS MAY ALSO BE USED OCCASSIONALLY FOR MAINTENANCE AND ADJUST-
MENT FUNCTIONS.

GROUPING: MASTER CAUTION, MASTER WARNING, MASTER ADVISORY AND SUMMATION LIGHTS USED
TO INDICATE THE CONDITION OF AN ENTIRE SUBSYSTEM SHALL BE SET APART FROM THE LIGHTS
WHICH SHOW THE STATUS OF THE SUBSYSTEM COMPONENTS, EXCEPT AS REQUIRED UNDER PARA-
GRAPH 5.2.2.1.8.

LOCATION: WHEN A TRANSILLUMINATED INDICATOR IS ASSOCIATED WITH A CONTROL, THE INDI-
CATOR LIGHT SHALL BE SO LOCATED AS TO BE IMMEDIATELY AND UNAMBIGUOUSLY ASSOCIATED
WITH THE CONTROL AND VISIBLE TO THE OPERATOR DURING CONTROL OPERATION.

LOCATION, CRITICAL FUNCTIONS: FOR CRITICAL FUNCTIONS, INDICATORS SHALL BE LOCATED WITHIN
15° OF THE OPERATOR’S NORMAL LINE OF SIGHT (SEE FIGURE 2). WARNING LIGHTS SHALL BE AN
INTEGRAL PART OF, OR LOCATED ADJACENT TO, THE LEVER, SWITCH, OR OTHER CONTROL DEVICE BY
WHICH THE OPERATOR IS TO TAKE ACTION.

COLOR CODING: WITH THE EXCEPTION OF AIRCREW STATION SIGNALS WHICH SHALL CONFORM TO
MIL-STD411, AND TRAINING EQUIPMENT WHICH SHALL CONFORM TO MIL-T-23991, TRANSILLUMINATED
LIGHT EMITTING DIODE (LED) AND INCANDESCENT DISPLAYS SHALL CONFORM TO THE FOLLOWING
COLOR CODING SCHEME, IN ACCORDANCE WITH TYPE I-AVIATION COLORS OF MIL-C-25050.

A, RED SHALL BE USED TO ALERT AN OPERATOR THAT THE SYSTEM OR ANY PORTION OF THE SYS-
TEM IS INOPERATIVE, OR THAT A SUCCESSFUL MISSION IS NOT POSSIBLE UNTIL APPROPRIATE
CORRECTIVE OR OVERRIDE ACTION IS TAKEN. EXAMPLES OF INDICATORS WHICH SHOULD BE
CODED RED ARE THOSE WHICH DISPLAY SUCH INFORMATION AS “NO-GO”, “ERROR”, “FAILURE”,
“MALFUNCTION”, ETC.

B. FLASHING RED SHALL BE USED ONLY TO DENOTE EMERGENCY CONDITIONS WHICH REQUIRE
OPERATOR ACTION TO BE TAKEN WITHOUT UNDUE DELAY, TO AVERT IMPENDING PERSONNEL
INJURY, EQUIPMENT DAMAGE, OR BOTH.

C. YELLOW SHALL BE USED TO ADVISE AN OPERATOR THAT A CONDITION EXISTS WHICH IS MAR-
GINAL. YELLOW SHALL ALSO BE USED TO ALERT THE OPERATOR TO SITUATIONS WHERE CAU-
TION, RECHECK, OR UNEXPECTED DELAY IS NECESSARY.

D. GREEN SHALL BE USED TO INDICATE THAT THE MONITORED EQUIPMENT IS IN TOLERANCE OR A
CONDITION IS SATISFACTORY AND THAT IT IS ALL RIGHT TO PROCEED (EG., “GO-AHEAD”, “IN-
TOLERANCE”, “READY”, “FUNCTION ACTIVATED,” “POWER ON”,ETC)).

E. WHITE SHALL BE USED TO INDICATE SYSTEM CONDITIONS THAT DO NOT HAVE “RIGHT” OR
“WRONG” IMPLICATIONS, SUCH AS ALTERNATIVE FUNCTIONS (E.G., MISSILE NO. 1 SELECTED FOR
LAUNCH, ETC.) OR TRANSITORY CONDITIONS (E.G., ACTION OR TEST IN PROGRESS, FUNCTION
AVAILABLE), PROVIDED SUCH INDICATION DOES NOT IMPLY SUCCESS OR FAILURE OF
OPERATIONS.

F. BLUE MAY BE USED FOR AN ADVISORY LIGHT, BUT PREFERENTIAL USE OF BLUE SHOULD BE
AVOIDED.

FLASHING LIGHTS: THE USE OF FLASHING LIGHTS SHALL BE MINIMIZED. FLASHING LIGHTS MAY BE
USED ONLY WHEN IT IS NECESSARY TO CALL THE OPERATOR’S ATTENTION TO SOME CONDITION
REQUIRING ACTION. THE FLASH RATE SHALL BE WITHIN 3 TO 5 FLASHES PER SECOND WITH APPROXI-
MATELY EQUAL AMOUNTS OF ON AND OFF TIME. THE INDICATOR SHALL BE SO DESIGNED THAT, IF IT
IS ENERGIZED AND THE FLASHER DEVICE FAILS, THE LIGHT WILL ILLUMINATE AND BURN STEADILY
(SEE 5.3.2.4).
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FLAGS:
APPLICATION: FLAGS SHOULD BE USED TO DISPLAY QUALITATIVE, NON-EMERGENCY CONDITIONS.

MALFUNCTION INDICATION: WHEN FLAGS ARE USED TO INDICATE THE MALFUNCTION OF A VISUAL
DISPLAY, THE MALFUNCTION POSITION OF THE FLAG SHALL AT LEAST PARTIALLY OBSCURE THE
OPERATOR’S VIEW OF THE MALFUNCTIONING DISPLAY AND SHALL BE READILY APPARENT TO THE
OPERATOR UNDER ALL EXPECTED LEVELS OF ILLUMINATION.

TEST PROVISION: A CONVENIENT MEANS SHALL BE PROVIDED FOR TESTING THE OPERATION OF
FLAGS.

PROHIBITED TYPES OF SIGNALS; THE FOLLOWING TYPES OF SIGNALS SHALL NOT BE USED AS WARN-
ING DEVICES WHERE POSSIBLE CONFUSION MIGHT EXIST BECAUSE OF THE OPERATIONAL
ENVIRONMENT:

A. MODULATED OR INTERRUPTED TONES THAT RESEMBLE NAVIGATION SIGNALS OR CODED RADIO
TRANSMISSIONS.

B. STEADY SIGNALS THAT RESEMBLE HISSES, STATIC, OR SPORADIC RADIO SIGNALS.

C. TRAINS OF IMPULSES THAT RESEMBLE ELECTRICAL INTERFERENCE WHETHER REGULARLY OR
IRREGULARLY SPACED IN TIME.

D. SIMPLE WARBLES WHICH MAY BE CONFUSED WITH THE TYPE MADE BY TWO CARRIERS WHEN ONE
IS BEING SHIFTED IN FREQUENCY (BEAT-FREQUENCY-OSCILLATOR EFFECT).

E. SCRAMBLED SPEECH EFFECTS THAT MAY BE CONFUSED WITH CROSS MODULATION SIGNALS
FROM ADJACENT CHANNELS.

F. SIGNALS THAT RESEMBLE RANDOM NOISE, PERIODIC PULSES, STEADY OR FREQUENCY MODU-
LATED SIMPLE TONES, OR ANY OTHER SIGNALS GENERATED BY STANDARD COUNTERMEASURE
DEVICES (E.G., “BAGPIPES”).

G. SIGNALS SIMILAR TO RANDOM NOISE GENERATED BY AIR CONDITIONING OR ANY OTHER

EQUIPMENT.

H. SIGNALS THAT RESEMBLE SOUNDS LIKELY TO OCCUR ACCIDENTLY UNDER OPERATIONAL
CONDITIONS.

VERBAL WARNING SIGNALS:

NATURE OF SIGNALS: VERBAL WARNING SIGNALS SHALL CONSIST OF:

A. AN INITIAL ALERTING SIGNAL (NONSPEECH) TO ATTRACT ATTENTION AND TO DESIGNATE THE
GENERAL PROBLEM.

B. A BRIEF STANDARDIZED SPEECH SIGNAL (VERBAL MESSAGE) WHICH IDENTIFIES THE SPECIFIC
CONDITION AND SUGGESTS APPROPRIATE ACTION.

CRITICAL WARNING SIGNALS: CRITICAL WARNING SIGNALS SHALL BE REPEATED WITH NOT MORE
THAN A 3-SECOND PAUSE BETWEEN MESSAGES UNTIL THE CONDITION IS CORRECTED ON OVERRIDDEN
BY THE CREW.

AUTOMATIC RESET: WHETHER AUDIO WARNING SIGNALS ARE DESIGNED TO BE TERMINATED AUTO-
MATICALLY, BY MANUAL CONTROL, OR BOTH, AN AUTOMATIC RESET FUNCTION SHALL BE PROVIDED.
THE AUTOMATIC RESET FUNCTION SHALL BE CONTROLLED BY THE SENSING MECHANISM WHICH
SHALL RECYCLE THE SIGNAL SYSTEM TO A SPECIFIED CONDITION AS A FUNCTION OF TIME OR THE
STATE OF THE SIGNALING SYSTEM.
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36.21

3.6.3

3.9.1D.

39.2.1.3

3119

TABLE E-8
SYNOPSIS OF ALERTING SYSTEM REQUIREMENTS IN MIL-C-81774

PANEL MARKINGS SHALL BE WHITE EXCEPT WHEN ILLUMINATED OR WHEN THEY DENOTE EMERGENCY
-ACTION CONTROLS.

LEGEND ILLUMINATED PUSHBUTTONS SHOULD HAVE A STROKE WIDTH BORDER,

LIGHTED DISPLAYS (INCLUDING ALERTING DEVICES) SHALL HAVE A MINIMUM CONTRAST RATIO OF
3IN A 10,000 FOOT-CANDLE AMBIENT.

REDUNDANCY IN THE DISPLAY OF INFORMATION TO A SINGLE OPERATOR SHOULD BE AVOIDED
UNLESS REDUNDANCY IS REQUIRED TO ACHIEVE A SPECIFIED RELIABILITY.

INFORMATION NECESSARY FOR PERFORMING DIFFERENT ACTIVITIES, SUCH AS OPERATION AND
TROUBLE-SHOOTING, SHOULD NOT BE COMBINED IN A SINGLE DISPLAY UNLESS THE ACTIVITIES ARE
COMPARABLE FUNCTIONS AND REQUIRE THE SAME INFORMATION. )

AN ADVISORY LIGHT IS AN ILLUMINATED SIGNAL ASSEMBLY WHICH INDICATES SAFE OR NORMAL
CONFIGURATION, CONDITION OF PERFORMANCE, OR OPERATION OF ESSENTIAL EQUIPMENT, OR
WHICH ATTRACTS ATTENTION AND IMPARTS INFORMATION FOR ROUTINE ACTION PURPOSES. THE USE
OF ADVISORY LIGHTS SHOULD BE MINIMIZED. THEY SHOULD NOT BE USED WHERE OTHER METHODS,
SUCH AS SWITCH LABELING, MECHANICAL VISUAL SIGNALS, ETC., MAY BE EMPLOYED.

AN ARRAY OF PUSHBUTTONS SERVING AS AN INTEGRATED CONTROL SHOULD BE ARRANGED SUCH
THAT, IN A LATERAL ARRAY, LEFT-TO-RIGHT PROGRESSION IS IN THE ORDER OF INCREASING
PRIORITY OR SEQUENCE, AND IN A LONGITUDINAL ARRAY, THE FORWARD PROGRESSION INDICATES
ORDER OF INCREASING PRIORITY OR SEQUENCE.
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APPENDIX F
BACKGROUND DATA FOR FORMULATION OF ALERT PRIORITIZATION RATIONALE
F.0 INTRODUCTION
This appendix presents a historical series of working papers and dissertations used to develop the
proposed method of prioritizing alerting functions. The papers are presented in chronological

sequence. Each major section in this appendix denotes a historical break point in the commercial
aviation industry’s development of alerting system standards.

L)

189



F.1 PAPERS FROM THE 49TH MEETING OF THE SAE S-7 COMMITTEE, APRIL 1976

Page 1

49TH MEETING OF SAE S-7 COMMITTEE
APRIL 1976

STANDARDS AND CRITERIA FOR DESIGN OF
AN INTEGRATED WARNING SYSTEM

The lists of warnings that are presented here are oriented more to importance of the warning rather
than being broken into the categories of configuration, flight profile, and systems as had been
suggested. The reason for this was that it seemed that a system or installation designed to accomplish
our objectives would at least address the Level I and part of Level 11, as appropriate, depending on
cost and complexity. Level III type of items are lower priority and would reduce the checklist signi-
ficantly but quite likely would be of higher cost and complexity. ’

In considering an operational installation, one concept might be to use a multiline readout (see
Figure 1) with the computer logic as noted under the visual and audio alert columns. By tying the
audio alert to takeoff thrust application, or to being airbome, or to descent to a height near the
ground most of the nuisance audio alerts can be eliminated. This would mean that the system would
be in the “ground mode” or “before takeoff mode” all the time when on the ground — the readout
would show items not set for takeoff but the audio would be silent until the throttles are advanced.
Similarly, in flight below 2500’ the “landing mode” would be energized and the readout would
show items not in proper configuration for landing but no audio would sound until descent through
1000’ had occurred with the aircraft still not in configuration. This type of logic must be thoroughly
thought out and evaluated so please, let us have your ideas!!

If there were more than five or six discrepancies, the remaining ones would appear on the readout
device or devices as soon as the previous discrepancies were cleared. Also, there would have to be a
. provision to cancel the audio in the event of an engine shutdown or loss of a particular system and
for other reasons. It may not be desirable to cancel the visual; let it serve as a reminder. Possibly we
- might need more than five or six lines for discrepancies after we look at all possibilities. The readout
device would provide the crew a self-check or confidence check during the pre-start and pre-takeoff
phase since its monitoring of the various items would be apparent to the crew.

Level I items would remain as currently implemented, i.e., specially dedicated systems. Level IT A
consists mostly of the present-day warnings that excite an audio signal. An integrated warning system
would offer the most benefit by including the items in this group. Items in Level II B and II C are
highly desirable but the associated costs would require individual consideration for each item.

AIRCRAFT OPERATIONS AND SYSTEMS MONITOR

It is recommended that an integrated monitpr and warning system be implemented wherein a visual
alert or annunciation provision and a single audio alert signal be employed to bring to the flight
crew’s attention any faults or airplane configuration incompatibilities. The aircraft monitor and
warning system should not in any way create confusion on the part of the flight crew, should alert
them to a fault or discrepancy in a timely fashion and should result in reduced crew workload.
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The aircraft faults and discrepancies can be broken into three levels of importance or urgency:

Tactile Visual Audio
Level ] (Immediate Action) Alert Alert Alert
1. Engine Fire None Cont. Cont.
2. Stall or Sudden Loss of Lift Cont. None Cont.-Airborne
3. Inadvertent Ground Proximity None Cont. Voice/Cont,
Level I (Flight Safety-Action Required) Visual Audio
A) Alert Alert
1. Cabin Altitude-Too Hi (rate & height) Cont. Cont.
2. Spoilers-Extended On Flaps Ext. * Tg&1000° R.A.
3. T.E. & L.E. Flaps-Improp. Set On Ground Tg&1000° R.A.
4. Airspeed-VMO, MMO Exceedance Cont, Cont.
5. Altitude Diversion-(Flight Profile) 200’ After Cptr. 300’ Aft. Cptr.
6. Landing Gear-UP Landing Flaps 1000° R.A.
7. Stabilizer-Improp. Set On Ground Tg
8. Other A/C Config-Unsafe Ldg.Flaps&/or On Grnd. Tg&1000° R.A.
9. Flap Placard-Exceeded Cont. Cont.
10. Landing Gear Placard-Exceeded Cont. Cont.
11. Engine Thrust Setting-Over Limits Cont. Cont.
12. Wheel Well Fire Cont. Cont.
13. APU Fire Cont. Cont.
14. Radio Altimeter Cont. Cont.
Level I Visual Audio
B) Alert Alert (Optional)
1. Hydraulic Press. & Quant-Low Cont. Cont. After Tg
2. Engine Oil Press. & Quant-Low Cont. Cont. After Tg
3. Essential Elect. Pwr-Fail Cont. Cont. After Tg
*4, Auto-Pilot & Autothrottle-Disconnect *Cont. *Cont.
5. Instr. Comparator Sys-Alert Cont. Cont.
6. Gyro & Compass Flags-Visible Cont. ~ Cont.
7. Cabin & Exterior Doors-Not Closed Cont. Cont. After Tg
8. Pitot Heat-Off - Cont. Cont. After Tg
9. Window Heat-Off Cont. Cont. After Tg
10. Anti-Skid-Off Cont. Cont. After Tg
11. Engine Fuel Switch-Off Cont. Cont. After Tg
12. CADC-Failed Cont. Cont.
13. Nav System-Failed Cont. Cont.
Level I Visual Audio
C) Alert Alert
1. Emergency Flap Switch-Not Off On Ground None
. Rudder & Spoiler Switch-Not On On Ground None
3. INS-Not Nav On Ground None
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Level III (All other items that have less effect on basic safety of flight, i.e., additional checklist

items)

Ry e

Yaw Damper-Not On
Rudder & Aileron Trim-Not Zero
Battery-Not On

Compass Cont-Not Mag
Instr. Transfer Switch-Not Norm

Emerg. Exit Lights-Not Armed
Pneumatic Brake Press-Below 1200 psi
Static Source-Not Norm
Start Levers-Not as Req’d
Gear Pins-Not Pulled

Air Cond-Not as Req’d
Galley Power-Not as Req’d
Beacon-Not On

Parking Brakes-Not as Req’d

10. Eng. Fuel Heat-Not Off

11. No Smoking & Seat Belts-Not as Req’d.

12. Anti-ice, Engine-Not Off

13. Smoke Detector System-Not On
14. Ground Start Switches-Not Off

15. Elect. System-Not Norm (No Lights)

On Ground
On Ground
On Ground
Cont.

