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EXECUTIVE SUMMARY

The continuing high rate of serious accidents in general aviation, with the
majority attributed to pilot error, has led the Federal Aviation Administration
(FAA) to conduct a research effort that may lead to improvement in the Federal
Aviation Regulations (FAR) Part 23 standards for cockpit design. While it is
recognized that the lack of cockpit standardization has not been listed as a
cause of accidents, increased standardization of cockpit systems can reduce
cockpit workload, reduce the potential for habit interference when transition-
ing to another type aircraft, and provide for application of the best and most
error-resistant designs. For example, a uniform grouping of basic flight instru-
ments has long been advocated and, to a large extent, has become standard in
current general aviation aircraft. Rules and regulations do not require such
a standard arrangement, and in other design areas simplification and standard-
ization are even less advanced.

With time, standards of good engineering practice have evolved for cockpit
systems and have been incorporated in federal regulations, industry design
guidance documents, and other aircraft standards such as military specifica-
tions (MILSPEC). The increasing complexity of navigation and communication
equipment and the trend toward more complete instrumentation in small aircraft
make it desirable to examine the present state of cockpit standardization to
determine if stronger requirements and guidance applicable specifically to
single and light twin-engine aircraft are appropriate now.

The method followed in this study was to construct a list of cockpit systems
and features, ask experienced pilots if any of these areas or features now
required increased standardization, and assemble accident/incident data
and information on the desirability and practicality of regulatory action
in the moqt critical areas. In addition, contacts with members of the General
Aviation adnuIEUCCLuLcJ Association (GAMA). including visits to major production
plants, providcd information on the current status of cockpit designs and
standardization actions planned by the Industry.

The product of this effort is a set of recommendations for cockpit standardi-
zation actions. Whether the YAR 23 airworthiness arandards should be modified
or whether greater standardization should be encouraged in other ways is a
question for other government offices and elements of the general aviation
industry. This research and development task Is concerned primarily with
identifying the areas of cockpit design that can reasonably be standardized,
and developing the JustifJlations to suppolt the recommendations.

To better house and protect the pilot and other occupants, the following
areas of cockpit design are recommended for industry-wide standardization

through changes in Federal Airworthiness Standards or other design guidance
documents, as appropriate.

I. All aircraft should have a convenient and safe body restraint system
for reduction of injuries.
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2. Adjustable pilot seats must be designed to preclude inadvertent slippage
which could result in loss of control of the aircraft.

3. Door latching mechanisms and latching status indications should be
more standard and more positive in action.

To increase the safety of flight, the following areas of cockpit design,
relating to the man-machine interface, are proposed for standardization.

1. Fuel management systems should be standardized as proposed by previous
studies and recommendations by GAMA. Additionally, the fuel tank selector
should be accessible to both pilots in a side-by-side, dual-control aircraft.

2. Powerplant controls should conform to the standard plan of arrangement,
actuation, and coding proposed by GAMA.

3. Basic flight instruments should be arranged in the widely accepted "T"
pattern for all general aviation aircraft in which sufficient space is available.

4. Powerplant instruments should conform to a standard arrangement.

5. Instrument lighting should be required for all aircraft approved for

either training or night flight. The present FAR 23 exclusion of a cabin dome
light as an instrument light should also exclude a single floodlight mounted
behind the pilot.

6. For electrical protection, circuit breakers should be used wherever feas-
ible, and should have a readily visible tripped state. They should be grouped
and located to provide maximum accessibility to the pilot. Means should be
provided to indicate immediate, accurate identification.

These nine areas of cockpit design, listed above, have clear safety implications
and are amenable to near-term regulatory action. Other areas such as external
cockpit visibility, arrangement, dials, and tuning heads of navigation and com-
munication systems, pilot alerting oi•d cockpit warning systems, and flap posi-
tion indicators and actuation mechanisms are candidate design areas for study.
There was substantial indication of standardization need in each of these
areas in the pilot survey, and inspection of c'irrent production aircraft con-
firmed a low degree of standardization.

The data collected in the study indicate the need for regulatory standardiza-

tion in many areas of cockpit design. FAR 23 and other documents relating to
cocIkpit characteristics should be under continuing study and review. Genera.
aviation aircraft are not necessarily becoming larger or more complex in basic
structure, but in the cockpit it is undeniable that instruments, controls,

avionics, and warning indicators have proliferated to make the panel, over-
head, and side areas more crowded an well as more demanding of pilot
attention. Earlier cockpits had fewer elements; therefore, it was not so
important that each follow a standard pattern of design and arrangement.
More standardization is required today, and still more will be essential
in the future.
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PURPOSE

The purpose of this effort was to determine those characteristics of general
aviation cockpit design that may reasonably be standardized to reduce the
potential for pilot errors, accidents, and incidents.

This report recommends nine near-term regulatory and/or design practice actions
to achieve improved standardization and cockpit design features. These improve-
ments may be effected through changes in the Federal Aviation Regulations (FAR)
Part 23 (reference 1), Advisory Circulars (AC), design handbooks, or other
guidance documents.

BACKGROUND

For many years, airworthiness standards have been incorporated in FAR's, and
aircraft designs have evolved in compliance with a body of technical guidance
summarized in Civil Air Manuals (CAM), AC's, Department of Defense (DOD)
Military Specifications (MILSPEC's), recommended design practices, and indus-
try agreements. Members of the general aviation community, manufacturers,
training schools, pilot organizations, publications, avionics and accessory
suppliers, and many others, periodically make recommendations to the Federal
Aviation Administration (FAA) and other authorities for revisions in regula-
tions or recommended design practices. The role of the FAA has been to compile
accident and utilization data, to use these data to determine the needs for
regulatory actions, and to recommend good design practices where a safety issue
exists. Also, the FAA requires tests to verify the safety aspects of various
aircraft features, systems, and maintenance practices.

Many of the standards and recommendations relate to cockpit systems. This
study is limited to this aspect of aircraft design. The cockpit figures
prominently in any safety analysis because it is the one aircraft area that

mnust meet the requirements of flight and concurrently provide for the
requirements of the human occupants. Thus, the cockpit has a dual role, it
provides the interface of displays and controls required to fly the aircraft,
and it also houses, shelters, and protects the pilot.

A review of the needs for standardizatiot, of thu control interface function
is appropriate because cockpit displays are becoming increasingly complex and
diverse, and there is still no uniform arrangement and coding of controls,
The design of the cockpit must meet the general requirement that the pilot
perform all his/her duties and operate all the necessary contrnls in a safe
manner within his/her known perceptual, reach, and strength limitations. It
is generally accepted that it is not enough for the FAR's to delineate minimum
design practices which insure that the pilot can see, read, interpret, reach,
operate, etc. Uniform use of shape, color, operating feedback, and other
coding and uniform arrangement of items is a safety goal b.,cause the pilot
may go from one aircraft to another and may practice only rarely those skills
that are essential in severe weather or other extreme flight conditions.
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Providing for the second requirement, housing and sheltering the crew, the
cockpit protects the pilot from the external environment, provides shelter from
wind, precipitation, cold, noxious gases, and also gives the pilot a measure
of protection from the forces operating in accidents or other unusual situations.
FAR's cover all these shelter and protection aspects, and they are particularly
appropriate for study with respect to crash survivability because of progress
made in that area in recent years. There is widespread lack of standardization
in cockpit protective features such as seats, body restraints, panel delethali-
zation, exit doors, and door latching mechanisms. All of these have been
considered in this study.

REQUIREMENTS FOR STANDARDIZATION.

This emphasis on increased standardization of both the control interface and
the cockpit protective features is a continuation of the longstanding effort
to increase safety in general aviation. An instance of public recognition
of the priority of this area occurred early in the history of the FAA in the
Bureau of Research and Development Requirement Statement ABI-I, "Uniform
General Aviation Cockpit," April 18, 1961 (reference 2), which recommended

"Reduction of cockpit workload by the development of a uniform grouping of
instruments, navigation and communication equipment and controls, landing
gear, flaps, engine and other controls, in general aviation aircraft capable
of instrument flight, with emphasis on single-engine aircraft." This state-
ment clearly set goals for the FAA of increasing standardization, by "uniform
grouping," and increasing safety with "reduction of cockpit workload."

