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This report addresses a promising approach for reducing pilot workload
in Army helicopter cockpits. The approach advocates combining the
multitude of presently used subsystem instruments and annunciator dis-
plays into two multifunctional flat-panel cockpit indicators. It is
believed that this work effort represents a first-time attempt to apply
multifunction display technology and human factors engineering tech-
niques to th¢ problems of man-machine communication and pilot workload
associated with monitoring the status of helicopter subsystems. The
results of this effort are being exploited by the U. S. Army Avionics
Research and Development Activity, Fort Momnmouth, New Jersey, as part
of the Electronic Master Monitor and Advisory Display System (EMMADS)
development.

The technical monitor for this effort was Mr. Joseph D. Dickinson,
Applied Aeronautics Technical Area, Aeronautical Systems Division,
Applied Technology Laboratory.
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INTRODUCTION

All-weather/night/nap-of-the-earth helicopter flight has dramatized i
the importance of reducing crew workload as a high priority effort {
toward improving mission effectiveness.
The past and predicted growth in the number and complexity of
subsystems in U.S. Army helicopters has made subsystem monitoring a
prime candidate for design efforts aimed at the reduction of crew
workload.
The effort reported herein was directed toward the reduction .
of crew workload during the monitoring of subsystems in U.S. Army
helicopters involved the application of Human Factors engineering
principles and U.S. Army pilot recommendations to the design of an v
advanced Subsystem Status Monitor (SSM). .
Five tasks were completed toward the design of an advanced Subsystem
Status Monitor that will reduce crew workload during the monitoring of
helicopter subsystems:
1. Analysis of parameters currently monitored in the UH-60A,
CH-47C, OH-58C, and AH-1G helicopters, and recommendation of information j
requirements for these helicopters.
2. Development of prioritizatization, logic, and display formats for 1
the presentation of subsystem information on multi-function electronic
displays for the above-mentioned helicopters.
k 3. Preliminary design of system architecture incorporating state-
of-the-art, near-term and long-term technologies into an advanced
Subsystem Status Monitor.
4. Evaluation of preliminary designs to determine predicted impacts l
on flight safety, workload, reliability and maintainability, survivability i
and vulnerability, aircraft space and volume, aircraft weight, and life
cycle costs. ’
4

5. Design of keyboard and associated display formats for the
following peripheral functions: checklist presentation, performance
calculation, and load monitoring.
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TASK 1: IDENTIFICATION AND ANALYSIS OF PARAMETERS

Task I included the following efforts: D

1. Identification of subsystem parameters currently monitored and
displayed in four Army helicupters representative of the following
types: utility, cargo, attack, and observation.

2. Cross-comparison of parameters monitored and displayed by each
of the helicopters investigated.

3. Identification of subsystem monitoring information requirements
for each helicopter investigated.,

4, Investigation of the desirability of modifying information
requirements for changing mission phases, including: pre-/post-start,
takeoff, cruise, hover, land, and pre-/post-shutdown; and for changing
environmental conditions, including: night/day, visual meteorological
conditions/ instrument meteorological conditions, and nap-of-the-earth/
flight at altitude.

: 5. Assessment of current and near-term efforts to improve signal

# source technology and identif.cation of signal source improvements
likely to coincide with development of an advanced Subsystem Status ;
Monitor (SSM). t

6. Discussion of information requirements with military flight
crews rated in relevant helicopter classes during working sessions at
Ft. Rucker, Alabama, and incorporation of flight crew inputs into
the definition of information requirements.

H IDENTIFICATION OF PARAMETERS CURRENTLY MONITORED AND DISPLAYED IN
REPRESENTATIVE ARMY HELICOPTERS

Operators Manuals were consulted for the following Army helicopters:
UH-60A (utility), CH-47C (cargo), OH-58C (observation), and AH-1G
(attack). The following information was tabulated for each helicopter:
subsystem parameters displayed, range of each parameter, normal (green
zone) operation band for each parameter, precaution (amber zone)
limits for each parameter, malfunction (red zone) limits for each
parameter, indicator type displaying each parameter, signal source for
each parameter, and type of signal source output (parameter type). This
data was summarized for each helicopter, and is presented in Tables 1
through 8 in Appendix A.

The UH-60A and the CH-47C are twin engine helicopters, while the
OH-58C and the AH-1G are single engine helicopters, and parameter listings
in Tables 1 through 8 reflect this distinction. The AH-1G is a tandem
helicopter, with separate instrument and caution panels for pilot and
gunner. Tables 7 and 8 therefore include an additional column indiceting
whether the given parameter is displayed to pilot, gunner, or both.

-

CROSS-COMPARISON OF PARAMETERS

i Parameters displayed in the UH-60A, CH-47C, OH-58C, and AH-1G
were cross-compared. Tables 9 through 12 in Appendix A summarize these
cross-comparieons.
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Table 9, which itemizes parameters displayed in all four heli-
copters, is noteworthy by virtue of its brevity. The parameters
itemized in Tables 10 through 12, however, should not be categorized as
superfluous, since many of these parameters are representative of
subsystems peculiar to specific aircraft.

IDENTIFICATION OF SUBSYSTEM MONITORING INFORMATION REQUIREMENTS

A composite list of all parameters displayed by any of the four
helicopters investigated was prepared. The composite list was reviewed
for each helicopter independently, and the following requirements were
identified: \

l. Priority of the given parameter information for the given
helicopter, classified as follows:

A. Safety: The information is essential for the maintenance of
alircraft and crew safety.

B. Mission: The information is not safety-essential, but is essential
for mission fulfillment.

C. Maintenance: The information is neither safety- nor mission-
essential, but is necessary for post-flight maintenance recommendations.

D. Unnecessary: The information is not safety-, mission-, mor
maintenance-essential.

2. Mission phases during which it is necessary to display the
given information, including takeoff, cruise, hover, landing, and
shutdown.

3. Mission environments during which it is necessary to display
the given information, including: night, day, visual meteorological
conditions (VMC), instrument meteorological conditions (IMC), nap-of-
the-earth flight (NOE), and flight at altitude.

4. Essential but not superfluous display logic, classifying
parameters as:

A. Continual: The information should be displayed continually and
automatically.

B. Critical only: The information should be displayed automatically
only when it represents exceedance of critical limits.,

C. Access only: The information should not be automatically displayed
under any conditions, but manually accessed display provisions should
exist.

5. Essential but not superfluous display format, classifying display
requirements as:

A. Quantitative: Digital readout is essential and sufficient.

B. Qualitative: Analog representation is essential and sufficient.

C. Combined: Combined digital readout and analog representation
is required.

D. Caution: Caution message without digital readout or analog
representation i{s essential and sufficient.

E. Advisory: Advisory message without digital readout or analog
representation is essential and sufficient.

The results of this information requirements analysis are presented
in Tables 13 through 16 in Appendix A.

’,".f" P '-;‘, -
LA A




R - y—

Tables 13 through 16 represent the finalized information requirements
resulting from baseline information requirements defined by Sikorsky
Human Factors engineers; information requirements analysis by U.S. Army
helicopter pilots at Ft. Rucker, Alabama, and flight test pilots at
Sikorsky Aircraft; and analysis of the feasibility of incorporating
mission phase-specific and environmental condition-specific display
logic into the eventual SSM design. The baseline information requirements
suggested by human factors engineers are presented in Tables 17 through
20 in Appendix A. Tables 17 through 20 anticipate the format of an
information requirements questionnaire that was later submitted to
Army pilots at Ft. Rucker and to test pilots at Sikorsky Aircraft, and
repregent the first step toward the finalized identification of information
requirements presented in Tables 13 through 16. The other phases toward :
finalizing information requirements are described below. .

DISCUSSION OF INFORMATION REQUIREMENTS AND DISPLAY LOGIC WITH U.S. ARMY
HELICOPTER PILOTS AND SIKORSKY AIRCRAFT TEST PILOTS

A questionnaire soliciting responses to questions concerning
information requirements and digplay-by-exception logic and formats
was prepared and presented to 45 Army pilots rated in the CH-47C, OH-58C,
and UH-1H helicopters at Ft. Rucker, Alabama. The same questionnaire
was presented to Sikorsky Aircraft test pilots with UH-60A experience.

Questionnaire administration was preceded by briefings explaining
SSM design goals, display-by-exception philosophy, and instructioms,
and was succeeded by in-depth follow-up interviews during a one-week
visit by human factors engineers and Army contract monitoring and
electronics specialists, as well as Army human factors specialists.

A complete sample questionnaire is presented in Appendix B.

The questionnaires were analyzed to form a composite response
gset for each aircraft. These composite results are presented in Tables
21 through 24 in Appendix B.

INVESTIGATION OF THE DESIRABILITY OF MODIFYING INFORMATION REQUIREMENTS
FOR_CHANGING MISSION PHASES AND ENVIRONMENTAL CONDITIONS

The subsystem monitoring information currently displayed in the
UH-60A, CH-47C, OH-58C, and AH-1G was compiled into a single list of
parameters monitored and displayed, by any of the four helicopters.

For each parameter displayed, the mission phases during which the parameter
is currently relevant were identified for each helicopter. In addition,

for each helicopter displaying a given parameter, the type of indicator
currently used to display the parameter was identified.

N Table 25 in Appendix A presents a Parameter X Helicopter X Mission
Phase cross-comparison for each parameter currently displayed. In
addition, parameters listed in Table 25 are grouped by subsystem.

Table 25 complements Tables 1 through 8, which list parameters
currently displayed in the four helicopters, and Tables 9 through 12,
which cross-compare helicopters, by: allowing direct comparison for each
parameter of helicopters displaying or not displaying the given parameter,
allowing direct comparison for each parameter of the types of indicator
currently ueed to display the given parameter, and grouping all parameters

9




into subsystems.

Taken together, Tables 1 through 16 and Table 25 suggest that: there
is currently a lack of standardization across helicopters of the parameters
that are monitored and displayed, even where no helicopter-peculiar
requirements exist (engine fire, engine oil quantity, XMSN oil temperature,
hydraulic pressure, and electrical power are examples); and while there
is general agreement across helicopter types in terms of the indicator
type employed in displaying commonly displayed parameters, there are
noticeable differences, including vertical scale versus dial instruments,
warning versus caution lights, and audio tone auxiliary warnings.

Table 25 does not present recommended information requirements, but
rather analyzes the mission-phase relevance of currently displayed
parameters. The analytical results presented indicate that with the
exception of the APU subsystem, mission-phase distinctions between
information requirements are minimal. Where the APU is activated for
in-flight use, mission-phase distinctions are further minimized.

In addition to the factor of minimal distinctions between mission-
phase information requirements, the following factors argue against
designing a separate monitoring/display logic for different mission
phases: there is no easily sensed parameter that can be relied upon
to govern automatic mode switching by mission phase; and manual mode
switching during transitions between mission phases would increase
crew workload (manipulation, planning, memory, and decision-making),
particularly during single-pilot operation.

Organization of information requirements differentially for differing
environmental conditions was also deemed of limited value because:
environmental conditions are subject to sudden and frequent fluctuations
which cannot be sensed automatically; the requirement to respond to
frequently fluctuating environmental conditions by manual mode selection
would increase crew workload, especially during single-pilot operationj
and information requirements do not differ significantly for differing
environmental conditions.

The goal governing the design of the advanced SSM was to reduce crew
workload during the monitoring of helicopter subsystems. Throughout the
design process, the flexibility of computerized monitors and electronic
display devices was therefore consciously bounded by the requirement that
the SSM not increase the crew workload by requiring additional manipula-
tion, taxing human memory and information-processing capacity, or delaying
response time by complicating decision-making processes. In the cases of
mission phase-specific and environmental conditionespecific information
requirements, an exercise of technological flexibility would negatively
impact crew workload, due to the minimal distinctions present.

The major factor governing the stringent requirement for reduced
workload i{e the all-weather/night/NOE flight profile. Rather than
attempt to account for this profile as a distinct helicopter missfon with
peculiar requirements, the all-weather/night/NOE profile was taken as
a worst-case workload problem whose solution would transfer automatically
to reduced workload under all other situations.

Where only dedicated indicators are permitted, crew workload
reduction efforts are limited to the design and placement of individual
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indicators and the identification of information requirements that suggest
the addition or removal of indicators. Where multi-function displays
are permitted, however, the effort to reduce crew wrokload is not limited
to identification of information requirements, but rather emphasizes
the importance of defining the logic governing the nondedicated display
of subsystem information. On this account, Task II (Definition of Informa-
tion Handling Formats) is viewed as the major effort toward crew workload
reduction, and Task I is viewed as a preliminary phase during which
human factors engineers and Army pilots defined the information to be
displayed and established mutually agreeable principles governing display-
by-exception logic for helicopter subsystems.

The information presented in Tables 1 through 25, therefore, must
be viewed as merely preliminary to Task 11 Army pilot reviews and
definfition by both human factors engineers and Army pilots of display
logic and formats.

ASSESSMENT OF SIGNAL SOURCE TECHNOLOGY

Table 26 lists the major types of signal source devices employed in
the four helicopters studied for which avenues of improvament have been
identified. Figures included are approximate. The majority of improvement
avenues listed consist of improved accuracy and reliability without
resort to radical design changes. Additionally, however, the following
points resulted from assessment of signal source technology:

1. Currently, the major avenue of redical signal source design
change appears to be fiber-optics technology, which is being employed
experimentally in tachometers and heat sensors.

2. The only signal source reliability/accuracy/repeatability
problems consistently identified by interviewed Army pilots were chip
detectors, engine fire detectors, and low fuel detectors.

3. An advanced SSM which includes provisions for sensor failure
analysis (through computerized modelling and/or cross-comparison of
triply redundant sensors) can effectively inhibit the display of false
warnings independently of improved signal source technology per se.

The preliminary designs identified in Task III contribute toward this end.

11




TASK IXI: DEFINITION OF INFORMATION HANDLING FORMATS

Task II involved the definition of information handling logic
and display formats for the presentation of the information recommended
in Task I.

DEFINITION OF DISPLAY LOGIC

Tables 27 through 30 in Appendix A summarize the display logic
defined for each of the four helicopters studied. The following sections ,
explain the efforts expended to compose Tables 27 through 30. .

Identification Of Level Of Urgency For Each Parameter

A questionnaire was presented to helicopter instructor pilots
at Ft. Rucker, Alabama, and to test pilots at Sikorsky Aircraft. Pilots
were asked to classify parameters as safety critical, mission essential,
or maintenance required. Pilot classifications were summed for each
parameter, and consensus was identified for each parameter. In addition,
Technical Manuals were consulted for each helicopter, and where para-
meters were classified according to the above categories, classifications
were itemized. Where pilot consensus was high, this consensus defined
parameter categorization. Where pilot consensus was ambiguous, Technical
Manual categorizations were applied.

Results of urgency categorization appear in the column labeled
URGENCY in Tables 27 through 30. The primary use of this data was to
establish a first-level classification of parameters toward later
definition of prioritization for all parameters, and for determining
warning/caution/advisory classifications of parameter messages.

Determination of Desirability of Automatic Responses |

This effort involved recommendation of automated response to para-
meter conditions for those cases in which response is not currently
automated. The results are tabulated in the column labeled AUTO RESPONSE
in Tables 27 through 30. Both Ft. Rucker and Sikorsky pilots questioned
A generally adhered to the philosophy that automated response to the
parameters listed is not desirable. Exceptions include: automatic fuel
balancing to maintain within-limits center of gravity; automatic APU
actuation after hydraulic system failure, provided that APU in-flight
usage is permissible; automatic XFEED or boost pump actuation in response .
to low fuel pressure, provided that system leakage can be sensed and
diagnosed to prevent further loss of fuel that might result from cross-
feeding or pumping fuel through portions of fuel systems containing
leaks. :

Where automatic responses were recommended, it was further decided 1
whether the crew should or need not be informed of automatic corrective
action taken. In the past, where automated corrective response action ]
has been incorporated into an aircraft, the question of whether the
crew should be informed of the automated response has been debated on
an individual case basis, often with consideration in mind for the instru-
ment panel space required for the conveyance of such information via

e

ki

12

gt T e amsad ATGR Cfeen MRERD i, - =

fe .

.
; s . ;




o T TR S W

a dedicated caution light. In addition, the following general principles
should and usually do guide decision-making regarding the appropriateness
of such feedback:

1. Where the information in question is necessary for the maintenance .
of safety of flight, for miesion go/no-go decisions, or for recommendation
of post-flight maintenance, the information should be displayed.

2. Where the information in question represents a change in status
of a system whose previous status was known by the crew, the change
of status information should be displayed (e.g., automatic change from
direct to XFER fuel feed).

The advanced SSM will include two features which also bear upc the
decision to display or refrain from displaying feedback of automated
responses:

l. On the overwhelming recommendation of Army pilots interviewed,
the SSM will include display of precautionary information which assists
the crew in predicting caution or warning conditions . The displey of loss
of redundancy, which has in the past been debated on an individual
parameter basis, would be generally recommended for the SSM as a pre-
cautionary advisory.

2. While panel space has been an item of concern in the past, the
8SM includes multi-function display screens that allow for a more liberal
approach to display of advisory and precautionary information.

The items identified as desirable for automatic response feedback
are listed in Tables 27 through 30 under the column headed AUTO FEEDBAZK.

Specification Of Display/Refrain-from-display Logic

For each parameter, the appropriateness of the following alterna-
tives was determined: display continually; display by exception, without
allowing manual access; or display by exception, allowing manual access.

Strictly speaking, Rotor Speed and Power Available were the only parame-

ters recommended for continuous display. Power“\Available was to be displayed

by one instrument combining the status of torque, NG, and TGT. A power cur-

sor on the instrument (see Figure 5) will move to the right if any one of
these three basic parameter values increases. When any basic parameter
reaches its operating limit, the power cursor will reach the fixed limit
line, illuminating an advisory message on the alphanumeric panel.

It was determined through pilot interviews and human factors evalua-
tions that all other parameters should be displayed by exception. That
is, dedicated (continual) display of all other subsystem parameters
should be replaced by a system logic that automatically displays only
parameters that are approaching or have exceeded limits, or that are
functionally related to parameters that are approaching or have exceeded
limits.

This display-by-exception logic is recommended as a means of pre-
senting essential but not superfluous subsystem data. Its value in terms
of workload reduction is viewed as most apparent during high (e.g., NOE)
workload environments. It was nonetheless deemed desirable to allow
manual access of any parameter, so long as manual access was not relied
upon as the sole or primary method of displaying essential subsystem
information. This manual access capability complements the automatic
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display by exception, enabling a reduction of monitoring workload when
flight workload is high, while permitting manual access of additional
information when flight workload is low.

The column headed DISPLAY LOGIC in Tables 27 through 30 identifies
those messages to be displayed automatically by exception and those items
of information which may be manually accessed. Items displayed by excep-
tion are subdivided and identified as warning, caution, or precaution \
conditions/messages. Manually accessible items of information are also '
identified. It will be noticed that more than one display logic code may
be applicable to a single parameter. .« )

In addition, the column headed SYSTEM identifies the system whose
related parameters are also displayed in conjunction with the given
parameter when the parameter is displayed either automatically or by !
manual access. Where no system is identified, the parameter is displayed :
alone when displayed automatically, and is not manually accessible.

Tables 31 through 34 in Appendix A list for each helicopter the
parameters that are automatically displayed when any other parameter within
the same system is automatically displayed , or that are accessed together
when a selected system is manually accessed. 4

It may be noted in Tables 27 to 30 that while any of the systems may
: be manually accessed, there is no occasion where the hydraulic or electrical ‘
systems will be automatically displayed.

Specification Of Bufficient But Nonsuperfluous Dimensions To Be Displayed

In Tables 27 through 30 the column headed DIMENSION lists the
dimensions recommended as sufficient but not superfluous for each display %
logic alternative of each parameter (Warning, Caution, Precaution,
Advisory, Manual Access).

In arriving at recommended dimensions, pilots at Ft. Rucker and )
Sikorsky Aircraft were asked to identify which parameters required only ‘

‘ quantitative display, which required only qualitative display (analog),
| which required only status display (Warning, Caution, Precaution), and b
which required combined qualitative and quantitative display. The responses
were analyzed for consensus and reviewed by human factors engineers.

N It was further determined during interviews with pilots that while ' |
§ engine and transmission parameters require both qualitative and quantita-
tive display, quantitative and/or status displays are sufficient

\ ]!

for fuel, hydraulic, electrical, and APU displays. Specific display
formats were determined later. .

Suggestion Of Parameter Prioritization For Displays

The multi-function display of information dictated that each item *
of information that could be displayed be assigned a priority that would
govern decisions in cases of simultaneous faults. Three steps were under-
taken toward assigning priorities:

1. Parameters were classified into the following levels of urgency:
Safety, Mission, and Maintenance.

2. Within each urgency classification, priorities were assigned by
classifying each message as Warning, Caution, Precaution, or Advisory.
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3. Each parameter was ranked for priority independently of the
above classifications and this ranking was applied to the above two
levels of prioritization to assign a priority for each item of information !
to be automatically displayed. '

The resulting priority assignments are identified in the column
labeled PRIORITIES in Tables 27 through 30. Tables 35 through 38 in
Appendix A present prioritized listings of items of information for each

helicopter.
Manually accessed information has not been entered into the priori-
: tization, and is coded by an asterisk (*) in the PRIORITIES column of

Tables 27 through 30. Manually accessed information will be assigned
highest priority on the SSM display.