On Ground

Visual
Alert
Cont.
Cont.
Cont.
Cont.
Cont.
Cont..
Cont.
Cont.
Cont.
Cont.
Cont.
Cont.
Cont.
Cont.
Cont.

*]I B.)4. Two pushes on Disconnect button cancels warning

*Tg = Application of T.O. Thrust on Ground
*1000’ R.A. = 1000 Ft. Radio Altitude on Approach

Cont. = Continuous Monitor

A/B = Airborne

FLAPS
STAB.

HYD PRESS.
OIL PRESS.
DOORS
PITOT

Figure 1. Sample Readout During Engine Start
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AUDIO CANCEL

¥ Typical

CRT display

None
None
None
None
None

Audio
Alert
None
None
None
None
None
None
None
None
None
None
None
None
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None
None
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CAUTION WARNING SYSTEM
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G1/00-P-AV/Bom/bli

VIEWPOINTS ON DESIGN OF WARNING/CAUTION SYSTEMS

GENERAL

In today’s aircraft aural and visual warnings/cautions have proli-
ferated to an extent that makes it difficult for the pilot to distin-
guish between them. It is, therefore, desirable to centralize the
warnings and more carefully scrutinize the need for individual
warnings and, where needed, make them more explicit.

In order to minimize nuisance warnings, the warning systems should
be provided with logic that inhibits the warning in case of a techni-
cal failure in the system or the stage of flight is such that a warning
is irrelevant or distracting, for example a fire warning at lift-off or
at low altitude during an approach.

AURAL WARNINGS

Warnings that require immediate recognition and actions shall be
aural, each using a specific sound supplemented by a visual display
and preferably also by voice.

If the number of aural warnings, including tactile warnings, exceeds
7 they must be supplemented by voice.

Other warnings and cautions should be announced by a common
sound supplemented by voice and/or a visual display.

Aural warnings shall be loud enough to be heard under all flight
conditions but low enough not to interfere with cockpit com-
munication.

VISUAL WARNINGS

Warnings and cautions should be presented on an alphanumeric
display in front of each pilot.

The display should be capable of displaying at least 3 ‘warnings
simultaneously. ” v

The light intensity of the alphanumeric display should be manually
adjustable with automatic compensation for changes in cockpit
light level.

Individual lights should be connected to a central dimming circuit.
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Failures in redundant systems should not be announced as warnings
or cautions when no pilot action is required. Such failures should
be shown on a system status display.

Whenever possible, controls that must be actuated in case of a
warning should be illuminated or indicated by some other means.

It should be possible to clear the display by a push-button, but the
warning should be stored in a memory as long as it persists and be
redisplayed in case of a new warning.

It should be possible to recall warnings from the memory with a
recall button. A test button for confidence check should be
provided.

Since it is doubtful that all individual warning and caution lights
can be eliminated the remaining ones should have dual light bulbs
separated by a light barrier and if peripherally located they should
be flashing. :

Instrument failure warnings should be designed in such a way that
the affected display is removed or, if this is not possible, obscured
by a warning flag. Even if the display is removed a warning flag
shall be displayed.

SHORT TERM ACTION ITEMS

1. Make up a proposal for a centralized visual/aural integrated
warning system.

- 2. Enumerate warnings and cautions that need to be fed to the

Central Warning system.

3. Define inhibit logics that are necessary to minimize nuisance
warnings.

- STUDY ITEMS

Simulator studies should be made to determine if there is any
benefit to be gained from the following refinements.

1. Display of the checklist valid, for the warning condition, on a
malfunction display.

2. Automatic execution of this checklist after pilot’s initiation.

3. Schematic display of failed system with indication of failed
and usable portion of system.
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Table F-1 Criteria for Caution and Warning Categories

CATEGORY CRITERIA

CATEGORY*

CRITERIA RECOMMENDED BY BOEING ENGINEERS

CRITERIA'RECOMMENDED BY BOEING PILOTS

Hazardous flight conditions or aircraft systems
conditions which require immediate corrective or
campensatory action by the crew

Hazardous flight conditions or aircraft systems conditions which
require immediate corrective or compensatory action by the crew

Hazardous flight conditions or aircraft systems
conditions which require (1) if the aircraft is stable,
immediate corrective or compensatory crew action,
or (2) if the aircraft is not stable, corrective or com-
pensatory crew action as soon as the aircraft can be
stabilized

Potentially hazardous flight conditions or aircraft systems conditions
which require immediate corrective or compensatory crew action if
the flight is to proceed further

Hazardous flight conditions or aircraft systems
conditions which require near term corrective or com-
pensatory crew action. “‘Near term” indicates that
action should be taken during the next low workload
period

System failures that require operation with degraded capability could
affect the planned flight

Potentially hazardous flight conditions or aircraft
systems conditions which require crew awareness of
the condition and no near term corrective or com-
pensatory crew action. However, these conditions
may require modification of the planned or usual
aircraft operating conditions during the remainder
of the flight so as to avoid getting into a hazardous
situation

Checklist items that should be accomplished for safe operation. This
category is for “‘crew failure to accomplish” items

AdNLS STHL NI ATdVd ANVdNOO

Non-hazardous flight conditions or transitory aircraft
systems conditions which require crew awareness,
but no crew action, near term or long term

‘ ‘Non-hazardous flight conditions or transitory aircraft systems condi-

tions which require crew awareness, but no crew action, near term or
long term

*These categories represent broad groups of alerts having approximately equal levels of importance/priority. Category 1 alerts have
highest priority and Category 5 alerts have lowest priority. Higher priority alerts may interrupt lower priority alerts at any time.

The alerts falling within each category will vary from one aircraft to another. The alert priorities within each category (if required)
and the application of alert inhibits during certain phases of flight will also vary from one aircraft to another. Specific criteria for
defining these priorities and inhibit philosophies need to be developed.
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F.4 ALTERNATE SET OF ALERTING FUNCTION CATEGORY CRITERIA DEVELOPED AT
THE BOEING COMPANY

Table F-2 Caution and Warning System Concept

AIRPLANE
CONDITION CRITERIA

INTRINSICALLY
HAZARDOUS

EXTRINSICALLY
HAZARDOUS. THOSE
WHICH IN THEMSELVES
ARE NOT HAZARDOUS,

BUT ARE KNOWN THROUGH
EXPERIENCE TO BE
CONDITIONALLY
HAZARDOUS.

HAZARDOUS UNDER NO
CONDITIONS. SUPER-
NUMERARY BY NATURE.

CATE-| CREW RECOGNITION/ RS OF
GORY| RESPONSE TIME OR EVENTS
MINIMUM CREW ® STALL WARN
REACTION TIME. o
1 | wiTHOUT HesITATION | ® GROUNDPROX
OR LOSS OF TIME. ® EMER CABIN ALT
IMMEDIATE RATE/LEVEL
® EXCEED Vj,0/Mpy
DEFERRED POSITIVE | ¢ EnGINE Fl“gg O
2 (PREDETERMINED
COURSE OF ACTION) ® ENGINE OIL
PRESS./QTY LOW
DEFERRED CONDITIONAL| ® PROBE HEAT INOP
(COURSE OF ACTION ® WINDOW HEAT FAIL
- 3 |CONTINGENT UPON ® HYD PRESS/QTY
® A/T DISC
® FLIGHT RECORDER
ACTION REQUIRED INOP
4 AT NO TIME ® SELCAL
® STEW CALL

*DEVELOPED BY J. OHLSON, THE BOEING COMPANY, 1976
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F.5 PAPERS FROM THE 50TH MEETING OF THE SAE S-7 COMMITTEE, SEPTEMBER 1976

: WORKING PAPER
AN INTEGRATED AIRCRAFT WARNING SYSTEM
FOR
SAE COMMITTEE S-7

I THE DELIVERY SYSTEM AND ITS PHILOSOPHY

A. As a first step toward evolving a delivery system, it was necessary to enumerate the faults
of present systems.

L

Present warning systems have “‘grown like Topsy” with more added, it seems, each
time there is an accident. The result has been a proliferation of discrete aural warnings
to the extent that there can be confusion as to the meaning of a specific aural warning.
The crew must first determine which of several potential problems is triggering the
aural warning being heard before taking action.

The level of urgency in terms of flight conditions is not presently annunciated. The
crew must evaluate this level to determine the requirements for immediacy of action
and division of attention between the problem and conduct of the flight.

Too many warnings occur during normal operational conditions. Any warning that is
heard repeatedly when no action is really required will be psychologically “blocked
out”, including any recollection of inhibiting the warning. Even if the warning “‘gets
through”, the crew must still determine if it is a real or a nuisance warning before
taking action. There are several reasons for the occurrence of warnings in normal
conditions:

a. Faulty design logic
b. Poorly considered regulatory requirements
C. Lack of reliability resulting in nuisance warnings

Noise levels of existing audio warnings may be so high and so annoying as to degrade
the human response capability. This is often due to a regulatory requirement for a
minimum decibel limit to “‘get attention”, which, in turn, is related to several of the
problems listed above. As a spinoff of this specific problem, an inhibit capability is
often required to remove the raucous audio before intelligent action can be taken.

B. In seeking solutions to existing faults in warning system philosophy, the working group
was able to construct a model of a desirable system.

1.

To replace the multitude of aural warnings, a single unique tone should be utilized
for all problems requiring aural alert. This tone should be complemented by a visual
display, and oral annunciation, declaring the nature and location of the problem.
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The level of urgency should be annunciated by repeating the tone one, two or three
times, or by otherwise modifying the tone while retaining its unique nature. Urgency
level should also be annunciated by color coding -of the message on the visual display. .

Design logic, very high reliability, and regulatory changes must be created to eliminate
the problem of unnecessary and nuisance warnings.

The tone, being unique and meaningful can be soft and non-irritating. It is believed
that its very uniquesness and dedication will allow it to “‘cut through’ ambient noise
because crews will be attuned to its sound, much as the sound of an engine room tele-
graph will raise a ship captain from the deepest sleep. Having heard one tone the crew
will be immediately attentive to see if a second will occur and, that happening, will be
doubly attentive for a third. We do not wish to see a button required to inhibit the
tone and voice warning. Since they are compelling enough to get attention and
specific enough to spell out the problem, they should be non-repetitive. Any require-
ments for recall can be provided for by the visual display.

Several cases came up where our design philosophy was at odds with present regula-
tion. In order to achieve the optimum logic, the group elected to proceed as though
there were no regulatory constraints. This may soon have to be resolved.

It was argued that some may wish to retain existing discrete audio warnings on the
grounds that they have withstood the test of time. (The fire bell is an example.)
Though wishing to discourage such a prospect, we decided to include an option for
a limited number of discrete aural warnings with the admonition that these should
be kept to a minimum and used only for the highest urgency level.

II LEVELS OF URGENCY (See Table One)

A,

After lengthy discussion it was concluded that four, rather than three levels of urgency
would be needed. This concept made it difficult to accommodate the levels with the
desired tone repetitions of one, two and three times. An acceptable solution was reached
by creating a fourth level, zero, to be the lowest level of urgency. Thus, level zero would
have no aural tone, no visual display and no voice annunciation. Warning would be pro-
vided by lights much as they exist today.

Lével 111 would be described as emergency, urgent or serious. Action required
would be immediate. Warning would be provided by three aural tones, a visual dis-
play and voice annunciation of the problem. :

Level II would be described as caution or abrormal Action required would be
prompt. Warning would be provided by two aural tones and a visual display, with
voice annunciation recommended.

Level T would be described as irregular. Action would be required but may be defer-
red. Warning would be provided by one aural tone and a visual display, with voice
annunciation optional.
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4, Level Zero would be described as advisory. Later action may or may not be
required. Warning would be provided by visual means, such as a light or flag.

The various warnings are categorized by urgency level in tables two through five. Some
points of discussion follow:

1. Decision height, selcal, and cabin call alerts present a special problem. By nature
they are of the lowest priority level, but placing these in level Zero would deprive
them of aural alerting. If they are placed in level I, then the aural tone would be
applied, but we would be violating our philosophy of having no warnings for normal
conditions. To create a discrete aural sound for these conditions is one solution, but
would add an extra audio. This needs further discussion.

2. The ground proximity/high sink warning has been included in the three higher levels
to account for different flight conditions. This was not unanimous and the logic for
this problem needs further exploration.

3. We have assigned low urgency level (level I) to a CADC failure, although such a fail-
ure has far reaching significance. The rationale for this is that several other failure
warnings would be displayed simultaneously in case of a CADC failure. Some of
these, such as autopilot disconnect, have a higher urgency level.

4. The warnings for landing gear door open and gear not properly stowed we assigned
to level Zero, so that lights presently used would be applicable to these problems.

5.  On the engine over limit waming for level II, we believe the annunciation should be
simply ‘“‘engine number 2 over limit”. The crew then could refer to their engine
instruments to determine which parameter is over limit.

6. On the instrument comparator warning for level I, we believe we should have the
soft aural tone and the visual display would annunciate the parameter that is out of
order, such as compass, altitude indicator, etc.

III  INHIBIT AND OTHER LOGIC

A.

In some cases we were able to apply logic to the conditions. In many other cases, the con-
siderations were so complex that time did not permit our completing this task. Where we
assigned logic it appears in the tables under “remarks”. Much work remains to be done in
this area.

One theory that was agreed to is that, during critical flight phases, such as takeoff and
landing, selective inhibits should be applied as the aircraft approaches the most critical
point until at that point perhaps no warming would be given. Then the inhibits may be
selectively removed as the aircraft progresses toward a less critical condition so that all
warnings would be active at some later point.

IV PRIORITIES

Time permitted assigning priorities only to level III. (Illustrated by A, B, and C on table
two.) A great deal of work remains to be done on this task.
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OTHER UNRESOLVED ISSUES

A.

Consideration must be given to the effects of radio altimeter failure, both on dispatch and
warning capability. Much logic will probably be based on radio altitude.

Autopilot malfunctions and their effects need further expansion.

There is a need to find the optimum aural tone for crew alert. Tape samples should be
constructed. e

Some philosophy must be added on dimming, cancellation and recall of the visual display.
(Sture Bostrom has done some work on this.)

The precise means of color-coding the visual display must be developed.

This working paper must be hardened and worked into format of ARP 1068.
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TABLE ONE

‘General System Concepts

1.

7.

Aural attention getter

—prefer unique tone for all problems

—should define level of urgency by 2 or 3 repetitions or by slightly modifying tone
—should not be annoyingly loud

—should not require silencing (NON repetitive)

Discrete sounds may be used on a selective basis
—should be limited in number

—suggest for most urgent level only

Checklist Requirements not incorporated (?)

Should have priority system which includes phase of flight

The visual display should employ color-coding to indicate the urgency level of the warning
being annunciation.