The National Transportation Safety Board (NTSB) also has called for action
to reduce pilot error accidents in general aviation through elimination of
unsafe design features. The report, "Aircraft Design-Induced Pilot Error,"
February 1967 (reference 3), identified lack of standardization as a major
cause of accidents.

This subject was also included in the Department of Transportation (DOT)
"Report of the Secretary's Task Force on the FAA Safety Mission," April 1975
(reference 4). Recommendation number 10 in that report reads: "FAA must under-
take a major safety research program to assure that future aircraft designs
make optimum use of crew capabilities, and to ensure that future systems are
designed around reasonable criteria for human error."

At the FAA Aeronautical Center, Oklahoma City, Oklahoma, a project report
"Cockpit Standards for FAR 23 Airplanes," dated February 1976, recommended:
that the FAA work with the aircraft manufacturers to develop improved cockpit
design standards, that minimum standards jointly developed by the FAA and
the manufacturers be incorporated in FAR 23, and that other design standards
be published as recommended design practice, such as Aerospace Recommended
Practices (ARP) or Aerospace Information Reports (AIR). The project continued
the work of the Society of Automotive Engineers (SAE) Committee on cockpit
standards (SAE A-23) who had circulated proposed standards for the location

and actuation of aircraft cockpit controls for general aviation aircraft, but
that committee was termitiated bv the SAE, before the final standards were
drafted. The General Aviation Manufacturers Association appointed working
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groups to continue development of proposed revisions to PAR 23 standards on

cockpit controls, including fuel valve selectors. These actions indicate that

the present minimal standardization in general aviation cockpit design and the

continued production of general aviatiou aircraft with cockpit features poorly
engineered for human use are recognized safety problems. Despite this recog-
nition, there is considerable difference of opinion of the desirability of
making broad changes in the FAR's. Some think it better to revise the law
only where the safety problem is very clear, and encourage standardization
by making recommendations that allow for the wide variation in general aviation
airczaft cost and complexity of design.

MEANS OF ACHIEVING STANDARDIZATION.

There are several methods available to the aviation community to communicate

design guidance and recommended pra<.tices.

When the intended means of increasing standardization is a change in federal
regulations with the force of law, the formal procedure begins with publica-
tion of a Notice of Proposed Rulemaking (NPRM) prece'ed occasionally by an
Advance Notice (ANPRM). A period of time is stipulated for comments and
responses from interested organizations representing pilots, aircraft manu-
facturers, avionics suppliers, and other groups and individuals. On occasion,
no objections or suggested revision to the proposed rule are included in the
comments, and favorable reactions are predominant. In such a case, the propo-
sal would be accepted as adequate and timely, and would become a revision
Lo the FAR. In other instances, the responses and comments on an NPRM may be
more variable and may indicate that the regulatory action contemplated is not
acceptable to one or another segment of the general aviation community. This
consultation process may result in modification of the proposed rule and resub-
mission to the community for comment. Alternatively, the rule may be modified
to comply with suggested changes, or its implementation may be delayed until
more inforr:qrir- nr rest data is accumulated, or the rule may be withdrawn
from considHration as untimely or unsat'.sfactory. In a few instances, an NPRM
has been withdrawn after consultation, but the ultimate result in the aviation
community has been substantial compliance anyway with all or part of the rule.
An example of this outcome is found in NPRM 73-1 requiring the installation
abnd use by the pilot of upper torso restraints. The proposed rule was par-
tially adopted, as will be discussed later, but the mass-produced general
aviation aircraft examined recently have been equipped with .tis safety aid.

Another route to increased standardization is the voluntary actions of GAMA
in adopting industry standards. In some instances, voluntary agreements to

standardize the use of well designed systems may follow the guidelines set
forth by an engineering group such as a committee of the SAE, which has a
history of promoting standardization and improved design practice. Given
a study or report concluding that standardization is practical and desirable
in an area such as the 'ontent and format of aircraft owner's manuals or the
design of aircraft fuel management systems, GAMA may appoint an ad hoc commit-
tee of engineering and production experts who may then draft a proposal for
review by the general aviation community and the FAA. Roughly paralleling the-

3
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procedure followed by the FAA in processing an NPRM, the GAMA standardization

proposal may be adopted as drafted, delayed, or modified to incorporate changes.
In cases directly involving sarety, such as the fuel management standardization
proposal, GAMA may elect to suggest to the FAA that the industry agreementbe incorporated in the FAR's, thus assuring that all elements of the industry
will comply. In other cases, the GAMA agreement may be entirely voluntary
with the provi'ion for alternate designs in the case of special purpose or
unconventional aircraft.

In addition to the FAR change and GAMA advisory, there are various other means
of promoting standardization in general aviation. These include National
Airworthiness Standards (NAS), Technical Standard Order (TSO) Authorizations,
Airworthiness Directives (AD), Advisory Circulars (AC), the aforementioned
SAE products, ARP and AIR, and Aeronautical Standards (AS). As a rule, the
SAE documents bear a label advising that their use is voluntary. Design prac-
tices recommended by SAE may become industry standards, and on occasion some
or all elements of an SAE ARP or AS may be incorporated in a FAR.

SAFETY PRINCIPLES RELATED TO STANDARDIZATION. ri
The relationship between aircraft standardization and flight safety is not one
of simple cause and effect and should in no way suggest that aircraft certif-
icated under present rules are deficient in safety, or that increased standaz-
dization is itself a panacea. Instead, the safety significance of standardi-
zation should be assessed in relation to two principles of accident causation
and description.

First, it is widely agreed that most accidents result from a combination of
circumstances, not entirely from pilot error, aircraft defect, or environmental
stress. Most often, the fully illuminated accident is the end result of a
pilot-aircraft-environment causal chain. Recognition of this causal chain
implies, however, that the typical accident can be averted by an improvement
in any part of the sequence. Increased pilot proficiency, greater safety
margins in the aircraft, or less adverse weather might, in a given case, break
the chain.

A typical accident causal chain might start with a pilot who is under time
pressure and therefore abbreviates flight planning. A correctable defect in
the aircraft, such as improper distribution of load causing inadequat3
stability, may be missed by the hurried pilot. Completing the causal chain
may be an unexpected deterioration in the weather forcing the pilot to fly
in an unfavorable environment. This sequence might result in an accident,given a particular proficiency level for the pilot, a particular set of air-
craft dynamics, and specific environmental stresses. A more proficient pilot
might have controlled the unstable aircraft despite the weather, while for an
aircraft with greater safety margins, even so minor an item as a better
placard on load distribution could hAte helped the less proficient pilot to
complete the flight successfully in the severe environment. And finally, with
improvement in the weather, the pilot and aircraft combination might have
succeeded. Hence, improvement in safety can follow from improvement in the
pilot factor, the aircraft factor, or the environment. All are significant,
and hence capable of improvement, although each alcae Is not necessarily and
Inherently unsafe. 4



'lihe second principLe relaLing to aircraft accidents is that investigation does
not usually yield the full description of the causal chain. It is not possible
to state the exact percentage of accidents and therefore the potential extent
of safety improvement to be sought, attributable to pilot factors, aircraft
factors, or environment. Many accidents result in destruction of clues to
causation. Even full preservation of pilot and damaged aircraft does not insure
that the specific sequence of cause and effect, necondary cause resulting from
that initial effect, and consequent secondary effect, and final culmination
can be reconstructed. Ptrhaps a personal problem caused the time stress effect
on the pilot at the outset. This may not appear in even a very careful inves-
tigation. Per..ape the critical cause of the defect in flight planning was the
sort of subtle factor mentioned previously, a poorly placed placard. In SUcd
a case, it is possible that the pilot himself would not be aware of the opera-
tive "aircraft" factor. Finally, the weather or other environmental stresses
are seldom capablt of exact reconstruction from records available after an
accident. Thn wind, windshear, and turbulence conditions that affected the
airplane may not have been recordable at any reasonably close weather station.
The investigation cannot then, detail the aerodynamic forces that actually
impinged on the aircraft.