Suggestion Of Candidate System Events For Automatic Recording

It is recommended that the SSM possess the capability of recording
the following information automatically during warning, caution, and pre- .
caution conditions for all parameters: time and date for each out-of- ;
tolerance condition; duration of each out-of-tolerance condition; status i
or quantitative reading, where measureable, for all related (same system)
parameters; cumulative frequency of out-of-tolerance conditions since most .
recent playback. Recommended candidates for automatic recording are S
listed in Tables 27 through 30 in the column headed AUTO RECORDING. i

SUGGESTION OF HUMAN SENSORY CHANNELS TO WHICH SSM INFORMATION SHOULD BE
ADDRESSED {

The proposed design of the SSM addresses warning, caution, precaution,
and advisory messages and relevant data through the visual sensory channel.
‘ Auxiliary presentation of SSM information through the auditory channel
; was deemed worthy of inclusion in long-term designs, subject to experimental
! research and testing, since the following factors support use of voice
/ warning as a mode of alerting and data transmission:

1. The visual channel is heavily loaded during NOE flight.

2. Voice warning may prove more attention-getting than visual warning.
' ¢ 3. Pilots interviewed have favored reconsideration of voice warning.
¢ Voice warning systems have been developed and tested in the past.

Unfavorable results have been due mostly to the following factors:
1. Voice warning systems that involve the use of taped messages
have suffered from reliability probleme (e.g., tape breakage or stretching)
and access time lag, including within-message lag between words or phrases.
2. Provisions for intensity dimming have often not been included.
. 3. Voice warning has been provided only as a backup system, in
some cagses as & third or fourth warning backup. As such, it has not
generally been tested thoroughly on its own merits, and has frequently
been deemed by pilots to be a nuisance, especially where no override
capability has been provided.
Current technology has advanced beyond previous tape systems to
include production of synthesized voice through a variety of digitized
storage strategies. The following questions require experimental testing
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before synthesized voice warning can be recommended as a primary system:

1. What are the most effective frequency ranges and speech character-
istics (male ve. female, "robot" vs. human, tone of voice, rapidity of
speech, etc.) that combine speech intelligibility with distinguishing
characteristics that differentiate the voice warning messages from other
voice communications?

2. Is human reliability superior under voice warning conditions or
under visual warning conditions?

3. Are voice warning data transmission rates fast enough to permit
effective response?

4., Can and should voice warning be relied upon to present information
beyond alerting and announcing, to include data presentation, emergency
procedures presentation, commands, etc.? v

5. How is voice warning most effectively integrated with other
communications in terms of prioritization, crew interaction, etc.?

6. Can and should voice warning be extended to other functions
beside subsystem status monitoring?

7. What design features can maximize the effectiveness of voice
warning (e.g., cueing or alerting tone prior to voice message, optimal
coding of messages)?

It ie recommended that laboratory and flight evaluation of current
and future voice warning systems be undertaken. Such evaluations should
both evaluate specific technologies and establish generic principles to
guide the development of voice warning systems. Evaluative study of voice
warning configurations and combined voice/visual configurations should
include experimental measurement of performance variables such as error
rate, reaction time, and other measures of human reliability and workload.

SUGGESTION OF DISPLAY LOCATIONS

Existing subsystem status monitoring is characterized by three
separate display locations:

1. A master warning/caution display which consists of warning
lights which illuminate to alert that a warning condition is in effect
and inform the nature of the condition, and a master caution light which
alerts that a caution condition is in effect, without identifying the
condition.

2. A caution/advisory panel which serves to identify the parameters
that are out of tolerance for caution conditions, without qualitative
or quantitative indication of parameter level.

3. Subsystem instruments which provide qualitative and/or quantita-
tive data for specified parameters.

The proposed SSM will include all three of the above functions, but *
will combine them into two separate displays, which should be located
in such a fashion as to optimize crew alerting and permit transmission of
visual information with minimal eye or head movement on the part of the
crew member who must otherwise attend to the outside world. The two
displays consist of a main display screen and a separate caution/warning/
precaution (CWP) display. The CWP display will serve the purpose of
alerting and identifying warning, caution, and precaution conditions, and
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will, for selected parameters, identify the quantitative condition of
those parameters. The ideal location for the CWP display is currently
approximated by the master warning/master caution lights, and it is
recommended that this CWP display be inset into the leading edge of the
glare shield directly in front of the pilot and the copilot, a separate
display being provided for each.

Additional SSM information (including relevant system data, a record
of current out-of-tolerance conditions, all manually accessed information,
and display of any peripherally accessed information) should be presented
separately on the main screen display, in a location where relevant
system date is readily viewable with a minimal amount of eye or head
movement within the constraints of available instrument panel space, and
within reach of pilot and copilot for operation of controls. It is recom-
mended that a separate main screen display be provided for pilot and for
copilot, and that these screens be located in the instrument panel as j
cloge to the crew members as possible in the areas left vacant by the
removal of the dedicated subsygtem instruments replaced by the SSM.

In the OH-58C only one of each display is necessary and should be
located equidistant from pilot and copilot. In the AH-1G, a tandem
helicopter, separate displays should be provided for gunner and pilot.

Figures 1 through 4 illustrate anticipated changes achieved by
installation of the proposed SSM displays for the UH-60A and the OH-58C.

SUGGESTION OF DISPLAY FORMATS AND SYMBOLOGY

The development of display formats and symbology was guided by the
recommendations in Tables 27 through 30 which specify quantitative vs.
qualitative vs. combined display formats. In addition, review of literature
on symbology and formats resulted in the following guidelines:

1. Tendencies to abuse the flexibility of electronic display devices
] by dieplaying excess information in high density should be avoided in
favor of emphasis upon the display of essential but nonsuperfluous
] information.
| 2. Quantitative information should be displayed digitally with
; appropriate scaling incorporated where necessary to prevent digit flicker.
: 3. Qualitative information should include provisions for indication
of movement within zones and for indication of critical limits.

3 4. Where qualitative and quantitative information is presented
together for a given parameter, scale markings may be eliminated and
qualitative and quantitative indications kept distinct.

5. Where several system-related parameters are displayed simultan.

! eously, out-of-tolerance parameters should be highlighted.

I 6. Where analog information for several system-related parameters is

displayed, the analog scales should be calibrated to allow for quick-

scan comparison of parameters.

7. All formats should be submitted to experimental evaluation before
a final hardware/esoftware decision is made.

Suggestion Of Mode For Control Reaction Feedback
The SSM should duplicate the logic of existing subsystem status

e
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Figure 1. Schematic illustration of the «urrent UH-60A cockpit.
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Figure 2., Illustration of SSM installation in the UN-60A.
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Figure 3. Schematic illustration of the current OH-58C cockpit.
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Figure 4. Illustration of SSM installation in the OH-58C.
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indicators: corrective response results in the erasure of the caution
indication. This logic possesses inherent advantage in that it elevates
the SSM to the status of command display. That is, the simplest logic
within the environment of high workload NOE flight is a command logic
that specifies that the crew need respond only if information appears.
An empty screen constitutes feedback that appropriate control reactions
have been made. The removal of indications by corrective action reduces
the command statements without requiring the crew to monitor excess
feedback. Should workload permit, additional feedback, though not re-
quired, is attainable through manual access.

Design Of Candidate Display Formats

Figures 5 through 18 illustrate the basic display formats. Figures
through 32 illustrate display formats through presentation of an hypo-
thesized scenario. Parameters displayed throughout have been taken from
the UH-60A, and the emphasis throughout has been upon illustration of
display operation and formats rather than upon fidelity of mission
scenario.

Figure 5 illustrates the basic display elements. To the traditional

19

master caution and master warning light has been added a master precaution

light. While the master caution and master warning lights are triggered

by exceedance of preestablished limits, the precaution light is triggered ,

by a combination of exceedance of preestablished precaution limits and a
rate of approach to caution limits. Thus, the precaution anticipates
caution or warning conditions. All three lights are ''press to reset'
operated. The warning light flashes red, and the caution and precaution
lights flash amber. The small screen located between the caution and
warning lights is labeled a Caution/Warning/Precaution (CWP) Display. Th

CWP is a multi-function display and is ideally collimated for compatibility

with night vision goggles, requiring no refocusing of the goggles from
out-of-cockpit focus for viewing. Whenever a precaution, caution, or
warning condition occurs, the appropriate light illuminates and the
appropriate message appears on the CWP display. All such messages are
prioritized. In the event of gimultaneous out-of-tolerance conditions,
the highest priority message is displayed until acknowledged by pressing
to reset. Until ""bumped’” by a new message, the highest priority message
will remain on the CWP display. For every parameter listed in Tables 27
through 30 as involving precaution display, the CWP display will include
digital indication of parameter status in addition to any precaution

or caution message displayed. The horizontal display beneath the CWP
display is a Power Management Display (PMD). Its arrowhead cursor moves
horizontally, driven by the one of the following parameters which is
closest to its limit at any given time: torque, NG, and TGT. The
vertical line on the PMD represents the caution limit for the above

e

parameters. Ideally this PMD is also collimated for compatibility with the

night vieion goggles. To the left of the CWP and PMD is a dedicated
Rotor Speed (NR) display, which includes dedicated digital readout of
NR and directional arrows that illuminate when a specified rate of
increase or decrease in main rotor speed is exceeded, and which indicate
direction of change. The arrows are not command displays.
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The larger display screen with associated control buttons in Figure 5
is the main SSM display. It is a multi-function display allowing for
both automatic and manually accessed display of subsystem information.
Whenever a precaution, caution, or warning message appears on the CWP
display, the message is also automatically displayed on the main screen, !
where it remains until the condition is corrected. In the case of fuel,
engine, XMSN, and APU parameters, a precaution, caution, or warning
message for any individual parameter automatically calls up all related
system parameters on the main screen. Advisory messages are displayed
automatically on the main display, where they remain until the condition
is changed. Related fuel, engine, XMSN, hydraulic, electrical, and APU
parameters can be accessed manually by pushing the appropriate dedicated i
button beneath the main display. All parameters are displayed on the main |
SSM in prioritized fashionj highest priority parameters appear higher ver-
tically on the screen. System-related parameters are displayed together
for fuel, engine, and XMSN systems in the vertical location assigned to
the parameter within the system that has been assigned highest priority.
Any information manually accessed is granted highest priority and may be
erased by a second depression of the access button. Relative positions i
of parameters displayed as part of a related system (i.e., fuel, engine, {
XMSN) never change, though the prioritized location of the system itself
will change as a function of its highest priority parameter.

Where two displays are provided (one each for pilot and copilot in
the UH-60A, CH-47C, and AH-1G), all displays except the precaution,
caution, and warning lights function independently. Reset of precaution,
caution, and warning lights by one crew member results in automatic reset
of the corresponding light for the other crew member. Manual access of
subsystem information on the main screen, in contrast, functions indepen-
dently for pilot and copilot.

Review Of Display Logic And Formats With U.S. Army Pilots

The display logic, operation, and formats illustrated in Figures 1
through 32 were reviewed by the same U.S. Army helicopter pilots at Ft.
Rucker, Alabama, who had previously provided inputs to the finalized
definition of information requirements in Task I. These pilots were gener-
ally enthusiastically supportive of the display-by-exception logic and
manual access feature. The CWP display was deemed the feature most likely
to contribute to reduced workload during NOE flight. Potential contribu-
tions of the SSM to increased visibility through reduced instrument panel
size were mentioned, and Army personnel recommended that advantage be
taken, especially in scout aircraft, of the SSM's replacement of dedicated
subsystem instrumentation to improve the overall instrument panel configu-
ration. Decisions to display the highest priority message on the CWP screen,
. to highlight out-of-tolerance parameters on the SSM main screen, and to
] emphasize the command philosophy of the SSM (displayed information commands
attention and response; blank screens indicate no action to be taken) were
firmed through Army pilot interviews. In addition, during one-week follow-
up interviews, peripheral functions that could be performed by the SSM
were discussed. These peripheral functions are described in Task V.
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The FUEL divplay has been manually accessed. Manual

access {s indicated by the cursor above the FUEL

button. For FUEL, ENGINE, XMSN, and APU, manually accessed
display format is identical to the automatically

displayed format.

Figure 6. Fuel system display.
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The ENGINE system has been manually accessed. Scale
markings have been eliminated, leaving only a dotted
vertical line with vertically moving cursors for analog
scales. All analog scales for related parameters are
calibrated. Horizontal lines indicate upper and lower
caution limits. Quantitative digital readouts are
displayed beneath each analog scale.

Figure 7. Engine system display.
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Figure 8. XMSN system display,
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The HYDRAULICS system will be displayed only by
manual acceas, though the status of individual
parameters will be automatically displayed during
caution conditions. No analog scales are displayed
after manual access, and automatically displayed
caution status messages do not include digital
readouts.

Figure 9. Hydraulics system display.
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The ELECTRICAL system will be displayed only by
manual access, though the status of individual
parameters will be automatically displayed during
caution conditions. No amalog scales are displayed
after manual access, and automatically displayed
caution status messages do not include digital
readouts.

Figure 10. Electrical system display.
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be automatically displayed when one of its parameters

exceeds its limit,and may be manually accessed. No .
analog scales, however, are displayed for the APU
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Figure 11. APU system display.
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. A #1 TGT HICH precaution condition has occurred. The

i precaution light is illuminated. The CWP display indicates
y the message with associated digital readout of status.

The PMD cursor has moved toward the limit line. The

entire engine system has been automatically displayed

on the main screen, and the TGT cursor has moved
vertically toward the limit line.

Eoad

Figure 12. Sample precaution display.
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There are two sets of caution messages:those that sutomatic-
ally call up display of the entire system of which they are
a part, and those which are displayed alone. Distinctions

are identified in Tables 27 through 30 in Appendix A.

#1 PRI SERVO JAM does not call up the entire hydraulic
system. Its caution message is displayed on both the CWP

and main displays. It will remain on the CWP so long as

it represents the highest priority message, or is temporarily
replaced by a later message of lower priority, and will
remain on the main screen until the condition is corrected.

'Figure 13, Sample caution display.
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A #1 TGT HIGH caution condition results in automatic
display of the engine system on the main screen, where
the TGT cursor has moved beyond the limit line and the
TGT digital readout has been boxed to highlight the
overlimit parameter. The caution light is illuminated.
The message and associated digital readout has appeared
on the CWP display. The CWP will include digital readout
of a parameter if that parameter calls up an entire
system on the main screen. The power management cursor

] has moved beyond the limit line.

)

Figure 14. Sample caution display.
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Figure 15, Sample advisory display.
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The caution light has been reset. The #1 TGT HIGH message, with digital
readout, has remained on the CWP display, since it constitutes the
highest priority message and no other subsequent messages are pending.
The PMD cursor has moved beyond the limit line. The engine system
parameters have been automatically displayed on the SSM display. The
#1 TGT cursor has moved vertically beyond the caution line, and the
digital readout has been boxed to highlight the caution condition.
Prior caution (#1 PRI SERVO JAM) and advisory (BACKUP PUMP ON)
messages have been vertically prioritized on the SSM display.

>~

Figure 16. Illustration of prioritization.
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A LOW ROTOR RPM warning has occurred. The warning light
has been reset. The LOW ROTOR RPM message continues, with
digital readout, on the CWP display. The dedicated NR
display presents rotor speed digitally, and the arrow
indicates that NR is decreasing. The engine system para-
meters have been automatically dieplayed on the main
screen. The main display shows NR in combination with
decreased NP, and a current but previously announced

#1 TGT caution. All are boxed for highlight, and

relevant cursors have moved beyond limit lines.

Figure 17. Sample LOW ROTOR RPM condition.
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Rotor RPM {s at 90% and increasing beyond a specified rate.

Figure 18. LOW ROTOR RPM condition.

37

Co g

T ST




C | FUEL LOW 45 MIN W
8 * ' '
FUEL ol .2 TOﬁ
TIME TO GO 45 MIN 60 MIN 53 MN
LB8S 270 LBS 360 LBS 630 LBS
PRESSURE 10 PSI 12 PSI
Z

EJELI ENG IXMSN| HYD IELEiAPU PAGE ;’3‘@

LOW FUEL precaution limit has been preset at 45 minutes.
Presetting of the LOW FUEL precaution limit has been
accomplished through the peripheral keyboard, described
later in Task V. Tank #1 has been depleted to this level.
The precaution light has illuminated and the fuel system
has been automatically displayed on the main screen.

Figure 19. Sample scenario display.
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XMSN oil temperature has reached precaution limits.
The precaution light has illuminated, and the XMSN
OIL TEMP message and digital readout have appeared
on the CWP display. On the main screen, the XMSN
system has been automatically displayed, and the
fuel system, which is in a lower priority, has moved
down on the screen.

Figure 20. Sample scenario display.
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XMSN o1l temperature has reached the caution limit.
The caution light has flluminated, and the XMSN OIL
TEMP message and digital readout have been displayed
on the CWP display. On the main screen, the XMSN TEMP
digital readout has been boxed, and the cursor has

moved abovwe the limit line.

Figure 2l. Sample scenario display.
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#1 TGT has reached precaution limits. The precaution
light has illuminated and the #1 TGT HIGH message

and digital readout have appeared on the CWP display.
The power management cursor has moved toward the limit
line. On the main screen, the XMSN system, in a caution
condition, maintains its priority. The engine system,
g of higher priority than the fuel system, has "bumped"
; the fuel eystem beyond the screen capacity. A "1/2"

| indication in the upper right hand corner of the main
screen indicates that the first of two pages of screen
information is currently displayed.

-

Figure 22. Sample scenario display.
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The precaution light has been reset. Page 2 of the main
screen has been accessed by pressing the PAGE button.
The XMSN OIL TEMP HIGH message remains of highest
priority and is displayed on the CWP display. The

power management cursor maintains its position. The
"2/2" indication signifies that the second of two

pages is being displayed.

7

Figure 23. Sample scenario display.
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#1 FUEL has now reached the caution level. The caution

1ight has {lluminated and the #1 FUEL LOW message

and digital readout have appeared on the CWP display.
The PMD cursor maintains its position. Since fuel is
now in a caution condition while engine remains in a
precaution condition, fuel has "bumped’ engine to Page
2. Fuel #1 TIME TO GO and LBS readouts on the main

screen have been boxed for highlight. Page 1 has been

manually reaccessed.

Figure 24. Sample scenario display.
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The caution light has been reset and the second page
has been manually accessed. The XMSN OIL TEMP HIGH
message remains of highest priority and has returned
to the CWP display.

Figure 25, Sample scenario display.
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[ #2 FUEL has reached precaution level. The precaution
l1ight has i{lluminated, and the #2 FUEL LOW message

and digital readout have appeared on the CWP display.
Page 1 of the main screen has been manually accessed.

Figure 26. Sample scenario display.




I C &y

y

100

3

A TGT  HiGH 865°
: == W

/" XMSN l/?

PS) TEMP® .
<

~

45 [140]

ENGINE oL oL

NP% NP% TRQ% NG%  TGT®  TEMP®  PSI

| R% 2 2 1 2 2 1 2 2

I : Pl
4 % ; 3 ? 34 ? < 4 s i

100 100 100 l0'00 2 '02- 7s0 B0 B0 50 55 )
EMER

FUEL ENGI(MSNl HYD [ELEC | APU PAGE}m
#1 TGT has reached caution limit. The caution light

has illuminated and the #1 TGT HIGH message and

digital readout have appeared on the CWP display. The

PMD cursor has moved beyond the limit line. On the
main screen, the engine system has 'bumped" the fuel
system to Page 2. The TGT digital readout has been

boxed for highlight and the cursor has ascended
beyond the limit line.

Figure 27, Sample scenario display.

46




% C IXMSN oL TEMP HIGH 140° W
l<= | P =

4 2/2)
FUEL »| *2 TOT
TIME TO GO (20 vl 35 MIN 27 MN ]

3
LBS 120 LBS 210 LB8S 330L8S
PRESSURE, 10 PSI 2 PSI

| ‘

i j

!

s~

Z
EMER
@ELIENG lXMSNI HYD !ELEC l APU | PAGE mocﬁ

The caution light has been reset, and Page 2 has
been manually accessed. The XMSN OIL TEMP HIGH

1 message and digital readout have returned to the
CWP display. The PMD cursor has remained beyond
# . the limit line.

e

Figure 28. Sample scenario display.
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The XMSN oil temperature has returned to within
normal limits and has dissppeared from the CWP

and main displays. The #1 TGT HIGH condition {is
now of highest priority and is displayed on the

CWP display. The PMD cursor remains beyond the
limit line. Engine and fuel systems are prioritized
and displayed on the main screen.

Figure 29. Sample scenario display.
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The XMSN system has been manually accessed and appears
at the top of the main screen. A cursor above the

XMSN button indicates the manual access. The fuel
system has been 'bumped' to Page 2, and a ''1/2"
indication has appeared. The #1 TGT HIGH message
remains on the CWP display, and the PMD cursor

remains beyond the limit line.

Figure 30. Sample scenario display.
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Page 2 has been accessed, and the fuel system is . >
displayed. A "2/2" indication has appeared. The
CWP #1 TGT HIGH display and the PMD cursor remain
unchanged.

Figure 31. Sample scenario display.
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#1 TGT has returned to within normal limits, and TGT {
displays have disappeared from the CWP and main displays.
There {s no display overflow to a second page. The XMSN
system has been removed from the main screen by a second
depression of the XMSN button. Only the fuel eystem

nov involves exceedance. The #1 FUEL LOW message and
digital readout appear on the CWP display, and the

fuel system is displayed on the main screen.