Consideration should be given to inhibiting certain warnings during critical phases of flight,
such as takeoff, low approach, etc.

In some cases the priority system should inhibit secondary mode warnings.

Levels of Urgency

III

II

Emergency Immediate Action Required

Urgent

Serious

(1) Aural AG* (2) Visual (3) Voice Annunciation Recommended
Caution Prompt Action Required

Abnormal

(1) Aural AG (2) Visual (3) Voice Annunciation Optional
Irregular Action Required

(1) Aural AG (2) Visual

Advisory May Require Action Later
(1) Visual AG#

*Very limited number of discrete aural warnings is optional
#such as light or flag
AG = attention getter
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TABLE TWO
LEVEL III

| Typical Problem

(A) III Stall -——-—

(B) III Ground Prox/hi sink

(C) III A/P -inadvertent disconnect
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Remarks

Inhibited on ground

(non red syst. & below 500 R/A)



TABLE THREE
LEVELII
Typical Problem
Engine fire |
Engine Failure (catastrophic)
Degraded takeoff performance
Overrotation (rate or angle)

Excessive wind shear

High Cabin alt.

A/P - Inadvertent disconnect

A/T - Inadvertent disconnect

Takeoff Warning (spoilers, hi 1ift dev., brakes stab.)
Ground prox/high sink

Dev. from Ass. Alt. Mmo, Vmo, Tmo

Cargo compt.
Fire/smoke

A.P.U. fire
Galley fire/smoke
Wheel well fire

Engine over limit

Hydraulic press./quant.
Flt. inst. power failure

Gear unsafe for landing

206

Remarks
Phase of flight
Phase of flight
Possible future
Takeoff

Possible future below 1000’ RA,
TO or APP :

10,000 ft.

Non-redundant syst. above 500° RA

Early speed warning (60 KGS)
Logic to be determined
Regulatory considerations
only where cockpit action is
possible

only where cockpit action is

possible

Appropriate parameters for eng.
first limit

single syst. remaining
Where manual switching req.

Logic to be determined.
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TABLE FOUR
LEVELI

Excessive rate of change of cabin press.
Instrument warning
Prognosis of wind shear potential |
Lavatory fire/smoke
Hydraulic press./quan. Multiple systems remaining
Engine oil press./quan.
Flight inst. power failure where syst. restoration is automatic
Inst. comparator alert
CADC failure
Inadvertent stabilizer in motion

Ground prox./high sink
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TABLE FIVE
LEVELO

A/P in reversion (i.e., Turb Mode, etc.)

Navigation system fail (recommend to sys. designers that if a guidance input has failed that the
appropriate command bar, etc., be removed from view ARP 1068)

Antiskid off/fail (if this item were on Level I could eliminate from the approach checklist)
Radio altimeter failure

Gyro or compass flag visible

Exterior doors not closed

Yaw damper fail

Instrument transfer switch not normal

Landing gear door open

Gear not properly stowed

Autopilot stabilizer out of trim
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Capt. B. Schmitt September 15th, 1976

WORKING PAPER
AN INTEGRATED AIRCRAFT WARNING SYSTEM
SAE - COMMITTEE S-7

Comments on the above Working Paper

I THE DELIVERY SYSTEM AND ITS PHILOSOPHY

A.

Item 2: I am of the opinion that using the MASTER WARNING/MASTER CAUTION sys-
tem, as installed in most of the present day aircraft, the level of urgency is annun-
ciated - maybe not optimal but at least usable. As a consequence, two different

‘kinds of checklists exist, namely the EMERGENCY CHECKLIST and the MAL-
FUNCTION OR ABNORMAL CHECLIST.

Item 3: I fully agree; too high a noise level can even lead to a wrong decision.

Item 1/2: I fully support the statement that too many aural warnings are used today.
Instead of repeating the tone once, twice or three times, I suggest that we look into
the aural warning as used on the French Caravelle, e.g., I could think of using one
tone for Level I, but a GING/GONG type tone for Level III, etc. I am pretty sure
that this would be more suggestive than always repeating the same tone.

Item 3-5: No comment.

Item 6: During evaluation of the present warnings it also occurred to me that a discrete
audio warning is in certain cases a must, e.g.,

®  DH aural warning
e SELCAL
® CABIN to COCKPIT, etc.

Since these tones are routinely heard, the meaning is well understood.
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I

v

LEVELS OF URGENCY

A.

Item 1-4: I generally agree, but I suggest that the present philosophy of having a lot of recall

or memory items should be reviewed. The only memory item we have retained at
SWISSAIR is the EMERGENCY DESCENT. All other items may only be performed
using the EMERGENCY Checklist except for the 2-man cockpit. Only this guaran-
tees that the right action is performed in the correct sequence.

It may be worthwhile to convince the FAA to review their philosophy.

B.

Item 1: Based on my experience, I think that it will be very difficult to delete the aural
warning for DH, especially with regard to CAT II/CAT III A operation, where the
DH is a very important element for decision making. Also Selcal as well as the
Cabin to Cockpit call - even routine - calls for a discrete aural signal unless somebody
has a really good solution.

Item 2: GPWS. If a warning occurs, this at least calls for investigation. Therefore, it might
not be necessary to put logic in, in order to identify phase of flight. Of course this
can differ from company to company and may also depend on whether the warning
“TERRAIN” or the order “PULL-UP” has been selected.

Item 3: No comments.

Item 4: Agreed.

Item 5: The present used “overlimit” light in the respective engine instrument has been
proved to be a good idea. So I think it could be deleted from the warning system.

Item 6: Needs further discussion.

INHIBIT AND OTHER LOGIC

A.+B. Agree.

PRIORITIES

See comments on Tables.

OTHER UNRESOLVED ISSUES

A.

B.-E.

Agreed; fortunately the newest brand of radio altimeters has a very high reliability
and/or MTBF.

Agree.
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TABLE ONE

No comments at present.

TABLE TWO LEVEL II

(A) Stall: Aural warning is just enough. I don’t think that voice warning and visual display are

(B)
€

necessary.

The stall warnings today were mostly a result of improper crew procedure, e.g.,
flaps/slats retraction at wrong speed, erroneous approach speed, wrong configura-
tion, etc., etc.

I suggest that the industry be invited to study a design which tackles the problem at
its root, e.g., speed command system with floor speed for approach and take-off
with full time redundant autothrottles as a standard equipment. Inhibit logic to
avoid flaps/slats retraction at too slow speeds, etc.

I think that a lot of warnings could be eliminated if the system were to be properly
designed.

No comment.
A/P - inadvertent disconnect (non red. system & below R/A)
During this phase of the flight the crew is much more alert than in cruise. Do we

really need 3 tones/voice/visual display at this very critical point? If the answer is
No, then we are back to a discrete autopilot disconnect signal - aural or visual!

TABLE THREE LEVEL II

—Overrotation is another example where a speed command system for take-off may
help. No warning but proper design!

—Otherwise no comments yet.

TABLE FOUR LEVELI

No comments.

TABLE FIVE LEVELO

No comments.
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APPENDIX G

APPLICATION OF ALERT PRIORITIZATION
SCHEME TO A 737 AIRCRAFT

This appendix provides a tabulation of the priority levels that each alerting function on a 737 air-
craft might be assigned by the proposed prioritization criteria. The alert levels specified for each
flight phase correlate with the categories defined in table 14. A dash in these columns indicates that
the alert is (1) not required in that flight phase or (2) should be inhibited in that flight phase.
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737

ALERT LEVEL AS FUNCTION OF FLIGHT PHASE

ALERTING CURRENTLY INITIAL| FINAL 1500 ABOVE| APPR TAXI
FUNCTION USED TYPE GRD PRE- ENG | .TAXI |T.0. T.0. INITIAL| TO 14,000 | 1500 LDG AND
OF ALERT MAINT | FLT ST ROLL ROLL |[CLIMB | 14,000 | FT T0 SHUT-
FT 200 FT DOWN
AIR CONDITIONING
AIR CONDITIONING 1 AMBER 3 3 3 3 - - - 3 3 3 - 3
SYSTEM MALFUNCTION LIGHT
NO AIRFLOW IN COCKPIT 1 AMBER 3 3 3 ‘ 3 - - - 3 3 3 - 3
OR EQUIPMENT COOLING LIGHT
COMPARTMENT
EXCESSIVE DIFFEREN - 1 YELLOW/RED 2 2 - - - - - 2 2 = - -
TIAL PRESSURE BAND
DUCT OVERHEAT 2 AMBER 2 2 2 2 3 - - 2 2 3 - 3
LIGHTS
OFF SCHEDULE DESCENT 1 AMBER 2 3 - - - — — 3 3 - - -
LIGHT
OUTFLOW VALVES 1 BLUE 4 4 4 4 - - - 4 4 4 - 4
POSITION LIGHT
PACK OVERHEAT/ 2 AMBER 3 3 3 3 3 - - 3 3 3 - 3
TRIP OFF LIGHTS
PRESSURIZATION 1 AMBER LIGHT 2 2 — — — — — 2 1 — - -
FAILURE AND HORN
PRESSURIZATION 2 GREEN 4 4 - _ _ - — 4 4 4 — —
SYSTEM OPERATING LIGHTS
MODE
RAM AIR DOOR OPEN 2BLUE 4 4 4 4 - - - 4 4 4 - 4
LIGHTS
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737

ALERT LEVEL AS FUNCTION OF FLIGHT PHASE

ALERTING CURRENTLY 1500 APPR. TAXI
FUNCTION USEDTYPE  |ghn. | pae- | EnG | Taxt [T ™ P lwimiar] 1o |S0evEl tso0 | LoG. | &
OF ALERT MAINT | FLT | ST. o i1 |CLIMB | 14,000 | g7 TO SHUT-
ROLL ROLL FT
FT 200 FT DOWN
AIRCRAFT GENERAL
MASTER CAUTION 2 AMBER LIGHTS 2 2 2 2 2 - - 2 2 2 - 2
ALTITUDE ALERT
APPROACHING 1 BLUE LIGHT 3 3 bt - - - - 3 3 -~ - -
ALTITUDE & TONE
ALTITUDE‘ALERT 1 RED FLAG 3 3 - - - - - 3 3 -~ — —
FAILURE
APU
APU LOW OIL PRESS/ 1 AMBER LIGHT 3 3 3 3 3 - - 2 2 2 - 3
AUTO SHUTDOWN
APU OIL QUANTITY 1 BLUE LIGHT 3 3 3 3 - - - 3 3 3 - 3
LOW
APU EGT OVERTEMP 1 GREEN/YELLOW/ 3 3 3 3 - - - 3 3 3 - 3
RED BAND
APU QiL TEMP H!? 1 AMBER LIGHT 3 3 3 3 - - - 3 3 3 - 3
APU FAILURE 1 AMBER LIGHT 3 3 3 3 - - — 3 3 3 - 3
APU QVERSPEED 1 AMBER LIGHT 3 3 3 3 - - — 3 3 3 - 3
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737

CURRENTLY

ALERT LEVEL AS FUNCTION OF FLIGHT PHASE

ALERTING USED TYPE INITIAL] FINAL 1500 ] ABOVE| APPR TAXI
FUNCTION GRD PRE- | ENG | TAXI |T.0. T.0. [INITIAL} TO 14,000 | 1500 LDG | AND
OF ALERT MAINT | FLT | ST ROLL | ROLL [cLiMB | 14,000 | FT T0 SHUT-
FT 200 FT DOWN
AUTOMATIC FLIGHT
CONTROL SYSTEM
AUTOPILOT 2 FLASHING 2 2 _ _ _ _ _ 2 2 2 1 _
DISCONNECT RED LIGHTS
AUTOTHROTTLE 2 RED LIGHTS 2 2 _ _ _ _ _ 2 2 2 1 _
DISCONNECT {INOP) .
FLIGHT DIRECTOR 2 AMBER LIGHTS 4 4 _ _ _ _ _ 4 4 4 — -
VOR/LOC CAPTURE
MODE ARMED
FLIGHT DIRECTOR— 2 GREEN LIGHTS 4 4 _ _ _ ~ _ 4 4 4 4 _
VOR COURSE/LOC
CAPTURED
FLIGHT DIRECTOR 2 AMBER LIGHTS 4 4 _ _ _ _ _ 4 _ 4 _ _
GLIDE SCOPE CAPTURE
MODE ARMED
FLIGHT DIRECTOR— 2 GREEN LIGHTS 4 4 _ _ _ _ _ 4 _ 4 _ -
GLIDE SLOPE CAPTURED
AUTOPILOT VOR/LOC 2 AMBER LIGHTS 4 4 _ _ _ _ _ 4 4 4 _ -
CAPTURE MODE ARMED
AUTOPILOT VOR 2 GREEN LIGHTS 4 4 _ _ _ _ _ 4 4 4 4 _
COURSE/LOC CAPTURED
AUTOPILOT GLIDE 2 AMBER LIGHTS 4 4 - _ _ _ - 4 _ 4 - _
SLOPE CAPTURE
MODE ARMED
AUTOPILOT— 2 GREEN LIGHTS 4 4 _ _ _ - _ 4 _ 4 _ _
GLIDE SLOPE
CAPTURED
GO-AROUND MODE 2 GREEN LIGHTS 4 4 _ _ _ _ 4 _ _ 4 4 _
ENGAGED
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737

ALERT LEVEL AS FUNCTION OF FLIGHT PHASE

RRENTLY
ALERTING SlsJED TY;'E . INITIAL| FINAL 1500 |ABOVE | APPR TAXI
FUNCTION GRo | PRE- | ene | TAxt |10, |T.0. |inmadTo 14,000 | 1500 LDG |AND
OF ALERT MAINT | FLT | ST ROLL | ROLL {cLimB |14,000 |FT T0 SHUT-
FT 200 FT DOWN
COMMUNICATIONS
MICROPHONE/TRANS- 15 GREEN LIGHTS 4 4 4 4 4 4 4 4 4 4 4 4
MITTER COMBINATION
SELECTED
VHF COMM CHANNEL 6 GREEN LIGHTS 4 4 4 4 4 4 4 4 4 4 4 4
SELECTED BY TRANSFER
SWITCH
SELCAL ACTIVATED 2 GREEN LIGHTS 3 3 3 3 3 3 3 3 3 3 3 3
AND CHIME
ATTENDANT CALL 1 BLUE LIGHT 3 3 3 3 - - - 3 3 3 - 3
AND CHIME
ELECTRICAL SYSTEMS
EXTERNAL POWER 1 BLUE LIGHT 4 4 4 - - - - - - - - 4
AVAILABLE :
CSD OR IDG OIL TEMP 2 AMBER LIGHTS 2 2 2 2 - - - 2 2 2 - 2
HIGH AND 4 YELLOW
BANDS
CSD OR 1DG OiL 2 AMBER LIGHTS 2 2 2 2 - - - 2 2 2 - 2
PRESSURE LOW
GENERATOR BREAKER 2 BLUE LIGHTS 3 3 3 3 - - - 3 3 3 - 3
OR RELAY TRIPPED OPEN
AC STANDBY BUS 1 AMBER LIGHT 2 3 2 2 - - - 2 2 2 - 2
FAILED OR OFF
AC BUS OFF 2 AMBER LIGHTS 3 3 3 3 - - - 3 3 3 _ 3
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737

