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FOREWORD

This final technicul report covers work performed under the third phuse of FAA contract DOT-

"~'FM3WA-3233 “Coliation and Analysis of Alrcraft Alerting Systems Data.”” The study was ini

tluted to estublish an alerting philosophy for aircraft cockplit alerting systems,

The contract sponsor was FAA Systems Research and Davelopment Service (SRDS) and performed
by the Bos¢ing Commercial Airplane Company. Technical guidance for this contract was provided by
Mr. John Hendrickson, ARD-743, the contract monitor,

E:'S:t‘u'd'y conduct covered the period January 1976 through November 1976. The performing organi-

zatlon ‘was Systems Technology—Crew Systems, of the Boeing Commercial Airplane Compgny,
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 ,
Ef The purpose of this study was to develop preliminary design guidelines and standards for aircraft
b alerting systems. s
é The scope of the study encompassed five major tasks. Task I consisted of tabulating current alerting
E methords and deciphering factors causing proliferation of the alerts. In Task II, criteria for prioritiz-
& ing the alerting functions were developed and applied. In Task III, standards and regulations appll-
i cable to alerting aystem standards were, reviewed and compared with the results of Task I to identify it
E 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 annunclating 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 serles 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 cof 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 effectivencss of various 1AM control-display-
alerting methods. A second contract was issued to study thess alerting problems. A summary of alert
philosophies used in current aircraft end 1AM systems, a data base of currently used aleérting charac-
teristics including stimulus response characteristics, three recommended 1AM alerting methods for
each category of alrcraft (light private aircraft, commercial transports, etc.), and guidelines for
developing or completing development and implementation of an 1AM system were produced. The
proliferation of slerting devices in the cockpit, the inconsistent application of alerting concepts in
current commercial transport aircraft, nonadherence to existing alerting syatem standards because
they were outdated, and the need for a set of design objectives and design guidelines acceptable to
all commercial transport aircraft operatord and manufacturers became evident in this second study.
The current contract therefore was issued to study the entire covkpit problem.

The objectives of this study were: (1) refine and augment the stimuli responsé data collected under
the previous contract, (2) provide test plans for additional stimuli response tests required to com-
plete the stimuli response data bave, (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
ourrent alerting requirements and the prioritized list of alorts, 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 siudy, 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 i the visual alerts were suspected. These suspicions were proven to be
correct. In addition to verifying that these inconsistencles existed and the type of inconsistencies
that were ocourring, 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:
¢ 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

sim e e el Br . &




4. Increased size of the later vintage aircraft
5. Use of more zomplax 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 edvisory-type alerts used in commercial turbojet aircraft has increased
substantially with sach new alrcraft 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 mnlmnctiom in flight and record better
maintenance data.

Among the narrow body alrcraft no significant "chnnge 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 surals than narrow body
aircraft, _

A trend exists towird more multifunctionm; of the ﬂeﬂing devices,

The number of warnings increased primarily because of the red flags rdquired 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 extemivély with each new generation of airérm
to annunciate detalled subsystem operations,

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

White-lighted pushbuttons are being used niore 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 alrframer’s line of aircraft. Somewhat of a standard appears to have been esta-
blished for only § of ths 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, alr 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 throe-man-crew aircraft.
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®  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 ussd on any aircraft exoept late production models of the

e B BT A BT T R, s 1, 2o

, 737 and a few 727,

& ® [Ivhibiting of subsystem fault alerts is hbt used on any airoraft excspt the DG-IO.
® The correlation between the type of alert and type of checklist applied to sach situation is -
Q .‘ poor. l
'? In addition to these facts, most pilots agreed'._with the following issues: . PR
:E ®  The number of alerts, especially the number of aural alerts, needs to be reduced.
;; ®  Most aural alerts, aa currently designed, are too loud. A ) .
5 ] Noncriticnl alerts should be inhibited during high workload periods, such as takeoff thd flare/ : i

landing.
¢  Selected alerts should be prioritized,

® A unique audlo, visual, or combination audio-visual method of alerting should be associated
with each priotity to provide an instantaneous assessment of the situation's criticality, o

R -] R o R I I et A B ) B ST o)

@ 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 checkliat is required
for each alert.)

P SO e P

'A study of the human factors data relevant to the design of alerting systems was then conducted
(ref. 2). The following preliminary guidelines resuited:

¢  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 ADI.

®  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,

®  Automatlc brightness adjustment for varying ambient light conditions should be provided.
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®  High-priority (LEVEL 1) visual alerts should flash.

. Each aural alei-ting. liu'nal' nhould be cbmpbsed of two or more widely separated frequencies
in the range from 250 to 4000 Haz.

®  The maximum Intensity of aural alerts should be 15 dB above threshold noise level or halfway
between the threshold noise level and. l 10 dB, whichever is less, Threehold equals level at which
50% of the alerts are detected.

&  Automatic intensity adjustment for varying ambient noise oo'ndition_l should be provided.