A

Figure 32. Sample scenario display.
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Evaluation Of Control Allocation Concepts

o

"Control allocation" i{s a term referring to the decision-making s
algorithms by which a computer monitors system operation, decides when [
corrective response is required, and decides whether to perform the
corrective response by itself or to inform the human operator of the
condition, allowing him to perform the response. In advanced control
allocation schemes, the computer adjusts its algorithms in a fashion
analogous to human learning, by monitoring the consistency and effec-
tiveness of the human operator's responses. In view of the long-temrm X
nature of such control allocation concepts and current pilots' preference ¢
for human as opposed to machine (computer) control over in-flight
decision-making, control allocation was judged to be beyond the scope
of the SSM as presently envisioned. It is, however, predicted that in
the long term, control allocation concepts will be found more applicable
to such functions as subsystem monitoring, and a detailed discussion :
of control allocation concepts is presented in Appendix C. ‘

Determination Of Most Effective Means Of Displaying Emergency Procedures. i

The di!play of emergency procedures in response to warning and
caution conditions was investigated as a potentially useful feature
of the SSM that would contribute to the reduction of crew workload and
the enhancement of mission effectiveness. Helicopter pilots at Ft.
Rucker, Alabama, ruled out a system logic that would display emergency
procedures automatically in response to the occurrence of warning and
caution conditions, but confirmed that an SSM feature permitting
manual access of emergency procedures would reduce crew workload and
enhance mission effectiveness. Though the SSM design includes an EMER PROCED
button beneath the main screen for accessing emergency procedures, the
mode of operation of the EMER button and related emergency procedures
display formats are discussed in detail in Task V.

Y et T B o T
o - - . o
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TASK III: PRELIMINARY DESIGNS

Three preliminary designs of system architecture were prepared
using the UH-60A as a case study. System unit functions will be discussed
in detail for the first design, and features that differ for the second
and third designs will also be discussed in detail.

The three preliminary designs were identified as follows:

1. Current: Technology is currently available for constructing
all system components described, though some development would be
required for the specific applications identified.

2. Near-term: It is predicted that the technology required for
construction of some of the system components described will be available
subsequent to development within 5-10 years.

3. Long-term: It is predicted that the technology required for
construction of several of the system components described will not be
available within 10 years.

Though the three designs have been distinguished by temporal labels,
it must be noted that temporal predictions of availability of electronic
technology are difficult at best. The development of flat panel display
technology, for example, has lagged behind previous industry predictions,
though imminent solutions are constantly being promised. The development
of computerized voice interactive systems (speech recognition and speech
synthesis) has involved sudden breakthroughs, though application problems
currently exist whose solution time is difficult to predict accurately.

Fiber-optics data transmission is currently a reality, though aircraft

applications of fiber-optics data bussing must still face such problems
as signal loss and connector efficiency.

The difficulty of predicting the time factor is not limited to
hardware. Though airborne computers are currently a reality, such problems
as gensor failure analysis through systems modelling require powerful
software programs whose development time is difficult to predict.

Therefore, although the three preliminary designs have been distin-

guished by temporal labels, they are best distinguished by their distinctive

components. Were all required hardware and software currently available,
the second design offers more mission effectiveness than the firet, and
the third more than the second.

CURRENT DESIGN
The architecture of the current design is presented in Figure 33,

Caution/Warning/Precaution Display (CWP Display)

C/W/P lights are provided for both pilot and copilot. Triggers for
C/W/P lights are identified in Tables 35 through 38 in Appendix A.
Caution and Warning lights are triggered by exceedance of predefined
limits. The Precaution light is triggered bya combination of exceedance
of predefined limit and vate of parameter movement toward a predefined
caution limit. The predefined precaution limit for a FUEL LOW precaution
may be redefined by pilot or copilot through the perpiheral keyboard
described in Task V. Pilot and copilot CWP lights and displays are
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interconnected, but redundant. Resetting of CWP lights by either crew
member accomplishes resetting for the other crew member's display as well.
CWP messages and their prioritization are defined in Tables 27 through 30
and 35 through 38 in Appendix A. Operation of the CWP display was illustra-
ted in Task II.

Power Management Display (PMD)

A PMD accompanies each CWP display. Operation of the PMD was illustra-
ted in Task II.

Rotor RPM Display (NR Display)

An NR display provides dedicated digital readout of NR to both
pilot and copilot. Operation of the NR display was illustrated in Task II.

Main SSM Display Screen (SSM Display)

A Main SSM display is provided for both pilot and copilot, for the
display of system-related parameters, prioritized CWP messages, manually
accessed subsystem information, and peripheral information. Information
displayed on the Main SSM display is itemized and prioritized in Tables
27 through 30 and 35 through 38 in Appendix A. Related system parameters
are defined in Tables 27 through 30 and Tables 31 through 34 in Appendix
A. Peripheral information and display formats are defined in Task V.
Operation of the Main SSM display and associated screen control buttons
was illustrated in Task II. Operation of a peripheral keyboard associated
with the Main SSM display is illustrated in Task V.

Flight Data Recorder (FDR)

An onboard FDR will automatically record the following information
whenever an out-of-tolerance condition occurs for parameters so identified
in Tables 27 through 30 in Appendix A, and during the course of that
condition: status of out-of-tolerance parameter, time of occurrence,
duration of condition, and cumulative frequency of condition occurrence
since most recent playback. In addition, for specified parameters the
FDR will also record the condition of related parameters. Table 39 in
Appendix A lists these parameters for the UH-60A. Recording is terminated
when all related parameters have returned to within normal limits. Manually
directed recording may be accomplished through a RECORD switch located
on the peripheral Flight Data Entry Panel keyboard, and terminated by
a second depression of the switch. It is anticipated that playback of
recorded flight data will be accomplished through plug-in peripheral
devices, though changes in the Flight Data Entry Panel could be made
to allow for command of on-board playback on the Main SSM display.

Flight Data Entry Panel (FDEP)

The FDEP is a peripheral function device whose operation will be
discussed in detail in Task V. A removable and stowable FDEP is provided
for both pilot and copilot for entering and accessing data for performance
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calculations, checklists other than emergency procedures, and weight
monitoring. The FDEP will be linked to the Central Data Processing Units
through an electronic umbilical cord, when on-board, and may be used as
a performance calculator during flight briefings, when unplugged.

Central Data Processing Units (CDPU's)

Two CDPU's will perform digital conversion of analog sensor signals,
process digitized sensor data by comparison with preestablished limits,
perform self-BIT and command BIT for displays, provide symbol generation
for displays, provide prioritization logic for displays, provide displays
and controls with data logic and synchrony, provide computation capability
for performance monitoring, store checklists and procedures for display,
scale simultaneously displayed analog formats and digital displays,
provide commands and data to the FDR, and perform sensor failure analysis.

Sensor failure analysis will be performed through modelling procedures
and/or sensor comparisons. For engine parameters, a mathematical model of
the engine will be programmed into the CDPU's and all monitored parameters
will be inserted into the model. Any parameter that does not conform to
the model will be considered invalid and its sensor will be considered
inoperative. Where practical, multiple redundant sensors will be used
and by comparison of data received, the appropriate operating sensor
will be selected. Sensor failures will be recorded by the FDR. Where
failed sensors result in inability to report reliable messages to the
crew, sensor failure will be announced. Prioritization of announced
sensor failure messages will be identical to the warning or caution
priority of the corresponding parameter.

Data Transmission

Signal sources for the UH-60A are included in Figure 33. Each sensor
is wired directly to each CDPU. Where sensor failure analysis requires
triply redundant sensors, this redundancy will be provided. Each CDPU is
directly wired to each display and set of controls. In addition, CDPU's
are interlinked, sharing functions and passing control.

NEAR-TERM DES IGN

Figure 34 illustrates system architecture for the near-term design.

Multiplexed electronic data transmission was employed in the near-
term design on the basis of the following predicted advantages of
multiplexing:

1. Improved reliability through redundancy, high reliability
components, fewer components, and improved component derating and
thermal design.

2. Reduced electromagnetic interference (EMI): Fewer and shorter
wires mean less EMI pickup surfaces; simple two-wire busses can be
easily and more extensively shielded; and pulsed digital signals are
inherently less susceptible to EMI than conventional analog signals.

3. Enhanced maintainability: Multiplex systems continuously check
the validity of transmitted and- received signals and can be programmed
to display discrepancies.
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Figure 34. Near-term design
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4. Improved survivability: Redundant and separate units, reduced
number of components, and fewer and shorter associated wiring resulte in
an estimated 50% reduction of system-presented areas.

5. Improved flexibility: Software changes instead of extensive
aircraft modifications required to add future systems; equipment can be
located at optimum location for performance, balance, etc., without
wiring constraints; and reconfiguration for specific missions is simpli-~
fied.

The near=term design is identical to the current design with the
exception of the use of multiplexed data bussing for data transmission
and the inclusion of remote data processing terminals.

Remote Terminals (RT's)

Five RT's perform the following functions: analog to digital con-
version of sensor signals, sensor failure analysis, data storage for
transmission to CDPU's upon command, and BIT as commanded by CDPU's,

The internal system will be tested by programming the CDPU to
insert test words periodically into the sensor inputs of the RT's. The
RT's will process these test words as though they were received from
the sensors. When the test word is received back at the CDPU, it will
be compared to the test word sent, and any discrepancy will indicate a
channel fault. The channel fault will be relayed to the FDR, and sensor
data through that channel will not be accepted by the CDPU.

Data Transmission

Sensors are grouped and wired directly to their respective RT's.

Data is transmitted between RT‘s and CDPU's through dual redundant
electronic data busses. Data between CDPU's and all displays and controls,
the FDR, and the FDEP is also transmitted through electronic data bussing.
The bussing architecture is defined in Figure 34,

While Figure 34 represents the SSM as a closed system, it must be
noted that both near-term and long-term data busses are likely to be
shared with other aircraft systems, as are the CDPU's. It is beyond the
scope of this effort to define these other systems or their interaction
with the SSM.

LONG-TERM DESIGN

Figure 35 illustrates the system architecture for the long-term
design. The long-term design is identical to the near-term design except
for the use of fiber-optics data bussing for data tranemission and the
addition of auxiliary Voice Warning and Voice Recognition systems.

Data Transmission

In the long-term design, fiber-optics data bussing replaces the
near-term electronic data bussing. Properties of fiber-optics data
transmission are compared with properties of electronic data transmission
in Table 40 in Appendix A.
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Auxiliary Voice Warning System (VWS)

An auxiliary VWS has been included as a unit in the long-term design.
This unit would transmit prioritized voice warning messages by means of
computerized voice synthesis. The VWS is suggested as auxiliary to the
CWP display. It is envisioned that when experimental and simulation
studies have determined the basic requirements for a synthesized VWS
and have approved technology candidates, voice warning may serve as the
primary system.

Auxiliary Voice Recognition System (VRS)

The VRS is a computerized system that recognizes and understands
human speech and performs verbally commanded functions. Within the SSM,
the VRS would follow verbal commands to reset CWP lights, display Main
SSM display information, accept FDEP data inputs, and display commanded
checklists and performance information. It is envisioned that the VRS
could also interact with other aircraft controls to be determined in the
future.

There is in fact no requirement in the SSM as designed for the
pilot or copilot to employ manual controls, since the system functions
automatically to monitor and display all essential information. The
additionally included SSM display buttons and FDEP keyboard, which are
intended for optional use during low workload conditions, do entail
manipulation. Since current helicopter flight controls require use of
both hands, any system that eliminates manual workload under any conditions
is of potential value. The applications of the VRS to the SSM are there-
fore useful but limited, and the true value of a VRS must await design,
experimental, and simulation studies determining the possible applications
of a VRS to other control functions and the adequacy of VRS technology
in addressing those applications.

SUMMARY OF SSM UNIT FUNCTIONS

Each of the designs described above includes displays that replace
existing subsystem displays. The SSM is not intended as an auxiliary
system, but rather as the primary system for monitoring and displaying
the status of aircraft subsystems in a manner that reduces crew workload
and enhances mission effectiveness, especially during high workload NOE
flight.

The listing which follows identifies the units defined in the designs
described above, and outlines their functions.

REMOTE TERMINAL (RT)

SENSOR INFORMATION GATHERING
ANALOG TO DIGITAL CONVERSION
DIGITIZED DATA STORAGE
SENSOR FAILURE ANALYSIS

BIT AS COMMANDED BY CDPU
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CENTRAL DATA PROCESSING UNIT (CDPU)

DIGITIZED SENSOR DATA PROCESSING
SENSOR DATA COMPARISON TO PRE-ESTABLISHED LIMITS

PROVIDE BIT COMMANDS TO RT'S

PROVIDE COMPUTATION CABAPILITY

SUPPLY DATA TO FDR

PERFORM SELF-BIT FUNCTIONS

PROVIDE LOGIC FOR PRIORITIZED DISPLAYS

PROVIDE SYMBOL GENERATION FOR DISPLAYS

PROVIDE DATA, LOGIC, AND SYNCHRONY FOR DISPLAYS AND CONTROLS
STORE AND PROVIDE DATA AND LOGIC FOR FDEP

DISPLAYS

PRESENT CAUTION, WARNING, PRECAUTION, AND ADVISORY MESSAGES AND DATA AUTOMATICALLY
PRESENT SUBSYSTEM STATUS INFORMATION WHEN COMMANDED MANUALLY

PRESENT EMERGENCY PROCEDURES WHEN COMMANDED MANUALLY

PRESENT FDEP COMMANDS AND DATA WHEN COMMANDED MANUALLY

FLIGHT DATA ENTRY PANEL (FDEP)

COMMAND PERIPHERAL FUNCTION DISPLAYS
INPUT PERIPHERAL FUNCTION DATA

FLIGHT DATA RECORDER (FDR)

RECORD STATUS OF RELATED PARAMETERS DURING OVER/UNDER LIMIT CONDITIONS
RECORD SENSOR FAILURES

AUXILIARY VOICE WARNING SYSTEM (WNS)
PROVIDE SYNTHESIZED VOICE WARNING AND CAUTION MESSAGES
AUXILIARY VOICE RECOGNITION SYSTEM (VRS)

INTERPRET MUMAN SPEECH AND COMMAND CDPU TO DISPLAY REQUESTED DATA

SCHEMATIZATION OF SYSTEM LOGIC

A block diagram of the Subsystem Status Monitor is presented in
Figure 36. Figure 37 illustrates Warning/Caution light logic. Figure
38 illustrates CWP Display logic. Figure 39 illustrates Power Management
Display logic. Figure 40 illustrates NR Display logic. Figure 41 illustrates
rate sensing logic for the Precaution light. Figure 42 illustrates the
Main SSM Screen logic. Figure 43 {llustrates fuel monitoring logic. Fig-
ure 44 illustrates the logic of the Flight Data Recorder. Figure 45
illustrates the logic governing internal system testing.
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LIGHT
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DELETE
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OFF LIGHT
OFF

Figure 37. Warning/Caution light logic.
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Figure 38. CWP Display logic.
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Figure 39. Power Management Display logic.
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Rotor Speed logic.
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Figure 41. Precaution light logic.
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ACCESSED

DISPLAY DISPLAY
CURRENT STORED
PAGE DATA
( END x 1 ]
Figure 42. Main SSM Display logic.
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Figure 43. FUEL LOW logic.
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SENSOR DATA (TYPICAL)

DOES

LINIT
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\
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f Figure 44. Flight Data Recorder logic.

-~

— Data
—. n

SensorsC —m Mn_—“‘““—* coPy INDICATOR
—{ (Typical) dres
—

Figure 45. Internal system testing logic.
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TASK IV: EVALUATION OF DESIGNS

The preliminary designe developed during Task II1 were submitted
for evaluvative review to specialists in the areas of: flight safety;
crew workload; aircraft space, volume, and weight; reliability and
maintainability; survivability and vulnerability; and life cycle cost
estimation. Summaries of these evaluations follow.

FLIGHT SAFETY
The following points were highlighted during flight safety evalua-

tion:

l. The CWP display will greatly enhance out-of-cockpit visual
attention during NOE flight.

2. 1f collimation of the CWP display could be achieved,the resulting
removal of the requirement to refocus night vision goggles would enhance
flight safety, especially during NOE flight.

3. The capability of performing sensor failure analysis in advance
of message display is likely to considerably enhance flight safety by
reducing the frequency of falsely aborted missions.

4. The greatest advantages of the SSM appear during workload
extremes. Under high workload flight conditions, in-cockpit eye time
is reduced; under low workload conditions, peripheral functions may
be utilized.

5. Though performed independently, evaluations of reliability,
maintainability, and survivability/vulnerability will impact flight
safety considerations.

6. Finalized flight safety evaluation would benefit from experimental
and in-flight evaluations of human performance. Human reliability
testing of any eventual hardware is recommended.

7. Efficient training and relearning techniques will be an essential
feature contributing to flight safety when an SSM is eventually put to
applied use.

CREW WORKLOAD

A thorough workload analysis would require experimental investigation
involving functional hardware, with provisions for measuring secondary
task performance, physiological indices of stress and fatigue, and
subjective evaluations of users. In the absence of hardware, the current
workload analysis was rudimentary and limited to reexamination of task
analyses and to evaluation of design features by comparison with workload
reduction guidelines typically applied to evaluation of displays and
display controls.

Task sequences for subsystem monitoring during a #1 ENGINE OIL
PRESSURE LOW condition were compared for existing and SSM configurations.
Under existing configurations, a crew member would be required to
perform the following tasks:

1. Note caution light,

2. Press to reset.
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3. Scan caution/advisory panel.

4. Identify condition.

5. Scan instruments.

6. Interpret #1 ENG OIL PSI value.

7. Intermittent repetition: steps 3,4,5,6.

For the same condition under the SSM configuration, the crew member
would be required to:

1. Note caution light.

2. Read CWP screen.

3. Press to reset.

4. Intermittent repetition: step 2.

The SSM sequence is shorter than the existing sequence and improves
by comparison over time, and steps 7 (existing) and 4 (SSM), which Ty
entail intermittent monitoring, are repeated. The comparison also improves
] in proportion to the amount of other required workload. :
1 The UH-60A Operational Sequence Diagrams (0SD's) were reviewed and :

the number of different tasks performed by pilot and by copilot during '
each minute of a representative flight profile were tabulated. The OSD's
listed subsystem monitoring as a discrete task, and it was counted as
such in the tabulation. Minute-by-minute tabulation was reviewed and
subsystem monitoring tasks were deleted, according to the following
rationale: the existing system requires intermittent monitoring of
instruments to determine whether parameters are approaching limits;
the SSM does not, and the task may therefore be deleted. Figure 46
compares the number of tasks performed by pilot and copilot under {
existing and under SSM configurations for each minute of a three-leg
flight profile that includes flight to pickup zone, flight to landing
zone (including NOE), and return to base.
Figure 47 presents Figure 46 data as percentage of tasks reduced
through employment of the SSM design. It will be noticed that every :
‘ minute of the flight profile entaile workload reduction by this analyeis,
} and that at several points the copilot workload is reduced by 100%.
! Table 41 in Appendix A lists salient features of the SSM which
. promise to reduce crew workload during the monitoring of helicopter
) subsystems. The matrix compares SSM features with workload elements.
This analysis is conceptual, and each cell of the matrix is susceptible
to further experimental analysis. The future conduct of such experimental
evaluations is highly recommended during the development of any hardware
for eventual applications.

- v--

SPACE, VOLUME, AND WEIGHT

The following points were highlighted during space and volume
evaluations:

1. The replacement of current dedicated displays (dials, gages, and
caution/advisory panel) by the multi-function SSM displays will result in
a saving of instrument panel space.

2. The FDEP, VWS, and VRS will result in increased volume requirements
within the cockpit.

3. The CDPU's, FDR, and RT's are likely to require additional volume,
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though this will be offset to the extent that computer technology
succeeds in achieving further miniaturization.

4. Designs including multiplexed data transmission will result in
reduced wiring.

5. Center of gravity considerations will be important when designing
for installment of any eventual hardware.

An estimate of the weight of each unit of each preliminary design
was made. The weight of each existing unit in each helicopter that would
be replaced by the SSM units was also estimated. Insofar as the CDPU's
are not likely to be restricted to SSM usage, their weights were not
included in the evaluation. Estimated weights of units replaced were
subtracted from estimated weights of SSM units to be installed for
each helicopter and for each preliminary design. The resulting delta
estimates are presented in Table 42 in Appendix A.

Table 42 suggests that the weight analysis proves more favorable for
the aircraft that currently include the greatest amount of instrumenta-
tion and wiring (UH-60A and CH-47C) and less favorable for the aircraft
with less instrumentation and wiring (OH-58C and AH-1G). It should be
noted that the weight estimates for SSM displays and RT's were conserva-
tively based upon assumption of CRT's for the SSM main display and current-
ly available RT technology. It may be fair to assume that technological
development will provide either CRT's of reduced weight or feasible flat
panel displays, and greatly reduced RT weights in the future. In this
case, it may be predicted that the SSM will result in weight savings for
both the UH-60A and the CH-47C for near-term and long-term designs. It
should also be noted that the sharing of data transmission busses and/or
displayas by the SSM and other systems will result in reduced overall
aircraft weight.

RELIABILITY AND MAINTAINABILITY

‘ The following points were highlighted during reliability and main-
| tainability evaluations:
, 1. The SSM designs result in fewer system components, a factor
contributing to enhanced reliability.

2. The SSM designs involve considerable component derating, a
3 factor contributing to enhanced reliability.

3. Component reliability is subject to change as near-term and
long-term technology is developed. Given the factors of reduced number
of system components and component derating, where SSM component reliabil-
ity matches existing component reliability, overall reliability will be
improved.

4. Extensive BIT capability will improve maintainability.

5. Modular construction will improve maintainability.

6. The data storage and analysis and growth capability of the FDR
will result in improved maintainability.

7. The SSM is likely to permit standardization of parts across heli-
copter fleets. This parts standardization will greatly enhance maintain-
ability.

choc gl o
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SURVIVABILITY/VULNERABILITY

The following points were highlighted during the survivability/vulner-
ability evaluation:

1. The redundancy of CDPU's and displays satisfies survivability
requirements. Yor designs employing RI's, it is recommended that sensor
inputs be conveyed to more than one RT per sensor.