CURRENTLY

ALERT LEVEL AS FUNCTION OF FLIGHT PHASE

ALERTING USED TYPE . INITIAL | FINAL 1500 |ABOVE | APPR TAXI
FUNCTION GRD PRE- | ENG | TAX! |t.0. T.0. [INTIAL|TO 14,000 | 1500 LDG |AND
OF ALERT MAINT | FLT ST ROLL | ROLL |[CcLIMB |14,000 |FT T0 SHUT-
FT 200 FT DOWN
{CONT)
ELECTRICAL SYSTEMS
APU GENERATOR 1 BLUE LIGHT 3 3 3 3 _ _ _ 3 3 3 - 3
RELAY OPEN
AC TRANSFER BUS OFF 2 AMBER LIGHTS 3 3 3 3 _ _ _ 3 3 3 _ 3
ELECTRICAL SYSTEM 1 AMBER LIGHT 4 4 4 4 _ _ _ 4 4 4 _ 4
FAULT
EMERGENCY
EQUIPMENT
PASSENGER OXYGEN 1 AMBER LIGHT 2 2 2 2 _ _ — 2 2 2 _ 2
SYSTEMS ON
OXYGEN FLOW— 3WHITE FLAGS 4 4 4 4 4 4 4 4 4 4 4 4
PRESSURE REGULATOR
EMERGENCY LIGHTS 1 AMBER LIGHT 3 3 3 3 _ _ _ 3 3 3 _ 3
NOT ARMED
FIRE PROTECTION
MASTER FIRE WARNING 2 RED LIGHTS 2 2 2 2 2 _ _ 2 2 2 _ 2
AND BELL
FIRE EXTINGUISHER 3 AMBER LIGHT 4 4 _ _ 4 4 4 4
BOTTLE DISCHARGED S 4 4 4 -
ENGINE OVERHEAT 2 AMBER LIGHTS 3 3 3 3 3 _ _ 3 3 3 _ 3
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ALERT LEVEL AS FUNCTION OF FLIGHT PHASE
CURRENTLY
ALERTING USED TYPE INITIAL] FINAL 1500 |ABOVE | APPR TAXI
FUNCTION GRD PRE- | ENG | TAXI [T.0. |[T.0. [INITIAL{TO 14,000 | 1500 LDG |AND
OF ALERT MAINT | FLT ST ROLL | ROLL [cLIMB |14,000 |FT T0 SHUT-
FT 200 FT DOWN
(CONT)
FIRE PROTECTION
ENGINE FIRE 2 RED LIGHTS 2 2 2 2 2 _ _ 2 2 2 _ 2
APU FIRE 1 RED LIGHT 2 2 2 2 2 _ _ 2 2 2 - 2
WHEEL WELL FIRE 1 RED LIGHT 2 2 _ 2 2 _ _ 2 2 2 _ 2
CARGO COMPARTMENT 2 RED LIGHTS 2 2 2 2 2 _ _ 2 2 2 _ 2
FIRE :
FIRE BOTTLE SQUIBS ~ 3GREEN LIGHTS 4 4 a4 4 _ _ _ 4 4 4 _ 4
oK
ENGINE OVERHEAT OR 1 AMBER LIGHT 3 3 3 3 _ _ - 3 3 3 _ 3
APU FIRE DETECTOR : '
INOP
APU FIRE DETECTION 1 AMBER LIGHT 3 3 3 3 _ _ _ 3 3 3 _ 3
SYSTEM FAILURE
FLIGHT CONTROLS
STALL WARNING 1 AMBER LIGHT 3 3 3 3 _ _ _ 3 3 3 _ 3
SYSTEM FAILURE
STALL WARNING STICK SHAKER 1 1 v_ _ _ _ 1 1 1 1 1 _
MACH TRIM FAIL 1 AMBER LIGHT 3 3 3 3 _ - _ 3 3 3 _ 3
LEADING EDGE FLAPS 12 GREEN AND 4 4 4 4 4 _ 4 4 4 4 _ 4
AND SLATS EXTENSION 10 AMBER LIGHTS
STATUS
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737

ALERT LEVEL AS FUNCTION OF FLIGHT PHASE

RRENTLY :
ALERTING EILSJED TYPE INITIAL | FINAL 1500 |ABOVE | APPR TAXI
FUNCTION GRD PRE- | ENG | TAX! {T.0. T.0. |NiTiaLl 7o 14,000 | 1500 LDG |AND
OF ALERT MAINT | FLT | ST ROLL |[ROLL |CLIMB | 14,000 |FT T0 SHUT-
FT 200 FT DOWN
(CONT)
FLIGHT CONTROL
LEADING EDGE SLATS 1 AMBER LIGHT 4 4 4 4 - ~ - a4 4 4 - 4
OR FLAPS IN-TRANSIT
LEADING EDGE SLATS 1 GREEN LIGHT 4 4 4 4 - - - 4 4 a - 4
FULLY EXTENDED
LEADING EDGE FLAPS 1 GREEN LIGHT 4 4 4 4 - - - 4 4 4 - 4
FULLY EXTENDED
STABILIZER OUT-OF- 1 AMBER LIGHT 4 a4 4 3 2 _ _ 3 3 3 _ a4
TRIM
YAW DAMPER FAILURE 1 AMBER LIGHT 3 3 3 2 2 _ _ 2 2 2 _ 3
STABILIZER TRIM MBER LIGHT 4 4 4 4 _ _ _ 4 4 4 _ 4
OPERATING 1A LIG
ELEVATOR HYDRAULICS 2 AMBER LIGHTS 2 2 2 2 2 - _ 2 2 2 2 2
LOW PRESSURE
RUDDER HYDRAULICS 2 AMBER LIGHTS 2 2 2 2 2 _ _ 2 2 2 2 2
LOW PRESSURE
AILERON HYDRAULICS 2 AMBER LIGHTS 2 2 2 2 2 _ _ 2 2 2 2 2
LOW PRESSURE
FLIGHT CONTROL 1 AMBER LIGHT 3 3 3 3 3 - _ 3 3 3 - 3
SYSTEM MALFUNCTION
RUDDER OR ELEVATOR 1 AMBER LIGHT 3 3 3 3 3 - - 3 3 3 - 3

FEEL DIFFERENTIAL
PRESSURE EXCESSIVE




§44

737

ALERT LEVEL AS FUNCTION OF FLIGHT PHASE

CURRENTLY
ALERTING USED TYPED INITIAL | FINAL 1500 |ABOVE | APPR TAXI
FUNCTION GRD PRE- | ENG | TAX! |1.0. [T1.0. linmiaLlTo 14,000 | 1500 LOG [AND
OF ALERT MAINT | FLT | ST ROLL |ROLL |CLIMB | 14,000 |FT TO SHUT-
FT 200 FT DOWN
{CONT)
FLIGHT CONTROL
SPEED BRAKE— 1 AMBER LIGHT 2 2 _ - _ - - 2 - 2 _ -
DO NOT ARM
SPEED BRAKE ARMED 1 GREEN LIGHT 3 3 - _ _ - - 3 _ 3 3 -
UNSAFE TAKEOFF INTERMITTENT 1 1 _ 3 1 _ _ _ _ _ _ -
CONFIGURATION HORN
FLIGHT INSTRUMENTS
AND AIR DATA .
RADIO ALTIMETER FAIL 2 RED FLAGS 3 3 3 3 3 _ _ 3 _ 3 3 3
INSTRUMENT 12 YELLOW 3 3 3 3 3 _ -~ 3 3 3 _ 3
INDICATION LIGHTS AND
COMPARISON CLACKER
INSTRUMENT 2 YELLOW LIGHTS | 3 3 3 3 3 _ - 3 3 3 _ 3
COMPARISON MONITOR
FAILURE
STATIC SOURCE ERROR 2 BLACK FLAGS 3 3 3 3 3 - _ 3 3 3 _ 3
CORRECTION FAILURE
BAROMETRIC ALTITUDE 2 GREEN FLAGS 3 3 3 3 3 _ _ 3 3 3 _ 3
INFO FAIL
STANDBY ATTITUDE 1 RED FLAG 3 3 3 3 3 _ _ 3 3 3 _ 3
FAIL/OFF ‘
GROUND PROXIMITY 2 RED LIGHTS 1 1 _ _ _ _ 1 1 1 1 1

WARNING

AND MESSAGE
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ALERT LEVEL AS FUNCTION OF FLIGHT PHASE

CURRENTLY
ALERTING USED TYPE INITIAL | FINAL 1500 |ABOVE | APPR TAXI
FUNCTION GRD PRE- ENG | TAX! |T.0. T.0. (INITIAL/TO 14,000 | 1500 LDG | AND
OF ALERT MAINT | FLT | ST ROLL |ROLL |CLIMB |1a000 |FT 0 SHUT-
FT 200 FT DOWN
(CONT)
FLIGHT INSTRUMENTS
AND AIR DATA
BELOW GLIDESLOPE 2 AMBER LIGHTS 2 2 _ _ _ - - _ _ 2 3 _
WARNING AND MESSAGE
GROUND PROXIMITY 1 AMBER LIGHT 3 3 _ _ _ _ 3 3 3 _ 3
SYSTEM FAIL
DECISION HEIGHT 2 AMBER LIGHTS 2 2 _ _ _ _ _ _ _ 2 2 _
AND TONE
TOTAL AIR TEMP 1 RED FLAG 3 3 3 3 _ _ _ 3 3 3 _ 3
INDICATION BAD
OVER OUTER MARKER 2 FLASHING BLUE | 4 4 _ . _ - _ 4 _ 4 _ _
LIGHTS AND TONE
OVER MIDDLE MARKER 2 FLASHING AMBER| 4 4 _ _ _ _ _ _ _ 4 _ _
LIGHTS AND TONE
OVER AIRWAYS 2 FLASHING CLEAR| 4 4 - _ — _ _ 4 4 4 _ _
MARKER BEACON LIGHTS
EXCESSIVE AIRSPEED CLACKER 2 2 2 2 _ _ _ 2 2 2 _ _
OR MACH
FUEL
ENGINE FUEL SHUTOFF 2 BRIGHT BLUE 4 4 4 4 _ _ _ 4 4 4 _ 4
VALVE IN-TRANSIT LIGHTS
ENGINE FUEL SHUTOFF 2 DIM BLUE 3 3 3 3 2 _ _ 3 3 3 _ 3
VALVE CLOSED LIGHTS
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HYDRAULIC FLUID
QUANTITY LOW

ALERT LEVEL AS FUNCTION OF FLIGHT PHASE
CURRENTLY
ALERTING USED TYPE INITIAL| FINAL 1500 |ABOVE | APPR TAXI
FUNCTION T GRD PRE- | ENG | TAXI |T.0. T.0. |INITIAL! TO 14,000 | 1500 LDG | AND
OF ALER MAINT | FLT ST ROLL | ROLL [CLIMB | 14,000 |FT T0 SHUT-
FT 200 FY DOWN
(CONT)
FUEL
FUEL BOOST PUMP 6 AMBER LIGHTS 3 3 3 3 3 _ ~ 3 3 3 _ 3
LOW PRESSURE
CROSSFEED VALVE 1 BRIGHT BLUE 4 4 4 4 4 _ _ 4 4 4 _ 4
IN-TRANSIT LIGHT
CROSSFEED VALVE 1 DIM BLUE LIGHT 4 4 4 4 4 _ _ 4 4 4 - 4
OPEN
FUEL FILTER ICING 2 AMBER LIGHTS 2 2 2 2 2 _ _ 2 2 2 _ .2
FUEL HEAT VALVE 2 BRIGHT BLUE 4 4 4 4 - _ _ 4 4 4 _ 4
IN-TRANSIT LIGHTS
FUEL HEAT VALVE 2 DIM BLUE 4 4 4 4 - _ - 4 4 4 _ 4
OPEN LIGHTS
FUEL SYSTEM 1 AMBER LIGHT 3 3 3 3 3 _ _ 3 3 3 - 3
MALFUNCTION
HYDRAULIC POWER
ENGINE DRIVEN PUMP 2 AMBER LIGHTS 3 3 3 3 - _ _ 3 3 3 _ 3
OUTPUT PRESSURE LOW
HYDRAULIC PUMP 2 AMBER LIGHTS 3 3 3 3 - — — 3 3 3 _ 3
CASE DRAIN FLUID
TEMP HIGH
STANDBY SYSTEM 1 AMBER LIGHT 3 3 3 3 _ _ _ 3 3 3 — 3
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ALERT LEVEL AS FUNCTION OF FLIGHT PHASE

Y
ALERTING (L:JtSJggET%E INITIAL] FINAL 1500 [ABOVE | APPR TAXI
FUNCTION GRD PRE- ENG | TAX! {1.0. |T.0. |INITIAL|TO 14,000 | 1500 LDG |AND
OF ALERT MAINT | FLT ST ROLL (ROLL |CLIMB }14,000 |FEET |TO SHUT-
FEET 200 FT DOWN
{CONT)
HYDRAULIC POWER
ELECTRIC DRIVEN 2 AMBER LIGHTS 3 3 3 3 - _ — 3 3 3 _ 3
PUMP--LOW OUTPUT
PRESSURE
HYDRAULIC SYSTEM 1 AMBER LIGHT 3 3 3 3 3 - _ 3 3 3 - 3
MALFUNCTION
HYDRAUL!C PRESSURE 1 GREEN, 2 YELLOW! 3 3 3 3 _ _ _ 3 3 3 - 3
ABNORMAL AND 1 RED BAND
STANDBY HYDRAULIC 1 AMBER LIGHT 3 3 3 3 _ _ - 3 3 3 _ 3
PUMP—LOW PRESSURE
ICE AND RAIN
PROTECTION
PITOT HEAT ON 7 GREEN LIGHTS 4 4 4 4 - _ - 4 4 4 _ 4
WING ANTI-ICE 2 BRIGHT BLUE 4 4 4 4 _ _ _ 4 4 4 - 4
VALVE IN-TRANSIT LIGHTS
WINDOW OVERHEAT 4 AMBER LIGHTS 3 3 3 3 - _ - 3 3 3 - 3
WINDOW HEAT ON/OFF 4 GREEN LIGHTS 4 a4 4 4 _ _ _ 4 4 a4 _ 4
WING ANTI-ICE 2 DIM BLUE 4 4 4 4 - - - 4 4 4 — 4
VALVE OPEN LIGHTS
ENGINE ANTI-ICE 6 BRIGHT BLUE 4 4 4 4 _ - _ 4 4 4 - 4
VALVES IN-TRANSIT LIGHTS
ENGINE ANTI-ICE 6 DIM BLUE LIGHTS| 4 4 a4 4 _ _ _ 4 4 4 _ 4

VALVES OPEN
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BURST

— ~ hd — -
ENTLY ALERT LEVEL AS FUNCTION OF FLIGHT PHASE
ALERTING ﬁLSJSDR TYPE INITIAL | FINAL 1500 [ ABOVE | APPR TAXI
FUNCTION GRo | PRE- | ene | TAxt [T.0.  [T.0. [inmiaLl TO 14,000 | 1500 LDG | AND
OF ALERT MAINT | FLT ST ROLL {ROLL [CLIMB (14,000 | FEET |{TO SHUT-
. FEET 200 FT DOWN
(CONT)
ICE AND RAIN
PROTECTION
ANTI-ICE SYSTEM 1 AMBER LIGHT 3 3 3 3 3 - _ 3 3 3 _ 3
MALFUNCT ION :
LANDING GEAR
GEAR DOWN AND 3 GREEN LIGHTS 3 3 3 3 - _ _ 3 3 3 3 3
LOCKED ~
ANTI-SKID FAILURE 2 AMBER LIGHTS 3 3 3 3 3 _ _ 3 3 3 3 3
ANTI-SKID OFF 2 AMBER LIGHTS 4 4 4 4 _ _ _ 4 4 4 4 4
BRAKE PRESSURE 1 GREEN, 1 YELLOW| 2 2 2 2 2 _ 2 _ 2 2 2
ABNORMAL AND 2 REDBANDS | =~
PARKING BRAKES ON 1 RED LIGHT 2 2 2 2 2 - _ _ - _ _ 2
GEAR COMPARTMENT 1 AMBER LIGHT 3 3 _ - _ _ - 3 3 _ - -
NOT SEALED :
GEAR NOT DOWN AND 3 RED LIGHTS 2 2 _ _ _ _ _ 2 2 2 2 -
LOCKED AND THRUST AND HORN
LEVER AT IDLE .
GEAR UNLOCKED 3 RED LIGHTS 2 2 2 2 2 2 2 2 2 2 1 2
AND HORN
GEAR DOWN AND 3 RED LIGHTS 1 1 1 1 1 _ - _ - 1 1 1
LOCKED BUT LEVER AND HORN
NOT !N DOWN DETENT
EQUIPMENT TIRE 1 AMBER LIGHT 2 2 _ B _ _ _ 2 2 2 2 2
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ALERT LEVEL AS FUNCTION OF FLIGHT PHASE