®  Aural alerts should be presented dichotically to the pilot's dominant ear. If dichotic separation
is not pousible, the source of aural ulert signals should be located 90° ﬂ'om the primary sources
of interfering noise or messages, )

®  Intérmittent eoundl should be used for aural alerts,

®  Aural alerting meuagee (volce annunciations) should be preceded by an identifier to which the
pilot i more than normally sensitive.

®  Voice wamnings should be used only to annunciate highest prlerlty situations,

® Voice warning memages should be constructed of short sentences of polysyllablo words.
¢  Pilots should be familiar with all voice wnmlns messages.

®  Use of tactile alerts should be minimized.

A method of prioritizing the alerting functions was then sought. Criterla 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 criterla, it was noted that the LEVEL 3 and LEVEL 4
alerts were very sensitive to the pecullar 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 deflne 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 guidelines is presented in section 2.5.1,
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; The recommended guldelines should be interpreted as (1) preliminary, not final, 7
7 design guidelines, and (2) design objectives, not minimum performance standards. ;
% At this time, the recommended design guidelines are only partially substantiated 7,
7 by quantitative data, Additional testing to derive directly applicable human fac- %
; tors data, additional comparative testing of elements of alerting systems, addi- yz
7, tional comparative testing of full slerting system concepts and an analysis of the f
% hardware/implementation impact of these concepts are re;juired to complete and %
Z validate the proposed design guidelines, . , 4
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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 tliese analyses, and the conclusions derived therefrom are presented in this section, This study
was divided into five tasks:

o  Tabulating current ulerting methods and requirements

e  Establishing alerting funé.tlon requirements

e Developing o method for cutegorizing/prioritizing alerting functions

o Developing human factors design guldelines for ulerting systems

® Developing recommendations for stundurdizution of alerting functions and methods

'The first task consisted of selecting u baseline ulrcraft configurution for each basic type of turbo-
Jet transport used in the U.S,, tabulating the physical characteristics of all nlerting functions in these
aircraft, and analyzing the implementation differences between the various types of alrcraft. The
sscond task consisted of reviewing applicable standards, accldent data, maintenance and operations
records concerned with current alerting systems problems, and checklists in un attempt to establish
functional requitements for alerting systems, The third task consisted of numerous discussions with
pilot organizations to obtain & consensus of pilot opinions on how an optimum aireraft warning sys-
tem would be designed and then correlating the results of these meetings with the results of the
requirements analyses to develop a ratlonals 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 fuctors data requirements was made, and a set of test plans almed at
obtaining the missing data were developed, The requirements, categorization/prioritization rationale,
and existing human factoss design guidelines were then combined to develop recommendations for
standurdization of alerting methods, The detulls of euch of these subtusks ure presented in the fol-
lowing sections.

2.1 CURRENT ALERTING METHODS

A data base consisting of tabulations of the churactetistics of the alerting subsystems in such basic
type of commercial turbojet transport airplane was established to analyze differences between
various types of alrcraft and to correlate pilot comments with specific design features, From these
analyses, alerting system characteristics that appear to bo either good und should be retained, or bad
and should be uvoided were discerned. Descriptions of the duta buse, analyses, and results of this
effort follow,

2.1.1 BASELINE AIRCRAFT CONFIGURATIONS

Alrcraft types used by cach major U.S. and European aitline were tabulated us shown in table 2,
The quantity of each type of aircraft operatod by several of these airlines was also tabulated. From
this tabulation, aircraft from several alrlines opersting o broad runge of aircraft and a significunt
number of each type of aircralt were selected to use us baseline configurations, The airlines and air-
craft selected for this purpose ave specified in tuble 3. Alrbus (A300) und Concorde data also were
sought but were not available in sufficlent detail to be useful to this study.

PR S TR

o
34
4



ANVAWOD L4VHOHIV SY19N0Q
.. (SL61 "0E INNT 40 SV V1V0)

"INITYIV IHL AG G31VH 340 IdAL AHOLINIANI LAVHIHIVY IVIOHIWNOD aIsE0om
SIHL 40 L4VHIHIV JO HIBWNN SILVYIIONI( ) T .
14¥404UIV 3dAL SIHL S3SN 3NITHIV SILVIIONI X | JLION '324NOS viva
X X X X HIV 21310Vd NVIOVYNYD
-
Amv X X X X SAVMHIY HSILIHE
(e (&) ANIHOITTY
v X ]
X X ) ¢ X vilviiv
.
X X X X X YAVNVD HIV
® Is2) {12) (z2)
9 ” + " NHILSIM
B 1L€) (€e) | (g | (om | (owi)
x X X X X Q31INN
(81) {o4) @ o) | (20
X X X X X vYML
b
.om.. .w: .ﬂ: NVII¥INY NVd
l 99) | (1) o
e e X X LSIMHLYON
X X X I¥NOILYN
X X x _ LoX N¥21SV3
! i
181) 29 | (vg) € 9 |
X X X X | COX vi13g
X X M I x | X TVININHLNOD
X . X _ X 44INVHE
PR SN SO, .Jll‘"‘\.g o l\rrl.i%i - , J»,.a‘ e ol o e o e e e e - e e
X X M X | X ; X NYOJIHINY
| ¢
3QHOD! ey [111-ova| 1101 . 2a n e {ozLioL INITHIY
T NOD j0100 | 630 | 8 ot |