2. The long-term design employing fiber-optics data transmission
will result in significantly improved tolerance to both weaponry and
electromagnetic interference.

3. Unit locations and shielding will have to be considered when any
SSM is installed.

LIFE CYCLE COSTS

Life cycle cost estimates were made for the UH-60A. Investment
costs (development, production, and initial spares) and operating and
support costs (fuel, preventive maintenance, unscheduled maintenance,

and replenishment spares) were estimated and totaled for the existing
design and for the near~term and long-term SSM designs. Totals for
existing design were subtracted from totals for the SSM designs, yielding
delta estimates. The resulting delta estimates for the UH-60A are pre-~
sented in Table 43 in Appendix A, which assumes a fleet of approximately
1100 helicopters, and constant 1979 dollars. Estimates do not include

the CDPU's, since it was assumed that the CDPU's will not be restricted
to the SSM system.

Life cycle cost estimates must be qualified by the following consid-
erations:

1. All life cycle cost estimates are necessarily rough, in the
absence of well-defined hardware.

2. Operating and support costs were not driving factors in the
results yielded. Rather, production and installation costs were the
predicted driving factors. These production and installation estimates
were based upon conservative expectations, and it must be hypothesized
that actual production and installation costs will be lower than estima-
ted.

3. Since production and installation costs are the predicted driving
factors, any standardization of units across fleets of different types
of helicopters will result in considerable reduction of life cycle
costs, a factor not input into the current evaluation.

4. In the absence of experimental data, no attempt was made to
ifnclude improvements in mission effectiveness achievable through the
SSM in the current analysis of life cycle costs. A thorough treatment
of the life cycle costs presented must include consideration of any
improvements in mission effectiveness achieved through workload reduction,
inclusion of peripheral functions, and potential contribution to an
integrated advanced cockpit.

5. It is predicted that weight and complexity factors will favor the
UH-60A and the CH-47C to a greater extent than the OH-58C and the AH-1G,
and life cycle cost estimates are likely to prove more favorable for the
UH-60A and CH-47C than for the OH-58C or AH-1G.
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SUMMARY OF ADVANTAGES AND DISADVANTAGES

The following major advantages of the SSM were identified during i,
the evaluations of the SSM designs: crew workload reduction; flight
safety enhancement; reduction in instrument panel space requirements;
improved reliability and maintainability through component derating, (
use of fewer components, sensor failure analysis, internal system testing,
flight data recording, and standardization of parts acrose fleets; sim- ,
|
1
i

plified reconfiguration; addition of peripheral functions; growth capa-
city; and potential integration with other display and control systems.
b Both life cycle cost and weight estimates were made upon conserva-
tive expectations of near-term and long-term technological progress.

Based upon these conservative expectations, both life cycle cost and
weight deltas were generally positive, but favored the UH-60A and CH-47C
over the AH-1G and OH-58C. Before categorizing the life cycle cost and
weight factors as disadvantages, the qualifications attached to these
evaluations and presented in the discussions above should be considered. i




TASK V: IDENTIFICATION OF PERIPHERAL FUNCTIONS

During Task V peripheral functions which might be performed by
the SSM were identified, a Flight Data Entry Panel (FDEP) for data input
and display access of peripheral functions was designed, and formats
for the display of peripheral information were defined.

Figure 48 illustrates the Flight Data Entry Panel designed. Approxi-
mating a hand-held calculator in dimensions, the FDEP i{s designed as a
stowable keyboard for the input of performance data and the access of
peripheral function displays, which will appear on the SSM main displayx.
The FDEP operates either independently of the main SSM display for pre-
flight calculations in the briefing room, or in conjunction with the
main SSM display through an umbilical cord in the aircraft. When acting
independently of the main system, the FDEP is self-powered and program-
mable for Technical Manual calculations. When connected to the main sys-~ i
tem, the stored calculations and data in the CDPU's are updated by the
programmed FDEP inputs. Operation of the keyboard during flight will be
described in connection with associated peripheral displays.

The top row of keyboard buttons are used to access checklists which
are displayed on the main SSM screen. Depression of the CKPT CHECK button i s
# calls up the display of a cockpit checklist illustrated in Figure 49.

' Depression of the APU START button calls up the APU start checklist
illustrated in Figure 50. Depression of the ENG START button calls up the
Engine Start checklist illustrated in Figure 5l1. The Before Takeoff
checklist illustrated in Figure 52 is an appendix to the Engine Start
checklist and automatically appears at the end of the Engine Start
checklist. Depression of the HIT CHECK button calls up the Hit Check
display illustrated in Figure 53. The Hit Check display combines command
statements (e.g., "Establish 60% Torque') with TGT status indications
derived from comparison of TGT sensor inputs against stored limits. Taken
together, the checklist buttons and displays replace the analogous
portions of the Technical and Flight Operator's manuals.
The second row of buttons on the FDEP accesses performance calculation
displays on the SSM main screen. All performance calculation displays ]
. require data input through the FDEP. Display formats distinguish between
A input data and resulting information by the size of letters and by an
input prompt. In the case of the Takeoff performance calculation, whose ;
display is illustrated in Figure 54 and accessed by depression of the
TAKEOFF button, Pressure Altitude, FAT, and Gross Weight require data
inputs. Each would be succeeded by a prompt character on the screen until
data is input. Crew members may base performance calculations upon either
currently sensed or predicted variables. If the crew member desires to
input data which is currently sensed or which has been previously stored,
he may do so by simply depressing the CURR button. If, for example, the
crew member wished to input '"current pressure altitude' as a basis for
performance calculation, and the current pressure altitude were 2000 ft.,
then a depression of the CURR button would result in an input of 2000 ft.
for pressure altitude and a display of 2000 ft. pressure altitude. If
the crew member desires to input data which is not currently sensed or
previously stored, he would respond to the input prompt by depressing

- od
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i : COCKPIT CHECK

1. BATTERY SHITCH - C

2. COCKPIT UTILITY LIGHTS - ON

{ 3. SEAT BELTS AKD SHCULDZR HARNESS - FASTEW

: 4, SHOULDER HARMESS LOCKS - CHECK MANUAL AND AUTO LOCKS
5. SEATS AND PEDALS - ADJUST

6. COPILOT'S COLLECTIVE - EXTENDED AMD LOCKED
7. COCKPIT DOORS - CLOSED AND LATCHED

8. EFERGENCY DOOR RELEASES - D RINGS SET

9, PAPKING BRAKES - RELEASE, THEN SET

10, RADIOS - ALL OFF

11. CIRCUIT BREAKERS - ALL SET

12, BACKUP HYDRAULIC PP SKITCH - AUTO

13, HYDRAULIC LEAX ISOLATION TEST SWITCH - NORM
14, CARGO HOOK SHITCH - SAFE

15. APU START SWITCH - OFF

\__

r J
,, FUEL | ENG |XMSN| HYD |ELEC | APU |PAGE ERmEME'j

Figure 49. Cockpit Check display.

TR ———




Sy

G
P

~

APU START /3

1, APU SHITCH ~ START POSITION, THEN RUN

2. APU GEN - ON

3, BACKUP PLMP - ON

&, KAVIGATIOH LIGHTS ~ ON

S. INSTRUMENT SECONDARY LICHTS ~ AS DESIRED

6. COCKPIT FLOOD LIGHTS - AS DESIRED

7. CASIN DOME LIGHTS ~ AS DESIRED

8, HEATER SWITCH - AS DESIRED

9, VENT BLOWER SWITCH - AS DESIRED

10, HEATER CONTROL KNOB - AS DESIRED

11. SERVO OFF SWITCH - 1ST STAGE POSITION

12, HOVE CONTROLS SLOWLY THROUGH RANGE - CHECK FOR RESTRICTIONS
13, SERVO OFF SWITCH - 2ND STAGE POSITION

14, FOVE CONTROLS SLOWLY THROUGH RANGE -~ CHECK FOR RESTRICTIONS
15, SERVO QFF SWITCH - CENTER (ON) POSITION

_ b,
FUEL] ENG EMER
XMSN| HYD |ELEC | APU |PAGE
A

PROCED

Figure 50. APU Start display.
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ENGINE, oL OIL
NP% NP% TRQ% NG%  TGT® TEMP®  PSI
| R%2 2 1 2 2 | 2 2

4 iq iq q M 4 4 d c 4 o q e
160 100160 160100 102 K2 750 750 120 0 SO 55
ENGINE START

1. FIRE GUARD - POSTED, ROTOR DISC AREA CLEAR

2, CYCLIC - CENTERED

3, COLLECTIVE - DOWN

4, GUST LOCK - DISENGAGED

FUEL | ENG [XMSN| HYD |ELEC I APU lPAGﬂ@
;__J

FUEL SELECTORS - XFD
PONER CONTROL LEVERS - OFF

Figure 51. Engine Start display.
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ENGINE oL oL

NP% NP% TRQ% NG%  TGT®  TEMP®  PSI

Rez 12 1z 1z Lz L2

q i a " " "‘ 4 a i 4 i .

160 100160 100160 102 12 750 750 12O 1O 5O 55

BEFORE TAKEOFF CHECK

1. COLLECTIVE FRICTION - SET

2. COPILOT'S COLLECTIVE LEVER - EXTENDED

3. POWER CONTROL LEVER - FLY  (NR - 982)

4. FLIGHT CONTROLS - CHECK FOR FREEDOM OF MOVEMENT

_

\
FUELI ENG lxmsr\I HYﬂELEC I APUEAGE EMER

Figure 52. Before Takeoff Check display.
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HIT CHECK

#1 ENGINE

1. #1 ENGIME - ESTARLISH 60% TORAUE
2. #2 ENGINE - ESTABLISH GROUND IDLE

*** #1 TGT WITHIN LIMITS
#2 ENGINE

1. #2 ENGINE - ESTABLISH 60% TORQUE
2, #1 ENGINE - ESTABLISH GROUND IDLE

*** #2 TGT WITHIN LIMITS

N\

( _JEMER
FUEL | ENG |XMSN| HYD |ELEC | APU |PAGE procen
. __J

B2A_

Figure 53. Hit Check display.
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100 B T
5 e
PRESSURE ALTITUDE 20 rr
FAT 0 c
GROSS WEIGHT 18000 LBs
MAX GROSS WEIGHT 19900 LBS
11 B KIS
ACCEL DIST 15 fT
CLEAR 50 FT 930 F1
MAX TORQUE AVAILABLE H T (INT PR
MAX TORQUE AVAILABLE 4% (X PR

-
(FUELI ENG IXMSNI HYD IELEC I APUIE’AG@

Figure 54. Takeoff performance calculations.
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the appropriate digit buttons. When the input is correct and complete,
depression of the ENTER button enters the input data. Depression of

the CLEAR ENTRY button erases from memory and display the last digit
appearing on the display. In the case of the Takeoff display illustrated
in Figure 54, the items from Max Gross Weight through Max Torque Available
have been automatically calculated on the basis of the data input and
the performance calculation information and algorithms stored in memory.
Depression of the CLIMB button calls up the Climb display illustrated

in Figure 55. Depression of the HOVER button calls up the Hover display
illustrated in Figure 56. Depression of the CRUISE button calls up the
Cruise display illustrated in Figure 57. Taken together, the performance
calculation displays and inputs replace the performance calculation
workload currently required in referencing the analogous portions of the
Flight Operator's Manuals. It is believed that the flight phase and
CURR input features of the FDEP represent novel contributions to the
state of the art of performance calculation panels.

Depression of the C.G. button calls up the CG display illustrated
in Figure 58. The CG display provides a qualitative indication of the
relation between current center of gravity and forward and aft limits, as
well as digital readouts of current CG, forward limit, and aft limit,

Depression of the LOAD button cells up the Hook Load display illus-
trated in Figure 59. The Hook Load display provides a qualitative indi-
cation of the hook loads for two cargo hooks (FWD and AFT) by reference
to limits, and a digital readout of load in pounds for each hook.

Depression of the FUEL PREC button calls up a display of the
current setting of the fuel precaution limit. The limit may be reset by
depression of the digital keys, followed by depression of the ENTER
button. The fuel precaution limit may be set higher or lower than the
caution limit. As illustrated in the fuel logic diagram in Figure 43,
vwhen the precaution limit has been set higher than the caution limit
a precaution condition will trigger the precaution light, and when the
precaution limit has been set lower than the caution limit a precaution
condition will trigger the caution light.

When the FDEP {s in use and the SSM main screen indicates that
information to be displayed exceeds screen capacity, paging may be
accomplished by depression of the PAGE button on the FDEP.

FDEP accessed displays will automatically be relegated to a priority
lower than that of caution, warning, precaution or adivsory information
and lower than the displays accessed by depression of the system buttons
associated with the SSM main screen. The REC button activates the FDR. A
second depression of the button deactivates the recorder unless an auto-
matic actuation of the FDR has been commanded by the CDPU's.

ACCESS OF EMERGENCY PROCEDURES

Interviews with instructor pilots at Ft. Rucker, Alabama, confirmed
the desirability of providing optional access to display of emergency
procedures. While pilots insisted that emergency procedures should not
be displayed automatically in conjunction with caution or warning mes-
sages since this would impose additional workload when displays were
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ELE

PRESSURE ALTITUDE 2000 rr

FAT +5 ¢

GROSS WE IGHT 18000 ss

BEST IAS 80 KTS (INT PR
BEST ROC 380 FPM (INT PWR)
BEST IAS 80 KIS (MAX PWR)
BEST ROC 1378 M (MX AR
MAX TORQUE AVAILABLE I 4 (INT PR
MAX TORGLE AVAILABLE 01 (MAX PWR)

- s <
FUELIENG XMSN | HYD [ELEC I APuEAcsj,'i,“é‘,'é{;D

Figure 55. Climb performance calculations.
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HOVER
PRESSURE ALTITUDE 20 Fr
FAT +%0 ¢
FUEL 80 1Bs
NR 98 7
HIGE MAX GROSS WEIGHT 21000 |BS
HOGE MAX GROSS WEIGHT 120 B
HOVER ENDURANCE 0:12 MINS

FUELI ENGIXMSN HYD ELE%PUEGEP@

Figure 56. Hover performance calculations.
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PRESSURE ALTITUDE 5000 rFr

FAT 30 c ‘
GROSS WEIGHT 18000 B

AT NP i J

AT TRQ 10 2

FUEL AW 670 LB/IR

MAX RANGE 450 MILES

IAS 80 KTS

17 10 KIS !

N\
\
FUELI ENiE(MSfJ HYD |a.ec I APUEAGE EMER
L

Figure 57. Cruise performance calculations.
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Figure 58. Center of Gravity display.

89




30
=

450
l . {
i :
! H

, _ ) )
o ( [EMER \
§ FUEL | ENG |[XMSN| HYD |ELEC I APU |PAGE anag

__A. M

Figure 59. Hook Load display.
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unnecessary, they did recommend ready access to any display controls for
manual callup of emergency procedures. On this account, emergency pro-
cedures display access was not included in the FDEP, but was inatead
designed into the button row associated directly with the SSM main
display. Figure 60 illustrates a sample Emergency Procedures display,
accessed by depression of the EMER PROCED button. At any given moment,
there are two subsets of emergency procedures: those associated with
parameters currently out of tolerance, and those associated with para-
meters that are not currently out of tolerance. Crew members are more
likely to desire access to emergency procedures associated with parameters
which are out of tolerance. A single depression of the EMER PROCED button
accesses automatically the emergency procedures associated with parameters
currently out of tolerance. These parameters are prioritized, and the
associated emergency procedures are displayed in prioritized fashion,
until screen capacity is exceeded. Where paging is required, it is accom-
plished by depression of the PAGE button. A second depression of the

EMER PROCED button clears the display of emergency procedures. Depression
of a system button (FUEL, ENG, etc.,) immediately following depression

of the EMER PROCED button will erase display of emergency procedures
asgociated with out-of-tolerance parameters and switch mode to display
emergency procedures for all parameters associated with the accessed
system, in order of parameter priority. Where required, paging is accom-
plished by depression of the PAGE button. A second depression of the

EMER PROCED button erases the display of emergency procedures.

OTHER PERIPHERAL FUNCTIONS

Several peripheral functions associated with aircraft maintenance
have been discussed under the Preliminary Designs section, including i
flight data recording and playback. Though not included in the design, .
the following possibilities for maintenance peripherals have been iden- %
tified through interviews with maintenance personnel: utilization of SSM ; ]
displays and computer memory storage for presentation of troubleshooting :
trees onboard the aircraft; storage of maintenance data onboard the
aircraft, where it is anticipated that the aircraft will be maintained
in different locations at different times ( while such storage might
include time-~line item replacement recording, it was not recommended that
the aircraft serve as the sole storage location for maintenance data);
and inclusion of provisions for integration of various additional sensors
with the FDR for diagnostic testing.

The following peripheral applications to student flight training
were identified: use of the FDR to record student responses to system
events, and use of the CDPU's to program ground-based simulation exer-
cises. In tandem aircraft, the SSM might be especially useful for instruc-
tor monitoring of student responses to system events through the SSM
main screen and use of the main screen for student monitoring of instruc-
tor-provided prompts. It is anticipated that recording of student responses
to system events will require additional sensors as well the use of the
SSM display for instructor monitoring of student responses. It is also
anticipated that allowing for inetructor prompts, displayed to the student
through the SSM main screen, will require an additional keyboard or console.
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EMERGENCY PROCEDURES: DUAL CONVERTER FAILURE

NOTE: ENGINE ANTI-ICE IS ON

NOTE: TORQUE AVAILABLE LOSS UP 70 20%
RESET CAUTION LIGHT

TURN OFF ALL NON-ESSENTIAL EQUIPMENT
IF IFR, GO VFR AS SOON AS POSSIBLE
LAND AS SOON AS POSSIBLE

‘1 \__ \Y4
| n-'UELIENG}(MSNl HYD ELE(IXPUIPAGE EMER

Figure 60. Emergency Procedures display.
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In all cases the potential use of the SSM for training of student
pilote highlights the flexibility inherent in the SSM design. This flexi-
bility of programming feature will in general facilitate the following:
inclusion of additional system models for improved sensor failure analysis
and diagnostics, as they become available; inclusion of additional sensors
as they become available, with allowances for easy reprioritization; altera-
tion of emergency procedures, checklists, and performance calculation
data bases and algorithms; redefinition of precaution, caution, and
warning limite; inclusion of automated responses as they become available;
reconfiguration of helicopters for different missions; and integration
of the Subsystem Status Monitor with other systems under development
within the framework of the Army's extensive efforts to design, test,
and construct a reduced workload and more mission-effective helicopter :
cockpit. i

PRSP
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CONCLUSIONS AND RECOMMENDATIONS

The following general conclusions may be drawn from the foregoing
report:

1. The display-by-exception philosophy currently governing the
display of many subsystem parameters displayed via caution/warning
panels in helicopters can be viably extended to include other subsystem
parameters currently displayed via dedicated instruments. Exceptions
to this rule are main rotor speed, which should be continually displayed,
and power management parameters, which should be combined into a single
power management analog indicator.

2. A separate logic governing the display of parameters under
differing mission phases or environmental conditions is not required.

3. The advanced Subsystem Status Monitor (SSM) defined in the
foregoing report will reduce crew workload, improve mission effectiveness,
enhance reliability, maintainability, and survivability/vulnerability,
permit standardization of parts across helicopter fleets, and accommodate
subsystem growth and increasing complexity.

4. The impact of the SSM designs discussed upon life cycle costs
and aircraft weight will be more favorable for aircraft of large weight
and complexity in their subsystems.

The following general recommendations may be drawn from the foregoing
report:

1. The display logic and formats discussed should be submitted to
experimental evaluation to determine quantitatively their impact upon
human performance and reliability before incorporation into any hardware
applications based upon the designs presented.

2. While voice synthesis and recognition appear to represent long-
term solutions to the problem of information input/output under NOE
helicopter flight conditions requiring constant manual control of
the helicopter and visual attention to the outside world, the topic
of computerized voice interaction should be studied carefully to
determine the most effective applications of this emerging technology.

3. Any hardware development of the SSM designs presented should
be complemented by a repetition of reliability, maintainability,
survivability/vulnerability, aircraft weight, life cycle costs, safety,
and human workload/reliability evaluations.

4. The interaction of the SSM with other designs aimed at cockpit
integration should be studied.
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APPENDIX A: TABLES 1-43

Tables 1-8 summarize subsystem parameters obtained from the UH-60A, CH-47C,
OH-58C, and AH-1G operator's manuals. Tables 9-12 summarize cross-compar-
isons of UH-60A, CH~47C, and AH-1G parameters. Tables 13-16 present the
results of an information requirements analysis. Tables 17-20 constitute
the preliminary formatting of an information requirements questionnaire
that was later submitted to Army pilots. Tables 21-24 present composite
responses to the pilot questionnaire. Table 25 presents a cross-comparison
of parameters by subsystem. Table 26 lists the major signal source devices
used in the four helicopters studied. Tables 27-30 summarize the display
logic for each helicopter. Tables 31-34 present data on automatic displays
and multiple accessing. Tables 35-38 present prioritized listings of items
of information for each helicopter. Table 39 shows the relationship of
parameter groups. Table 40 compares the properties of data transmission
cables. Tables 41 and 42 evaluate workload reduction and weight savings
attributable to the SSM. Table 43 presents SSM life cycle cost estimates
for the UH-60A.
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TABLE 9. PARAMETERS DISPLAYED IN FOUR HELICOPTERS.