These principles of accident causation and description suggest that increased
cockpit standardization can be justified if it can be demonstrated that the
lack of standardization or che use of designs that are known to be inferior
is a contributing cause of accidents. It is not necessary to prove that the
particular instance of lack of standardization was the sole or e~ien the culmi-
nating cause of the accident. Total system safety would be advanced if
increased cockpit standardization reduced the probability that some level
of pilot factors would interact with aircraft factors to sustain an accident
causal chain. Similarly, it will never be established statistically that any
given number of injuries \,ould have been prevented if all cockpits had been
equipped with some particular protective feature. This is because, in the
real world, it is not sensible to conduct a comparative experiment with real
pilots. We do not equip half the fleet with a protective feature, deny that
feature to the other half, and compare the number of injuries. Instead, pro-
tective features such as body restraints are introduced in variable forms over
a period of time. We may be able to infer from individual accident analyses,
and from controlled experiments with synthetic accidents, that a substantial
safety advantage is achieved by use of the protective system in question,
but we cannot actually count lives saved or accidents and injuries prevented.
A postulation that safety requires a specific standardization action should
never be an absolute statement. Knowledge accrued from experience with dif-
ferent usages in aircraft other than those covered by eAR 23, knowledge from
various types of surveys and experiments that do not exactly duplicate the
aircraft operational environment, and assumptions based on the logic of causal
sequences that are produced by accident analysis should all play a part.

Underlying this study, then, is recognition that the cause influencing the
pilot leads to an effect, that this effect may become a cause in the pilot-
aircraft interaction, and that many accidents result from a further linkage
of that interaction with environmental stress. Since this is the true genesis
of most accidents, there are several possible approaches to Increased flight

5
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safety. Very important among these approaches will always be the standards
of pilot training and proficiency. But better trained and more current pilots
are a complement to and not a replacement for improvement in the aircraft
factor.
This study attempts to break the pilot-aircraft-environment causal chain at
the point that the pilot effect is active in the cockpit. Examination of the

stages of pilot-aircraft interaction in the cockpit may suggest a rational
approach. Figure 1 illustrates a typical human factors loop of pilot informa-
tion processing.

AIRCRA&F INYOKMTION AIRCRAF DYNAMICS ]

LI

FIGURE 1. THEPILOT-A 
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The pilot is engaged in the perception of information about his/her aircraft
state, dynamics, and the environment. In order to take appropriate corrcý:tive
action he/she must perceive and correctly comprehend a danger signal among less
significant aircraft and environment information. The pilot may not sense the
signal if it Is not part of his/her audio or video field of recognition, or if
it is otherwise blocked. or he/she may perceive the signal but fail. to com-
prehend its full meaning or critical significance. This failure could occur
because the signals' strength or clarity does not facilitate discrimination
from the general cockpit noise context or because the number and complexity
of cockpit displays and tasks does not allow sufficient time for assessment
of the relative significance of the symbol. Decision is the information pro-
cessing phase in which the pilot selects from a repertory of alte:.natives
the particular action that is appropriate. A danger signal may be perceived
and its importance may be comprehended, but the correct action may not be
elected. Finally, a failure may occur when the pilot implements the selected
action. The physical action itself may be poorly coordinated or incorrectly
performed.

6
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Lach of the four areas of pilot information processing in the cockpit, percep-
tion, comprehension, decision, and action can be affected by the design and
operation of cockpit systems. Standard instruments, long familiar to the pilot,
and standard usage of coded knobs and dials will increase the probability of
perception. Signals arranged in a customary array and received without excess
competing demands for pilot attention will be more easily comprehended. Errors
in decision-making may stem from cockpit systems that are more complex or
attention-demanding than is necessary. A fuel starvation signal, a sputtering
or dying engir., is quite commanding and unequivocal. And with a fuel system
that does not clearly indicate the quantity of fuel remaining in each tank or
which tank is presently on line, an information processing failure consisting
of an incorrect decision is likely. Finally, an action selection failure
may be promoted by cockpit arrangements that facilitate pilot confusion of one
control with another, so that the pilot who intends to do one thing actually
does something else. Standard arrangements and logic of actuation are clearly
means of reducing action errors.

The preceding discussion of principles of safety makes a case for the safetyenhancement that can be obtained by increasing standardization in the cockpit.
It is recognized that this is not the only way to reduce accidents. Improved
levels of pilot proficiency and currency, plus the avoidance of flight in
hazardous environments are complementary, and statistically are more produc-
tive means of improving safety,

The particular attraction of attacking the accident problem at the level of
cock~pit standardization is twofold. First, the standard use of well designed
and human engineered cockpit systems may not cost any appreciable sum in the
long run. A good fuel selector system is not necessarily more costly than
a poorly designed one. Second, safety increments obtained by increasing stand-
ardization of cockpit systems would add to the ease and convenience of pilotage,
whether in the training phase or in later experience. Any increment of safety
that can be obtained by using well designed systems rather than poor systems
and that results from standard, convenient, and easy-to-use cockpit systems
rather than variable, demanding, and hard-to-use systems would be worthwhile,
even though not a panacea.

GOOD DESTGN PRINCIPLES.

Standardization by itself is very important in any complex task where perform-
ance is based on past training and experience with similar or analogous systems.
An everyday example is found in the typewriter keyboard. Even a beginning
student of touch typing can determine that the layout is far from optimum.
It does not spread the workload equitably among the fingers, but standardiza-
tion is of such overwhelming importance In typing that we retain the traditional
layout. The cockpit of an airplane presents both traditional tasks for which
there are well established population stereotypes, utilizing reliable habits,
and also novel displays and controls that have been created specifically for
individual aircraft types. For each of these, the old and the new, there
are generally accepted rules of human engineering that tend to insure that
the system is easy to learn and use, is resistant to serious error, and recog-
nizes the special information processing capacities and frailties of human
pilots.
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When selecting a cockpit system for an "old" or traditional task, the paramount
considerations are:

1. Anthropometric compatibility should be assured. The size, reach, and
strength of the prospective pilots must be considered.

2. Unequivocal indicators and feedback must be used. The pointer end of a
selector handle must be clearly identified, for example, and the status
information required to continue a closed-loop control system must not be
masked.

3. All systems must follow population stereotypes as to logic of actuation,
direction of increase, and "natural" relations such as turn left to select the
left.

4. Positive detents or other provisions to bar inadvertent actuation must be
provided on all controls which, if misused, can create a hazardous condition.

5. Provision should be made for testing the status of systems, and indicators
should have a clearly identifiable failed state.

6. Standardization should cover, where appropriate, the location, size,
color coding, shape, labeling, feel, logic, and arrangement in relation to
related systems of all important devices and systems.
In the case of a novel aircraft system without a common analogy in the experi-
ence of most inexperienced pilots, a set of general design objectives are:

1. The design should be based on a human factors study of the purpose of the
device and how the pilot will use it.

2. Information processing sequences should be considered so that there is
maximum distinctiveness and separation of confusable and/or incompatible
systems.

3. Simplicity of display and action should be sought, recognizing that the
system may have to be used in excess workload or "panic" situations.

4. The percepLual capability of the human in recognizing patterns of

information should be considered in display design.

5. The response limitations of the human should be considered in design
so that the pilot is not required to perform difficult and demanding
coordinations.

6. Planning aids and feedback from response should be included.

As in the example of the typewriter keyboard, it is possible to detect an
occasional conflict between good design and capitalization on the benefits
of standardization. Some aircraft systems have evolved and become nearly
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standard without necessarily incorporating an optimum application of all the
design guidelines that have been mentioned. Hence, the concept of good human
engineering of cockpit systems cannot be treated as absolute any more than
can standardization itself be elevated to that status. Guiding concepts of
design are just that, guidance, not law. Likewise, total standardization
of cockpit systems could be accomplished only at the sacrifice of the wide
variety of aircraft types and uses, a sacrifice that would be as useless as
seeking safety by grounding all aircraft in anything other than perfect
weather. What must be done in the evolution of better regulations and decign
practices is to balance the demands of optimum human engineering design and
the benefits of standardization with a keen appreciation of what is feasible,
practical, and cost effective.

APPROACH

This project was conducted by FAA's National Aviation Facilities Experimental
Center (NAFEC) engineers, human factors and flying specialists working with
elements of the general aviation community, particularly flying schools,
aviation-oriented universities, and the major manufacturers of FAR 23 airplanes.