Iy Aq pasn sadA 1enny 72 ajqey

BEST AVAILABLE COPY -



SIH1 40 14VvHOHIvV JO HIBWNN SILVIIANI( } T
14VHOHIY 3dAL SIHL S3SN INIHIV S3LVIIANI X °I

"ININYIVY IHL A8 Q31VY3d0 3dAL

‘310N

ANVJWOD 1L3VHIHIY SY19N00

(SL6L ‘Ot INNF 40 SV Yiva)

AHOLNIAN! LAVHIHIV AVIOHIWWOI GTHOM

*30HNOS vlva

OlYYA

HIV SSIMS

JHOJVONIS

vianvs

SvS

VN38vsS

{(vJI1H4V 'S) VVS

NH3IL53Mm O1310Vd

-

ANdWAT0

(¥)

(9)
X

JONVHL HIV

(€)
X

(6

{(82)

{61}

VSNVHL4NT

WIS

avr

HiV NvH!

X

X X X

X

vid3et

3q¥090
- NOD

00E-v

L11-0ve

11011

01-00 620 | 820 1374

LeL

LeL

ozL/LoL

ANITHIV

(3uoQ) auijiry Aq pasy) sadA | yeidly g ajqel

BEST AVAILABLE COPY




i

Table 3 Aircraft Types Selected for Datv Base

Alrcraft Bessline Alrline(s)
; 707720 TWA
727 TWA

797 Wastern

747 TWA

DCE United

DCH TWA

DC-10 Waster:

L1011 TWA

BAC-1I1 Aliegheny

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. Thi» mixture of aircraft from
several airlines caused small biases in the comparative data that reflect airline differences, not basic
alrcraft differences. Comparisons of the alerting system features in various aircraft from one aitline
should be valid, but comparisons between uircraft from several airlines must be made with cognl-
zance of these differences. In general therefore, comparisons of the alrcraft alerting systems data
must be analyzed with caution,

2.1.2 ALERTING FUNCTIONS

Alrcraft system malfunctions and operational situations for which alerts are provided vary as a func-
tion of the size of the alrcraft, 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
alrcraft were desighed 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 8 two-man crew

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

10 {
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Because these variations are not predictable, u 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., glert, glerting function,
and alerting ses, An glert is the activation of any aural alarm, indicator light, or fleg. The term
alert includes the situation whersin 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. Mote 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 devicey are the physical devices used to annunclate 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 philasophy has been applied to the alerting systems in the types of aircraft
covered by this study. Even within each alrframer's product line of aircraft und each operator's air-
craft, numerous inconaistencles in the utilization of the alerting systems appear. These differetices
were analyzed by searching the alerting function tubulations for comparable alerting situations and
noting the similaritles or differences, The ratlohale 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:

®  Operational distribution

®  Mechanical distribution

e Color distribution

®  Aural alert applications

e Color of visual alerts associated with aural alerts

@  Alrcraft systems causing the proliferation of alerts

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

o  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 alrcraft. Each of these analyses is discussed individually in
the following sections.
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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 ot 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, baslc instruménts 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 alreraft
into usage categories. These usage categories were selected because, in general, two-engine aircraft
are used o.. short-haul operations, three-engine aircraft are used on medium-range operations, and
four-engine aircraft are used on longrange operations. These categories also conveniently provide
groups of aircraft with a similar number of onboard systems, e.g., same number of hydraulicsystems.

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 iricrease 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 typus Included in classification
Warning ~ Red lights, red or orange flags and red bands
Caution Amber or yellow lights, flegs or bands
Advisory/status Gresn, biue or white lights, tlays or bands
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*L-1011 utllizes lighted pushbutton switches with color imodes to indicate awitch state in placs of togle switches,

Figure 2 Number of Visual Alerting Functions on Each Batic Alrchft 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-101] have the same number of systems of each type,
¢.8., all have three main electrical generator systems. However, in a few cases, such as alr 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 techinology 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-
tlonal 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 alrcraft must be attributed to all these factors.
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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 wutoms were often used to save weight on the wide body aircraft. The wide
body alrcraft- also had to contend with a significant number of new regu'atory 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 airoraft, 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 slerting 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 squally un caution-type

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

relles heavily on wamning functions whereas the 737 relies heavily on advisory functions,

Among the.three-engine uroraft a significant growth in: the number of Llertms functions from the
727 to the DC-10 and L-1011 is auln noted in these data. However. the ratio of warnings-to~cautions-
to-adviuorlel did not change appreciably.