Parameter Indicator *

Fuel Quantity
Engine 0i1 Temperature
Engine 0il Pressure

N

XﬁSN 011 Pressure
NR

% Torque

Fuel Low

Engine Chip

XMSN 0i1 Pressure Low
XMSN 011 Temperature High
Chip Main XMSN

Generator Output Low
Master Caution

OO OO it et =ttt
N~
ExE

* I: analog instruments; C: cautfion light;
W: warning light; M: master caution light.

TABLE 10. PARAMETERS DISPLAYED IN THREE HELICOPTERS.

Parameter Indicator +* Exception

DC Load Meter I UH-60A

IFF Incoperative C CH-47C

PRI Servo Press C CH-47C

Fuel Filter Bypass c CH-47C

011 Filter Bypass c CH-47C "
N I CH-47C :
Cﬁip Tail XMSN c CH-47¢C

Low Rotor RPM W/T CH-47C

Fuel Press Low C OH-58C E
XMSN 011 Pump 1 OH-58C B

* I: analog instruments; C: caution light
W: warning light; T: audioc tone -
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TABLE 11. PARAMETERS DISPLAYED IN TWO HELICOPTERS.,

Parameter

Engine Fire

Boost Servo Press Low
Ext PWR Connected
SAS Off

Cargo Hook Open
Parking Brake On

APY Overspeed

APU Exhaust Pump Hi
APU 011 Press Low
Eng 0i1 Press Low
Chip Int XMSN

Rotor Qverspeed
Engine Out

Fuel Boost Press Low
AC Inv Output Low

W/C
C
A/C
c
A/C
A/C

OOEOCOOOOOD

Indicator *

Helicopters Displaying Parameter

UH-60A
UH-60A
UH-60A
UH-60A
UH-60A
UH-60A
UH-60A
UH-60A
UH-60A
JH-60A
UH~60A
UH-60A
UH-60A
OH-58C
OH-58C

CH-47C
CH-47C
CH-47C
CH-47C
CH-47C
CH-47C
CH-47C
CH-47C
CH-47C
AH-1G
AH-16
AH-1G
0H-58C
AH-1G
AH-1G

* W: warning light; C: caution light; A: advisory light.
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TABLE 12. PARAMETERS DISPLAYED IN ONE HELICOPTER.

Parameter Indicator *

Prime Boost Bump On
Eng 011 Temp Hi

Hyd. Pump Press

Pri Servo Jam

Boost Servo Jam

T/R Servo Press
Backup Pump On

APY Fire

Stabilator Pos

APU Underspeed

APU Sequence Fail
APU GEN On

APYU On

Converter Qutput Low
Batt Low Charge

Batt Fault

AC ESS Bus Off

DC ESS Bus Off

F1t Path Stab Fail
Stab Auto In OP
Pitch Bias Fail

Gust Lock Not Disengaged
Anti-lce On

Pitot Heat On

Cargo Hook Armed

Eng Start Valve Open
Fuel Pressure

Inlet Air Press Neg
Eng 0i1 Quantity Low
Ny Control Loop Energized
F1t Ctr1 Hyd Press
Utility Hyd Press
Rectifier Off

AC Load Meter

Heater Hot

Wheel De-Phased

APU Tach

HﬁanMv—cﬂﬂﬂr—tn>>>ﬂﬁeﬁﬁﬂnﬂﬁ>DOOH£>nﬁﬁﬂ [l -
—

Helicopter Displaying Parameter

UH-60A
UH-60A

UH-60A
UH-60A
UH-60A
UH-60A
UH-60A
UH~60A
UH-60A
UH-60A
UH-60A
UH-60A
UH-60A
UH-60A
UH-60A
UH-60A
UH-60A
UH-60A
UH-60A
UH-60A
UH-60A
UH-60A
UH-60A
UH~60A
UH-60A
UH~60A
AH-1G

AH-1G

CH-47C
CH-47¢
CH-47C
CH-47C
CH-47C
CH-47C
CH-47C
CH-47C
CH-47C

*
I: analog instruments; W: warning light; C: caution light;

A: advisory light; T: audio tone.
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TABLE 13. UH-60A INFORMATION REQUIREMENTS.

PRIORITIES NISSION PHASE ENVIRDIMENT BISPLAY FORAY

i ey

EGsk 8
;Egg | §§§§

Fus) Quantity
Fusl Low

Fusl Pressure Low

Fuel Filter Obstructed

Prim Boest Pump On

Fus) Boost Pressure Low

Engine 01) Tespersture

Engine 011 Temperaturs Nigh

Engine 041 Pressure

Engine O1) Pressure Low
Engine 011 Quantity

Engine 01 Quantity Low
O1) Filter lyf»ss

Engine Chip

§ R e b A — > et o o
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TABLE 13. CONTINUED.

DE- FE0-
PARMMVER PRIORITIES NISSION PHASE ENVIRONNENT Dl?ll! 'm'! PONSE BACK
1 &
: ; Lo ! c s i
d4 N 35 [EEEsE Be s
£ B E 235 1§=~‘2 : ‘l
L el B mnet oI Rabier 29
o |
* X X :
_inlet Aty Pressurg Megative | I : '
\ :
| i i
“9 X | |3 ' X
Engine Out X
lll Control loop Energlzed
IMSN O1) Pressure X * "
Tusu_;u Pressure Llow x L F
ANSH O1) Tesperature X L
IMSN 01} Temperature lHgh X L
Chip Mot XMSH x ) L
TN : JHH— k
R —— 1 A n 3
L L] |l‘l‘.|_'1$>'7055_“w4_~ R x . B . 1. F "‘r“ 4 J‘
ue 1] A
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TABLE 13. CONTINUED,

k- fEEn-
PARNMLTEN ”!UIPIFS MISSION PIASE ENVIRONNENT N.‘fnﬂ FORAT ) PONSE SACK
10T e T
(= {
e LRy !
: 'g EF 7 | i
& Et‘-‘qw ’s n E@S IHE =% :
VA eain ] . E | = {2t N aa H
o s BeSss  |Bayeys HED j3dB3s eE BB |
" ! H !
&
Matn Rotor Overspeed p o | N
fon Hotor kPW ﬂ x , " i
L Vi y
11
% Torque h‘ X 5 X l ' i
i
Primary Servo Prassure Low k X X
tiydravlic Puwp Pressure Low b X
Primery Serve Jom L X i‘
G003t Servo Jam k x —ll
Boost Servo Pressure Low K 1 X . I!
J Tel) Rotor Servo Pressure Luw b( xi X
{ Backup Pump On ;‘
,l Flight Contrul lydraulic Pressure X xl Ix
! A :I:;Iu fiydranifc Pressure X - x L
i T T ] .
; ’ e . 41
' . oo == =R -1 R L H
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TABLE 13. CONTINUED.

- FEED-
PARN TER PRIORITIES MISSION PHASE ENVIRONNENT Dl?ll! FORMAY PONSE
; l ‘ ﬂg '
é 2 EE_ U 28
s g J 3 !géEsg 4 E.
i g8 v GER  RJEES
L N 23 JBE%, SEFEYL Ssg 855 68 &P
APU Exhaust Temperature ligh l {
AP OV Pressure Lou "i X ix
AU Overspesd X L x Ix
L}
APU Underspeed x| L] |l %
Mt Saquence Fal) X l,‘ i lx '
AP Fire x ) L | b Ix
AU Generator On | i !
APU On b K k
“APU Tachameter
Generator Output X K L3
AL laverter Output how
Converter Output {ow X
Rectifler OFF
Patiery Yow Charge X RER K X
Sty ten o | = b
_‘_Acv.l_ss Bus 0"._,.,,.“ r 4__ L
M Fss Bus Off L( # L Il
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TABLE 13. CONTINUED.

PARNALTER PRIORITIES NISSION PHASE ENVIRONNENT \§ &l
2. g3 |EE@sE %
Eatd  (g2Eet| |, 'GEE lgged ee 8
acE 2883, Szpvys Bey (33838 F
AC Load Meter '
UOC Load Meter '
Engine Fire b 4 F !
Fit Path Stab Sys Fatl X l L
Staliflator Auto Mode In Op X i
Stsbilator Position X
SAS Off X
Plich Bfas Fallure X

Gust Lock Mot Disengaged

- -
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TABLE 13. CONTINUED.

RE- FEED-
PARNMETER Pll“»ll;llnts RISSTON PHASE ENVIROIMENT II?PQA' fMl_ PONSE BALK
‘ ‘ J g TH
T +
-S| B M
L Y E Q Ebg ESEER 52 B3
By Rl | BoE Baeiee 6 |
-(ng. :nu-lca On xi ] | )
| i
T
Piiot eat On r t ]
TE |
I | Lif | ‘
Heater On
ticster Hot
Cavgo llonk Open X IK j‘
Cergo Haok Armed X 1 [‘
? Parking Brake (n X X
% z Lag. ?l:ﬂ. Yalve Open t_ \ Ix X|
: Cmaster caatton i) L q
e v L

117




TABLE 14. CH-47C INFORMATION REQUIREMENTS.

PRIORITIES HISSION PUASE EHVIROMENT BISPLAY FORMAY K
I ' T il
| | |
I n By I
i £ Eg | B
& E 23 Ecgs 33
N 3™ 1 So
fhce) Bl lEdths g5 B
Fuel Quantity ‘X ‘X |
fuel Low '
fuel Pressure X " x ' i
Fuel Pressure Low x X . X P I !
Fuel Fidter Obstructed ) ' !
Prime Buost Pump On | ] i
Fue) Boost Pressure Low l '
Englue 011 Temperature X X |
Engine 011 Tewperature tigh X 3 X
fngline O4) Pressure X K X
tnglne O] Pressure low X K X
l Englne 011 Quantity
! 1 i
| Engine 011 Quantity Low
“. 01 Ftlter Bypass
A [nqlne_(hlp _ X N i _LL x X
A
1 R — -1 ) 1 1-1-F 1 --J
1
r
] ns
G
. ‘ﬁ*"\‘*mn
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PARNALIER

PRIORIVIES NISSIOH PHASE ENVIRONMENT DISPLAY FORMAY

TABLE 14. CONTINUED.

RE- L{{L]

:

|

|

gl i ——
—
e ]
" ONNECESSARY

11
H Be Ee 11135
os8 - ok §— >

& | 28, [EEEsE UE  zz

'glerl |5 LAH gER logef ee 22
. 2B23%| |=3EEga BER  133BE3 as
w ) !

———— 1
[13] x X l ;
% . ;
Inlet Aly Pressure Megative | | ' i
| (!

| l s
" X | X | % }
Engine Out
1! Control Loop Energized X X X
msH ol Pressure X X! X
AMSH OF1 Pressure (ow x « "
IMSN 04} Tesgperature x X x
AMSH 041 Temperature itigh X X x|
Chip Meln XMSH ' x
Chip Int XMSH

g 41

Chip Tadl WMSH
B s SO U O B N N |
Ll Ot Bypass
AR SS U U I W Bt S - U L R .
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PARMIETER

TABLE 14, CONTINUED.

MISSION PHASE

DISPLAY

SARY
m:ign
CRY
Ve
D

HATN

[

NIGHT

A

|

CRITICAL
ACCESS

S i

Mein Rotur Overspeed

Low Rotor APW |
i
[ i |

1 lorque é l

Primery Servo Pressure Low

Hydraullc Pusp Pressure Low

Primary Servo Jam

Boost Servo Jam

Boost Servo Pressure Low

Tal) Rotor Servo Pressure Low

Backup Pump On

Fiight Control Hydrau)ic Pressure

VLility Wydiaudic Pressure
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TABLE 14. CONTINUED.

- FEED-
PARNAETER 'll@l'lfs MISSION PHASE ENVIRONMENT ﬂlm“ fMI PONSE BACK
: I ] :’g 1]
202 33 34
E e . ExExE 88 Xk
sEd  BZEst| (BMMLE EEH BEet e £8
» g 28832| |Ezrrgt Bed 3383s 23
APU Exhaust Temperature High Jx X x ‘x
APU Q1) Pressure Low L X J X !x
APY Overspeed L X! X !x
APU Underspeed x lxl Ex
APU Sequence Fall ‘ |
AU Fire | |

APU Generator On |

T I !

“APU Tachometer

Generstor Output X

AC Jnverter Dutput low

Converter Dutput Low

Recuifler OFF

Battery Low Charge

Battery lault
AC 155 Bus OFF

DL Fss Bus Off
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TABLE 14. CONTINUED.

g:
1]
-
S
[ ]

PARNALTER PRIORITIES HISSION PHASE ENVIROHMENT BISPLAY FORAT

STRASTY |

- — o—

A7 TRECESSARY

: ]_J l =
& | g 5 (|39
e o E JIH 2 st s
afcel  |gpEss  |Zavwpt BED (3dE35 g8 BB .

AC Load Reter - l‘ x ;

OC Load Meter ' -
|
!

Engtine Firs X | ,

- .

FIt Path Stab Sys Fald l l l

Stabilstor Auto Mode In Op |

Stebilator Position

SAS Otf X

Pitch Blas Fallure

Gust Lock Mot Disengeyed
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L
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TABLE 14. CONTINUED.

- FEE(
PARNMETER PRIOAITIES NISSION PHASE ENVIROIMENT DISPLAY FORMAY '“NSI Iz.

8
2

JE——

QUALITATIVE

n!xss
AT
UNNECESSRRY
TAKEOFE.
CRUISE
WOVER _
LAND
SHTTOORR
NIGHT

DAY

e

"

[ ]
CRITI
OURNTTYATIVE

DISPL/
DISPLAY

L 3-P)

tng. Anti-lce On

- ] c—] ——
—

Pitot lleat On

lieater On }
Heoter llot X X i
Cargo Wook Open X X K ‘

Cargo Mook Armed

Wheel Dephased 13 x| )ﬂ

Parking Urake On X X

Eng. Start Valve Open

x
»

Master Caution _ . _ ___IxLLlLl —|.}. Y I L 1-L
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TABLE 15. OH-58C INFORMATION REQUIREMENTS.

=
b}
k4

PARNML TER PRIORLTIES MISSION PHASE ENVIROENT DISPLAY FORMAY
l ' | -|

i _SE
. -
syrgs EEH

L]
s e | £
Y ORESRAl

| e | QUALTTATIVE
ADVISORY_
DISPLA
SP|

NIGHT
COBINED

*
=3
frm

Fuel Quentity

Fuel Low

»
3
—

——

fue) Pressure

Fuel Pressure Low R 5 r

L Fuel Filter Obstructed s | l '
Prim: Boost Pusp On x | l x i
Fuel Boust Pressure low |

Engine Ot Temperature

Engine OI) Temperature liigh k

Engine 01) Pressuwve

tngine OV} Pressure low

Engine 01) Quant ity L—

£nqglne 011 Quantity low
011 Filter Bypass I

: Englne Chilp l ) ——[ X

124

DN BERE L G R e e Sbma LI




TABLE 15. CONTINUED.

PARNAETLR mul;ms MISS10N PHASE ENVIRONMENT
g 1] ¢ 'JE
o i e
2F 1 gaé_?m Biyuyt Bed a3f
ur
e (ToT) x
.l‘

Inlet Alr Pressure Negative

Engine Out

"I Contro) toop Energized

AMSN O1) Pressure

ANSN O1) Pressure Low

AIHSN 01) Temperoture

AMSN 011 Temperoture High

Uhip Main NMSN

Chip Int ANSH

Chip Tad) XMSH

L. L3

L2,

AHSN 04 ) Bypass
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TABLE 15. CONTINUED.

8- FEED-
PARNAET(R PRIORIVIES NISSION PHASE ENVIRONMENT DISPLAY fMI PONSE BACK
‘ l ' ga N
Z‘ . ) pg . E‘
3 } £ " |
ul 28, ErfsE BE  xx
EgE ”gg 5. UL EEQ | ggg-' ge Ba
e _ 35S 2883 SE¥ES BES | 8 és
M X X l i
Matn Rotor Overspeed |
Low Rotor APH |
_ (!
[ P
1 lorque X 18 : X I |
|
Prisary Serve Pressure Low
Hydraullc Pump Pressure Low X X X
Primary Servo Jem
Boost Seryo Jom
Boost Servo Pressure Low
Tol) Rotor Servo Pressure Low
‘ Backup Pump On
l Flight Contro) Hydrauwlic Pressure
} — - [
Utidity Mydraulic Pressure
: eI 2R H = HHH
A
‘ [N B Y
] e - -~ 111 ,_{.. ,_Aﬁ.. .
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TABLE 15. CONTINUED.

»
'

FEED-
PARNMETER PRICRITIS NISSION PHASE ENVVRONMENT BISPLAY FOMNWY SAC

| T

uar £

AUTD NOT_DES

ACCESS ORCY
ADVISORY,

AUTO DESIRABLE
DISPMLAY
DISPLAY

CRITI

IPNECESSARY

LAND
SHUTIORR
KIGHL
DAY

e

me

WOt

n -’
coRTI™

i%is‘x‘m
IRTERANGE
i

Pl
g8

APU Exhaust Temperature Hiigh

APU 011 Pressure Low

AU Gverspeed

o frew] i | ] -

APY mdarspeed |
it

AP Sequence Fall
AU Five ‘ | |

—

APU Generator On l

APU On

“APU Tachomster

tenerotor Output )ﬁ X

AC Inverter Qutput low

} Cvaverter Outputl tow

j Rectifler OFF

Betlery low Charge

© Battery Fault

—-————

AC £5S Bus OFF

)
¢ [ U S Y

0C tss Bus OtF 1
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TABLE 15, CONTINUED. ? i
z) B
»- Feen- '
PARMETER PRIGHTIES  WSSION MUSE  EWVISOWENT  DISPLAY  FORAT  bOmse BAK
] ] J g ¢
J..rjé g i“’ge ; gg’ |
v ] . E—s— . =0y ]
B - BEell |m\hot R BoESi e B
AC Load Meter ' - i :
0C Load Meter x x | '?
| )
1N
€ngine Fire il ! 1
§)t Path Stab Sys Fatl | | i i
Stabilator Auto Mode In Op i LK
i Stabilator Position
3
SAS Off y

| Pitch Blas Fallure

. —_—

A

;‘; Gust Lock Not Disengaged

R b eatbe dT *' Tr - }x q J
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PARARETER

TABLE 15. CONTINUED.

PRICRITIES NESSEON PHASE ENVIRONMENT

DISPLAY

|
o

'3,

LARD
SROTOORN
NIGHY
DAY,
e

e

TAKEOFE,

i

]

fng. Mti-lca On

Pitol Meat On

Heater On

Heater Mot

Carygo Wook Open

Caryo look Mwed

Parking lreke 0w

fnyg. Start Valve Open

Master Caution
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TABLE 16. AH-1G INFORMATION REQUIREMENTS.

- FECR-
PARNNMTLAR PRIORITIES MISSION PHASE ENY IRGISENT NSNVA' FOAT POssSE SACK
|
l |f LA ga !
2 ) v g ip‘: e
ES @ Ed\g g d E Bds EEEER EE
250 B . Ef Egpcs 5
35 iRs8, Topvgy Egs 33835 §8 23
Fue) Quentity x Ix ll l !
Fuel tow x L 4 l |
Fuel Pressure X k 1;( l 1
Fuel Pressure Low «} \ L . I ]
Fued Fidier Obstructed x L J1i 1 ' )
Prim Boost Pung (n } L L i !
. X h
Fuel Boost Pressure Low 5 ' l ‘
Governor Emergency X k X
tngine 011 Temperature X Jx Ix
Engine 011 Temperature High X X j(
Englne O1) Pressure X X
tngine 01) Pressure Low X X b
tnyine 01} Quantity
fagine 01 Quantity tuw .
011 Filer Bypess X x '
, o s T } |
! tngine Chip X X } {
| ST e e 11 -1 -FHT |
! e - — - ERERNE A
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TABLE 16. CONTINUED.

[ FEED-
PARMIETER PRIORITIES NISSION PHASE ENVIRONMENT DISPLAY FORMAY PONSE BALK
| g LB
g ] Sz EE UEE
poRl B By [EsSer 'l s
EaEd  'gite 5, gté s3EE5 e B2
o £ s8233l |cR¥¥Ea Bed 33833 88
n '
EGY X ' X l !
" * ; s
] x x . .
0 i :
_Inlet Aiy Pressure Negative X X x| || l ' i ;
3 !
| 1| Do
I | i !
"y | o |
Engine Out
ll‘ Control Laop Emerglzed
AHSN 011 Pressure X X X
XHSH 041 Pressure Low X " X )
AHSH 08 Tempurature (I
1
XMSH 011 Temperature digh X X X ? J
j (hip Hain KHSH X L X i
}' Chip Iny XHSK k H—- L M X
Chip hl!lﬂ"ﬂl___ N ) xl | x %
. AMSH U1) Bypass
. VRS EEps §{ [ I 50 RS I l A I O 0.1 I O .S -
; AL

e
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TABLE 16. CONTINUED.

- FEED-
PARNAL VIR eatomvies HISSTON PHASE EMVIROENT DISPLAY FORAY PonsE X
{ ] |
i , R é Eg | |
! <= ' 3
hr G WULE G R
EESE  |ZeEsy  iBayuyt BED  33ERs 56 8D
N x X] i
Main Rotor Overspeed x '
Low Bator B4 . W1l i
]! .
(.
T % Terque X & X | '
Primary Servo Pressure low
tlydraultc Pusp Pressure Low 1
Primary Servo Jam ‘
Boust Seryo Jem ]
Boost Servo Pressure Low 4
T 111
Tail Rotor Servo Pressure Low E
Backup Pusp On %
Flight Contral llydravlic Pressure |x Ix x| !
utidiry tydraullc Pressure ‘
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TABLE 16. CONTINUED.