CURRENTLY
ALERTING USED TYPE INITIAL | FINAL 1500 | ABOVE | APPR TAXI
FUNCTION GRD PRE- ENG | TAX! [T.0. T.0. INITIAL| TO 14,000 | 1500 LDG | AND
OF ALERT MAINT | FLT | ST ROLL |ROLL |cLImMB |14,000 |FEET |TO SHUT-
FEET 200 FT DOWN
{(CONT)
LANDING GEAR
UNSAFE LANDING HORN 1 1 _ _ _ _ _ - - 1 1 -
CONFIGURATION
NAVIGATION
FLIGHT DIRECTOR 2 RED FLAGS 3 3 3 3 3 _ 3 3 3 3 3 3
INFO FAIL
GYRO FAILURE 2 RED FLAGS 2 2 2 2 2 _ 2 2 2 2 2 2
COMPASS SYSTEM 4 RED FLAGS 3 3 3 3 3 _ 3 3 3 3 3 3
FAILURE
AUXILIARY VERTICAL 1 WHITE FLAG 3 3 3 3 _ — _ 3 3 3 _ 3
GYRO INOP
TRANSPONDER IN 1 GREEN LIGHT 4 4 4 4 _ - _ 4 4 4 — 4
TEST MODE
LOCALIZER INFQ FAIL 2 RED FLAGS 3 3 3 3 _ _ _ 3 3 3 3 _
VOR INFO FAIL 2 RED FLAGS 3 3 3 3 3 _ — 3 3 3 _ _
GLIDE SLOPE INFO 2 RED FLAGS 3 3 3 3 _ _ _ 3 _ 3 3 _
FAIL
PNEUMATICS
BLEED AIR TEMP HIGH 2 AMBER LIGHTS 2 2 2 2 _ _ _ 2 2 2 _ 2
BLEED TRIP OFF 2 AMBER LIGHTS 3 3 3 3 _ _ — 3 3 3 — 3
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RENTLY ALERT LEVEL AS FUNCTION OF FLIGHT PHASE
; CURRENTL
ALERTING USED TYPE INITIAL] FINAL 1500 |ABOVE | APPR TAXI
FUNCTION GRD | PRE- | ENG | TAXI |1q, |T.0. [INITIAL|TO 14,000 | 1500 | LDG |AND
OF ALERT MAINT | FLT | ST ROLL |ROLL [CLIMB |14,000 |FEET | TO SHUT-
_ FEET 200 FT DOWN
(CONT)
PNEUMATICS
DUAL BLEED SOURCES 1 AMBER LIGHT 3 3 3 3 - - ~ 3 3 3 - 3
POWER PLANT
REVERSER 1 AMBER LIGHT 2] 2 2 2 S 2 - 2 | 2 2
ACCUMULATOR
PRESSURE LOW
N2 OVERSPEED 2 GREEN/YELLOW/ 2 2 2 2 2 - - 2 2 2 - 2
RED BANDS
N1 OVERSPEED 2 GREEN/YELLOW/ 2 2 2 2 2 _ - 2 2 2 _ 2
RED BANDS
EPR INDICATION 1 RED FLAG 2 2 2 2 2 = - 2 2 2 _ 2
FAIL
EGT OVERTEMP 2 GREEN/YELLOW/ 2 2 2 2 2 - - 2 2 2 - 2
RED BANDS .
OIL TEMPERATURE 2 GREEN/YELLOW/ 2 2 2 2 2 - - 2 2 2 | - 2
HIGH RED BANDS
OIL FILTER CLOGGED 2 AMBER LIGHTS 3 3 3 3 3 - - 3 3 3 - 3
ENGINE OIL PRESSURE 2 AMBER LIGHTS 2 2 2 2 2 _ — 2 2 2 - 2
LOW PLUS 2 GREEN/
YELLOW/RED
BANDS
REVERSER UNLOCKED 2 AMBER LIGHTS 3 3 3 3 3 - - 3 3 3 3 3
REVERSER ARMED 1 BLUE LIGHT 3 3 3 3 3 _ - 3 3 3 3 3
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Visual signals— Efliott ~ | For asimple reaction time* {RT) task, the RT fora 1° Merriman Reaction time to Grimes warning lights (1/8" x 7/10" MIL-STD |e A 3/16 inch border shall surround legends
size 1968 visual angle light was no different than for a 3 light 1969 legend with border iflumination} decreased as the 4110
width of the border increased leveling off at .75 sec
for a width of 1/8"
*Simple reaction time is the time to react to a stimufus
when that is the only task to be accomplished
Freoberq Simpte RT decreased as the size increased leveling off Sheehan Response times to alphanumeric legends decreased as
1907 at 20 visual angle 1972 size increased leveling off at 1 sec for 1° visual angle
Visual signals - Pabb Simpte RT decreased as b(ightne_ss increasoed leveling off MIL-STD |e® Theiegend on a signal when energized shall be read-
. 1962 at 180 msec fur 30-ft-L. Signal size was 1° 10 min of 4110 abte under direct sunlight (10,000 ft-L). When not
brightness and visual angle. Lighted sigrial was presented in a dark room. energized the legend should not be readable and shall
contrast not appear energized in direct suniight.
Rains Found that a 1.59 mL signal with a 4 minute visual angle o Brightness shall be no fess than 150 ft-L. Warning
1962 and a .023 sec fiash was the detection threshold for a lights should be dimmed to 15+3 1-L when the pilots
white signal in a simple RT task. Lighted signal was primary instrument light control is “on". Advisory
presented in a dark room. lights should be dimmed to 1+5 #t-L, when the
primary light control is at max. intensity.
Kohfeld Simple RT decreased as intensity increased leveling off MILSTD |e® Brightness of rear lighted displays shall be at least
1971 at 220 msec between 1 and 100 mL for white light. Signal 14728 109 greater than the brightness of the area around
was presented in a dark room. the display. A dimming control should be provided.
Hoyland | Found that for moderate brightness levels there was no MIL-C e Contrast between lighted and unlighted portions of a
1936 relationship between hrightness and RT except for com- 81774A display, under high ambient illumination (10,000 f1-C)
pletely dark adapted subject who reacted to a 250 ft-C shail be a minimum of 3 when caiculated as:
signal faster. El - B2 B] = Brightness of iltuminated portion
C =
B2 B2 = Brightness.of unlighted portion
Matteson A low level of brightness of the area surrounding the
1971 signal caused a small decrease in RT {25 msec) over no
surrounding tight. There was no further effect of sur-
round on RT until the surround became brighter than
the signal.
Teichner Simple RT decreased as intensity increased leveling off
1954 at 25 ft-C for larger objects {3-5.2 minutes visual angle}
and 45 ft-C for smaller abjects (1-2 minutes)
Gerathewohl | Flashing signals produced faster RT (2 sec} than steady
1953 signals when contrast levels were less than one. For
levels greater than one there was no significant difference
between the signals far the fowest contrast
(Signal Luminance — Background Luminance}
Background Luminance
Level (.15} the average number of misses for the steady
signal was 50% and for the Hashing signal was 5%.
Visual signals — Coates For monocular viewing simple RT was fastest at the Rich Using very small (4 minutes visual angle} stationary MIL-STD ] e Nominal envelope of vision for both pilot and copilot
focation 1972 middle position +4° for the gazing scan pattern and at 19N targets 83% were detected when the target was on the 411D is a 30° cone symmetrical about a line from eye posi-
+249 for the scanning pattern line of sight and 35% when it was 30° to 400 left or tion to the top of the instrument panel
right.
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Visual signals - Rains Simple RT for the right eye was fastest at 0° and Siegef Found that response to signals located at 0° horizon- @ Light signals shall not be located within the pilots or
lotation 1962 increased as the horizontal angle increased. It had not 1960 tal displacement from pilot's centerline of vision was copilots basic flight instrument group when warning
{cont} jeveled out at 30°. Signals to the ieft produced faster faster than to signals located at either 339 or 959. lights have to belocated outside the 30° cone of vision
RT's than to the right and signals above horizontal pro- Mean response time for signals at 959 was 1.2 a master signal must be provided within the cone.
duced faster RT's than those below. seconds slower than for signals at 0°.
Sharp Using a sound as a cue for a visual signal found no dif- o Except where specifically authorized advisory lights
1967 ference in visual RT as the horizontal displacement of shall not be located on the main instrument panel.
the signal increased from 0° to 759.
Sharp For visual RT with no auditory cue there was an increase MILSTD | e Viewing distance from eye reference to diaplay shall
1968 in the RT variability as the horizontal displacement of 14728 not be less than 13 inches preferrably not less than
the signal increased from 570 to 83°. However, the mean 20 inches o greater than 28 inches.
RT did not change over this range. The RT increased
sharply at displacements greater than 839 and, 96°, 25
percent of the signals were missed entirely.
Haines Described zones of equal RT for different colored signals.
1975 The lowest RT zone {330 msec) for red lights covered a
signal displacement of 300 left, 359 right, 20° up and 250
down. Thelowest RT zone {270 msec) for white
lights was from 459 |eft to 509 right and 20° up to 259
down.
Teichner Simple RT to a white light increased from .004 sec at 3°
1954 horizontal displacement from the centerline of vision to
.024 sec at 450,
Visual signals - Crawford Used white signals with red and green distractors. Found Noble Alternating and flashing lights produced superior MIL-STD | @ Flashing light presentation shall have flash rates of
format 1962 no difference in a simple RT task between steady and 1958 detection (not quaitified) in both day and night 411D 3 to 5 per second. The “on’’ time shall be approx-
flashing signals with no distractors. Flashing signals with . conditions. !f a steady light was missed it was more imately equal to the “off" time.
steady distractor produced fastest RT. likely to remain missed.
Gerathewohl | Flashing signals produced a faster response time (by 2
1953 sec) when contrast levels were less than one. For levels
greater than one, there was not a significant difference
in response time to fiashing and steady signals.
Edwards Built a relable statistical model {utilizing paired com-
197 parison techniques) to classify flashing lights of various
characteristics in order of their attention-attracting
value.
Visual signals — Coates Red lights were detected significantly faster than green MIL-STD |e Warning signals will have red background with opaque
color 1972 in a vigilance task. However, the difference was only 411D letters. Caution signals will have yellow letters with
17 msec. opaque background. Advisory signals will have green,
blue or white letters on an opaque background.
Jones Color coding is not suited for situations that demand MiL-C o Red lights shall not be yellower nor less saturated than
1960 rapid and precise identification but it is valuable in 25050A the light transmitted by an NBS 3215 filter from a
tasks that require a “locate’ process. 28549K source. Other colors are given as coordinates
of the 0.L.E. chromaticity diagram.
- Weingarten | Simple RT to a red light was significantly faster than to
1972 a green one. However, the difference was only 25 msec.
Haines In a simple RT task, the RT to a red light was 169 slower
1974 than to green or yellow lights. RT was significantly
1975 slower (up to 289) in the peripheral fieid. Red signals

were affected more by displacement than the others in
both RT and misses. The fastest RT {288 msec) was for
yellow signals. 150 RT maps are provided for each
color for the full visual field.
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Visual signals - Pollack The effect of color on RT decreased as brightness
calor {cont) 1968 increased and there is relatively little effect due to color
above .0023 ft-L. For brightnesses where there was an
RT difference due to color RT's increased as the spectrum
went from blue to red.
Bartlett Simple RT to red signals was significantly faster at the
1968 line of sight than at a displacement of 120 horizontally.
Warm In a simple RT task during vigitance the RT to signat off-
1967 set was faster than to onset. There was no difference
in RT between red and green signals.
Reynolds § Perfarmed simple response time task varying signal color,
1972 background color, and ambient light level. A red signal on
blue background with dim ambient resulted in the fastest
response time {1 sec). Response time for red was the fast-
est {2.019 sec). The other colors were as follows: green
2.341 sec, yellow 2.992 sec and white 3.93 sec. Results
indicate that red signals attract the greatest amount of
attention.
Hill Detection thresholds for red, white, yellow and green
1947 tights were nearly equal over a range of background
Juminance from 100 t0 104 #t-C.
Visual signals ~ Singleton Response time in a 4 choice task increased significantly Adams Contrary to experiments with only a single stimulus
workl_o'ad, fatigue, 1953 fram the first to the second half of the trails during a 1961 source there was no decrement in percent correct over
and vigilance 1 hour test period. a3 hr period for more complex tasks (6 or 36 stimuli)
Response latency dectined significantly for the single
stimulus task and not at all for the complex tasks.
McCormack | Simple RT increased significantly throughout a 30
1960 minute task,
Malomsoki { Simple RT showed an immediate increase with physical
1970 exercise.
Crawford | Found that simple RT doubles when going from 0 to 10
1962 distractors (.8 to 1.5 sec) and trebles when going to Z1.
Teichner Loss of detection performance on displays requiring no
1974 eye movement was relatively small over the 3 hour
vigilance period.
Poulton Detection performance during vigilance wilt be better if
1966 the pilot’s senses are kept active or if he is a member of a
team.
Hyman Simple RT to a given signal increased as the information
1952 in the signal increased. A linear function was described
for the relationship between RT and signa! information
(0 to 3 bits).
Bowen For a high probabifity event (20/hr} the RT {7 sec) was
1964 less affected by the time on the task than the RT (14 .
sec) for low probability events {1/hr).
Ware Detection decreased from 85 to 65 percent when going
1964 from 1 to 4 signal sources and a 5-10 percent decrease
was observed over a 3 hr period for all conditions.
. L —
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Visual signals— Tolin Otder subjects (66-87 years} exhibited a 30% slower RT
pilot age 1968 and a 76% slower movement time. Increasing the task
complexity did not have a differential effect for RT but
the older subjects did show increasingly slower movement
times.
Szafran Visual accormmodation drops from 6 diopters in younger
1969 pitots (30) to 4 diopters in older pilots (45). Flash rate
fusion frequency reaches a minimum at age 35 and in-
creases with age. There is no evidence of change in dark
adaptation. Information processing, effective auditory
threshold or auditory detection.
Talland. Percent correct detections decreased significantly (10
1966 to 15%) with age for a range of signal durations from
.5 to 3 seconds.
Teichner | Simple RT decreases to age 30 then increases. However,
1954 at age B0 it was still faster than at age 10.
Rabbit Subjects aver the age of 60 da nat get as much advantage
1967 out of redundant information as the 17-28 year olds.
-
Visual signals — Van Laer | Visual acuity is satisfactory at brightness levels of .1 Siegel Dark legend on luminated background was superior in MILSTD | e For warning signals use a red background with opaque
legend characteristics 1961 to .01 mL in a dark room. 1960 both RT and accuracy to luminated tegend on dark 4110 letters, for caution signals use yellow letters on an
background. For dark legends with a height-width ratio opaque background and for advisory signals use green,
of 5:3 1/4 in. height was superior to 1/8 in. but the same blue or white letters on an opaque background.
as 3/8 in. for a 28 in. viewing distance.
Taylor Near threshold legends must be within 19 of direct line- Bendix For dark legend on luminated background a bold & Legends shall be 1/8 to 1/4 inch high. A 3/16 border
1961 of-sight. Legends must be twice threshold size when the 1959 character with a stroke width of 1/5 of the height should should surround the fegend.
displacement angle gets to 49, be used. For lighted legends a medium to light character
style with stroke widths of 1/8 - 1/10 of the height should
be used. )
Peters Developed a height formula for legends where H = Brown The optimum height-width ratio for transluminated MIL-C e Width of [etters shall be 3/5 of the height except for
1959 00220 + Ky +Kj. 1953 legends is 1:1 for uniform stroke biock letters. The width | 81774A “|'" which shall be one stroke in width and the “M”
H = Height in inch should be no less than 2/3 the height use 9/64 in. height and “W" which shall be 4/5 the height. Stroke width
= Heignt In inches for the bulk of tegends and 11/64 for emphasis for 28 in, of the characters shall be 1/7 of the height.
D = Viewing distance viewing di
, I L g distance.
K4 = Correctivq factor for illumination & viewing
conditions
Ko = Correction for impartance
White At 28 in. viewing distance for critical markings fegends MiL-M @ With a 28 inch viewing distance legend height shall
1960 height should be from .15 ta .3 in. in {ow brightness 180128 be hetween .15 and .30 inches except critical mark-
{down to .03 ft-L) 4.1 in. to 2 in. in high brightness ings which shall be no less than .2 inches. Width shall
{down to 1.0 ft-L} and for non-critical markings it should be 3/5 the height except 4" which shall be one
be from .05 in. to .2 in. in any brightness. stroke wider and *'1"* and "‘I”’ which shall be ane
stroke wide.
Atkinson | NAMEL style of legend produced fewer reading errors MIL-M @ Stroke width shall be from 1/8 te 1/6 of the height
1952 than gither the Berger or the AND styles. 180128 and shall be uniform.
There shall be one stroke width between letters in a
word and one letter width between words.
Van Cott When legend is used to report status the legend
1972 should be lighted and the background dark.
Memory foi signals King Founr in 3 experiments that subjects could reproduce
1963 brightness, flash rate and duration up to 28 days after