-Note that mauny 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,
Thess lighted pushbutton switches were generally considered to be ndvisory-type alertirig functions
whereas the toggle switches were presumed to have no alerting function, If these funetions on the
L-1011 were deleted from the data 5o as to get more equivalent sets of data, the L-1011 would have
heavier rellance on warning and caution functions than the 727 or DC-10,

The increase in the number of alerting functions from the 707/DC-8 alrcraft 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, substantinlly more cautions, und also substan-
tially more advisories, On a percentage distribution basis, the 747 relies the least of uny fourengine
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:

o Each new airoiaft has incorporated more alerting functions than previous similar alroraft
because of:

(1) Differsnces 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 vmtase airoratt
(5) Use of more complex systems to save weight

» Number of warning-type alem used in commercial turbojot transport aircraft nearly doubled
in the tranlition from narrow body alrcrnft to wide body aircraft,

'

" Number of cautlon- and advilory-type alem uued in commeroial turbojot tramport aircraft hu
S moremd mbmntully with mh new alroraft duim. : .

21 3.2 Mechnnlcul Dhtrlbutlon of Alertl

‘Trends in the typs of mechanicnl devices used to present the alerts were malyzed by dissecting the

alerting function information into the following categories:

e Distribution of the alerts between lights, aurals, flags, and bandl 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 anll'yloi. characterlstics of the alerting systems that are considered good and should be

" retained, or causing problems for thie pilots and should be ¢liminated, 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 airoraft vintage. In the analysis of
these data, it was noted that among two-engine short-haul aircraft, the 737 und 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 vn the BAC-111 appears to
have been “keep the cockpit very simple~give the plicts just enough information to fly the airplane,
don't provide detalled 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 buen designed to provide the crew with more detailed aubsystem
information (more lights and bands) so that the pilots ¢an try to resolve malfunctions in flight and
can record better maintenance data, Additionally, the DC-9 and 737 had to moet more regulatory
requirements as noted earlier.

The thres-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 fourengine 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 annunclate alerts accompanied this increased dependence on discrete alert lights,
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bt The total number of alert lights, aurals, flags, and bands may have changed significantly from one ] y
L aircraft to another. However, the proportionate mixture of types of alerting devices did not ohmne i d
- significantly between aircraft. Figure 8 lllustrates this situation for alert lights,

The aircraft vintage data presented in figure 7 indicate that among the narrow body airoraft no
significant change in the number of ulert lights, aurals, flags, or bands occurred, Alrcraft 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 aircratt. The use of
o color bands as alert devices increased with the DC-10, decreased slightly with the 747, and
§ decrcased significantly with the L-1011, Thus, in general [t can be stated that a trend currently
g exists toward incotporating more and more alerting devices into the cockpit.

e ey .

Figures 9 and 10 {llustrate the amount of multifunctioning of the alert lights on these aircraft.
Multifunctioning is defined as any situation in which an alerting device Iy used to annunclate 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

cockpit. Available panel space became saturated and multifunction devices had to be used to get

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

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

e Multifunction alert devices would not degrade the efféctiveness of the alerting systems,
o Discrete alert lights are more sffective than analog displays (dial type instruments).

o A slight increase in the large number of slready existing aural alerts would not degrade the
offectivensss of the alerting system.

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

The validity of these premises will be discussed in further detall in later soctions,
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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; ember
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 R.3), _

The data in figure 11 indicate the following significant factors:

o  Essentlally no difference between aircraft in the application of red lights

® L-1011and 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 henvlly on green annunciators than all other alrcraft
e L-1011 aircraft use white lights extensively (to replace conventional toggle switch functions)
The data in figure 12 indicate that the wide body alrcraft use significantly more red flags than
narrow body aircraft and the 707 uses substantially more white flags than other aircraft. The heavy
rellance on red flags in the wide body aircraft is due to incorporation of more complex autopilot

and navigation systems. The 707 occusionally used white flags where other alrcraft 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 L-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 detalled 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-
clate the new fallure modes of more complex autopilots and navigation systems




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

A trend toward annunclating more SAFE and GO conditions with green lights exists

White lighted pushbuttons are being used more extansively in place of toggle nvitohel in each
new generation of aircraft.

Discrete alert lights are being used to replace traditional color bands
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2.1.3.4 Aural Alert Applications

Table § 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 detarmined
that no aural alert is provided for the situation, “none” is entered; if it could not be determined, the
space is blank.

B From this table, it is noted that all airoraft considered in this study use a bell to annunciate an
Bl 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-
Lo " 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 specifled, as a
point of reference, in table 7. The ambient noise levels specified in this table represent the maxi-
mum average dotave band value within the specified frequency ranges. These values were taken from
; the cockpit nolse curves provided in appendix C.

PH-R O S SR LN S )

2 Bz

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

® No consistent utilization philosophy has been applied té the aural alerts, not even within an‘&

_-' airframer’s or operator’s aircraft, - . ‘ L
, ¥ o

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 acourately 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- L
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.