PARMIETER PRIORITIES  MISSION PUASE  ENVIROWACNT  DisPLaY  Fonwi 'r:nst :z:‘ ’
] LI (B ‘
| | 3 B
: Lz Ee 128 |
!E,Ea o g3, [EEBsg BE =g |
Eaty SRRl |Eob BEQ gaEcioee o
APU Exhaust Temperature High { ’
—.A:u 01} Pressure Low .' \:
APU Overspeed | i’
APY Underspead T l ‘ E : ;
AU Sequence Fail ' j! ' ‘ '
APU Fire [ ] | P
APY Generator On | i ’
APU n i
AU Tachometer 1
H
Generator Output X X X
AC lnverter Output tow x X X
j Converter Qutput Low
f Rectitter Ot ) ' :
. Baltery Low Chorge
N ~ Batlery Fanlt
5 :_‘é.'” Bus O1f
lobialochu N B T I RN
4
i
|
b
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PARNMETEN

TABLE 16. CONTINUED.

"
LE

PRIORITIES RISSION PUASE ENVIROHMENT DISPLAY FORMAT

43

SAFETY
MAINTENANT
u,mr

MISSION

QUANTTTATIV,

PR —

ety T~

DISPLAY
DISPLAY

SHUTEOAN

ACCESS ONLY
OUALITATIVE
COMBINED

CAUTION

AUTO DESIRABLE
AUTO NOT_DESIRAS

ADV]SORY.

HOVER _

NIGHT
Y
d

AC Load Meter

e

0C Load Meter

X

Engine Fire

i1t Path Stab Sys Fail

Stabilator Auto Mode In Op

Stabilator Position

SAS Off

Pitch Blas Fablure

Gust Lock NHot Disengaged

e

T I e ative
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TABLE 16. CONTINUED,
- RE- FEED
PARNAETER ’Il“}lll!S HISSION PHASE ﬂ!VIMNI Dl??!lf iiﬂul ) PONSE BACK
] i
e |
:é} I'Fg .3_ '
e ; ‘.g 2 Xz !
EzED ‘éﬁL g LB ;§=§§§ 5 :
§ ﬂ'ﬁg‘gl 'o-g§§'m ’izgt‘:ga‘ '552 ggué <§ 8¢ :
tng. Anti-lce O ‘ | 3
BN ;
] ] {
Pliot Heat On ' i
| ! ! :
I Li] !
|
tiester On !
Neater flot
|-
Car;o Hook Open
e o 1T
. Parking Brake On id
! 11
: -
: —ngs—un Valve tpen 1 L TT -}—TA—
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3 v Caution X X
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TABLE 17. UH-60A SaStLINe INFORMATION REQUIREMENTS.

i
-l

PARMMETER '."""(s-!lSSlw PHASE ENVIROHMENT DISPLAY .
~ T EL‘ d ! 1
>
€ 0 (i} jo
2 1, | wl 1238 IEEe
B0 K 8| (28w LEZE
E,::,xE:,’;. igawac||E ; e lESgE2
Acf 2RE83[Sxpent! ELE SHE
Ss TERIGEAEERR 882 o5 us
by b - —_—pee
Fuel Quantity X XXX XIX X 'x
fFuel Low X X xi x{x X ;
Fuel Pressure X XX (X[ X{x X X
Fuel Pressure Low x| 1 XIX x| X{x X X
Fuel Filter Obstructed X xpe fx | x x| | X
Prime Baost Pump On X |X X] X X H(
Fuel Boost Pressure lLow '
Engine 011 Temperature X X IX X ) XX X X J
1 -rr1—
Engine 011 Temperature High X B {x xfx{x X X
Engine 011 Pressure X DX X IX] XX X X
Engine 01} Pressure Low X X X IX xﬁx o X X
D (il O i et
Engine 041 Quantity
Engine 011 Quantity Low U
011 Filter Bypass X XX IX] Xix X X
Enyine Chip X XX XX ’ X X
,*
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TABLE 17. CONTINUED.

PARAMETER PRIORITIES MISSION PHASE DISPLAY FORMAT
¥ ‘ 8
5: | 4 sas! d E E: >
EE8 . 8 23, EEEEE
EZERESe = Pl lEEB  E5EE2
REEEES Sxypyc EBpH 3EED
SRS - 0% A =afEga .88 ouué
LR X xIx x| xIx X X
EGT
M X xix ] x{x X
Inlet Air Pressure Negative
Ny X | xgx xx [x x| |
Engine Out X x)xx X
“l Control toop Energized
XMSN 011 Pressure x Ix)xdx Ix X
XMSN 011 Pressure Low X x Ixlxk Ix X
XMSN 01Y Temperature X X XXX [X X
XMSK 011 Temperature High xi x | x|x|x {x X X
Chip Main XMSN xl x| x|xIx | x X X
Chip Int XMSN X x ] x|xix | x X
Chip Tall XMSN X | x]xfx I x X ){
XMSN 011 Bypass "I ’1 xhxb | x X I
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TABLE 17. CONTINUED.

PARMMETER PRIORITIES MISSION PHASE ENVIRONMENT DISPLAY FORMAT
' | | [ b
’ !
100, > >~ l;‘ml
(R ' . >
z| | W 1208 EEq |
S & g 23; |[EfEER
il )] 1 © Wk X >4 'o—o-—cm o o=t s N
LacsigREsel  [8xzppst BEY 23E3E
WVMEIEID '—U‘I n zngnzd .80‘ IBOUU_ R
Na X X XL Xix P
Main Rotor Overspeed X X x}( xIx J:( ,
Low Rotor RPM X X[X Ix #x ‘
‘ !
1 Torque X Il XX K : X ]
I | |
Primary Servo Pressure Low X xIx K |x|[x P( 3 ‘
Hydraulic Pump Pressure Low X X XL( X [X Ix Ix
L
Primary Servo Jam X X XL( X [Xx - L
Boost Servo Jam X X XF X| X j( X ‘
Boost Servo Pressure Low X X XF( x| X L J }( X
Tail Rotor Servo Pressure Low X IX XL X| X }( X
Backup Pump On X X Xk XX }(
Flight Control Hydraulic Pressure Ix X X}( X I X }(
Uti1ity liydraulic Pressure X X xk I x ) }(
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TABLE 17. CONTINUED.

PARAMETER PRIORITIES MISSION PHASE ENVIRDNMENT DISPLAY FORMAY
o 1 7 . T y |
| l ’
g ‘ |59 L; !
X 2 e
Eé,g ' g::.'«: o B ézz EEleg
u.m‘zif]:%".go Byl EEH ‘%a‘ o
SPcfiiEeszl  |Zapwsh By 23Ese
APU Exhaust Temperature High ‘
APU Of1 Pressure Low X} EX X X
APU Overspeed x| #X X r i
APU Underspeed X1 gX X
APU Sequence Fatl xJ X IX }( b( ( :
APU Fire X " }( | k :
APY Generator On X [b( hx P i X |
APU On X nx X
“APU Tachometer ‘ 1
1
7
‘ Generator Output X x{xpe |xfx ] X X :
3 AC Inverter Output Low ,
. Converter Output Low X xjxj Ixjx X &
5 Rectifier Off !
Battery Low Charge XX X X hi(
Battery Fault . ) Hix Ix )1)( X - X Ix
. AC ESS Bus Off X X | X 4’( X X k
r' ‘l-)(‘. Ess Bus OfF X x } % )Jx ¥
' Exctevnal Pover Connes ted X ; ' X - J x X
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TABLE 17. CONTINUED.

PARAMETER PRIORITIES MISSION PHASE ENVIRONMENT DISPLAY FORMAY
& J&‘
& B
x 2,8 3
! 13
sE 8 83, [EFB=E
Eatdsfzes) |5 LLLE BER  Egges
3":?%:»;»3%%% Szgxss BEY 32838
AC Load Meter 1
DC Load Meter l
Engine Fire X X[X|Xpx(x X
Fit Path Stab Sys Fail X 'x xi{xIx | x X X
Stabllator Auto Mode In Op X ix | xIxix | x x| | X
Stabilator Position X X1 X) XIx X X
SAS Off X XXk IX|x X
Pitch Bias Fadlure X x|xk x| x X
+1-
Gust Lock Not Disengaged X X X X
.TF'F In-Operat ive T ,; T X xw X X X
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TABLE 17. CONTINUED.

PARAMETER mmmcs MISSION PHASE  ENVIRONMENT  DISPLAY  FORMAT
: >
= 2 HE'.': |
EEA 2! 37733
Eztdels 3.LE EEf  ESgED
SasEERERs SEXEEDD 888 |3RBE5 »
Eng. Anti-lce On X X IXIx X k‘ :
i
Pitot leat On X x Ix xlx X :
Heater On u '
fleater lot
Cargo Hook Open X x IxIxix {x b ¢ X
i‘ Cargo Mook Armed X x x]xpx | x X X
i
{
i § Parking Brake On
i' X ) & X X
fi
|
Eng. Start Valve Open x| Ix X h
_Master—Caution | i 41 1
X |x xfxfx | x X K
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TABLE 18. CH-47C BASELINE INFORMATION REQUIREMENTS.
PRIORITIES MISSION PHASE

PARAMETER

r—

§
-

| S

JADVISORY __—_——1

3 | s :L% Ef.
SR L JII B 28z EEEs
EAcHiRiSs]  |Pawest BEL 32ES
Fuel Quantity X XIXIXIX % }( lx
Fuel Low X b Ix 1( X
Fuel Pressure X x | xxx Ix L
Fuel Pressure Law
Fuel Filter Obstructed l
Prime Boost Pump On “
Fuel Boost Pressure Law l
|
n =
Engine 011 Temperature X U3( X[xx[x

Engine 011 Temperature High

Engine 011 Pressure

x
!
—=£

o

b

»

3

>

b
x
x
x
>

Engine 0il Pressure Low X x Ix]xx Ix

Engine 011 Quantity r—

Engine 0I) Quantity Low

01) Filter Bypass

Engine Chip X “X X XP( X
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TABLE 18. CONTINUED.
PARMNETER PRIORITIES MISSION PHASE ENVIRONMENT DISPLAY FORMAT
& t + 824 425 <=0 >
B ) e '?_, {gum CevES
EZEl  'Big Bl 'eF8  €53ES
i £28%2 Sxygut Ezi <'§§§§
5‘:5 O Jgn SAEESH R=yer- 8808
nr
€GY X X [XIX{X X X X
"P
fnlet Atr Pressure Negatlvgf
| .
Ny X Jx XX jx - X | X
Engine Out
ll, Control Loop Energized |x % Ixixix I x X X :
‘3 XMSN 011 Pressure X x Ixdxix I x X X
'; XMSN 0” Pressure Low X X fxIxix I x X X
; XMSN 011 Temperature X x{xlxix {x =1 X X !
XMSN 011 Temperature High IX XIXIXIX § X l» 11 X X
Chip Main XMSN X XEXIXEX [ X X X
: Chip Int XMSH
! Chip Tad) XMsH
XMSN 011 Bypass )
- B . . L -
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TABLE 18. CONTINUED.

PARNAETER PRIORITIES MISSION PHASE ENVIRONMENT DISPLAY

i

e

2,8 Ev"—'a. ‘
Bl e g 23, [EEEs ;
Eobl 5¥ QE o LLIIEl IEER  E5E |
x2z s %’éﬁﬁa 2zprsy EES asgg

N X X xlx x| -1-4 X |
E ' Main Rotor Overspeed Lo
Low Rotor RPM )

i
% Torque X X[x X : )

| i
F - %

Primary Servo Pressure Low

Hydraulic Pump Pressure Low

, Primary Servo Jam

Boost Servo Pressure Low

Tatl Rotor Servo Pressure Low

-~

Backup Pump On

|
i Boost Servo Jam }l

|

|

Flight Control Hydraulic Pressure |x X[ xpx Jxx K

3
>
»
-
-t

utility liydraul ic Pressure X x[Ix




TABLE 18. CONTINUED.
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PARMETER PRIORITIES MISSION PHASE ENVIRONMENT FORMAY
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0s2, > > ™)
gﬁ ! " i’Fg ’Ez )
ESES Eul Bl 288 E5EER
X"} -'ﬂ‘ H S| [N go—m 2eEs
<87 v=t 2! &0 > O b ! ' -y 4
2228 |ZRS%3||oaEryn BED 23838
APY Exhaust Temperature High X X X L( J
APU 011 Pressure Low X X F ){
APY Overspeed X X i 4
APYU Underspeed X X )A
APU Sequence Fail
APU Fire |
APU Generator On l
APU On
APU Tachometer
Generator OQutput X] X X kX1 x X
AC Inverter Output Low
Converter Output Low
Rectifier OfF XIXIMEXIX X
Battery Low Charge
Battery Fault
AC ESS Bus Off
0C €ss Bus Off
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TABLE 18. CONTINUED.
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PARMMETER PRIORITIES MISS10M PHASE ENVIRONMENT DISPLAY

| 11 5
} |
‘ w 3
2 | gt =Ep.
EEEE  Ed B | (IIE efs fESZE
SEZE »%ggm SEE¥SD BE¢ 28823
AC toad Meter X « Ix)xdx ix X X
0C Load Meter X x| x}xixix X X
Engine Fire X B P X X X
FIt Path Stab Sys Fail | 1
Stabilator Auto Mode In Op i 3
Stabilator Position
| SAS Off X x| xixdx|x . X k

Pitch Blas Fallure

e

Gust tock Not Disengaged

1 §FF fn.Operafive




TABLE 18. CONTINUED.

PARAMETER PRIORITIES MISSION PHASE DIS‘PLAY
[ 1
i
: Ll
] i 0 >
z=41 e g 128, ©EEEsE
2!“3 'lc‘iﬁx E - e EHHMm
EaEs igsye Boloel EEE ZIEES
e£E8  (=88%3 |=x¥ESs 8D  133BES
Eng. Anti-lce On —‘
Pitot Heat On
Heater On ‘
Heater Hot X x Ixx X X
‘ Cargo Hook Open X xxK|x K
'I Cargo Hook Armed
{
.
Wheel Dephased X X X k
k Parking Brake On X X X L
Eng. Start Valve Open
Master Caution X X]x ’T X
- i Y RO o i .
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TABLE 19. OH-58C BASELINE INFORMATION REQUIREMENTS.

PARAMETER PRIORITIES MISSION PHASE ENVIRONMENT DI;I‘L}Y romai ) )
Il |
E 1 z:‘ =8
25 ] wl 295 EEs.
gz zt'w s 'gua i.—.t:—z_ga'

Eaed  BZEeE |5 LLLE BEE  EdsEs

SESE 28233 SxgE8y 8¢ 33889
Fuel Quantity X XX XXX 4 X
Fuel Low X xx I xIx X
Fuel Pressure
fuel Pressure Low
Fuel Filter Obstructed X x| x| xdxix
Prime Boost Pump On X |x X ¥ x X X
Fuel Boost Pressure Low |
Engine 011 Temperature X x §x xlx X X X
Engine 011 Temperature High|* X|X] X%y x X X
Engine 011 Pressure X X{xX|X}x| x X X
tngine 0il Pressure Low X XX )ﬁx X X X
Engine 011 Quantity
Engine 01) Quantity Low
011 Filter Bypass X x|x x| x x X
Engine Chip X xfx|X{x X X X
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TABLE 19. CONTINUED.
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PARMAETER PRIORITIES MISSTON PUHASE ENVIRONMENT DISPLAY FORMAY
! ! ;‘w ‘
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: ' 4| | oK §— fo)
Eg,.u@ el & |23, (E=EsE
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PR 2522 |Szprut 858 33Ex5
12 O =X dn =0 N4 ez up-4 CoVOUL
{
TIT
£GT X xx{x{ ,
N, x x| fx|x| o X |
i
b
Inlet Alr Pressure Negative
| l |
!
Ny X e el ] | |
Engine Out X X X x X
N, Control Loop Energized 11
3 ; 4
Ff i
: | SN 011 P
; XMSN ressure X XIX xjxix X X
[
XMSN 011 Pressure Low X xlx X XP( X X
\‘ XMSN 011 Temperature X ;E X ;‘( X X
) XMSN 011 Temperature Migh |x XL X ;l;( X [x
4
Chip Main XKMSN X xL( X xlx X
: Chip Int XMSN X ;L X xL | | X X
' Chip Tall XMSH X xp |x 4( X x
‘ AMSH 011 Bypass I .
A-1 DR JN W P A= -
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. TABLE 19. CONTINUED.

PARMIETER PRICRITIES MISSION PHASE ENVIRONMENT DISPLAY FORMAT
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EnEl gfscE| (5 LLLE 'EcB  lEgged ‘
SEEE r—gzg'm EE?E‘:’# 552 aguué
11
Na b X [x x| x{x X X
Main Rotor Overspeed
Low Rotor RPM !
'. 1
i f
; !
% Torque X XXX x{ 4 X
| g
Primary Servo Pressure Low
Mydrau)ic Pump Pressure Low X X)X|Xjxpx X X 1
ll Primary Servo Jam
1 Boost Servo Jam
} Y
‘ Boost Servo Pressure Low .
) Tatl Rotor Servo Pressure Low
§
Backup Pump On
Flight Control Hydraulic Pressure
4
Uti1ity Hydraulic Pressure




TABLE 19. CONTINUED.
PARMNMETER PRIORYITIES MISSION PHASE ENVIRONMENT NS?LAV FOM“

T

Ommrtnme——
—————————
-~

QUANTITATIV
QUALTTATIVE

COMBINED

Y
e+ ]

. —

ACCESS ONLY _

ALTITUDE
CONTINUAL
CAUTION
ADVISORY

CRITIC

MISSION
MAINTENANC]
URNEC
TAKEQFF
CRUISE
HOVER
LAND

X
RIGHT
DAY

WML

MC

NOE

APY Exhaust Temperature High

APY O1) Pressure Low

APU Overspeed

APU Underspeed

APY Sequence Fal)
APU Fire ‘ !

APU Generator On : | i

APU On

APYU Tachometer

Generator Output M xix Ix § xix X X

-——

AC laverter Output Low

Converter Qutput Low

.-

Rectiffer OfF

Battery Low Charge

Battery fault

AC €SS Bus Off

DL Ess Bus Off F

fxternat Povey Connec ted
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TABLE 19. CONTINUED.

PARAMETER PRIORITIES MISSION PHASE

SAFETY,
UNNECE

HOVER

TAKEOFF
LAND
SH

——
o ——

CONTINUAL
CRITI
QUANTTTATIVE

QUALITATIVE |
COMBINED
CAUTION

NIGHT
NOE
ALTITUDE
ACCESS ONLY

DAY

IMC

AC Load Meter

*
»
=
xR
x

DC Load Meter X

b

Engine Fire

FIt Path Stab Sys Fail |

Stabilator Auto Mode In Op i

Stabilator Position

‘ SAS Off

Pitch Blas Fatlure

.~

Gust Lock Not Disengaged

POSIESISINI SR TNy Ry PV Ty PEPESE VPR B

TAFF T Operat ive
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TABLE 19. CONTINUVED.

PARMMETER  PRIORITIES HISSI10N PHASE ENVIRONMENT DISPLAY

FORMAT

., - E
1 | Fd <o
gééa bae B ({1 ESs ESEER
28 (23EE%3| |Sapesh BRE  135E3s
Eng. Anti-lce Gn
Pitot leat On ] l
Heater On ‘ "

Heater Hot

Cargo Hook Open

3 Cargo look Armed

3 Parking Brake On

Eng. Start Valve Qpen
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TABLE 20. AH-1G BASELINE INFORMATION REQUIREMENTS.

PARMMETER PRIORITIES nl SPMV

MISSION PHASE

FORMAT

t

L L
; Pz
2 s < e a
: =T W a
3 o 8 28, [E£EER
_ .é.' =R .§.':u 5<<g§§,
2 5 SafEfd BEZ 88832
Fue) Quantity X |)( H
Fuel Low X X
Fuel Pressure X X X
Fuel Pressure Low X X X X
X

fuel Filter Obstructed

Prime Boost Pump On X

Fue) Boost Pressure Low

S <

1%

Governor Emergency X

Engine 01) Temperature

Engine 011 Temperature man

Engine 011 Pressure L

LEER. SR W% 1% [T

s

< [% |

Engine 0i) Pressure Low

Engine 011 Quantity

Engine 011 Quantity Low

011 Filter Bypass

Engine Chip

T
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TABLE 20. CONTINUED.
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PARAMETER PRIORITIES MISSION PMASE ENVIRONMENT FOMA’ T »
- % JE?
I 1 i < >
50 ol ig B
Eath  '5EEeEl |5 L\ME T
k > (W] oH «
S ZE 2ges2 SEEEES EELED
TI7
EGT X ij X X
My X xH< X
X xL# X
Inlet Alr Pressure Negative
Ny Ix x ){Jx X
Engine Out
N‘ Control Loop Energlzed
XMSN 011 Pressure X IXKIXIX
XMSN 011 Pressure Low x D K IxIx
XMSN 011 Temperature
XMSN 011 Temperature itigh X (X i‘ XX
Chip Main XMSN X X}( X|x L
Chip Int XMSN X XL XX }(
Chip Tail XMSN xk x|x k

XMSN 011 Bypass

>
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|
=
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|

o
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TABLE 20. CONTINUED.
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PARNMETER PRIORIIIES MISSION PHASE ENVIRONMENT DISPLAV FORMAT .
' ' > g' ]
5 4 o) s 12 EEgas |
ERLE Brecf |5 LLVK PR K5eRz
ILZ8 22833 |E¥E¢s 88% 32838 2
N X xf( X xk r( x |
Main Rotor Overspeed X x}( Xi x]x }( X
Low Rotor RPM X xk( xIxIx F *(
i
% Torque X F X : X
| :
'
Primary Servo Pressure Low
Hydraulic Pump Pressure Low
i Primary Servo Jam
| Boost Servo Jam
\
, Boost Servo Pressure Low
. -
. Tai) Rotor Servo Pressure Low
¢
Backup Pump On
Flight Contro) Hydraulic Pressure #x Jx Ix I xIx X X
Utility Hydraulic Pressure
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PARMMETER

TABLE 20. CONTINUED.