seeing the standard with little difference from a reproduc-
tion made 2 min. after seeing the standard signal. How-
ever, only brightness was not significantly different from
the standard.
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Auditory signals - Howarth A person has a lower recognition threshold to his own Pollack ]| Voice warning was superior to a buzzer in time to identify f MIL-STD | @ A non-verbal audio master warning signal should,
format 1961 name than to other names. 1958 a malfunction, Voice warning was superior even when 411D (1) sweep from 700 cps to 1700 cps in .85 sec, (2}
extraneous messages were presented. have intervation interval of .12 sec, (3) repeat
until unit is de-energized. Actual signal specs. are
given in the standard for specific events.
Moray When attending to one ear, a person can pick up messages Siegel A two tone master signal was superior to a single tone. ® Voice messages shall be used only for ““hazardous
1959 in the other ear if the message is preceeded by his name. 1960 or imminent catastrophic conditions requiring imme-
diate action.” They shall only be used in conjunction
with red warning signals. They shall always start at
the beginning of the message.
Keuss By varying the intensity and interstimulus intervals of Simpson Familiarity with phraseology contributes to intelligi- MIL-STD [® Audio warning signals should normally consist of 2
1972 two auditory signals, found that simple RT to the second | 1975 bility. Pilots scored 96.4% correct on a synthesized 14728 elements, an alerting signal and an action signal.
signal decreased leveling off at an 85 dB intensity and a speech system, With a two element signal a .5 sec alerting tone
200 msec interval. shall be provided. If speed is essential all informa-
tion should be transmitted in the first 2 seconds, for
a single element this time should be .5 sec.
Geblewiczowa] Auditory signals that are judged pleasant always give a Thorburn | Experienced 358 pilots felt that a voice warning system o Tone frequency shall be between 200 and 5000 cps
1963 slower RT than those judged unpleasant. There is an 1971 contributes to flight safety, it reduces pilot workload. and shall be different from electrical power sounds
inverse relationship between RT and the number of in the system,
ready signals (prealert signals).
Kemmerling | Voice warning system allowed the pilot to analyze the ® Verbal signals shall consist of an initial alerting signal
1969 situation without bringing his visual attention into and a brief standardized speech message.
the cockpit.
Auditory signals - Hohmuth | When an auditory and visual vigilance task are performed MIL-STD |e For verbal systems a message priority system shali
workload, fatigue, 1970 simuitaneously the performance on the primary visual 14728 be established and more critical messages shall over-
and vigilance task is not affected by the secondary auditory task. How- ride less critical ones.
ever, performance on a primary auditory task is affected
by a secondary visual task.
Zwislocki Deterioration of the auditory threshold is linear with
1958 regard to the square of the time on the task.
McGrath Signal detections (recognition of change in signal state)
1965 decreased over a 90 min. period for both easy and hard
auditpry signals.
Davenport By increasing either signal duration or intensity the
1968 detection performance could be improved over an 80
: min. test. General detection performance degraded with
time.
Alluisi Even with high multiple (5} task activity auditory vigi-
1963 lance performance declined {(number of missed signals
increased) over a 4 hour period.
Pope Found no correlation between subjects visual and
1962 auditory vigitance performance.
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Auditory signals - Egan Gives curves that show the masking effect of a 400 cps Webster When either the speaker (microphone} or the listener MIL-STD o Asignal to noise ratio of at teast 20 dB shall be
. 1950 tone and a 90 cps band of noise at different levels of 1964 (earphones) are in quiet, satisfactory intelligibility has 14728 provided.
loudness and ambient . . ; ] - ; A
noise intensity. been obtained to 125 dB jet noise. Good intelligibility
has been obtained in noise by using a wide speech band-
width (3 octaves} centered between 1000 cps and 1800
cps, using minimum or no sidetones, conforming AVC
circuit to preferred listening levels, peak clipping of
12 dB at maximum power, having a flat response and
minimum distortion in audio circuitry.
Fletcher Presents a definition of loudness and techniques for mea- e Verbal alarms for critical functions shall be at least
1933 suring it. Gives equal loudness contours for different 20 dB above the speech interference level.
frequencies. Demonstrates how to calculate the loud-
ness of a complex tone.
Hirsh When speech and noise aie presented simultaneously, Van Cott A sound signal should exceed its masked detection ® Volume shall be designed to be controlled by the
1950 the lowest threshold to the speech occurs when the 1972 threshold by at least 15 dB and the optimum sound operator.
speech is presented directly to an ear and the noise is level in naise is halfway between the masked thres-
separated by at least 90°. hold and 110 dB.
Kohfeld Simple RT is inversely related to the intensity of a
1969 ready signal.
Auditory signals - Harcum Target detection deteriorated significantly in a 60-85 dB  { Kemmerling | Pilots presented a tone warning scanned the annunciator MIL-STD | @ Audio signals should not be of such intensity as to
disruptive effects 1973 noise. A sorting task was not affected. When difficulty ] 1969 panel to determine the severity of the problem where 14728 cause discomfart or “‘ringing’’ in the ears as an after
was rated both tasks were rated more difficult with thase with a voice system did not have to. effect.
naise.
Glass Performance is less disrupted when the naise is seen as ® When audio signals delivered to a headset might mask
1972 necessary. other essential audio information separate channels
may be provided.
Auditory signals — |  Cherry Selective attention can be exhibited with very high MIL- ® When earphones are worn a dichotic presentation
one vs two ears 1953 accuracy when different information is presented to STD should be used when feasible, alternating the signal
each ear. Subjects did not detect a language change in 14728 from ear to ear.
the rejected ear but they did detect a change from male
to female and from speech to a tone. They had no
trouble switching attention from ear to ear.
Egan When presenting a message and a distractor the message
1954 can be 30 dB fess intense when each is presented to a
different ear than when they are both presented to the
same ear.
Gopher During selective attention there are significantly more
1971 intrusions from the interfering ear when it is the right
ear than when it is the left. There is no difference in
omissions.
Poulton When a message and distractor are presented simul-
1953 taneous the predominant mistake is mis hearing.
Auditory signals — Miller For a signal that varied anly in one dimension {frequency, o When several different audio signals are to be used
1956 intensity, duration, etc.) only 7 £ 2 signals could be discriminal differences in intensity, pitch, etc. shall
signal number and identified accurately. be provided. If absolute discrimination is required
memory effects the nuinber of signals shall not exceed 4.
Pollack A trained listener can identify 40-60 sounds presented
1952 individually. However, subjects could only identify 5
tones which differed anly in frequency.
Schulman When looking at the slope (m) of the line formed by
1970 relating the probability of false alarms to the probability

of signal detection it was found that m increases with
the increase in the probability of signal occurrence.
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Auditory signals — King Found in 3 experiments that subjects could reproduce
signal number and 1963 loudness, frequency and duration up to 28 days after
memory effects hearing the standard sound with little difference from a
{cont) reproduction produced 2 min, after hearing the standard
sound. However, all reproductions were significantly
different from the standard.
Auditory signals- ASA One of the more reliable signs of aging in males is a
) 1954 progressive loss of hearing in higher frequencies.
effects of pilot age
Bimodal presentation’]  Klemmer | Found no difference in the accuracy of response to Bate Median response time was fastest to a tone-visual warning @ When used with a visual display audio signals shall
1958 three tones or 3 colored lights. When tone and light 1969 signal (1.7 sec) and slowest to a visual signal (4.5 sec). be supplementary or supportive in nature.

visual and auditory were presented simultaneously accuracy increased from
84% to 95%. Performance declined if senses were
alternated faster than once every 2 seconds.

Morrell Simple RT to a visual signal decreased when the time Siegel The fewest number of warning signals were missed when
1867 between the visual signal and a following auditory signal 19‘?0 visual and auditory signals were presented together. For
decreased from 120-20 msec. the individual signals auditory was superior to visual.
g ¥ p
Morrell Simple RT was faster over a wider range of interstimulus Bate Response time to a tone-visual warning signal was faster
1968 intervals when the sequence was visual-auditory than 1967 (6.7 sec) than to a visual signal (7.8 sec). However,
when it was the reverse. missed targets in the primary task were much less for
) the voice (74) or tone visual (83) systems than for the
straight visual (111).
Perriment In Bimodal presentations simple RT was faster when the
1969 two signals came from the same side.

9€T

Doumas Simple RT to a visual signal was fastest with a preceeding
1969 tone of 400 msec length. RT was also inversely related to
the intensity of the auditory signal.

Fidell Simultaneous presentation of visual and auditory signals
1969 improved detection sensitivity as much as 3 dB.

Geblewiczowa| Simple RT is directly related to the interval between

1963 visual and auditory signais. A .5 sec interval produced
the fastest RT when the auditory signal preceeds the
visual.

Klingberg The probability of signal detection was significantly
1962 higher with a bimodal presentation. Detection was
superior for auditory signals. Bimodal detection was the
only task that did not deteriorate over the 1 hour test

period.
Buckner | Simultaneous presentation of visual and auditory signals
1963 improved detection probability during prolonged vigilance
Carroll Simple visual RT decreased from .49 sec to .27 sec
1973 with the introduction of a 60 dB tone.

Bertelson Simple RT to a visual signal decreased when preceeded
1968 by a click (RT = 270 msec with a 20 msec interval and
RT = 240 msec with a 150 msec interval). Simultaneous
presentation produced a faster (20 msec) RT than no
click.

Ho e The lowest vibration detected 100% of the time was

til s~ |dard :
I::eég;ﬁ;: i ?9957‘" 50 micrometers. in a range from 50 - 400 micrometers
3 levels can be identified.
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Tactile signals -
detectability {cont)

Geschneider

The intensity of vibrotactile signal is directly related
te probability of detection and inverszly related to RT.

Hill Tactile displays were corrently interpreted more often
1968 when their location was on a body part not involved
in motion.
Shiffirn Performance was not reduced when 3 senses are used
1974 simultaneously for signals as compared to using senses
individually.
Swets d’ for a vibrotactile signal is [inearly related to signal
1969 intensity.
Tactile signals - Johnston Simple RT was fastest to tactife signal under ail work-
effectiveness 1972 load conditions.
Davenport | Bimodal presentation of auditory and tactile signals
1968 was superior to either individually. Auditory was
superior to tactile.
Loeb Auditory signals were superior to tactile in both number
1962 of misses and RT. Tactile signals were more affected
by vigilance.
Tactile signals— Diespecker | Subjects were able to learn a 3 element (3 intensities
1969 and 3 durations) code and perform over a range of

signal number

durations.
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TITLE: CAUTION AND WARNING SYSTEMS DATA BASE AUGMENTATION -

VISUAL SYSTEMS

VARIABLES: SIGNAL BRIGHTNESS x SIGNAL STYLE x PILOT WORKLOAD x AMBIENT
LIGHT LEVEL

PROBLEM: The effectiveness of any visual caution and/or warning system is dependent on the

detection and correct interpretation of the signals by the user. Information is
required on the effect of certain variables on detection performance and design
constraints produced by these variables.

TEST OBJECTIVES:
I Augment the existing data base of information on caution and warning signal detection.

II Provide definitive data on the effect of signal brightness, signal style, pilot workload and
ambient light intensity on the detection of visual caution and warning signals.

III Determine the impact of these findings on system design and standardization.

OUTPUT/PRODUCT:

Comparative pilot performance data on visual caution and warning signals which differ as a function
of style and brightness. Interactions of different signals with the surrounding light and the amount
of pilot workload. Recommendations on signal requirements and design specifications.

DATA MEASUREMENTS:

The measurements will describe the time it takes a pilot to detect a signal, the time to respond to
the signal, the accuracy of both detection and response, and a subjective evaluation of the aesthetic
value of each of the signals.

TEST APPROACH:

This effort will develop empirical statistical data describing caution and warning signal detection
performance in a cockpit environment. The measurements will be taken in a simulated aircraft
cockpit using two different styles (positive & negative) and four different brightness levels for the
signal (0.15 to 150 ft-L). The cockpit environment will also be changed with respect to the ambient
lighting (0 to 7000 ft-L). '

To simulate the circumstance surrounding the pilot in an actual aircraft environment, the pilots will
be assigned flight related tasks (i.e., IFR flight) to accomplish. The workload imposed by these tasks
will have three levels (high, medium, low), and the appearance of the caution and/or warning signals
will occur simultaneously with the flight tasks.

The data from this study will be used to make recomrhendations on the selection of style and
brightness for caution and warning signal lights to be used under different lighting and workload
conditions.
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TITLE:

CAUTION AND WARNING SYSTEMS DATA BASE AUGMENTATION - ‘
VISUAL SYSTEMS !

VARIABLES: SIGNAL BRIGHTNESS x SIGNAL LOCATION x FLASH RATE x PILOT

WORKLOAD

PROBLEM: The effectiveness of any visual caution and/or warning system is dependent on the

detection and correct interpretation of the signals by the user. Information is
required on the effect. of certain variables on detection performance and design
constraints produced by these variables.

TEST OBJECTIVES:

I

II

III

Augment the existing data base of information on caution and warning signal detection.

Provide definitive data on the effect of signal brightness, signal location, signal flash rate,
and pilot workload on the detection of visual caution and warning signals.’

Determine the impact of these findings on system design and standardization.

OUTPUT/PRODUCT:

Comparative pilot performance data on caution and warning signals which differ as a function of

brightness, location and flash rate. Interactions of different signals with the amount of pilot work-
load. Recommendations on signal requirements and design specifications. |

DATA MEASUREMENTS:

The measurements will describe the time it takes a pilot to detect a signal, the time to respond to
the signal, the accuracy of both detection and response and a subjective evaluation of the aesthetic
value of the signal.

TEST APPROACH:

This effort will develop empirical statistical data describing caution and warning signal detection
performance in an actual cockpit environment. The measurements will be taken in a simulated air-
craft cockpit using either steady or flashing signals of three different brightness levels (1.5 to 150
ft-1) at three locations (0°, 159, and 45° horizontal displacement from the pilot’s centerline of
vision). In an attempt to simulate the circumstances surrounding the pilot in an aircraft environ-
ment, the pilots will be assigned flight related tasks (i.e., IFR flight) to accomplish. The workload
imposed by these tasks will have three levels (high, medium, and low). The appearance of the cau-
tion and/or warning signals and the flight tasks will occur simultaneously.

The data from this study will be used to make recommendations on the selection of location,
brightness and flash rate for caution and warning signal lights to be used under different workload
conditions,
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TITLE: CAUTION AND WARNING SYSTEMS DATA BASE AUGMENTATION -
VISUAL SYSTEMS

VARIABLES: SIGNAL BRIGHTNESS x SIGNAL LOCATION x NUMBER OF DISTRACTING
SIGNALS x AMBIENT LIGHT LEVEL

PROBLEM: The effectiveness of any visual caution and/or warning system is dependent on the
detection and correct interpretation of the signals by the user. Information is
required on the effect of certain variables on detection performance and design
constraints produced by these variables.

TEST OBJECTIVES:
I Augment the existing data base of information on caution and warning signal detection.

II Provide definitive data on the effect of signal brightness, signal location, number of dis-
tracting signals and the brightness of the ambient light on the detection of visual caution
and warning signals.

III Determine the impact of these findings on system design and standardization.
OUTPUT/PRODUCT:

Comparative pilot performance data on caution and warning signals which differ as function of loca-
tion and brightness. Interactions of different signals with distracting signals and the brightness of
the ambient light. Recommendations on signal requirements and design specifications.

DATA MEASUREMENTS:

The measurements will describe the time it takes a pilot to detect a signal, the time to respond to
the signal, the accuracy of both detection and response, and a subjective evaluation of the aesthetic
value of each of the signals.

TEST APPROACH:

This effort will develop empirical statistical data describing caution and warning signal detection

performance in an actual cockpit environment. The measurements will be taken in a simulated air-

craft cockpit using signals of two different brightnesses (15 and 150 ft-L) at three different loca-

tions (0°, 159, and 45° horizontal displacement from the pilot’s centerline of vision). Distribution

will be created by using three different numbers of similar lights (0, 10, 20 lights differing only in

color and format) placed in a circular area around the signal with a diameter of 30° visual angle.

During the test the cockpit will be changed with respect to the ambient lighting (approximately 0O

to 7000 ft-L). In an attempt to simulate the circumstances surrounding the pilot in an aircraft
environment, the pilot will be assigned a flight related task (i.e., IFR flight) of medium workload to

accomplish simultaneously with detecting signals.