% @  Astandard 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 Hom
Ground proximity Warbler and volce 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 6 Aural Alert Characteristics

AURAL ALERT FREQUENCY, Hz LOUDNESS, DESCRIPTION
[HORN A 200 TO 443 B0+ 8 _Continuous
HORN B 220 TO 280 LK b 5 t"Etr:mlnm:n.u
HORN C 83g [] , ontinuous
[HORN & €02 AND 687 8 % £6 —Gontlnuoul
(HORN & 443 Wit Bame s horn A, #xoept Interrupted
FORNF - 220 TO 280 93+ 8 ' :!‘IT. ushorn B, except interrupted at,
: nchak
o HORN G 118 AND 280 Continuous
i R 802 AND 887 Bmm »s horn D, axcept Intcrrudhd
e v at ‘
oy HORN J 140 91 n 0.5 seconds; off 0.8 TN KT
' flzad groups; 2 seconds betwesn groups
HORN K B8 On for 0.8 econds; off Tor 1 tecond
[HORNL BAT05E | Inrrupted o
HORNM 828 98 | Intefrupted at 0.0 M3
HORN N 328 AND 380 94 Tow tones aiternating st 0.28 Hz
i HORN P “Oogs’' horn
- HORNR__ 30 -1} “Continuour .
Eo HORN § 300 [ 333.ms period with & 80% duty cvolc
1 [ TONE A 1000 Continuous
TONE B _2800 * 300 B0 F T | Beopertons, pulsatingat 18 o B.0RT |
3 "TONE C 800 INCREASING | Tone that incraases In volume over & |
B I 4econd pericd
- TONED 400 INCREASING| New system for MeDonnali Douglas
; altplanes, application uncertain
TONEE T4kTO20K 90 A turnntlrmtonc
| TONE F 3k 77 333.-ms Eorlod with a 0% duty cyele ‘
TONE G 700 TO 1.7k 80 ulsating tone
JONEH 10K Pulsating tone
“C'"CHORD Al 461 TOBB3 887 TO 704 +B Intermittent
881 TO 846
"G CHORD B 512, 840, 768 90 Sound duration 2 seconds
BUZZER A 300, 400, AND 900 90+ §
BUZZER B 90 81 _2 seconds
i WARBLER & 400 TO 800 86 TO 08 “Three "whoops'' per ucond tfollowed by
VOICE volos saying ‘‘pull up.” Some
: of the airplanes indicated do not have
. this system and some have the warbler
fe without volce
] WAILER A 130 + 20 TO 200 + 30 03+ 3 2 0 4 Hz of variation batwean longar
: and higher fraquencies.-minimum
variation 49 Hz~mod 4.78 Hz
g [WAILERB 840 __
WAILER C 130 TO 200 88
; BELL A 800 TO 10,000 83 + B Continuous
) BELLB 780 87 Continuous; striker frequency, 1.6 Hz
b similar to telaphone
. BELLC 640 AND 648 Continuous; two tones altarnating,
; striker frequency, 12,6 Hz
BELLD 600 TO 10,000 g6+ 6 —Same as bell A, except Interrupted
%
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Table 6 Aural Alert Characteristics (Cont)

. AURAL ALERT|  FREQUENCY, Hz LOUDNESS,  DESCRIPTION
gt eng 100
CLACKER A 1000 TO 2400 B WModulated at B 10 10 H __
LS ACKBR 8 ' Repstition frequency, 1. Hz
A 812 spetition nquonev, 78 Hz, sounds =
i like ciuoking of a shioken
CLACKER D TWO TONES, CLICKS B4TO 08 | Wepewtion frequency, 0 H
P CLACKER E 338 87 miler to a laum wave, modulated
L _ , wlth vary dls nutm ollaki at 10 Hz
CLACKER F 2800 -
"CRIME A Ba0 7 5
i [ CHIVE 8 780 7] ingle stroke ?one
: _ mechanios call, In ted at 0.05 M
. CHIME C 4700 76 ¢ sound
: CHIME D 727 TO 947 B+h sour'\d ohime'’, single stroke gong:-like
CHIME E 477 70 497 ®+6 “Low Ghime", single stroke gong-iks
3 sounN ,
CHIME F Y37 10 047 AND o+ 6 ngh-low ahime combination of ehlm».
! _ 471 TQ 487 D and E repested.atarateof 3% | He
’ CHIME G 688 [ LN "&“32 chima’, single stroke gong-like
[
[CHIMEH __BSTAND 408 o HiighTow Ghima not repeatad
J B88 AND 488 W Same a0 ohime H exgept fast repest
CHIME K 888 AND 488 s Same as chime H except It does twe
oyoles and stops
CHIME L TET YO AT AND LN Same as chime F exospt it dos two
. . 477 TO 497 cyoles and stops ‘
b [CHIME M 887 13 Singls ohime In most configurations |
L ' CHIME N 887/487 -] Singls highdow shime
i CHIME P 487 as Low chime not repaated
] 1 CLICK ' Actusl sound of disconnect of the
;‘ autopliot lever
i -
)
| Y

i
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Tabla 7 Cockpit Ambiant Noise Environment