MISSION PHASE

DISPLAY

SARY

MAINTENANC
UNN
CRUISE

TAKEQFF,

SAFETY

MISSION

|
|
£

SHUTDOWN
ALTTTUDE

NIGHL

DAY
IMC

ONLY” i

ACCESS

APU Exhaust Temperature High

APU 011 Pressure Low

APU Overspeed

APY Underspeed

APU Sequence Fail

APV Fire

APU Generator On

APU On

APU Tachometer

Generator Output

AC Inverter Qutput Low

Converter Output Low

Rectifier Off

Battery Low Charge

Battery Fault

. AC €SS Bus Off

D Ess Bus Off
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TABLE 20. CCNTINUED.

PARAMETER PRIORITIES MISSION PHASE ENVIRONMENT DISPLAY FORMAT
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5:‘ | ) 4 5 ::':
BE b & 23, [EEBsE
Baty glEet (B VAE 'EER  Egped
SESE 28832 SREESES 887 |23838
AC Load Meter
DC Load Meter X X[ XIX{x §x k X
Engine Fire
F1t Path Stab Sys Faf} '
Stabdlator Auto Mode In Op i !
Stabilator Position
SAS OffF
Pitch Blas Fatlure
-
Gust Lock Not Disengaged
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TABLE 20. CONTINUED.

PARMMETER  PRIORITIES HISSION PHASE ENVIRONMENT DISPLAY FORMATY 1

| )
. ]
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BER by 1|l 28, (EEEsE
E,a'.‘%ﬁ} igSte! g LN EES  (EggER
ADES w8235 23&E2F '8B&X 880062
Eng. Anti-Ice On {
]
ﬁ A
!
% Pitot Heat On
: i
I | ]
Heater On '
Heater ot ‘
-
Cargo Mook Open
| Cargo Hook Armed
|
}
.
5 Parking Brake On
Eng. Start Valve Open
Master Caution X xx}( X {x X : X|
2
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TABLE 21. SIKORSKY PILOT CONSENSUS.
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gm | LI o cEgsy 28 55
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Fuel Quantity X xlx ﬂ fl X X L J d_!

Fuet Low X xlx L LA KD A X l '

Fuel Pressure | i

Fuel Pressure Low xlx}xxd x xpxfxbedxlx X ]_Ql !

Fuel Fidter Obstructed " x|xlxd xix x| x|x]x] | '

Prime Boost Puwp On |x XX x| X|X X l i ‘

fuel Boost Pressure Low X IX X1X X|X XIX X '

Engine 011 Tesperature | xlxlx Ix]x nER "

Engine 011 Tesperature Wigh vy el duly

Engine OV} Pressure el o Iduly

Engine 011 Pressure tow xl;x xx s Iy I xl

tngtne 01) Quantity N

fngine 011 Quantity Low X X xxdxdx k

011 Filter Bypass Xj:—_ oy X

Ingiae Chip X x b It xdx  lx I W % 4
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TABLE 21. CONTINUED.
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EGT o] ‘
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| L]
| I i
" x Pk e fx bkl kl1! K x
Engine Out X xxk K x K IXK I
N, Control Loop Energized X ' x x k & Ix 333333 k X
XMSH 01 Pressure
X xJxJdx]x xkdeckxl 1x X
XMSH Of1 Pressure Low X xpx Kk Ix[x xTxbx bk Kk kK X L(
XNSN O1) Temperature x xxk kI x| xhdck k X x o
IMSH 031 Temperature High X X X x| xk Kk k K K
Chip Maln XMSH x| 1] Xk K X XXk kK K K
(hip Int AMSH x| xhok kix xxxixkk k k K
Chip Tal) XMSN x| L1LL X x_k_M! x I k
XM5N 010 fypass X X 5( I Ix X IXK X Ixix k K P
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]
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; Baost Servo Pressure Low x  Ix Ik k xlx kk.‘ " ;
. )
) Tatl Rotor Servo Pressure Low X Hll xlx i
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1 3 Flight Contral flydraulic Pressure & b ke x {
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TABLE 21. CONTINUED.
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PARAMETER PRIORITIES HISSION PIASE ENVIRDHMENT DISPLAY FORMAY PONSE BACK
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s o) Bl 23, |EEEBsf 2B xz
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2% 2EE33 CREEES BEY 33838 85
APY Exhaust Temperature High X X XX I xix X X X I)( !
]
APU Oft Pressure tow X I XX Ix L( K X X ‘X l
bl
APU Overspeed Ix K X IX I K - X !l '
- ;
APU Underspeed X K X I X XL( X K X I X le ; ; b
. l :
APY Sequence Fall Ix k DX I XIXEX X LX 'l X
APU Flre X ' k b Ix pxpdxdx Ix ' Ix X lx
APU Generator On X l k I Ix Ix XL X X i X :
APU On X X LA b b | Ix "
“APU Tachometer x X Jddiddl s X X
Generator Output X X [ xpxix Ix x]xkIxk Ix X X &
AC Inverter Output Low X x [xhxdx Ix X b I xdx X ’ |
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2 TABLE 21. CONTINUED. !

Additional Aress

Please answer the following questions:

Can you think of any other items of subsystem information that should be displayed
E in future helicopters?

Rate of change data during 1imit approach or excedance.

Which caution/warning 1ights have you found illuminate most frequently?
How frequently? During what conditions?

Chip Detectors
FPS/stabilator - due to SAS/FPS computer problems shutting system down

3 Electrical system

Are there any cautfon/warning 1ights that you have found to be unreliable?

e

Chip detectors

Fire warning

T
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TABLE 21. CONTINUED.

What aspects of subsystem monitoring have you found to be most problematic,
annoying, or distracting during NOE f1ight?

How do you feel about presenting information through voice warning systems or
through beeps, tones, etc.?

Mixed reactions, from: "noise distracting” to "love it".

What problems do you see arising with systems that require you to push buttons
to obtain information about subisystems?
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TABLE 22. CONTINUED.

Additional Areas

Please answer the following questions:

Can you think of any other items of subsystem information that should be displayed
in future helicopters?

VNe:  Approaching or exceed

Speed trim not extending/retracting with change in airspeed
Fuel flow meters

Digital readout for weight on hook

Which caution/warning 1ights have you found illuminate most frequently?
How frequently? During what conditions?

Chip detector (engine)

Wheel dephased

Are there any caution/warning lights that you have found to be unreliable?
v Engine chip
XMSN chip

Fire handle
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TABLE 22. CONTINUED.

What aspects of subsystem monitoring have you found to be most problematic,
annoying, or distracting during NOE flight?

Monitoring engine indications not backed up by caution lights

How do you feel about presenting information through voice warning systems or
through beeps, tones, etc.?

Excellent, so long as they don't interfere with communications, and so long as beeps/
tones are not confused with other aircraft sounds.

Problematic where sensors are unreliable.

Should allow for re-set turnoff.

What problems do you see arising with systems that require you to push buttons
to obtain information about subisystems?

Recommend cyclic/thrust locations.
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TABLE 23. CONTINUED.

Additiona) Areas

Please answer the following questions:

Can you think of any other itews of subsystem information that should be displayed
in future helicopters?

1. A system to inform the pilot where hits were scored on his A/C while in a
combat environment. Damage report if you will,

S?nf type of load measure to inform the pilot of the weight he is about to
pick up.

An indication of the presence of ice on the blades.

An indication of a door that is not secure.

A sequence Tight for starting procedure and shutdown procedure, if proper
sequence is not followed 1ight comes on.

Display of the proper emergency procedure to accompany the cautiom light
or :udio instructions to each the pilot and copilot as to their proper
actions.

7. Fuel management system

.

o [LF X R ~
. PR

Which caution/warning 1ights have you found illuminate most frequently?
How frequently? During what conditions?

Eng. Fire - The frequency depends on the A/C - Usually during runup
Chip Lgt. - " - Varied
Rec. Lgt. - " - Usyally during runup

Are there any caution/warning 1ights that you have found to be unreliable?

Unfortunately, the chip lights usually are unreliable.
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TABLE 23. CONTINUED.

What aspects of subsystem monitoring have you found to be most problematic,
annoying, or distracting during NOE f1ight?

1 am not qualified to respond as to NOE hawever using similar techniques
in civilian work ! found gauges in general to be annoying and difficult to

read.

Yow do you feel about presenting information through voice warning systems or
through beeps, tones, etc.?

GREAT---provided! audio systems should present the information in much the
same manner as a copilot would. ie,a tone to inform you a message is coming
then a brief, concise description of the problem.

what problems do you see arising with systems that require you to push buttons
to obtain information about subsystems?

Without a copilot to assist you alot! With a copilot very little if any

examples: control while hand and eye are pushing buttons, errors in pushing
the right buttons.
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TABLE 24. CONTINUED.
Additional Areas

Please answer the following questions:

Can you think of any other items of subsystem information that should be displayed

in future helicopters?

A/S below effective translational lift.
Mast movement indicator on rigid rotors,

Which caution/warning 1ights have you found illuminate most frequently?
How frequently? During what conditions?

Are

Aux. Fuel Low

RPM High

Engine Chip

Fire Warning Light (UH-1H)

Fuel Boost Pumps During Cruise

Tail Rotor Chip

DC Gen. - at low RPM after autorotation
Hydraulics Off

there any caution/warning 1ights that you have found to be unreliable?

At times hydraulic pressure warning will not illuminate for several seconds
after system is {noperative. (Uk-1)

20 min. fuel light

Fire warning (UH-1K)
Hydraulics Off
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TABLE 24. CONTINUED.

What aspects of subsystem monitoring have you found to be most problematic,
annoying, or distracting during NOE f1ight?

Eng./XMSN instruments in new A/C,
#, %, tic marks difficult and time consuming to interpret.

Electrical system monitoring

How do you feel about presenting information through veice warning systems or
through beeps, tones, etc.?

Excellent, especially as backup.

Recommend visual backup.

Washout problem possible.

Recommend incorporation of procedural info,
Recommend preceding tone to message.

What probliems do you see arising with systems that require you to pysh buttons
to obtain information about sobsystems?

- ——————

! Possible confusion
s System failure?
'& Reaction - actuation delay
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1.

2.

3.

5.

6.

[Budbore s it

TABLE 26. SIGNAL SOURCE IMPROVEMENT AREAS.

Capacitance Probe (Fuel

Reliability - 1100 hrs.

Accuracy - .6% analog, .25% digital

Improvements - Plug-in circuit boards, external test points, improved
component reliability

Thermistors {Low Fuel]

Reliability - 1100 hrs.
Improvements - (Calculation of time remaining rather than quantity
remaining

Variable Reluctance Sensor (XMSN 0i1)

Reliability - 4000 hrs.

Accuracy - 5%

Improvements - Improve accuracy to 1 - 2% with metallized diaphragm with
semi-conductor bridge

Temperature Sensor (XMSN 0i1)

Reliability - Satisfactory
Accuracy - 430
Improvements - *1.20C achievable

Thermistor (Engine 011 Temp)

Reliability - 2500 hrs,
Accuracy - #30C
Improvements - ¥1.2°C achievable

Transducer (Engine 011 Pressure)

Reliability - 4000 hrs,

Accuracy - 5%

Improvements - 1 - 2% achievable via metallized diaphragm with semi-
conductor bridge
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9.

10.

1.

]2.

TABLE 26. CONTINUED.

7. Thermocouple Harness Probe (TIT)

Reliability - Satisfactory
Accuracy - 5%
Improvements -  #3% possible with multiple eiement probes; grounding of

thermocouple elements is sometimes a problem th
be solved with closed probes P that may

Tach Pulse Sensor {Ng, N

Retiability - 5000 hrs.
Accuracy -~ 5% of full scale
Improvements - .1 - .2% achievable; need for improving critical gap problems

Shaft Twist Sensor (Torque)
Reliability - Satisfactory

Accuracy - 1% of full scale
Improvements - Use of shaft twist with measurement of phase of pulses

IR Sensor (Fire)

Reliability - Satisfactory
Improvements - Improvements in circuitry and false warnings by ambient
IR contamination

Chip Detection (Engine, XMSN)

Reliability - 3000 hrs.

Improvements - Ability to distinguish "fuzz” from "chip"; fuzz burnoff;
possible combination of magnetic with electrical grid as
filtering system; measurement of debris for maintenance
purposes

Mechanical Limit Switch (011 Filter Pressure Differential)

Reliability - Satisfactory
Improvements - Possible combination of reading with manifold pressure
reading for diagnostic purposes
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13.

14.

TABLE 26. CONTINUED.

DC Power Monitor

Improvements - Develop an improved method of monitoring status of DC bus.
Present method provides only go/no-go information, and there
is need for a more sophisticated system capable of warning
of degraded operation.

Fuel Flow Measurement

Reliability - Mass flow type sensor is fair. Volumetric type is excellent.

Accuracy - 1 - 2% of 800 1b/hr e

Improvements - Mass flow contamination is a problem; volumetric type requires
temperature compensation, and use of microprocessor is
recommended.

15. Aircraft Weight Measurement

Improvements - Investigate locating weight sensors on landing gear and other
locations to facilitate aircraft weight and CG measurement.
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LEGEND: TABLES 27-30.
Column Code Explanation
Dimensions # Quantitative dimension only dis-
played
Q Qualitative dimension only dis-
played
B Both qualitative and quantita-
tive dimensions displayed
System Fuel Related fuel system parameters
also displayed
Engine Related engine system parameters
also displayed
XMSN Related XMSN system parameters
also displayed
Hydraulic Related hydraulic system para-
meters also displayed
Electrical Related electrical system para-
meters also displayed
APYU Related APU system parameters
also displayed
{
! Auto Response D Ruto response is desirable and
f should be considered
. N No desirability of auto response
Q beyond that currently available
i
Auto Feedback D Feedback indicating auto re-
i sponse performed is desirable
i N Feedback not desirable
Auto Recording D Auto recording of parameter
variables is desirable
N Auto recording of parameter

variables is not desirable

~
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LEGEND. CONTINUED.

Column Code Explanation
Urgency 1 Safety Critical
2 Mission Essential
3 Maintenance required/advisory
- Optionally accessed, no
urgency assigned
Priority 1,2,...,N Ranked priority of message
* Optionally accessed, no
priority assigned
Display Logic W Warning Message, Displayed by
Exception
C Caution Message, Displayed by
Exception
p Precaution Message, Displayed
By Exception
M Manually accessed information
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TABLE 31. UH-60A RELATED SYSTEM PARAMETERS.

System Parameters
Fuel Time Remaining (#1, #2, Total)
Lbs Remaining (#1, #2, Total)
Pressure (#1, #2)
Engine Torque (#1, #2)
NR
NP (#1, #2)
NG (#1, #2)
TGT (#1, #2)
0il1 Temp (#1, #2)
0i1 PSI (#1, #2)
XMSN Pressure
Temperature
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TABLE 31. CONTINUED.

Fuel Parameters
Hydraulics F1t Ctrl Pressure (#1, #2)
Primary Servo Pressure (#1, #2)
T/R Servo Pressure (#1, #2)
Electrical DC Gen Output (#1, #2)
AC Conv Output  (#1, #2)
AC Ess Bus Status
DC Ess Bus Status
Pri Bus Status (#1, #2)
Monitor Bus Status (#1, #2)
APU NP
EGT
0i1 PSI

Accumulator PSI
Generator Output
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TABLE 32. CH-47C RELATED SYSTEM PARAMETERS.

System

Parameters

Fuel

Time Remaining (Main, Fwd Aux, Aft Aux: #1,
#2, Total)

Lbs Remaining (Main, Fwd Aux, Aft Aux: #1, #2,
Total)

Pressure (Main, Fwd Aux, Aft Aux: #1, #2)

Engine

Torque (#1, #2)

NR

NP (#1, #2)

NG (#1, #2)

Egt (#1, #2)

0i1 Temperature (#1, #2)
0i1 PSI (#1, #2)

0i1 Quantity (#1, #2)

XMSN

Pressure (Fwd, Aft, Mix, Left, Right)
Temperature (Fwd, Aft, Mix, Left, Right)

Hyraulics

F1t Ctrol PSI (#1, #2)
Util Hyd PSI  (#1, #2)
Boost Servo PSI

Electrical

DC Gen Output (#1, #2)
AC Rect Output (#1, #2)

APy

NP

EGT

0i1 PSI
Accumulator PSI
Gen Qutput Status
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TABLE 33. AG-1G RELATED SYSTEM PARAMETERS.

System Parameters

Fuel Time Remaining
Lbs Remaining
Pressure i ﬁ

Engine Torque

NR

NP

NG

EGT

0i1 PSI

0i1 Temperature

XMSN Pressure
Temperature
|
| Hydraulics PSI (41, #2)
. Electrical DC Gen Output

E oo

AC Inv Output




TABLE 34. OH-58C RELATED SYSTEM PARAMETERS.

System Parameters

Fuel Time Remaining
Lbs Remaining
Pressure

Engine Torque ;
NR
NP
NG
TOT
0i1 PSI y
0i1 Temperature

t
XMSN Pressure
Temperature
|
f Hydraulics Pressure
f Electrical DC Gen Output

d AC Inv Output




TABLE 35. UH-60A PRIORITIZATION.
WARNING MESSAGES

Priority Message Trigger
. 1 Low Rotor RPM NR <90%
2 #1 Engine Out NG <55%
3 #2 Engine Out NG <55%
4 #1 Engine Fire -~
. 5 #2 Engine Fire --
6 APU Fire --
CAUTION MESSAGES
Priority Message Trigger
7 Low Rotor RPM NR <95%
8 Stabilator Inop .-
9 #1 Overtorque TRQ >114%
10 #2 Overtorque TRQ »114%
11 Main Rotor overspeed NR >125%
12 IFF Inoperative --
13 #1 NP High/Low NP >110%, <90%
14 #2 NP High/Low NP >110%, <90%
15 #1 Fuel Pressure Low Press <8.5 PSI
16 #2 Fuel Pressure Low Press <8.5 PS]
17 #1 NG High NG >104%
j 18 #2 NG High NG >104%
19 XMSN 017 Press Low/High Press <25, »>130 PSI
! 20 XMSN 041 Temp High Temp >140%C
,’. 2 Chip Matn XMSN --
: 22 Chip Intermediate XMSN -~
* 23 Chip Tail xMsh -
; 4 f1 Engine Chip -
25 #2 Engine Chip -- J
3
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TABLE 35. CONTINUED.

Priority Message Trigger

26 #1 Eng 011 Press Low/High Press <25, »>100 PS!
27 #2 Eng 041 Press Low/High Press <25, >100 PSI
28 #1 Eng 011 Temp High Temp >150°C

29 #2 Eng 011 Temp High “Temp >150°C

30 #1 TGT High TGT >850°¢

31 2 6T High T6T >850°C

32 #1 PRI Servo Press Low Press <2000 PSI
33 #2 PRI Servo Press Low Press <2000 PSI
34 #1 PRI Servo Jam -

35 #2 PRI Servo Jam --

36 Tail Rotor Servo Jam --

37 #1 HYD Pump Press Low Press <2000 PSI
38 #2 HYD Pump Press Low Press <2000 PSI
39 #1 Fuel Low < 30 Mins

40 #2 Fuel Low < 30 Mins

41 SAS Off .-

42 F1t Path Stab Sys Inop -~

43 DC Ess Bus Off .-

44 AC Ess Bus Off -

45 Pitch Bias Failure -

46 #1 Gen Output Low --

47 #2 Gen OQutput Low .-

48 #1 Conv Output Low --

49 #2 Conv Output Low --

50 Boost Servo Jam --

51 #1 011 Filter Bypass -

52 #2 011 Filter Bypass --

$3 XMSN 011 Bypass --

54 #1 Fuel Filter Bypass .-

55 #2 Fuel Filter Bypass .-

56 Battery Fault --

57 Battery Low Charge --

58 APU Fail .

59 Gust Lock Not Disengaged .-

60 External Pwr Connected .-
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TABLE 35. CONTINUED.

PRECAUTION MESSAGES

Priority Message Trigger
61 #1 Overtorque TRQ >104%
62 #2 Overtorque TRQ >104%
63 Main Rotor Overspeed NR >1033%
64 #1 NP High/Low NP >103%, <95%
65 #2 NP High/Low NP >103%, <95%
66 #1 NG High NG >102%
67 #2 NG High NG >102%
68 XMSN 0i1 Press Low/High Press <35, >65 PSI
69 YMSN 011 Temp High Temp >120°C
70 #1 Eng 0i1 Press Low/High Press <45, >80 PSI
n #2 Eng 0il1 Press Low/High Press <45, >80 PSI
72 #1 Eng 011 Temp High Tery >135%C
73 #2 Eng 011 Temp High Temp >135°C
78 #1 TGT High 16T >775%
75 #2 TGT High T61 >775°%C
76 #1 Fuel Low Settable
77 #2 Fuel Low Settable
ADVISORY MESSAGES
Priority Message Trigger
78 Backup Pump On --
79 Cargo Hook Qpen --
80 Cargo Hook Armed -
81 Prime Boost Pump On --
82 APU On --
83 APU Gen On .-
84 Pitot Heat On .-
85 Engine Start valve Jpen --
86 Parking Brake On --
87 #1 Eng Anti-Ice On --
88 #2 Eng Anti-Ice On --
89 Landing Light On -
90 Fuel Precaution Set At Settable
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WARNING MESSAGES

TABLE 36. CH-47C PRIORITIZATION.