The data from this study will be used to make recommendations on the selection of location and

brightness for caution and/or warning signals to be used under different levels of ambient lighting
and distracting conditions.
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TITLE: CAUTION AND WARNING SYSTEMS DATA BASE AUGMENTATION -
VISUAL SYSTEMS

VARIABLES: FALSE SIGNALS x FREQUENCY OF OCCURRENCE x NUMBER OF DIS-
TRACTING SIGNALS x WORKLOAD

PROBLEM: The effectiveness of any visual caution and/or warning system is dependent on the
detection and correct interpretation of the signdls by the user. Information is
required on the effect of certain variables on detection performance and design
constraints produced by these variables. '

TEST OBJECTIVES:
I Augment the existing data base of information on caution and warning signal detection.

II Provide definitive data on the effect of false signals, frequency of occurrence pilot work-
load and the number of distracting signals on the detection of visual caution and warning
signals.

III Determine the impact of these findings on system design and standardization.
OUTPUT/PRODUCT:

Comparative pilot performance data on caution and warning signals when the surrounding environ-
ment is changing as a function of false signals and the number of distracting signals. Interactions of
the environment with the amount of pilot workload and the frequency of signal occurrence.
Recommendations of signal requirements and design specifications.

DATA MEASUREMENTS:

The measurements will describe the time it takes a pilot to detect a signal, the time to respond to
the signal and the accuracy of the detection and response.

TEST APPROACH:

This effort will develop empirical statistical data describing caution and warning signal detection
performance in an actual cockpit environment. The measurements will be taken in a simulated air-
craft cockpit using a signal of moderate intensity (50 ft-L). This signal will indicate a valid warning
either 100, 80, or 60 percent of the time and will be activated at either 1, 2 or 5 minute (+30 sec)
intervals. Distraction will be created by using 3 different numbers (0, 10 and 20) of similar (dif-
fering only in color and format) lights placed in a circular area around the signal with a diameter of
300 visual angle. To simulate the circumstances surrounding the pilot in an aircraft environment the
pilots will be assigned flight related tasks (i.e., IFR flight) to accomplish. The workload imposed by
these tasks will have 3 levels (high, medium and low). The appearance of the caution and warning
signals and the flight tasks will occur simultaneously.

The data from this study will provide guidelines for controlling the environment into which a cau-

tion and warning signal light is placed and an assessment of the effect of uncertainty and workload
on these situations.
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TITLE: CAUTION AND WARNING SYSTEMS DATA BASE AUGMENTATION -
AUDITORY NON-VERBAL SYSTEMS

VARIABLES: NUMBER OF DIFFERENT SIGNALS x FREQUENCY OF OCCURRENCE x
' WORKLOAD -

PROBLEM: The effectiveness of any auditory caution and/or warning system is dependent on
the detection and correct interpretation of the signals by the user. Information is
required on the effect of certain variables on detection performance and design
constraints produced by these variables.

TEST OBJECTIVES:
I Augment the existing data base of information on caution and warning signal detection.

II Provide definitive data on the effect of the number of different signals, frequency of
occurrence, and pilot workload on the detection of auditory non-verbal caution and
warning signals. :

III Determine the impact of the findings on system design and standardization.
OUTPUT/PRODUCT:

Comparative pilot performance data on caution and warning signals which differ as a function of
number and frequency. Interaction of different signals with the amount of pilot workload. Recom-
mendations on signal requirements and design specifications.

DATA MEASUREMENTS:

The measurements will describe the time it takes a pilot to detect a signal, the time to respond to
the signal and accuracy of the detection and response.

TEST APPROACH:

This effort will develop empirical statistical data describing caution and warning signal detection
performance in an actual cockpit environment. The measurements will be taken in a simulated air-
craft cockpit using a 747 aural warning box to provide discrete caution and warning signals. The
pilots will learn to perform specific responses to a number of sounds (either 5, 10 or 15) and will be
presented each sound immediately after training for a baseline measure and then again at 24 hours
and at 72 hours. To simulate the circumstances surrounding the pilot in an aircraft environment the
pilots will be assigned flight related tasks (i.e., IFR flight with ATC) to accomplish. The workload
imposed by these tasks will have three levels (high, medium, and low). The caution and warning
signals will be presented simultaneously with the flight tasks.

The data from this study will be used to make recommendations on the number of non-verbal audi-

tory caution and warning signals that should be expected to be correctly identified under different
workload conditions.
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TITLE: CAUTION AND WARNING SYSTEMS DATA BASE AUGMENTATION -
AUDITORY NON-VERBAL SYSTEMS

VARIABLES: INTENSITY x SIGNAL TO NOISE RATIO x TYPE OF BACKGROUND NOISE x
WORKLOAD

PROBLEM: The effectiveness of any auditory caution and/or warning system is dependent on
the detection and correct interpretation of the signals by the user. Information is
required on the effect of certain variables on detection performance and design
constraints produced by these variables.

TEST OBJECTIVES:
I Augment the existing data base of information on caution and warning signal detection.

1I Provide definitive data on the effect of signal intensity, signal to noise ratio, pilot work-
load and type of background noise on the detection of auditory caution and warning
signals.

OUTPUT/PRODUCT:

Comparative pilot performance data on caution and warning signals which differ as a function of
intensity and signal to noise ratio. Interactions of different signals with type of background noise
and the amount of pilot workload. Recommendations on signal requirements and design
specifications.

DATA MEASUREMENTS:

The measurements will describe the time it takes a pilot to detect a signal, the time to respond to
the signal and the accuracy of the detection and response.

TEST APPROACH:

This effort will develop empirical statistical data describing caution and warning signal detection
performance in an actual cockpit environment. The measurements will be taken in a simulated air-
craft cockpit using a 747 aural warning box to provide discrete warning signals. Using one standard
warning signal two different signal intensities (80 dB and 110 dB) will be tested at three different
signal to noise intensity levels (-5, 0, and 10 dB). The cockpit environment will also be changed with
respect to the type of background noise (aircraft noise, aircraft noise and speech). In an attempt to
simulate the circumstances surrounding the pilot in an aircraft environment the pilots will be
assigned flight related tasks (i.e., IFR flight) to accomplish. The workload imposed by these tasks
will have three levels (high, medium, and low) and the signals will be presented simultaneously
with the flight tasks.

The data from this study will be used to make recommendations on the intensity and signal to
noise ratio for non-verbal auditory caution and warning signals which are to be used with different
types of background noise and under different workload conditions.
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TITLE: CAUTION AND WARNING SYSTEMS DATA BASE AUGMENTATION -
AUDITORY NON-VERBAL SYSTEMS

VARIABLES: FALSE SIGNALS x FREQUENCY OF OCCURRENCE x LOCATION x
WORKLOAD

PROBLEM: The effectiveness of any auditory caution and/or waming system is dependent on
the detection and correct interpretation of the signals by the user. Information is
required on the effect of certain variables on detection performance and design
constraints produced by these variables.

TEST OBJECTIVES:
I Augment the existing data base of information on caution and waming signal detection.

II Provide definite data on the effect of signal location, false signals, pilot workload and
frequency of signal occurrence on the detection of auditory caution and warning signals.

III Determine the impact of these findings on system design and standardization.
OUTPUT/PRODUCT:

Comparative pilot performance data on the location of the sound in an auditory non-verbal caution
and warning system when the surrounding environment is changing as a function of the number of
false signals, the frequency of signal occurrence and the amount of workload imposed on the pilot.
Recommendations on signal requirements and design specification.

DATA MEASUREMENTS:

The measurements will describe the time it takes a pilot to detect the signal, the time to respond to
the signal and the accuracy of the detection and response.

TEST APPROACH:

This effort will develop empirical statistical data describing caution and warning signal detection in
an aircraft environment. The measurements will be taken in a simulated aircraft cockpit using a 747
aural warning box to provide discrete caution and warning signals. A standard aural warning signal
will be presented at three different locations (left, right and behind) and at 1, 2 or 5 minute (£3 sec)
intervals. This signal will signify a valid waming either 100, 80 or 60 percent of the time. To simu-
late the circumstances surrounding the pilot in an aircraft environment the pilot will be assigned
flight related tasks (i.e., [FR flight with ATC) to accomplish. The workload imposed by these tasks
will have three levels (high, medium and low). The signal will be presented simultaneously with the
flight task.

The data from the study will be used to make recommendations on the environment in which dis-
crete aural warnings can be used.
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TITLE: CAUTION AND WARNING SYSTEMS DATA BASE AUGMENTATION -
AUDITORY NON-VERBAL SYSTEMS

VARIABLES: LOCATION x FALSE SIGNALS x TYPES OF BACKGROUND NOISE x
NUMBER OF DIFFERENT SIGNALS

PROBLEM: The effectiveness of any auditory caution and/or waming system is dependent on
the detection and correct interpretation of the signals by the user. Information is
required on the effect of certain variables on detection performance and design
constraints produced by these variables.

TEST OBJECTIVES:
| Augment the existing data base of information on caution and warning signal detection.

II Provide definitive data on the effect of signal location, false signals, types of background
noise and number of different signals on the detection of auditory and ‘warning signals.

III Determine the impact of these findings on system design and standardization.
OUTPUT/PRODUCT:

Comparative pilot performance data on the location of sound in a auditory non-verbal caution and
warning system when the surrounding environment is changing as a function of the type of back-
ground noise, the number of different signals and the number of false signals. Recommendations on
signal requirements and design specifications.

DATA MEASUREMENTS:

The measurements will describe the time it takes a pilot to detect the signal, the time to respond to
the signal and the accuracy of the detection and response.

TEST APPROACH:

This effort will develop empirical statistical data describing caution and warning signal detection in
an actual cockpit environment. The measurements will be taken in a simulated aircraft cockpit using
a 747 aural warning box to provide the caution and warning signals. The pilots will learn to perform
specific responses to a number of discrete warning signals (either 5, 10 or 15) The aural warning sig-
nals will be presented in two locations (left, and behind) and will be a valid warming either 100, 80
or 60 percent of the time. The background noise will either be aircraft noise or aircraft noise com-
bined with speech. To simulate the circumstances surrounding the pilot in an aircraft environment
the pilot will be assigned a flight related task (i.e., IFR flight) of medium workload to accomplish
simultaneously with detecting the signals. ‘

The data from this study will be used to make recommendations on the environment in which dis-
crete aural warnings can be used.
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TITLE: CAUTION AND WARNING SYSTEMS DATA BASE AUGMENTATION -
AUDITORY VERBAL SYSTEMS

VARIABLES: SIGNAL INTENSITY, SIGNAL CONTENT, TYPES OF BACKGROUND NOISE

PROBLEM: The effectiveness of any verbal caution and/or warning system is dependent on the
detection and correct interpretation of the signals by the user. Information is
required on the effect of certain variables on detection performance and design
constraints produced by these variables.

TEST OBJECTIVES:
1 Augment the existing data base of information on caution and warning signal detection.

II Provide definite data on the effect of signal content, signal intensity, and types of back-
ground noise on the detection of verbal caution and warning signals.

II1 Determine the impact of these findings on system design and standardization.
OUTPUT/PRODUCT:

Comparative pilot performance data on caution and warning signals which differ as a function of
content and intensity; and the interactions of different signals with the types of background noise.
Recommendations on signal requirements and design specifications.

DATA MEASUREMENTS:

The measurements will describe the time it takes a pilot to detect the signal, the time to respond to
the signal, the accuracy of the detection and response and a subjective evaluation of the aesthetic
value of the signals.

TEST APPROACH:

This effort will develop empirical statistical data describing verbal caution and warning signal detec-
tion and interpretation in a cockpit environment. The measurements will be taken in a simulated
aircraft cockpit using a series of messages which will have been previously developed and classified
as to their intelligibility. Messages of a medium intelligibility will be presented at different intensi-
ties (80 and 105 dB) with the signal to noise ratio being held constant at 15 dB. The messages will
be of three types; (1) one or two keywords with short presentation time, (2) the same messages pre-
ceded by an alerting signal, and (3) sentences with longer presentation time. The background sound
will be either aircraft noise or aircraft noise combined with speech (ATC or weather). To simulate
the circumstances surrounding the pilot in an actual aircraft environment the pilot will be assigned a
flight related task (i.e., IFR flight) of medium workload to accomplish simultaneously with detec-
ting and interpreting the warning signal.

The data from this study will be used to make recommendations on the intensity and content of
verbal warnings which are to be used with different types of background sounds.
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TITLE: CAUTION AND WARNING SYSTEMS DATA BASE AUGMENTATION -
: AUDITORY VERBAL SYSTEMS

VARIABLES: SIGNAL INTENSITY x SIGNAL CONTENT x PILOT WORKLOAD

PROBLEM: The effectiveness of any verbal caution and/or warning system is dependent on the
detection and correct interpretation of the signals by the user. Information is
required on the effect of certain variables on detection performance and design
constraints produced by these variables.

TEST OBJECTIVES:
I Augment the existing data base of information on caution and warning signal detection.

II Provide definite data on the effect of signal intensity, signal content, and pilot workload
on the detection of verbal caution and warning signals.

III Determine the impact of these findings on system design and standardization.
OUTPUT/PRODUCT:

Comparative pilot performance data on caution and warning signals which differ as a function of
intensity and content. Interactions of different signals with the amount of pilot workload. Recom-
mendations on signal requirements and design specifications.

DATA MEASUREMENTS:

The measurements will describe the time it takes a pilot to detect the signal, the time to respond to
the signal, the accuracy of the detection and response, and a subjective evaluation of the aesthetic
value of the signals.

TEST APPROACH:

This effort will develop empirical statistical data describing verbal caution and warning signal detec-
tion and interpretation in a cockpit environment. The measurements will be taken in a simulated
aircraft cockpit using’d series of messages which will have been previously developed and classified
as to their intelligibility. Messages of a medium intelligibility level will be presented at either 80 or
105 dB intensity with a constant signal to noise ratio of 15 dB.

These messages will be of three types: (1) one or two key words with a short presentation time; (2)
the same messages preceded by an alerting signal; and (3) sentences with the same key words and
a longer presentation time. In an attempt to simulate the circumstances surrounding the pilot in an
actual aircraft environment, the pilots will be assigned flight related tasks (i.e., IFR flight) to accom-
plish simultaneously with detecting and interpreting the warning signals. These tasks will impose
three levels of workload, (high, medium and low) on the pilots.

The data from this study will be used to make recommendations on the intensity and content of
verbal warnings which are to be used under different workload conditions.
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TITLE: CAUTION AND WARNING SYSTEMS DATA BASE AUGMENTATION -
' AUDITORY VERBAL SYSTEMS

VARIABLES: SIGNAL INTENSITY x VOICE TYPE x MESSAGE INTELLIGIBILITY

PROBLEM: The effectiveness of any auditory caution and/or warning system is dependent on
the detection and correct interpretation of the signals by the user. Information is
required on the effect of certain variables on detection performance and design
constraints produced by these variables.

TEST OBJECTIVES:
I Augment the existing data base of information on caution and warning detection.

II Provide definitive data on the effect of signal intensity, message intelligibility and voice
type on the detection of verbal caution and waming signals.

II1 Determine the impact of these findings on system design and standardization,
OUTPUT/PRODUCT:

Comparative pilot performanée data on caution and warning signals which differ as a function of
intensity, intelligibility and voice type. Recommendations on signal requirements and design
specifications.

DATA MEASUREMENTS:

The measurements will describe the time it takes a pilot to detect the signal, the time to respond to
the signal, the accuracy of the detection and response, and a subjective evaluation of the aesthetic
value of the signals.

TEST APPROACH:

This effort will develop empirical statistical data describing verbal caution and warning signal detec-
tion and interpretation in a cockpit environment. The measurements will be taken in a simulated
aircraft cockpit using a series of messages which will have been previously developed and classified
as to their intelligibility. Messages of three intelligibility levels (high, medium and low) will be
presented at two different intensities (80 and 105 dB) with a constant signal to noise ratio of 15
dB. Each message will be recorded three times, once using a male voice, once using a female voice,
and once using a computer generated voice. To simulate the circumstances surrounding the pilot in
an actual aircraft environment, the pilot will be assigned a flight related task (i.e., IFR flight) of
medium workload to perform simultaneously with detecting and interpreting the warning signals.

The data from the study will be used to make recommendations on the intensity, intelligibility and
voice type of verbal warnings which are to be used in an aircraft cockpit.
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TITLE: CAUTION AND WARNING SYSTEMS DATA BASE AUGMENTATION -
AUDITORY VERBAL SYSTEMS

VARIABLES: SIGNAL TO NOISE RATIO x TYPES OF BACKGROUND NOISE x TYPE OF
VOICE

PROBLEM: The effectiveness of any verbal caution and/or warning system is dependent on the
detection and correct interpretation of the signals by the user. Information is
required on the effect of certain variables on detection performance and design
constraints produced by these variables.