. AMBIENT NOISE LEVEL, d8*
AIRCRAPT .
‘ 0~200 200--1000
, ' TAKEOFEF
707720 _
FINAL
APPROACH 90 8 % - n
TAKEORE - 88 n e o1
727 !
- RINAL o
APPROACH 87 7 (1] 1 .
TAKEOPP se 84 70 8 o
737 1 y o =
FINAL , -
APPROACH 84 . 82 A 8 L P
L
TAKEOFF 100 83 7 70
add P
BINAL - b
APPROACH 90 81 7 2 L
i #
TAKEOFRF 90 98 7 7 o
De-8 L
FINAL Lo
APPROACH 86 81 n o7 ; :
TAKEOFF 84 77 o8 51
DCo
FINAL
APPROACH 88 ” L 88
TAKEOFF 91 91 78 70
DC-10
FINAL :
APPROACH 82 ® 67 08 :
TAKEOFF 84 78 78 68
L1011
FINAL
APPROACH 84 72 70 e |
T__WE'L"‘TWTVALUE LISTED ARE THE MAXIMUM LEVELS 7O OCCUR WITHIN

THE BPECIFIED FREQUENCY RANGES




2.1.3.5 Color of Visual Ahrtl Auoclntld With Aursl Alertl

The number of aural alerts hes increased to the polnt 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 vilutl alerts that are activated when aural alerts
ocour. 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 annunclations
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 llnrtu. 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 indicats 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 pressnted in figure 17, Thete data indicate
that all aircraft, except the BAC-111, have multiple lights and flags associated with each sural alert;
727, 137, and DC-10 aircraft have ﬂpzi‘.untly more visual backup lights for each aural alert than
nimﬂtr type aircraft; the BAC-111 relies feast of all airoraft on visual backup lights; and the wide
body jets rely less than narrow body Aiicraft on visual backup lights even though they have more
aural alerts. All aircraft also were norad to have several aural alerts that operate without visual
backup alerts as indicated in table 8.

2-engine - 3.angine A 4.angine

109 B aireratt 100 siroratt 100 Ill‘m‘:‘ﬂ
707 7 Je— Ty J—
0} DCfmeme 20 DC:10 o mn 0k PClm=-
BACH 11 e 0snin L1010 crensnnn ) 707 resensns

'
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Figure 18 Color Distribution of Visual Alerts That Activate Aurels
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- Table 8 Application of Aural Alsrts Without Visual Backup Lights
{. Alroraft type Number aursls without visual backup lights
F oo
E | 707 8
727 ]
77 3
7 ]
DC-8 ‘
DCH 3
DC-10 3 *
L1011 4 |
BAC-111 (]
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2.1.3.6 Aircraft Systems Causing Proliferation of Alqrtl

Tables D-1 through D9 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 becauss (1) not all systems incorporated in the newer model air-
craft were incorporated in the older modsl 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 alrcraft 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. Therefors, If all aircraft were
equal, the left end of some curves would be lower than the right end and/or yome curves would
dip in the middle. A third factor that influences these data is the trades made betwsen presenting
systems information via alert lights as opposed to dial-type indicators. For example, on most Boeing

alroraft, the sir-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 iransitioned 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. prolifmtion of alerts than air-
conditioning systems. Cognizance of all these factors and the magnitude of influence of these fao-
tors is required when interpreting these data,

Examination of these data reveals that the most rapid growth In the number of subsystem alerts has
ocourred In the following systema:

e  Electrical

® Automatic flight control lyutém (AFCS)

Secondary offenders are the following systems:

e Hydraulics

e  Ice and rain protection

e Landing gear and brakes

® Nnvigatién

® Pneumatics -

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

e  Altitude alert

e APU
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e Communications
¢ Emergoncy equipment
L e  Flight Instruments and air data

o Fuel

® Powerplant

Inspection of the detalled data in appendix D indicates that most of this growth is ocourring among
the caution and advisory lights,

2.1.3.7 Applications of Master Caution/Master Warning Systems

Table 9 specifies the alrcraft that utilize master caution and master waming systema, the location

and numnber 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-<orew airoraft but in only a few three-man-crew aircraft. The majority of the three-man-

- orew uiroraft use a central block of lights to annunciate caution and warning situations. The 737,

. DC9, 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 warning alert(s) also varies considerably from
airoraft to aircraft, For example, on the DC-10 nearly two-thirds of the rod lights actuate the master
warning signal whereas on the DC-9 only one-third of the red lights activate the master warning, No
amber, blus, green, white, or clear lights on these aircraft, except the BAC-111, gotivate 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 fallure) 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 wamning systems.
No inconsistencies appoared in the master caution system implementations. The master caution sys-
tems In these airoraft activate only when an amber light on the overhead panel or flight engineer's
station {lluminates, L:

2.1.3.8 Applications of Alert Prioritization and Inhibits |4

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 alrcraft except late model 7375 and a few 727s have an aural alert prioritization sys-
tem. The priority acheme implemented on these 737s allows the aural alerts for FIRE and QVER-
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SPEED to cccur 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 {tem
from the middle groups, and one item -from the right group can occur eimultaneously in this
prlorlty scheme,