Early efforts in the project were directed at the identification of those
cockpit design areas most in need of better standardization, but yet satis-
Lying practicality considerations.

The remainder of the effort consisted of the collection and analysis of data
which would Justify regulatory or design practice action to achieve improved
standardization in the areas identified.

IDENTIFICATION OF NONSTANDARD COCKPIT AREAS.

Following a background study consisting of a regulatory and literature review,
a survey of current cockpits, and interviews with GAMA officials and consultants,
the broad subject of cockpit design was divided into 12 areas:

(1) Cockpit General, (2) Fllghc Controls, (3) Powerplant Controls, (4) Fuel
Management System, (5) Flight Instruments, (6) Engine Instruments, (7) Navi-
gation and Communication System, (8) Landing Gear, (9) Electrical System,
(10) Cockpit: Lighting Systems, (11) Emergency Systems, and (12) Miscellaneous.

The detailed list of features is shown in table A-1 of appendix A. For example,
the Cockpit Geu,,ral area was subdivided into: Dimensional Criteria, Seat Belts
and Restraintn, Windscreen Visibility, Ventilation and Environment, Doors-Access,
Noise, Placards-Marking-Manual. and Heater-Defrost Control. This subdivision
produced 101 design features. The initial factors for evaluation fell into four
areas: Anthropometric Factors such as location, accessibility, and size; Visual
Factors such as visibiliLV, readability, and color coding; Population Stereotype
Factors such as logic of operation and coh~fusion factors; and Operating Feedback
Factors such as ease of operation, shape, and feel. A subject interview briefing
and a data collection form were developed.
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Data were collected during visits to three large flying schools and four major
universities and in interviews with 82 pilots, all active in general aviation
and ranging in experience from advanced student to highly qualified instructor.
This data collection phase identified those cockpit design features in current
model general aviation aircraft that either were not standardized to the degree
thought optimum by experienced pilots or had the potential to induce pilot
errors. An illustration of the first type of feature drawn from the area
of powerplant controls is carburetor heat. Many pilots stated that the carbur-
etor heat control should be standard across different aircraft models. Among
the factors said to be deficient in standardization were: (a) the location of
the carburetor heat control, an anthropometric factor, (b) variability in
color coding, a visual factor, (c) variable logic of operation (up-down, push-
pull, etc.), a population stereotype factor, and (d) shape and feel variations,
an operating feedback factor. Hence, carburetor heat controls were said to
fail of reasonable standardization on all classes of factors.

The seat latching mechanism is an illustration of a cockpit feature identified
by the pilots as sometimes poorly designed and providing the potential for pilot
error. This feature was noted by a number of pilots who said that when an
aircraft was rotated on takeoff, the seat might slip aft causing the pilot
to mishandle the control yoke. This could happen, the pilots said, because
it was difficult to ensure that the seat adjusting mechanism was latched in
a positive detent. If between locked positions, it could slip to the full
aft position on rotation of the aircraft. To prevent such an incident, experi-
enced pilots make it a practice to push against the seat before applying take-
off power, Subjects said this should not be necessary and that potential
accidents could be avoided if it were a requirement that the seat adjusting
mechanism be designed to snap automatically into the next detent if inadvert-
ently left in an intermediate, unlocked position.

To acquire additional data, the project team visited the factories of
several GAMA members. The cockpits of current production models were examined
and compared, and engineers explained the differences between models. In some
instances the engineers explained why the particular cockpit systems could not
be standardized, or what the costs would be to attain greater standardization.
This information was combined with the pilot survey data.

The tabulated results of pilot and instructor interviews are presented in
table A-2 of appendix A. In this table, the comments and suggested cockpit
features needing standardization are arranged in descending order of frequency
of criticism. For example, the greatest agreement that increased standardiza-
tion was warranted was for the first item, fuel selectors, with 59 of the
82 contributors citing some aspect of that feature. In contrast, only one
comment was received on the need for standardization of the next-to-last item,
the outside air temperature (OAT) indicator.

The items listed in table A-2 of appendix A are numerous and diverse. Consid-
eration was limited to those items selected by 50 percent or more. This
reduced the list to 25 features, each with at least 41 itomments.
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I
A further filtering based on the primary criterion, safety, and practicality
considerations resulted in the final list of nine cockpit features:

1. Seats and Restraints
2. Seat Latches
3. Door Handle, Latches, Locks
4. Fuel Management
5. Powerplant Controls
6. Flight InstrumenLO
7. Powerplant Instruvents
8. Instrument Lighting
9. Circuit Protective Devices

Table A-3 of appendix A further subdivides the nine selected areas of cockpit
design into the specific features cited by the pilots as requiring standardi-
zation, and shows the number of citations for each feature.

ANALYSTS OF SELECTED COCKPIT FEATURES.

The project team conducted a detailed review of the literature applicable to
design features of general aviation aircraft cockpits. For example, tests
and studies conducted by FAA laboratories at the Aeronautical Center in
Oklahoma City and at NAFEC showed the safety benefits from greater use of upper
torso restraints (references 7 and 8). Standardization documents applicable
to aircraft classes other than FAR 23 aircraft provided information on available
designs for safety harnesses that have been accepted in practice (reference 9).
Civil aviation accident summaries were reviewed to identify accident causal
factors. Analyses were made of the NTSB data bank in Washington, and several
hundred selected reports of accident investigations were studied.

The latter phase of the project concentrated on the nine selected areas of
cockpit design and involved the collection and analysis of data that might
justify the requirements for increased standardization and indicate the answers
to problem areas where such design information is available. The effort was
speclfic but covered a diversity of information sources. Technical reports,
standardization documents, scientific Journals, military specifications, human
engineering guides and other documents were reviewed. The study of accident
investigation reports was redirected; accidents that had occurred in calendar
years 1969 through 1974 were tabulated, to the extent possible, with causal
factors aligned with the nine design areas.

Pilot error accidents were drawn from the NTSB files and reviewed to determine
if lack of standarization in cockpit design was a significant contributory
factor. Reports of accidents in which the pilot survived often contain a
statement by the pilot. In uome cases these first-hand analyses provided
information relative to the lack of standardization. In other cases it was
not possible to retrace the sequence of events. A combination of factors
was often present such that a review of the events made it clear that stress
and excess workload were present, and that weather and system malfunctions
may have added to the problems of the pilot. Hence, the study of the accident
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dockets was often valuable in giving insight into what could happen in a stress
situation rather than pinpointing exactly what did happen. Since it is not
always feasible to pinpoint the exact cockpit factor precipitating an accident,
a statistical tabulation by individual cockpit features is not always practical.
However, illustrative accident sequences may be obtained, and if it is clear
that a particular thing went wrone once, it is reasonable to infer that some-
thing similar could happen on other occasions, although no massive number
of accidents can be assigned to that specific factor. Because of these con-
siderations, in later sections of this report accidents will sometimes be dis-
cussed as illustrations, rather than as statistical evidence for the importance
of particular factors.

REPORT FORMAT.
This report is organized into individual sections which treat the nine identi-
fied areas of cockpit design. The first three sections cover cockpit design
areas within the category of cockpit functions that involve housing, sheltering,
and protecting the pilot: seats and restraints, seat latches, and door mecha-
nisms. The next six sections cover the design areas which involve the man-machine interface provided to support flight control: fuel management, power-
plant controls, flight instruments, powerplant instruments, instrument lighting,
and circuit protective devices.

Arrangement of the material in each of these nine sections allows the reader
to study the individual section apart from the full report. Recommendations
for each of the nine areas however, are combined and briefly discussed in
the "SUMMARY OF RESULTS" chapter.

SEATS AND BERTHS

THE PROBLEM.

In a study of more than 900 general aviation accidents, over 50 percent of
the aircraft involved had cabin structures which remained intact or suffered
only minor distortions. However, in these "survivable" accidents more than
25 percent of the occupants sustained fatal or serious injuries (reference 10).
The fatalities and serious injuries were caused primarily by head and/or face
impact with the instrument panel, aircraft contkols, or parts of the cabin
interior when occupants were restrained only by the standard lap seat belt.
The second most frequent body injury involved spine/neck injuries brought
about by the compression load imposed on these areas when occupants were sub-
Jected to forward or lateral forces occurring in the crash.