Priority Messa Trigger

1 Low Rotor RPM NR <90%

2 #1 Engine Out NG <55%

3 #2 Engine Out NG <55%

4 #1 Engine Fire -

5 #2 Engine Fire -

6 APU Fire -

CAUTION MESSAGES
Priority Message Trigger

7 Low Rotor RPM NR <95%

8 #1 Overtorque TRQ >114%

9 #2 Overtorque TRQ >114%

10 Main Rotor Overspeed NR >125%

11 IFF Inoperative --

12 #1 Main Fuel Press Low Press <10 PSI
13 #2 Main Fuel Press Low Press <10 PSI
14 #1 fwd Aux Fuel Press Low Press <10 PSI]
15 #2 Fwd Aux Fuel Press Low Press <10 PSI
16 #1 Aft Aux Fuel Press Low Press <10 PSI
17 #2 Aft Aux Fuel Press Low Press <10 PSI
18 #1 Xfeed Fyel Valve --

19 #2 Xfeed Fuel Valve .-

20 #1 Engine Fuel Valve --

21 #2 Engine Fuel Valve .-
22 #1 NG High NG »104%

23 #2 NG High NG >104%

24 Fwd XMSN 011 Press Low/High | Press <20, >90 PSI
25 APt XMSN 011 Press Low/High | Press <20, >90 PSI
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TABLE 36. CONTINUED.

CAUTION MESSAGES, cont.

Priority Message Trigger
26 Mix XMSN 011 Press Low/High Press <20, >90 PSI
27 Left XMSN 041 Press Low/High | Press <20, >90 PS1
28 Right XMSN 0i1 Press Low/High| Press <20, >90 PSI
2 Fwd XMSN 01 Temp High Temp >140°C
30 Aft XMSK 01 Temp High Temp >140°C
31 Mix XMSN 011 Temp High Temp >140°C
32 Left XMSN 01 Temp High Temp >140°C
33 Right XMSN 011 Temp High Temp >140°C
34 XMSN Chip -
35 #1 Engine Chip -
36 #2 Engine Chip -
37 #1 Engine 011 Press Low/High | Press <40, >110 PSI]
38 #2 Engine 011 Press Low/High | Press <40, >110 PSI
39 #1 Engine 011 Temp High Temp >138°C
40 #2 tngine 0i1 Temp High Temp >138°%
4] #1 Engine Of1 Quantity Low Qty <2 qts
42 #2 Engine 011 Quantity Low Qty <2 qts
43 #1 EGT High £6T >620°¢
4 #2 EGT Nigh 6T >620°C
45 #1 HYD Pump Press Low Press <2500 PSI
46 #2 HYD Pump Press Low Press <2500 PSI
47 #1 Main Fuel Low <30 Mins
48 #2 Main Fuel Low <30 Mins
49 71 Fwd Aux Fuel Low <30 Mins
50 #2 Fwd Aux Fuel Low <30 Mins
51 #1 Aft Aux Fuel Low <30 Mins
52 #2 Aft Aux Fuel Low <30 Mins
53 SAS Off -
54 41 Gen Output Low -~
55 #2 Gen Output Low -
56 #1 Rect Output Low --
57 #2 Rect Qutput Low --
58 Boost Servo Press Low .-
59 Utility Hyd. Press Low .-
60 APU Fail .-
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TABLE 36. CONTINUED.
CAUTION MESSAGES, cont.

Priority Message Trigger
61 External Pwr Connected .-
62 Whee) De-Prased -
63 Heater Hot -
PRECAUTION MESSAGES
Priority Message Trigger
64 #1 Overtorque TRQ >104%
65 #2 Overtorque TRQ >104%
66 Main Rotor Overspeed NR >103%
67 #1 NG High NG >102%
68 #2 NG High NG >102%
69 Fwd XMSN 0i1 Press Low/High | Press <30, >80 PSI
70 Aft XMSN 01) Press Low/High Press <30, >80 PS}
n Mix XMSN 011 Press Low/High | Press <30, >80 PSI
72 Left XMSN 011 Press Low/High | Press <30, >80 PSI
73 Right XMSN Ol Press Low/High| Press <30, >80 PSI
74 Fwd XMSN 011 Temp High Temp >130°C
75 ATt XMSN 01) Temp High Temp >130°C
76 Mix XMSN 011 Temp High Temp >130°C
77 Left XMSN 0l Temp High Temp >130°C
78 Right XMSN 0i1 Temp High Temp >130%C
79 #1 Engine Of) Press Low/lifigh [ Press <50, >90 PSI
80 #2 Engine 011 Press Low/High | Press <50, >90 PSI
81 1 Engine 011 Temp High Temp >130°C
82 #2 Engine 011 Temp High Temp >130%C
83 #1 EGT High £6T »570%
84 #2 EGT High EGT >570°C
85 #1 Main Fuel Low Settable
86 #2 Main Fuel Low Settable
87 #1 Fwd Aux Fuel Low Settable
88 #2 Fwd Aux Fuel Low Settable
89 #1 Aft Aux Fuel Low Settable
% #2 Aft Aux Fuel Low Settable
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TABLE 36. CONTINUED.
ADVISORY MESSAGES

Priority Message Trigger
91 #1 M1 CTRL Loop Energfzed --
92 #2 M) CTRL Loop Energized -

93 Cargo Hook Open -
94 Parking Brake On -
95 Fuel Precaution Set At Settable
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TABLE 37.AH-1G PRIORITIZATION.

WARNING MESSAGES
Priority Message Trigger
1 Low Rotor RPN NR <903
Engine Out NG <55%
3 Engine Fire -
i CAUTION MESSAGES
Priority Message Trigger
4 Low Rotor RPM NR <95%
5 Overtorque TRQ >114%
6 Main Rotor Overspeed NR >125%
3 7 1FF Inoperative --
8 NP High/Low NP >110%, <90%
9 Fuel Pressure Low Press <5 PS]
10 NG High "G >104%
1 YMSN 0i1 Press Low/High Press <30, »>70 PSI
12 XMSN 011 Temp High Temp >110%
13 Chip Main XMSN -
14 Chip Intermediate XMSN --
’ 15 Chip Tail XMSN .
i 16 Engine Chip --
| 17 Engine 011 Press Low/High Press <25, >110 PSI
‘. 18 Engine 011 Temp High Temp >100°
. 19 EGT High 6T >625°¢
) 20 #1 HYD Press Low --
§ 21 #2 HYD Press Low -
22 fuel Low <30 Mins
3 23 OC Gen Output Low .-
24 AC Inv Qutput Low -
25 011 Filter Bypass .
b
r
4
236
. s T e ey e -




R e

TABLE 37. CONTINUED.

Priority Message Trigger
26 XMSN 011 Bypass --
27 Fuel Filter Bypass --
28 Fwd Fuel Boost Press Low -
29 Aft Fuel Boost Press Low -
30 External Pwr Connected -~

PRECAUTION MESSAGES

Priority Message Trigger
31 Overtorque TRQ > 104%
32 Main Rotor Overspeed NR >103%
33 NP High/Low NP> 103%, <95%
34 NG High NG >102%
35 XMSN 011 Press Low/High Press <40, >60 PSI
36 XMSN 011 Temp High Temp 105%C
37 Engine 011 Press Low/High Press <80, >100 PSI
38 Engine 011 Temp High Temp >93%
39 £6T High £6T5610°C
40 Fuel Low Settable

ADVISORY MESSAGES

Priority Message Trigger

41 Fuel Precaution Set At Settable
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TABLE 38. OH-58C PRIORITIZATION.

MARNING MESSAGES
priority Message Trigger
1 Low Rotor RPM NR <90%
2 Engine Out NG <55%
3 Engine Fire --
CAUTION MESSAGES
priority Message Trigger
4 Low Rotor RPM NR <95%
5 Overtorque TRQ >114%
- 6 Rotor Overspeed NR >110%
7 1FF Inoperative --
8 NP Low/High NP <95%, >105%
9 Fuel Pressure Low T80
10 NG High NG >105%
11 XMSN 01) Press Low/High Press <30, >70 PSI
12 XMSN 011 Temperature High Temp »>110°C
13 Chip Main YMSN .
14 Chip Intermediate XMSN -
15 Chip Tail XMSN --
16 Engine Chip -
17 Engine 0f] Press Low/High Press <50, »130 PS!
18 Engine 011 Temperature High | Temp >107%C
’ 19 TOT High TOT »810°C
l 20 Hydraulic Pressure Low -~
| 21 Fuel Low < 30 Mins
1" 22 DC Generator Output Low --
Y 23 AC Inverter Output Low -
, 24 011 Filter Bypass --
$ 2 Fuel Filter Bypass -
26 Fue) Boost Pressure Low --
N\
N\
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TABLE 38. CONTINUED.

PRECAUTION MESSAGES

Priority Message Trigger
17 Overtorque TRQ >104%
28 Rotor Overspeed NR >103%
29 NP Low/High NP <98%, >102%
30 NG High NG >102%
31 XMSN 011 Pressure Low/High Press <40, >60 PSI
32 XMSN Temperature High Temp >105°C
33 Engine 011 Pressure Low/High | Press <110, >120 PSI
U Engine 011 Temperature High | Temp >100°C
35 TOT High TOT >738%C
36 Fuel Low Settable
ADVISORY MESSAGES
Priority Message Trigger
37 Fuel Precaution Set At Settable
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TABLE 39. RELATED PARAMETER GROUPS.

Sroup Pyrameters
1 Engine Torque (Q) MNo. 1 & Mo. 2

Rotor Speed (NR)

Power Turbine Speed {Np) Mo. 1 & Mo. 2
Gas Generator Speed (Ng) No. 1 & No. 2

Gas Turbine Temperature (TGT) No. 1 & No. 2
Engine 011 Pressure (Po) No. 1 & No. 2
Engine 011 Temperature (To) No. ) & No. 2
Engine Fire  No. 1 & No. 2

Engine Chip No. 1 & No. 2

011 Filter Bypass No, 1 & No. 2

2 Fuel Pressure No. 1 & No. 2
Fuel Low No. 1 & No. 2
Total Fuel

Fuel Filter Bypass No. 1 & No. 2

3 Transmission 011 Pressure
Transmissfon 011 Temperatyre
Transmission 011 Bypass
Chip, Main Transmission
Chip, Intermediate Transmission
Chip, Tail Transmission

4 Hydraulic Pump Pressure No. 1 & No. 2
Primary Servo Pressure No. 1 & No, 2
Tat) Rotor Servo Pressure
I 8003t Servo Pressure
Pitch Bias Fatlure

-
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TABLE 39. CONTINUED. f

Srouwp Parameters

1 Generator Output No. 1 & No. 2
Convertor Output No. 1 & No. 2
DC Essential Bus  ON/OFF
AC Essential Bus  ON/OFF
Battery Fault
Battery Low Charge

6 APU Power Turbine Speed ]
AU Gas Temperature .
APU 011 Pressure
Accumulator Pressure
APU Generator Output

AU Fail
APU Fire
3
7 Stabilator Auto Mode Inoperative
b Flight Path Stabi)ization System lnoperative
;‘ SAS Off
1
]
) 8 IFF Inoperative
{
H
3
%
i
1
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Low Cost

Temperature to 300%C

Vibration Tolerant

Low Cross Talk

No Cross Talk

EMI Noise Immunity

Total Electrical Isolation

No Spark/Fire Hazards

No Short-Circuit Loading

No Ringing/Echoes

EMP Immunity

Temperature to 1000%C

Weight Savings

Decreased Stze

Bandwidth Capability
(300 meters)

r 4
R

TABLE 40. PROPERTIES OF DATA TRANSMISSION CABLES. o

Fiber Optics Coax Twisted Pair

X
X X
X X

M M M M I M I I M x I M M

200 MHz 20 Mz 1 Mz
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TABLE 4]. SSM WORKLOAD REDUCTION FEATURES.
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TABLE 42. SSM DELTA ESTIMATES: AIRCRAFT WEIGHT

AIRCRAFT t
s N U E
3
UHEO-A + 60 + 5 + 5 '
Cw7-C +3 -5 -3
MG + 100 +60 + 80
H58-C +105 *e t*t

SOA: state-of-the-art (current) design; NT: near-temm design;
LT: long~term design. Consult text for qualification of these
estimates (Task IV).




TABLE 43. UH-60A LIFE CYCLE COST ESTIMATES.

VERSION RLEET LCC DELTA PER AIRCRAFT LCC DELTA
N (5 YRS) $12,000,000 $11,000
LT (10 YRS) $22,000,000 $25,000

(1979 CONSTANT DOLLARS!

Consult text for qualification of these estimates.
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NAME :

TOTAL

PHONE :

APPENDIX B: PILOT QUESTIONNAIRE.

SUBSYSTEM STATUS MONITOR

ORGANIZATION:

HELICOPTER HOURS:

Hours UH-1

Hours OH-58

Hours AH-1

Hours CH-47

Hours UH-60A _
A
. NOE HOURS:
?

NIGHT HOURS:

CURRENT HELICOPTER ASSIGNMENT:

246
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Explanations and Directions

The purpose of this questionnaire is to survey the opinions of experienced
helicopter pilots in order to determine ways of reducing crew workload during
NOE Flight. The questionnaire is limited to methods of displaying and respond-
ing to sybsystem status monitoring information. You are asked to consider care-
fully a variety of items of subsystem information, and to decide whether the
information is necessary, and when and how it should be displayed so that the
crew's workload may be reduced. Your careful decisions will influence the
design of future subsystem monftors in helicopters.

Please consider each item of information in the 1ight of the following
decision areas:

I. Priorities

Explanation

In this section you are asked to decide whether it is necessary for you
to be informed of the status of various subsystems, and to explain what
makes this information necessary.

Directions
Mark an X in the column labeled:

Safety - If you decide that it is difficult or impossibie to maintain the
safety of the helicopter and its crew without this information

Mission - If you decide that it is difficult or impossible to complete a
mission without this information (even though the information is

not necessary for maintaining the safety of the aircraft and crew).

Maintenance - If you decide that the information is necessary to assist you
Tn recommending maintenance items (even though the information 1s
not necessary to maintain safety or to complete a mission)

Unnecessary - If you decide that the information is not necessary in
order to maintain safety, compiete a mission, or recommend
maintenance.

* Only one (1) column should be marked for each item of information con-
sidered in this section.

** 1f you mark the UNNECESSARY column for an item, there is no need to
continue to the other sections for that item.
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I11.

Mission Phase

——————————

Explanation

In this section you are asked to explain when during & typical mission
it {s necessary for you to be informed of the status of various subsystems,
and when during 2 typical mission the information is unnecessary.
Directions
Mark an X in the column labeled:

TAKEOFF - if you decide the information is necessary before, during, or
immediately after takeoff.

CRUISE - 1f you decide the information is necessary during cruise

qp———"

=4

OVER - if you decide the information is necessary during hover

——

—

AND - if you decide the information is necessary during landings.

SHUTDOWN- if you decide the information is necessary immediately before,
during, or after shutdown

* More than one column may be marked for each item of information
considered in this section.

Environment

Explanation

In this section you are asked to explain the environmental conditions
during which 1t is necessary for you to be informed of the status of various
subsystems, and the environmental conditions during which the information
is unnecessary.

Directions
Mark an X in the column labeled:

NIGHT - {if you decide the information is necessary during night flight

DAY - {f you decide the information is necessary during daytime flight
e - {f you decide the information is necessary during VMC flight

IMc - 1f you decide the information is necessary during the IMC flight
NOE - if you decide the information is necessary during the NOE flight
ALTITUDE- 1f you decide the information s necessary during flight at ALTITUDE

* More than one colum may be marked for each item of information considered
in this section.
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. 1v. Display

Explanation

In this section you sre asked to decide whether it is necessary to
display items of information at all times, or whether other means of
display are more appropriate.

Directions
Mark an X in the column labeled:
CONTINUAL - if you decide that the information must be displayed at

all times ?

CRITICAL ONLY - 1f you decide that the information must be displayed only to
announce a critical condition affecting aircraft safety
or mission completion

ACCESS ONLY - §f you decide that the information must be displayed only
through call-out by pilot or copilot

* Only one (1) column should be marked for each item of information con- |
sidered in this section.

V. Format

Explanation

‘ In this section you are asked to decide upon the least amount of content
j required to display the necessary information for the various subsystems.

| Directions
Mark an X in the colum labeled:

- QUANTITATIVE - 1f you decide that numerical (scale or digital) information
? must be displayed

QUALITATIVE - if you decide that numerical information is not necessary, but
that both "within 1imits" and “beyond limits" indication
‘ is necessary.

COMBINED - 1f you decide that it 1s necessary to display both numerical
and within/beyond 1imits information simultaneously

CAUTION - 1f you decide that i{s is necessary only to display “beyond
limits" information.

ADVISORY ~ {f you decide that it 1s necessary only to be advised that the
system is engaged or in operation.

* Only one (1) column should be marked for each item of information in this
section.
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Resoponse

Explanation

In this section vou are asked to decide whether it would be desirable to
incorporate an automated response to the information displayed, or whether
the crew must respond to the condition displayed.

Directions
Mark an X in the column labeled:

AUTO DESIRABLE - if you decide that it would be desirable to automate
the response to the information displayed

AUTO NOT DESIRABLE - if you decide that it would not be desirsble to auto-
mate the response to the information displayed, and that
~ the crew must respond to the condition.

* Only one (1) colum should be marked for each item of information considered
in this section.

*+ If you mark AUTO NOT DESIRABLE for an item, there is no need to proceed
to the next Section for that item.

VI1. Feedback

Explanation

In this section you are asked to consider those items which you
have marked AUTO DESIRABLE, and to decide whether it is necessary to
inform the crew that such an automated response has been made.

Directions

Mark an X in the colum labeled:

Display - if you decide that it is necessary to inform the crew that the
automated response has been made

Display Unnecessary - if you decide that it fs not necessary to inform
crew that the automated response has been made

* Only one (1) colum should be marked for each item of information considered
in this section.

VIII, Remarks

In this section you are asked to include any remarks, comments, suggestions,
or problems that occur to you in considering each subsystem. -

Especially useful would be remarks such as: “This {nformation is unnecessary
so long as (some other information) is provided."”
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Additional Areas

Please answer the following questions:

Can you think of any other items of subsystem information that should be displayed
in future helicopters?

Which caution/warning lights have you found i1luminate most frequently?
How frequently? During what conditions?

-

Are there any caution/warning 1ights that you have found to be unreliable?
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wWhat aspects of subsystem monitoring have you found to be most probiematic,
annoying, or distracting during NOE #1ight?

How do you feel about presenting information through voice warning systems or
through beeps, tones, etc.?

What problems do you see arising with systems that require you to push buttons
to obtain information about subsystems?
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APPENDIX C: CONTROL ALLOCATION CONCEPTS

"Control allocation"is a term referring to the decision-making
program by which a computer monitors system operation, decides when
corrective response is required, and decides whether to perform the
corrective response automatically or to inform the human operator
of the condition, allowing him to perform the response.

The emphasis in control allocation is upon software programming
combining an open loop option (assigning control to the pilot) with
closed loop features (automatic response by the machine) into a single
monitoring controller, as opposed to systems which isolate machine from
human control, or assign control allocation decisions to the human
operator.

The application of on-board computer systems including remote
sensing terminals and central processing units allows for both pre-
programming of allocation of control and alteration of such programs.
This software capability has raised intriguing and currently largely
theoretical possibilities for adaptive computer-aided control. In
adaptive computer-aided control, programming of control allocation is
flexible and may be adapted for and by individual crew members, either
by accepting of control allocation logic programmed by any given pilot
(which may differ from another pilot's program), or by monitoring a
pilot's responses over time and developing a model of control allocation
that will duplicate the pilot's preferences for specified decisions.

An example of pilot preprogramming included in the SSM is the selec-
tion of the level at which a FUEL LOW precaution will be displayed. Each
pilot may select or program a different level. The example is quite
elementary, but the inclusion of an automated response as a program
element would constitute an example of more extensive adaptive computer-
aided control.

A program that would average pilot preferences for fuel precaution
level over time rather than rely upon the last set level, as in the
proposed SSM design, and respond to the average in the absence of any
resetting after engine shutdown/startup would represent an example of
the modelling feature of adaptive computer-aided control.

Looking toward a future in which each crew member programs the
alrcraft to his specific requirements, advocates of adaptive computer-
aided control point to the following potential benefits:

1. Unburdening: relieves the operator of continuous monitoring and
decisfion-making, freeing him for other command and control functions.

2. Consistency: replacing continual operator control by a decision
model may significantly increase decision-making consistency, and can
help insure that decisions are made optimally with respect to normative
criteria.

3. Performance: may improve on secondary tasks because of unburdening.

The potential for flexible, adaptive computer-aided control leads
to a variety of unanswered questions:

l. Will the concept ever achieve acceptance? Laboratory studies
have shown that operators are quite willing to receive assistance from
an aiding device which incorporates their own preferences, especially

e et L — e




once the guiding principles have been explained.

2. What forms and extent of information feedback are appropriate
for operator cognizance of system operation?

3. What levels of systems are appropriate for progrsmming? Should
monitoring, display, or response be programmable, or all three?

4. How should programmable systems be protected from programming

error?
5. How should programmable systems protect one human user from

another?

While some form of control allocation will be an aspect of most
computerized monitoring and control systems that involve human operators,
the provisions for adaptive computer-aided control will require detailed
study in the future.The utility of the concept of computer-aided adaptive
control has not been extensively applied and proven in aircraft command
and control. Both the concept and its applications require further study.
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