TEST OBJECTIVES:
1 Augment the existing data base of information on caution and warning signal detection.

IT Provide definitive data on the effect of voice type, signal to noise ratio, types of back-
ground noise on the detection of verbal caution and waming signals.

III Determine the impact of these findings on system design and standardization.
OUTPUT/PRODUCT:

Comparative pilot performance data on caution and warning signals which differ as a function of
voice type and the interactions of different signals with the signal to noise ratio and types of back-
ground noise. Recommendations on signal requirements and design specifications.

DATA MEASUREMENTS:

The measurements will describe the time it takes a pilot to detect the signal, the time to respond to
the signal, the accuracy of the detection and response, and a subjective evaluation of the aesthetic
value of the signal.

TEST APPROACH:

This effort will develop empirical statistical data describing verbal caution and warning signal detec-
tion and interpretation in a cockpit environment. The measurements will be taken in a simulated
aircraft cockpit using a series of messages which will have been previously developed and classified
as to their intelligibility. Messages of a medium intelligibility will be presented at an intensity of 80
dB and the signal to noise ratio will be varied in three levels, (-3, 0 and 10 dB). Each message will be
recorded three times, once using a male voice, once a female voice, and once a computer generated
voice. The background sound will either be aircraft noise or a combination of aircraft noise and
speech (ATC or weather). In an attempt to simulate the circumstances surrounding the pilot in an
actual aircraft environment, the pilot will be assigned a flight related task (i.e., IFR flight) of
medium workload to accomplish simultaneously with detecting and interpreting the warning signal.

The data from this study will be used to make recommendations on the type of voice presentation

in a verbal warning system to be used under conditions of different signal to noise ratios and dif-
ferent types of background sound.
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TITLE: CAUTION AND WARNING SYSTEMS DATA BASE AUGMENTATION -
AUDITORY VERBAL SYSTEMS

VARIABLES: MESSAGE CONTENT x MESSAGE INTELLIGIBILITY x FAMILIARITY
WITH MESSAGE

PROBLEM: The effectiveness of any auditory caution and/or warning system is dependent on
the detection and correct interpretation of the signals by the user. Information is
required on the effect of certain variables on detection performance and design
constraints produced by these variables.

TEST OBJECTIVES:
I Augment the existing data base of information on caution and warning signals detection.

II Provide definitive data on the effect of message content, message intelligibility, and the
pilot’s familiarity with the messages on the detection of verbal caution and warning
signals.

111 Determine the impact of these findings on system design and standardization.

OUTPUT/PRODUCT:

Comparative pilot performance data on caution and warning signals which differ as a function of
content and intelligibility and the interactions of different signals with the pilot’s familiarity with
the messages. Recommendations on signal requirements and design specifications.

DATA MEASUREMENT:

The measurements will describe the time it takes a pilot to detect the signal, the time to respond to
the signal and the accuracy of the detection and response.

TEST APPROACH:

This effort will develop empirical statistical data describing verbal caution and warning signal detec-
tion and interpretation in a cockpit environment. The measurements will be taken in a simulated
aircraft cockpit using a series of verbal messages which will have been previously developed and
classified as to their intelligibility. Messages of three intelligibility levels (high, medium and low) will
be presented at an intensity of 80 dB and a signal to noise ratio of 15 dB. These messages will be of
two types: (1) one or two key words with a short presentation time; and (2) sentences with the
same key words and a longer presentation time. Half of the pilots will review the messages before
testing to familiarize themselves with the warnings. The other half will not be introduced to the
messages until testing. To simulate the circumstances surrounding the pilot in an actual aircraft
environment, the pilot will be assigned a flight related task (i.e., IFR flight) of medium workload to
perform simultaneously with detecting and interpreting the warning signals.

The data from this study will be used to make recommendations on the content and intelligibility
of verbal warnings which are to be used in an aircraft cockpit.
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TITLE: CAUTION AND WARNING SYSTEMS DATA BASE AUGMENTATION -
AUDITORY VERBAL SYSTEMS

VARIABLES: SIGNAL CONTENT x SIGNAL INTENSITY x SIGNAL TO NOISE RATIO x
NUMBER OF FALSE SIGNALS

PROBLEM: The effectiveness of any verbal caution and/or warning system is dependent on the
detection and correct interpretation of the signals by the user. Information is
required on the effect of certain variables on detection performance and design
constraints produced by these variables.

TEST OBJECTIVES:
I Augment the existing data base of information on caution and warning signal detection.

I1 Provide definitive data on the effect of signal content, signal to noise ratio, and the num-
ber of false signals on the detection of verbal caution and warning signals.

III Determine the impact of these findings on systerrf design and standardization.
OUTPUT/PRODUCT:

Comparative pilot performance data on caution and warning signals which differ as a function of
content and signal to noise ratio. Interactions of different signals with the number of false signals.
Recommendations on signal requirements and design specifications.

DATA MEASUREMENTS:

The measurements will describe the time it takes a pilot to detect the signal, the time to respond to
the signal and the accuracy of the detection and response.

TEST APPROACH:

This effort will develop empirical statistical data describing verbal caution and warning signal detec-
tion and interpretation in a cockpit environment. The measurements will be taken in a simulated
aircraft cockpit using a series of messages which will have been previously developed and classified
as to their intelligibility. Messages of a moderate intelligibility level will be presented at an intensity
of either 80 or 105 dB with a signal to noise ratio of -3, 0, or 10 dB. The messages will be of two
types: (1) one or two key words with a short presentation time; and (2) sentences with the same
key words and a longer presentation time. The signals that occur will be valid signals either 100, 80
or 60 percent of the time. To simulate the circumstances surrounding the pilot in an actual aircraft
environment, the pilot will be assigned a flight related task (i.e., IFR flight) of medium workload to
perform simultaneously with detecting and interpreting the warning signals.

The data from this study will be used to make recommendations on the message content and signal

to noise ratio for verbal caution and warning messages to be used when there is a possibility of false
signals.
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TITLE: CAUTION AND WARNING SYSTEMS DATA BASE AUGMENTATION -
AUDITORY VERBAL SYSTEMS

VARIABLES: INTELLIGIBILITY OF MESSAGE x TYPES OF BACKGROUND NOISE x
FAMILIARITY WITH MESSAGES '

PROBLEM: The effectiveness of any verbal caution and/er warning system is dependent on the
detection and correct interpretation of the signals by the user. Information is
required on the effect of certain variables on detection performance and design

. constraints produced by these variables. '

TEST OBJECTIVES:
I Augment the existing data base of information on caution and warning signal detection.

II Provide definitive data on the effect of signal intelligibility, type of background noise and
the pilot’s familiarity with the messages on the detection of verbal caution and warning
signals.

III Determine the impact of these findings on system design and standardization.
OUTPUT/PRODUCT: -

Comparative pilot performance data on caution and warning signals which differ as a function of
intelligibility. Interactions of different signals with the type of background noise and familiarity
with the messages. Recommendations on signal requirements and design specifications.

DATA MEASUREMENTS:

. The measurements will describe the time it takes a pilot to detect the signal, the time to respond to
the signal and the accuracy of the detection and response.

TEST APPROACH:

This effort will develop empirical statistical data describing verbal caution and warning signal detec-
tion and interpretation in a cockpit environment. The measurements will be taken in a simulated
aircraft cockpit using a series of messages which will have been previously developed and classified
as to their intelligibility. Messages of three intelligibility levels (high, medium and low) will be pre-
sented at an 80 dB intensity and a signal to noise ratio of 15 dB. The background sound will either
be aircraft noise or a combination of aircraft noise and speech (ATC or weather). Half of the pilots
will review the warning messages before they begin the test, thus familiarizing themselves with the
content. The other half will not be introduced to the messages until their test. In an attempt to
simulate the circumstances surrounding the pilot in an actual aircraft environment, the pilot will be
assigned a flight related task (i.e., IFR flight) of medium workload to perform simultaneously with
detecting and interpreting the warning signal.

The data from this study will be used to make recommendations on the content and intelligibility
needed for messages to be given with different types of background noise.
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TITLE: CAUTION AND WARNING SYSTEMS DATA BASE AUGMENTATION -
BIMODAL SYSTEMS

VARIABLES: MODAL PRIORITY x SIGNAL LOCATION x DIFFERENTIAL INTENSITY

PROBLEM: The effectiveness of any bimodal caution and/or warning system is dependent on
the detection and correct interpretation of the signals by the user. Information is
required on the effect of certain variables on detection performance and design
constraints produced by these variables.

TEST OBJECTIVES:
I Augment the existing data base of information on caution and warning signal detection.

IT Provide definitive data on the effect of signal location, differential intensity and which
signal comes first on the detection of visual and auditory caution and warning signals.

II1 Determine the impact of these findings on system design and standardization.

OUTPUT/PRODUCT:

Comparative pilot performance data on bimodal caution and warning signals which differ as a func-
tion of the modal priority and differential signal intensity. Interactions of different signals with the
location of the signals. Recommendations on signal requirements and design specifications.

DATA MEASUREMENTS:

The measurements will describe the time it takes a pilot to detect the signal, the time to respond to
the signal, the accuracy of the detection and response and a subjective evaluation of the aesthetic
value of the signal.

TEST APPROACH:

This effort will develop empirical statistical data describing bimodal caution and warning signal
detection and interpretation in a cockpit environment. The measurements will be taken in a simu-
lated aircraft cockpit using both visual and auditory warnings. The spatial location of the two sig-
nals will be varied so that either the two signals come from the same location or from different
locations. The intensities of the two signals will vary such that both signals will be presented at a
moderate intensity or either the visual or auditory signal will be at a high intensity and the other at
a low intensity. Finally, the order in which the signals will be presented will differ with visual being
first half of the time and auditory first the other half. To simulate the circumstances surrounding
the pilot in an actual aircraft environment, the pilot will be assigned a flight related task (i.e., IFR
flight) of moderate workload to perform simultaneously with detecting and interpreting the
warning signals.

The data from this study will be used to make recommendations on modal priority, signal location
and intensity for bimodal systems to be used in the cockpit.
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TITLE: CAUTION AND WARNING SYSTEMS DATA BASE AUGMENTATION -
BIMODAL SYSTEMS

VARIABLES: SIGNAL LOCATION x FALSE SIGNALS x WORKLOAD x PILOT AGE

PROBLEM: The effectiveness of any bimodal caution and/or warning system is dependent on
the detection and correct interpretation of the signals by the user. Information is
required on the effect of certain variables on detection performance and design
constraints produced by these variables.

TEST OBJECTIVES:
I Augment the existing data base of information on caution and warning signal detection.

11 Provide definitive data on the effect of signal location, false signals, pilot workload and
pilot age intensity on the detection of visual and auditory caution and warning signals.

111 Determine the impact of these findings on system design and standardization.
OUTPUT/PRODUCT:

Comparative pilot performance data on caution and warning signals which differ as a function of
location and number of false signals. Interactions of different signals with the pilot age and the
amount of pilot workloads. Recommendations on signal requirements and design specifications.

DATA MEASUREMENTS:

The measurements will describe the time it takes a pilot to detect the signal, the time to respond to
the signal, and the accuracy of the detection and response.

TEST APPROACH:

This effort will develop empirical statistical data describing bimodal caution and warning signal
detection and interpretation in a cockpit environment. The measurements will be taken in a simu-
lated aircraft cockpit using both visual and -auditory warnings. The spatial location of the two sig-
nals will be varied so that they either come from the same place or from at least 90° apart. The
auditory signal will always be presented first and be the alerting signal to the primary visual signal.
The visual signal will be a valid warning 100, 80 and 60 percent of the time. Pilots will be classified
as to their age (over 40 and under 40). To simulate the circumstances surrounding the pilot in an
actual aircraft environment, the pilot will be assigned flight related tasks (i.e., IFR flight) to per-
form simultaneously with detecting and interpreting the warning signal. These tasks will be one of
three workload levels (high, medium or low).

The data from this study will be used to make recommendations on signal location for bimodal sys-
tems to be used under different workload conditions by pilots in different age groups.
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- TITLE: CAUTION AND WARNING SYSTEMS DATA BASE AUGMENTATION -

BIMODAL SYSTEMS

VARIABLES: MODAL PRIORITY x INTERSTIMULUS INTERVAL x SIGNAL DURATION x
PILOT WORKLOAD

PROBLEM: The effectiveness of any bimodal caution and/or warning system is dependent on

the detection and correct interpretation of the signals by the user. Information is
required on the effect of certain variables on detection performance and design
constraints produced by these variables.

TEST OBJECTIVES:
I Augment the existing data base of information on caution and warning signal detection.

11 Provide definitive data on the effect of the interval between the two signals, which signal
comes first, the duration of the signals, and the pilot workload on the détection of visual
and auditory caution and warning signals.

I1I Determine the impact of these findings on system design and standardization.
OUTPUT/PRODUCT:

Comparative pilot performance data on bimodal caution and warning signals which differ as a func-
tion of the stimulus duration, the modal priority and interstimulus interval. Interactions of different
signals with the amount of pilot workload. Recommendations on signal requirements and design
specifications.

DATA MEASUREMENTS:

The measurements will describe the time it takes a pilot to detect the signal, the time to respond to
the signal, the accuracy of the detection and response and a subjective evaluation of the aesthetic
value of the signal.

TEST APPROACH:

The effort will develop empirical statistical data describing bimodal caution and warning signal
detection and interpretation in a cockpit environment. The measurements will be taken in a simu-
lated aircraft cockpit using both visual and auditory warnings. The visual warnings will be lighted
signals of moderate brightness presented in the pilot’s natural line of vision while the auditory sig-
nal will be of moderate pitch and intensity with a signal to noise ratio of 15 dB. The order in which
the signals will be presented will be varied, visual first and auditory second or vice versa with three
intervals between the signals (0, 0.1 and 1 sec). For half of the pilots, the visual signal will be the
primary warning and the auditory signal will be an alert. This relationship will be reversed for the
second half of the pilots. Each signal will be present for one of three durations (0.4 and 4 sec or
constantly). To simulate the circumstances surrounding the pilot in an actual aircraft environment,
the pilot will be assigned flight related tasks (i.e., IFR flight) to accomplish simultaneously with
detecting and interpreting the warning signals. These tasks will impose one of two workload levels
(high and low) on the pilots. g
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The data from this study will be used to make recommendations on modal priority, interstimulus
interval and signal duration for bimodal caution and warning signals to be used under different
workload conditions.

TITLE: CAUTION AND WARNING SYSTEMS DATA BASE AUGMENTATION -
BIMODAL SYSTEMS

VARIABLES: SIGNAL CONTENT x PILOT WORKLOAD

PROBLEM: The effectiveness of any bimodal caution and/or warning system is dependent on
the detection and correct interpretation of the signals by the user. Information is
required on the effect of certain variables on detection performance and design
constraints produced by these variables.

<

TEST OBJECTIVES:
I Augment the existing data base of information on caution and warning signal detection.

J§ Provide definitive data on the effect of signal content and pilot workload on the detec-
"~ tion of visual and auditory caution and warning signals.

III Determine the impact of these findings on system design and standardization.
OUTPUT/PRQDUCT:

Comparative pilot performance data on caution and warning signals which differ as a function of
content; and the interactions of different signals with the amount of pilot workload. Recommenda-
tions on signal requirements and design specifications.

DATA MEASUREMENTS:

The measurements will describe the time it takes a pilot to detect the signal, the time to respond to
the signal, the accuracy of the detection and response and a subjective evaluation of the aesthetic
value of the signal.

TEST APPROACH:

This effort will develop empirical statistical data describing bimodal caution and warning signal
detection and interpretation in a cockpit environment. The measurements will be taken in a simu-
- lated aircraft cockpit using both visual and auditory warnings. The warnings will have three types
of content: (1) visual signal tones; (2) auditory non-verbal signal with visual signal ; and (3) auditory
verbal signal (sentence) with a visual signal. In order to direct the pilot to the correct annunciator
panel for response two types of cueing will be tested, (1) a legend cue on the visual signal and (2)
an alphanumeric readout panel. To simulate the circumstances surrounding the pilot in an actual
aircraft environment, the pilot will be assigned flight related tasks (i.e., IFR flight) to- perform
simultaneously with detecting and interpreting the warning signals. These tasks will impose one of
two workload levels (high or low) on the pilot. ‘

The data from this study will be used to make recommendations on the signal content for bimodal
systems to be used under different workload conditions.
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