REGULATORY HISTORY.

Newly manufactured general aviation aircraft are factory equipped with standard
lap seat belts for forward facing seats; the majority have some type of upper
body restraint, generally a separate diagonal across-the-chest belt for the
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front seats. In othcr aircraft this equipment generally is optional. The
upper torso restraint (shoulder harness) was not a mandaLory requirement under
previous FAR 23.785(g) 2 and 3. That regulation allowed, as an alternative
to the seat belt-upper torso restraint, either a seat belt plus the elimination
of injurious objects within the striking radius of the head, or a seat belt
plus an energy-absorbing rest.

The problem of head protection in this class of aircraft was addressed spe-
cifically by Amendment 23-7 "Small Airplane Type Certification Requirements"
which added subparagraph g to FAR 23.785, effective September 14, 1969. But
the amended regulation applied only to applications for type certificates
submitted after the effective date, and thus affected less than 5 percent
of new production airplanes in 1976. Furthermore, upper torso restraint was
still not a requirement since the Lwo alternatives previously mentioned
(23.785(g) 2 and 3) were used for protecting occupants from head injury.

Subsequent to the adoption of Amendment 23-7, the FAA continued to review the
complex area of occupant restraint and crashworthiness of small airplanea. The
FAA also received suggestions for improved protection of occupants from injury,
in a crash or emergency landing. These included recommendations by the NTSB
and a petition in which Mr. Ralph Nader requested the FAA to improve the
crashworthiness of small aircraft by requiring shoulder harnesses and improved
cabin interior design.

In considering the data and recommendations received concerning the type certi-
fication requirements for small airplanes, the FAA believel that additional
crash protection was needed for occupants. These requirements for aircraft
certificated under FAR 23 were published in an NPRM, Docket No. 10162,
Notice 73-1, "Crashworthiness for Small Airplanes," on January 31, 1973
(reference 11). This document proposed amending FAR 23 to require the
installation of shoulder harnesses in airplanes manufactured 1 year from the
effective date of the proposed amendment and also apply to airplanes made
prior to the effective date if they have structural provisions for the attach-
ment of the harness. The NPRM further proposed that FAR 23 cabin interiors
be designed to protect occupants from injury caused by contact with interior
objects and that Part 91 (reference 12) be amended to require that crew
members have their shoulder harnesses fastened at all times.

NPRM 73-1 elicited over 200 comments from interested persons and organizations.
Fifty-five percent of the comments reflected a negative attitude to the NPRM.
The major objection to the proposed rule was opposition to mandatory full-
time use of the upper torso restraint. Other objections included the costs
of installation, especially for retrofit, discomfort, and the possibility that
some aircraft controls would not be easily accessible when the upper torso
restraint was employed.

Comments favoring the proposed rulemaking often had qualifying statements
concerning the type of body restraint preferred, assurance of pilot comfort
and mobility for easy access to all cockpit controls, and no restrictions to
cabin egress. Comments and opinions similar to those mentioned above were
expressed by the pilots and flight instructors interviewed in the initial
phase of this study. A discussion of the comments elicited by this proposed
rule is in a later section of this report.
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In April 1975, the International Civil Aviation Organization (ICAO) forwarded
to the Interagency Group on International Aviation, Department of Transports-
tion (IGIA-DOT) a request for "Comment on Proposed Amendments to Annex 6,
ParZ I and Part Il--Provisions for Flight Crew Safety and Pilot Incapacitation."
The proposals provided for additional protection of all flight crew membersby installation of a safety harness for each flight crew seat. This provision
did not explicitly exclude small aircraft and appears not to have been limited
to the transport category usually associated with ICAO. NPRM 73-1 was still
under consideration at the time ICAO requested provision for a safety harness
for each crew seat. The proposed United States standard would, of course,
have made shoulder harness installation mandatory, but to avoid a difference
between the pending United States standard and ICAO's, the draft reply to the
ICAO Secretariat stated that "the United States does not wish to see the
proposed recommendation raised to the status of a standard." Hence, the
United States did not reject the content of the ICAO proposal, but indicated
a preference for a nonmandatory recommendation without the force of law. :t

ACCIDENT DATA.

A review of NTSB aircraft accidents for the years 1970 through 1974 (reference
13) indicated that general aviation FAR 23 aircraft (i.e., aircraft weighing
less than 12,500 pounds maximum certified takeoff weight) were involved in
22,296 accidents. This number of accidents resulted in 6,936 fatalities,
3,480 serious injuries, 5,355 aircraft destroyed, and 16,969 substantiallydamaged. :

NTSB documents 59 first-type accident causes by injury and damage index in the
annual review of aircraft accident data reports. From this list of 59 first-
type causes, the most common 24 are shown in table 1. They account for approxi-
mately 90 percent of the general aviation accidents that have occurred within
the 5-year period. Table 1 also shows for each of the 24 first-type accident
causes the percent involving fatal/serious injury and thus the relative
seriousness of injuries occurring in these first-type accidents. For example,
as seen in table 1, of the 416 spin accidents (No, 1) 384 or 92.3 percent
were fatal/serious injury accidents. Similarly, Zhe 4,954 accidents resulting
from engine failure (No. 10) included 979 fatal/serious injury accidents,
a 19.8-percent fatal/serious injury rate. While this rate is low compared
to those of the first nine categories, engine failure accidents rank first for
total number of accidents, serious injury accidents, aircraft destroyed, and
substantial damage to aircraft. Furthermore, the engine failure category ranks
third for the number of fatal accidents. Therefore, the following analysis
includes the engine failure accident in the group of 10 first-type accident
categories.

For an analysis of the accident data of table 1, the accident types are
divided into two major parts: those from numbers 1 through 10, and those
from 11 through 24. The divisluu is based on the relatively high percentage
rates of fatal/serious injury accidents of the first 10 types compared to the
lower fatal/serious injury accident rates of the last 14 types.
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TABLE 1. PERCENTAGE RATES OF FATAL/SERIOUS INJURY FOR FIRST-TYPE ACCIDENTS
(1970-1974)

Number of Accidents by Type of Injury Percentage of
Fatal/SerLous Airraft Dge

nos T e Accident !All Sriomu Minor mone Total n1 IVLA J Detoed Mal-AMI&l .
I. spill 313 71 23 9 416 92.3 342 74

2. Collision wiith grd/vaetr~unciont)664 if5 b9 121 939 79.8 728 210

3. Airfram failure in flight 190 19 27 54 290 72.0 208 82
4. Spiral 21 16 7 8 52 71.0 33 19
5. Htdair Collision 143 28 19 70 260 65.7 140 122
h. Collision with grd/water(oont) 367 114 113 224 818 58.8 476 339
7. Collision with treat 370 143 124 266 903 56.8 520 383
B, Stall 389 199' 166 291 1045 56.3 544 )00
9. Collision with wires/poles 158 159 149 303 769 41.2 333 436
LO. Engine failure 386 593 1072 2903 4q54 19.8 959 3990
11. HMsh 44 101 163 476 784 18.5 180 604
12. Undershoot 40 64 109 501 714 14.6 90 622
13. Collision wit

t
h dirt bank 1 13 16 82 112 12.5 12 I00

14. Rollover 4 2 18 3? 56 10.7 11 45
15. A/C-A/C Collision on ground 8 7 20 132 167 9.0 12 141
16. Overshoot 24 01 144 764 997 8.9 72 925
17. near down landing in water 1 0 J 8 1.2 80 1 11
18. Collision with fenus/posts 4 8 37 226 275 4.0 19 256
19. Hard landing 9 53 148 1437 1647 4.0 62 1581
20. Nossovet 6 11 77 625 719 2.0 24 694
21. around/water loop-owerve 10 51 272 2632 2965 2.0 85 2879
22. Wneals up landing 2 4 .4 581 591 1.0 8 582

73. Gear collapsed 2 3 41 410 456 1.0 17 439
24. Gear retracted 0 0 3 294 297 0.0 5 291

Total Types, 1-24 3156 1809 2824 12449 20238 24,5 4881 15325

subtotal Types. 1-10 3001 1427 1769 4249 10446 42,3 4283 6155
ulbt,,tal Types. 13-24 155 382 1055 8200 9792 5.4 598 9170

I'mrcenttge Fatal/Heriou, Types,
I-1U 95. 7,.99 62.7 34.1 51.6 87.7 40.2

IurtvnLaittotal /Skrioua Typosm
11-24 4.1 21.1 317.3 65.9 46.4 12J3 59.8

Fital In jturyl Atoy In.lury which results In denth within I clays.