In ARINC 5~7 7 a priority scheme for all auul alertin; functions, currently used and anticipatable in
the near future, was proposed. Three problems are immediately noted with this scheme: (1) too
many aural alerts ure allowed, (2) too many alerting functions have equal priority on the priotity |
level, and (3) the significance and urgency of an alert are somewhat aircraft design dependent and
therefore wili vnry from aircraft to alrcraft The standard for prioritizing the aural alertl nhould
provide: . L A ,
L]
e Criteria for detennining whether alert pdorltization ja necessary

™ Cdteria for detenﬁining the priority level of each alert if prioritization is required

e Dellgn guidellnes for equipment thaut allows aircraft dependent priority assignment of the

alerts
L y
1. CABIN ALT AND TAKEOFF CONFIG
' 2. LANDING GEAR
| s ) < L
4. (BUZZER)
\ P
W b 'M W
BOTH ALERTS PRIORITIZED
CAN OPERATE PRIORITIZED AS NUMBERED AS NUMBERED
SIMULTANEOUSLY  (NO. 1 HAS HIGHEST PRIORITY) (NO. 1 HAS HIGHEST
PRIORITY)
Wy o

-

ALL THREE GROUPS CAN BE ACTIVATED SIMULTANEOUSLY

Figura 20 737 Aiural Alert Priority Scheme
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Alert inhibits. also have not been applied extensively. The application of alert inhibits hus been.

restricted primarily to enabling and/or disabling the aural alerts associated with aircraft coifigure
tion management, e.g., flaps extended ahd throttles at idle but no landing gear extended,

Not all alert inhibits are intentional, i.e., some inhibits result beéause the syst‘em with. which théy e
are assoclated or a sensor that feeds this system has exceeded its region of valid operation. An
example of thls situation is the ground proximity warning. Above 2500 or 5000 feet radio altitude, .

depending on type of equipment used, the ground proximity alert is inhiblted because the radio
altitude sigrial is not valid,

The NC-10 is the only aircraft that incorporates lntentional inhibits of selecteql subsystem fault

alerts, as described in figure 21, {n addition to the traditional configuration-related alert inhibits,
The inhibits.o1: the DC-10 are designod to eliminate potential disturbances to the pilot during the

critical segment of the lunding maneuver, l.e., below 100 feet, - v

2.2 ALERTING FUNCTION AND SYSTEM REQUIREMENTS =y
In section 2.1, the good and bad features of existing. alertini systems were discerned, Alerting func-
tion and system requiremen(s were implied therefrom, In this section, a survey of applicable stan-
dards, accident data, operations and malntenance data, arid pilot opinion data are discussed. An annl-

ysls of the correlation between the checklists and the alerts applied to each zituation is also dis- .

cussed. Additional alerting system requirements were derived from these analyses. Thése requirs-

ments are combined in later sections to derive “preliminary’ alerting system implementition con-. '

cepts. “Preliminary” Is emphasized because these concepts need further human factors and opera~
tional testing to validace their effectiveness. i

2.2.1 APPLICABLE STANDARDS

Federal Aviation Regulations portinent to this study are parts 21, 25,37, 91, and 121, Commerclal

alroraft 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 (N DUAL TRIM AND DISCONNECT  °
LAND MODE LIGHTS
® AMBER AUTOTHROTTLE
DISENGAGE LIGHTS

Figure 21 |nhibit Philosophies Applied tu Subsystem Fault Annunciations
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Applicable sections of the FARS arc copied verbatim and tabulated in appendix A opposite the

. alerting functions to which thuy apply. In cases where the FARs specified a general requirement

applicable to an entire system ‘the. requh'ement was listed at the end of the tabulutlon for that
nyntem.

ARP 450 provides guidelines relative to the desisn of flight dock visual, audible, and tactile signals;
ARP 571 specifies requirements for visual and aural alerts assoclated with nav/comm systems, and
methods of annunciating flight director, autopllot, 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 requirerients 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, aiid -§ (appendix E), Hardware requirements are not included,
I most thses the requirement s copled verbatim; however, in a few ocases, these statements are
paraphrased to min‘imize slmilnr’ statoments,

The military standards and specifications do not provide specific requirements relevant to alerting
systems in vommercial transport category aircraft. These requirements are primarily of a general
nature snd not directly applicablé unless referred to in a FAR or ARP. They do contain substantial

" ~"hisman factors data pertinent to the design of slerting systems. The builk 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 guidellnet provided by these standards dre listed In: tables t:.-6, E-7, and E-8 of appendix E,

W

22 2 SURW,Y OF PROBLEMS WITH CURRENT ALERTING SYSTEMS "
The International Air Transport Ansociation (IATA) Technical Committee performed a study of the

- operational problems its membetr airlines had experienced. with aircraft warning systems, They

became concerned over the number of acoldents that have ocourred where the alrcraft 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 fleuts and future aircraft from
similar accidents, Unfortunately, no systematic effort had been made previously to collect detailed
duta regarding operational experiences with the warning systems found in current transport aircraft.
As an Initial step in this direction. IATA surveyed its member airlines fo determine the current
complement of cockplt warning systems in transport aircraft, and to identify problems experienced
by aitline crews with the functioning of these systems,