Herlainu Injoryt Any Injury whichi (1) requires hoepitolisation for more than 48 hours. cuienncing
wilhin I days from the date the injury was receivadt (2) results In a f-ticturo
at any bone (except simple fractures of fingers, toes or nosel (3) involves lcsrrations
which cause severe hemorrhages, nerve. musels, or tendon damagel (4) involves injury
to any internal organ; or (5) involves second or third degree burns, or any burns
aerfcting oure than 5 percent of the body surfaer.

I)vvtrtjedt uasge to an aircraft Lo the extent that It would be Impractical to return it to an
otvtrorthy condition.

Subatantial Dasal Damage or structural failuet which adversely affects the structural stranlth,
performance, or flight characteristics of the aircrart, and which would normally
require major repair or replacement of the affected component.
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Under the fatal/serious injury columns for the 24 accident types listed, there
were a total of 3,156 fatal and 1,809 serious injuzy accidents. The sum of
these two accident injury classifications is 24.5 percent of the total 20,238
accidents.

Three thousand and one fatal and 1,427 serious injury accidents were attributed
to first-type accidents 1 through 10. Combined, they account for 42.3 percent
of the total 10,446 accidents, The 3,001 fatal accidents and 1,427 serious
injury accidents, respectively, account for 95.1 percent of fatal and 79.9
percent of cerious injury accidents of the first group (1-10) of first-type
accidents.

Similarly, the accident types of numbers 11 through 24 were responsible for
155 fatal and 382 serious injury accidents, which when combined, represent
5.4 percent of the total 9,792 accidents occurring in this group. The 155
fatal and 382 serious injury accidents, respectively, account for 4.9 percent
of fatal accidents and 2.1 percent of the serious injury accidents.

The columns showing aircraft damage indicate that the first group of 10 accident
types account for 4,283 aircraft destroyed or 87.7 percent of all aircraft des-troyed, while the accident types of the second group (types 11 through 24)

resulted in 599 aircraft or 12.3 percent destroyed.

Of the 24 accident types listed, the first group of 10 may be considered major
type accidents, i.e., the nature of the accident was such that the ultimate
forces imposed on the aircraft probably exceeded the design forces required
under FAR 23.561 (reference 1) to protect occupants from serious injury under
emergency crash landing conditions. The second group of accidents, types 11
through 24, may be regarded as accidents of a less catastrophic nature, assum-
ing that the ultimate forces imposed on the aircraft structure did not exceed
the specified design forces. The data of table 1 support these assumptions
when one compares the relatively high percentage rates of fatal/serious acci-
dents and aircraft destroyed in the first group of 10 accident types with
the relatively low fatal/serious injury accidents and number of aircraft des-
troyed in the second group of 14 accidents. The number of aircraft destroyed
in group 1-10 type accidents (4,283) represents 87.7 percent of the total number
of aircraft destroyed, while the number of aircraft destroyed in group 11-24
type accidents (598) represents 12.3 percent of the total, a ratio slightly
greater than 7 to 1. These figures indicdtu that the majority of the group
11-24 type accidents are of less serious nature than those of the other group.
It is reasonable to assume that, if all of the aircraft involved in group
11-24 type accidents had been equipped with upper torso restraints and if the
occupants had been werxring them, the number of fatalities or serious and minor
injuries would have teen reduced considerably. It is also possible that upper
torso restraints would have had a favorable, if not as large, effect on the

group 1-10 type accidents.

The records of accidents compiled by the NTSB ordinarily do not specify the
type of injury sustained by the occupants of aircraft involved in accidents
other than to classily accident injuries as e4ther fatal, serious, minor, or
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none. Thus, a comparison of bodily injuries sustained with shoulder harnesses
installed and worn versus bodily injuries sustained with no shoulder harnesses
installed was not possible.

LITERATURE REVIEW.

A review of the literature relevant to crashworthiness of small general avia-
tion aircraft and related information on seats, berths, and restraints shows
a significant number of head, face, upper torso, and extremity injuries attri-
buted to impact with the instrument panel, cabin sides, and flight controls.
Cf more importance is the fact that a large number of the resultant lujuries
occurred in accidents in which the cabin environment remained substantially
intact (the aircraft cabin structure sustained a 15 percent or less reduction
of its original volume).

In an effort to obtain as much objective data as possible, the project team
reviewed more than 200 studies, research reports, papers, journals, and
articles pertinent to body restraints and the associated areas of crash-
worthiness design, crash impact variables, kinematic behavior of the human
body during deceleration, and trauma associated with light aircraft crashes.

Hasbrook's study (reference 10) of 913 general aviation accidents showed that
56.1 percent of the aircraft involved either suffered no structural damageI
to the cabin or only minor distortions. Yet, 29 percent of the occupants
of these "survivable" accidents sustained fatal or serious injuries. (A
survivable accident is oie in which the structure in the occupants' immediate
environment remains substantially intact throughout the impacts, and in which
the forces transmitted to the occupant through his seat and restraint system
do not exceed the impact (g) tolerances of the human body.)

A similar study (reference 14) of Vrmy aircraft accident data revealed that
61 percent of the fatalities incurred were due to crash impact, and 25 percent
of these fatalities were due to head/face injuries which were not only the moct
lethal but most frequent. It was recommended that efforts shculd continue to
minimize head and spinal injurles..."the lap belt by itself does not provide
uprer corso restraint for minimizing occupant structure strike injuries and
reducing spinal injuries in vercical crash forces." The report, concerning
248 occuparts involved in light plane crashes, continued: "...yet one out
of four occupants were killed. Injuries stemmed from flailing of the body
parts within the occupcnts' environment.... The lap belt restraint plays
only a moderate role in reducing injury severity...."

Another report by the Army Research Command (ceference 15) stated: "Full 13ro-
tection of seat belt only restraint can be realized only when tthe occupant
has an unobstructed path for his flailing extremitieu and upper torso. If this
condition does not exist, the protection offered by the lap seat belt may not
be limited by g factors, but by the injurious aspecLa of the occupants' envi-
ronmLnt... seat belt injuries in general should not be conside2red proof against
seat belt usefulness, but as evidence of its necessarily limited protective
value when compared to rostraint system3 that offer better load distribution
over the entire skeleton."
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Zn FAA report (reference 7) concerning the investigation of 78 light aircraft
accidents indicated that 17 aircraft were destroyed and 11 were partially des-
troyed, and in 50 aircraft the cabin remained intact. Of the 50 survivable-
type accidents involving 111 occupants, 26 were killed, 37 were seriously
injured, 6 received minor injuries, 21 received no injury, and injury to
one occupant was unknown. The majority, If not all injuries, were results
of head-face-torso impact with the instrument panel or cabin interior struc-
tures. The approximate 25 percent fatality index rate is in accord with
Hasbrook's information.

Carr and Singley (reference 16) reported that 61 percent of all fatalitiesare due to impacts, and approximately 25 percent of all fatalities are due
to head and face injuries.

J. Swearingen, in reference 17 states: "Crash safety design is far behind that
of the automobile.... Death rates per 100 million passenger miles in aircraft
are at least seven times those for automotive transportation. Detailed analyses
indicate that general aviation aircraft with rigid instrument panels studded
with heavy insteuments, protruding knobs, and sharp adges, along with a lack
of slow return padding and very inadequate restraint equipment, are producing
fatal or serious injuries during low cabin crash decelerations of a~s little
as 3-4 g's.... Tests indicate a complete restraint system is significantly
superior to the 'seat belt only' restraint system." In another two-year study
(reference 18) pertaining to acceptance tests of various upper torso restraints,
Swearingen found that people can be motivated to accept and use torso restraint
equipment provided specific design criteria are adhered to. Criteria include
comfort, neatness of appearance, ease ot stowage, and ease of donning andremoving. Inertia reel design should be included for ease of motion.

Similarly, R. A. Hughes (referenceý 19) reports: "It is deduced that poor
acceptance of the currently fixed shoulder harness in automobile systems
stems from the failure to meet certain qualitative specifications relating to
comfort, fit, ease of use, and freedom to move. A late result has been
increased demand for passive restraint systems which require no action on the
part of the vehicle occupant."

Hughes also concludes that: "Effective personnel restraint systems have been
developed for general aviation. These systems stress safety, comfort, economy,
ease of in3tallation, and generation of user confidence. Inertial or force
sensing reels and single point buckles are integral parts of the system. The
system for personal and private flying adds comfort and convenience to the
familiar automotive-type harness, while tV; system for businesd aircraft or
other aircraft with structural seats utilizes the experience gained on thousands
of commercial transport aircraft."

Flight Safety Foundation (FSF) reported in an Accident Prevention Bulletin
(reference 20) that: "Crew members are exposed ro a more injurious environment
than most passengers, and head injuries to cockpit personnel can be the cause
of serious, even fatal injury. Only adequate upper torso restraints can
prevent or minimize these injuries.... Human tolerance to transverse decelera-
tion is increased by using a shoulder harness in conjunction with a seat belt
because it keeps the spine perpendicular to the direction of the crash force."
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In 1972, NAFEC conducted a series of 22 dynamic tests on general aviation
occupant restraint systems (reference 8), by studying the longitudinal
deceleration/time reeronse of anthropometric, dummy occupants. It was demon-
strated that the lap belt/shoulder harness restraint system offered occupants
successful restraint at occupant inertia force levels substantially above
the current regulatory level. The tests, preliminary in nature, warranted
continuation of the test program in that "...restraint systems showed promise
for regulatory inclusion, by virtue of the fact that results were achieved
with restraint systems offered as options in recent years, requiring minimal
weight increase with fuselage reinforcement adaptable to retrofit as well as
new assembly."

There is little doubt that seat restraints have grown in availability and use
in other vehicular modes. The initial resistance to wearing belts has declined
gradually due to safety education and the improvement in convenience and util-
ity of using the restraints themselves.

The first belts were two piece, manually adjusted and ronretractable. Evolu-
tion of a combined lap and upper-torso restraint system, consisting of one
movable part and requiring no adjusting or storing action, has aided acceptance.
This simple system is presently found in most current automobiles and new
general aviation aircraft. While it represents a major improvment over the
lap belt, it is not the ultimate in protection, as evidened by several studies
of comparative effectiveness. Significant reductions in automobile casualties
have been attributed to belt wearing, but experimentation with simulated air-
craft crashes suggests that a further significant increment in safety is pro-
vided by the dual-loop-around-the-shoulder system, often characterized as the
"aircrew" restraint design (reference 16). The dual loop system provides
greater lateral protection and better deceleration load distribution than the
aeross-the-chest or Sam Browne type.

An Australian Etudy (reference 21) reveailed:

1. "The compulsory wearing of belts in Victoria is now being observed by
85 to 90 percent of the drivers in the country and metropolitan areas,
respectively.

2. "The overall vehicle driver casavalties fell by about 14 percent due to
belt wearing,..."

3. "Detailed examination of accidetnt data shows seat belt wearing to have
a casualty reduction potential in a variety of accident types. However, the
effectiveness could be improved by vehicle design to give better lateral pro-
tection to occupants."

The consensus of many reports is that:

1. A significant number of alrccaft occupants involved in light aircraft
accidents are sustaining fatal and serious injuries in "survivable-type"
crashes.
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2. Twenty-five percent or more of these injuries are attributable to
unrestrained head, face, or body impact with the instrument panel, flight
controls, or surrounding structure of ,the cabin environment.

3. The lap seat belt by itself has a limited protertive value and does not
provide upper torso restraint for minimizing head/face injuries and reducing
spinal injuiies in survivable-type light aircraft crashes.

4. A single diagonal chest strap used in conjunction with a lap belt can
reduce injury severity and is more effective as a restraint than the lap
belt alone. However, the single diagonal belt/lap belt is not the opti-
mum restraint system since it will not prevent head impact during forward and
lateral decelerations.

5. Effective upper torso restraints are availabJe from aircraft manufacturers
and aircraft products manufacturers.

6. Aircraft occupants can be motivated to wear upper torso reeetraints pro-
vided the restraint system is designed to offor adequate comfort, pilot
mobility, neatness of appearance, ease of stowage, and ease of donning and
escape.

CURRENT STATUS OF RESTRAINT SYSTEMS.

Members of the project team visited three major manufacturers of general avi-
ation aircraft to inspect current production line aircraft and to obtain first-
hand information from engineering personnel on current design thinking, problems,
and status of shoulder harness installation.

The chief engineer of one of the aircraft plants stated that in addition to
the lap belt, upper torso restraints for front seats are now standard equip-
ment on all of their aircraft models. The installed restrainto generally were
the diagonal "Sam Browne" chest belt type. Some models inspected were equipped
with inertia reel restraints; others offered them as an option.

Ideally, the diagonal. chest-type restraint anchor point is located on the out-
board side of the cabin structure, behiad the occupant's outboard shoulder.
This anchor point then allows the upper torso restraint to pass over the out-
board shoulder and fasten inboard at the occupant's hip as :hown in figure 2.
This arrangement is recotunended to minimize body impact with the side structure
of the aircraft cabin in the event of an emergency crash landing.

Aircraft structural design in at least one model precluded this anchor point
arrangement because of the location of the doors. In this model, the anchor
point •or the upper torso restraint was located in the overhead behind
and midway between the two front seats. This arrangement brings the upper
torso restraint across the chest from the inboard shoulder to the outboard
hip; while restricting forward body movement in the event of rapid deceleration,
this configuration provides little, if any, protection for body and head impact
in forward/sideward deceleratLong.4
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FIGURE 2. UPPER TORSO RESTRAINT INSTALLATION--DIAGONAL BELT

The vice-president of engineering of another aircraft company told the team
that all current models of their aircraft have upper torso restraints with
inertia reels as standard equipment for front seat occupants.

Recent literature for a third aircraft company advertises that shoulder
safety belts with inertia reels are standard front seat equipment on at least
three of the 1977 single-engine aircraft models.

In the United Kingaom (UK), the combined efforts of two manufacturers of
aircraft products resulted in the development and manufacture of an inertia-
reel full harness which consists of two over-shoulder, integral restraints
that cannot be unhooked to leave just the lap belts fitted. Both lap and
shoulder straps are locked by a single clasp and are adjustable (figure 3).

The harness has been approved by the UK Civil Aeronautics Administration (CAA),
but more significant is the fact that the UK CAA has required that the front
seats of all British-registered aircraft should, by January 1978, carry
shoulder restraints of either a diagonal belt or full harness, as per
Great Britian Air Navigation Order 1976, Schedule 5, Scale AB.

The project team examined several typical current production aircraft which
indicated that aircraft manufacturers are concerned with occupant safety and
are installing, as standard equipment, some form of upper torso restraint in
current production aircraft.
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The va iety of occupant restraints examined included inertia and noninertia
types, single diagonal/lap belt combination, single diagonal belt/separate lap
belt, and dual over-the-shoulder straps/separate lap belt. Belt buckle coupling
arrangements and locations varied as did the location of the upper torso
restraint anchor points. The noninertia but adjustable restraints for front
seat occupants generally are stowed inconveniently in clips above the front
side windows; consequently this type usually remains unused.

I It

77-38-3
FIGURE 3. INTEGRAL RESTRAINT WITH DUAL BELTS

Despite the dissimilarities, the restraints installed in these new aircraft
are a major improvement over aircraft equipped with only lap/seat belts.

NPRR 73-1 (REFERENCE 11). The accident data show that a significant number of
people involved ir. aircraft accidents are fatally or seriously injured because
of unrestrained head-face-body impact with portions of the aircraft cabin
interior. Innumerable studies offer overwhelming and irrefutable evidence
that the lap seat belt, by itself, has a limited function in protecting occu-
pants from fatal or serious injury in light aircraft impact accidents. Manu-
facturars, cognizant of the need for improved occupant safety, are installing
upper torso restraints in newly manufactured aircraft. It is surprising then
that the FAA NPRM requiring the installation and use of shoulder harnesses
met with such opposition.