Dr. John Lauber at NASA Ames Research Center was commissioned to perform this survey for
1ATA. The survey covered 46 airlines operating the following aircraft:

¢ DC-3,DC8,DCY, and DC-10
e 707,727,737, and 747

e L-188andL-1011

e F-27und F-28
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e A300B

e BAC-111 and VC-10

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

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

o 146 false positive warnings

e . 36 false negative warnings

e 74 system problems

o 9 display problems

False positive warnings are failures of the alerting system to notify the ciew that a hazardous or
abnormal situation demanding their attention existed. False negative warnings are nuisance alerts,
{.e., an alert was given when no hazardous or abnormal situation existed.

The systenﬁ.probleml conslsted of all cases whereln the operators were forced by regulation to
modify or voluntarily modified the busic alerting sysiam to avoid speocific operational problems.

The specific alerting system features that constituted sach of these statistics were. not ldentifled in
Dr, Laubet’s study beyond the level shown in tably 11, A more detailed analysis of these dats by

~The Bosing Company was only partially completed during this study. No specific alerting system

requirements evolved from the partial analysis, Completion of the detailed analysis is pianned for
the near future,

2.2.3 CORRELATION BETWEEN CHECKLIST AND ALERTS

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

o  Emergency checklista

¢  Abnormal checklists

e  Additional procedures

Aural alerts were not considered in this survey because the alerting 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

‘ NUMBEROF | NUMBER OF - ;
WARNING 8YSTEM CATEGORY OPERATIONAL | MODIRICATIONS ;
, PROBLEMS : ]
ENGINE/POWER SYSTEMS: . '
ENGINE FAILURE WARNING 8YSTEM 10 ] : 4
ELECTRICAL S8YSTEM WARNINGS 10 (]
HYDRAULIC S8YSTEM WARNINGS ¢ ]
PNEUMATIC 8YSTEM WARNINGS ? ]
FUEL SYSTEM WARNINGS (] 3 g
i CABIN ENVIRONMENT SYSTEMS:
AIRCONDITIONING WAKNINGS 3 | I | ‘
PREBSURIZATION SYSTEM WARNINGS 2 ‘4 | 3
CABIN DOOR WARNINGS . 27 12 -
¢ OXYGEN SYSTEM WARNINGS : 2 2
ICE PROTECTION SYSTEMS:
E‘ WING ANTI+/DE-CE 8YSTEM WARNINGS 3 2 i 5
] ENGINE ANTIIOR WARNINGS : 4 0 ‘ A
: PITOT/STATIC HEATING SYSTEM WARNINGS 10 4 )
: OTHER WARNINGS 2 3
! i b
FIRK DETECTION AND WARNINGS SYSTEMS: i
| ENGINE FIRE WARNINGS ™ 20 ; ®
4 . AUXILIARY POWER UNIT FIRE WARNINGS (] ] 4
i . CARGO BAY FIRE WARNINGS (] ] :
WHEELWELL FIRE WARNINGS 0 0 z
» OTHER WARNINGS 4 2 f
F PRIMARY FLIGHT CONTROL SYSTEMS:
: HORIZ STABILIZER MOVEMENT WARNINGS ¢ 4
iy FLAP AND SLAT SYSTEM WARNINGS (] 12
E \ SPOILER WARNINGS 4 2
o AILERON, ELEVATON, RUDDER 8YS WARNINGS 2 2
TAKEOFF CONFIGURATION WARNING SYSTEM 14 [
@ LANDING CONFIGURATION WARNING SYSTEM " 0
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Table 11 Alerting System Problems and Modifications Reported in IATA Survey afAIrIlnn {Cont)
NUMBER OF NUMI!H OF

" WARNING SYSTEM CATEGORY OPERATIONAL | MODIFICATIONS
PROBLEMS
BRNAKING 8YSTEMS:
BRAKE OVERHEAT WARNINGS 5 0
ANTISKID. RAILURE WARNINGS 2
NEVERSE THRUST 8YSTEM WARNINGS " 4

PHlMAHY ELIGHT PERRO HMANCI SYSTEMS:.

STALL WARNING SYSTEM 10 ]
MACH/OVERSPEED WARNING aYSTEM 2 0
ALTITUDE AND TERRAIN WARNING SYSTEMS 1 0
BAROMETRIC ALTITUDE DEVIATION 8 7
RADIO ALTITUDE WARNING 0 1"
GROUND PROXIMITY WARNING 0 13
INSTRUMENT FAILURE WARNING SYSTEMS: o
FLIGHT INSTRUMENT COMPARATOR WARNING . L 8
PLIGHT INSTRUMENT FAILURE WARNINGS ¢ s -
NAVIGATION INSTRUMENT FAILURE WARNINGS 3 2
ENQINE/POWER INSTRUMENT PAILURE 3 0
AUTOPILOT SYSTEM WARNINGS ) ]

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 checkiis