FAR 23.785 was submitted as a section of NPRM 67-14 in 1967 (Federal Register
Vol. 32 No. 69, April 11, 1967). During the period open for co aent, four
responses reflected the following opinions:

1. Unqualified yes. "...changes should result in a safer aircraft."

2. Qualified yes. "...but define injurious object."
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3. No. "...shoulder harnesses should continue as optional equipment."

4. No. "...until pilots are aware of the-benefit of these devices, installed
belts will not be used."

The comments received were from two aircraft manufacturers and two organiza-
tions representing aircraft manufacturers.

Subsequently, FAR 23.785 of NPRM 67-14 was adopted as originally proposed
under Amendment 23-7 and became effective September 14, 1969. FAR 23.625
(Fitting Factors) and 23.1413 (Safety Belts and Harnesses) were amended to
include the word "harness." No revisions were made to FAR 91 as there were
no proposals to amend that part.

NPRM 73-1 (Federal Register 38-2985, January 31, 1973), relevant to shoulder
harness installation and use, proposed amendments to FAR 23 and 91. NPRM 73-1
elicited over 200 comments from the general aviation public, with over 100
responses opposed to the proposal. The chief objections to the NPRM are:

1. Over-regulation
a. Oppose being told what to wear.
b. Oppose mandatory nature of the proposed regulation.
c. Unenforceable regulation.
d. Impossible to regulate safety.
e. Invasion of people's rights.

2. Cost
a. Cost for installation and retrofit.
b. Drives cost of airplanes up.

3. Operational (Mandatory) Use
a. Confining
b. Cumbersome
c. Unsightly

4. Dangerous
a. Impede pilot mobility to reach all controls and 3quipment.
b. Restrict head mobility in looking out for other aircraft.
c. Impede egress.
d. Diagonal belt can break neck.

The difference in the number of responses to the two NPRM's is because NPRM
67-14 imposed a requirement only on the aircraft manufacturer, W.ile NPRM
73-1 sought to impose a requirement on both manufacturer and general aviation
public. A

Since current shoulder harness development technology has been improved con-
siderably, objections 3 and 4 are not substantial enough to warrant withdrawal
of NPRM 73-1. Of the first two objections, there are Lwo substantial arguments
against the adoption of the NPRM.
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A report prepared by the MITRE Corporation (reference 22) presented a prelim-
inary analysis of all civil aviation accidents which occurred within the United

•I. States, its territories, and possessions during the 9-year period from January
1964 to December 1972. The accident data were derived from NTSB records and
included accident data for the four user classes of air carrier, small air
taxi, corporate/executive, and small general aviation aircraft. Considering
only the data pertinent to small general aviation aircraft, figure A-4 of
appendix A, shows the accidents and related fatalities that occurred during
thc 9-year span. The total of small general aviation aircraft accidents
accounted for 92.6 percent (42,567) of the total accidents (45,946) and for
74.4 percent (9,468) of the total fatalities (12,719). What is significant
is the fact that of the single aircraft accidents that occurred under normal
operating conditions, the combination of takeoff and landing accidents (22,229)
accounted for 82 percent of the 27,100 accidents.

Thus these accident figures substantiate the objection to the proposed require-
ment for flight crew members to wear the installed harness at all times while
at their stations. They also reinforce the requirement for wearing them dur-
ing takeoff and landing; these are flight phases of high accident frequency.

The opposition to the proposed retrofit provision of the NRPM also appears
justified. Table 2 shows the population of registered general aviation air-
craft by type for the years 1969 through 1973. Note that the first three
aircraft types, single-engine one-to-tLue place, single-engine four-place
and over, and multiengine reciprocating, comprise, respectively, 33 percent,
50 percent, and 12 percent (total 95 percent) of the general aviation fleet.
A projection of these percentages to the estimated 1978 general aviation fleet
of 180,000 registered, active aircraft would produce the following aircraft
population:

Single engine aircraft (one-to-three place) 59,400
Single engine aircraft (four-place or more) 90,000
Multiengine aircraft (under 12,500 pounds) 2,220

Total 151,620

There Is no method of dctcrnlainw how wany uf these aircraft presently are or
will be equipped with upper torso restraints, nor can it be established how
many aircraft do not or would not have structural provisions for shoulder
harness attachments. However, an assumption that 10 percent of the fleet
is equipped with upper torso restraints, and 40 percent do not have the neces-
sary structural support for restraint attachment, means that 50 percent of the
estimated fleet (75,000 plus aircraft) would be affected by proposed regulation
to install (i.e., retrofit) upper torso restraints. Whether the percentage
estimates are precise does not alter the fact that a major proportion of
general aviation aircraft owners would be burdened with the purchase and
installatLon costs of upper torso restraints. Purchase price for a diagonal
chest belt and lap belt including the inertia reel system is approximately
$55 per seat. With a variable cost for installation, total costs for a four-
place aircraft could run between $350 and $500. The opposition to retrofit is
strengthened by this cost consideration.
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If the FAA were to withdraw the proposed requirement for ,•houlder harness
retrofit, another significant problem might arise as indicated by a recent
study (reference 23) of attrition in the domestic general aviation fleet
(figure A-5 in appendix A). The study'shows that with an attrition rate of
3 percent, the majority of the 75,000 general aviation aircraft mentioned in
table 2 will be flying 10 or 20 years hence. In view of the described costs,
it is likely that they will still be flying without upper torso restraints.
Under these circumstances, it is highly improbable that there will be a signi-
ficant reduction in the number of injuries attributable to head and body impact
with the cabin interior in survivable aircraft crashes.

RECOMMENDATIONS.

The data substantiate the need for occupant protection in the event of surviv-
able crash accidents. Consideration should be given to regulatory action
based on a modified version of NPRM 73-1 to require as a minimum, (a) the
installation of upper torso restraints in newly manufactured aircraft, (b)wearing of the installed restraints during the takeoff and landing phases
of flight, and (c) the establishment of a reasonable time period for theinstallation of front seat upper torso restraints in previously manufactured

aircraft that have adequate structural provisions for restraint installation.
The installed restraints should not restrict crew mobility or egress from
the aircraft in an emergency.

On June 9, 1977, Amendment 23-19 to FAR 23 was adopted to require approved
belts and shoulder harnesses for front seats and to require that they be
worn during takeoff and landing. (For aircraft manufactured after
July 18, 1978).

SEAT LATCHES

THE PROBLEM.

The seat latches of various general aviation aircraft do not insure adequate
locking in intermediate positions. With the application o. power for takeoff,
the force exerted on the seat because of aircraft acceleration could cause
the seat to slide to its rearmost position, with possible loss of control.

RELEVANT FACTORS.

Most late model general aviation aircraft have adjustable pilot and copilot
seats. In the simplest form of seat adjustment, the pilot can make a manual
adjustment in a fore and aft direction. This is accomplished by depressing
a spring-loaded lever or bar, generally located under or on the side of the
seat, which retracts a metal rod from one of siveral circular detente in a
fixed track attached to the cabin floor. The seat is then free to move on
this track in n fore and aft direction until the pilot releases the lever.
The spring-loaded rod is then aligned and inserted into one of the circular
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detents that hold the seat in the adjusted position. In addition to fore and
aft positions, more complex (but more costly) seat systems allow for manual
or powered adjustment of the seat height and, seat back position.

The specifications for aircraft seats and berths are defined in National Air-
worthiness Standard (NAB) 809, prepared by the Airworthiness Requirements
Committee (ARC) and in FAR 23.785. These specifications define the minimum
performance and safety standards for seats and berths.

The requirements pertain primarily to the structural strength of the seat
with no specific reference to seat adjustments or positive action of the seat
locking device. FAR 23.785 (c) states: "Each pilot seat must be designed
for the reactions resulting from application of pilot forces to the primary
flighL controls as prescribed in FAR 23.395."

NAS 809 4.1.2.5 states: "The seat or berth in any of its adjustable positions
shall be capable of withstanding the limit loads without suffering detrimental
permanent deformation. At all loads up to these limit loads, the deformation
shall be such as not to interfere with safe operation of the airframe."

Possibly these requirements could be presumed to cover the cape of accelera-
tions imposed during the takeoff phase of flight. Under this interpretation,
if a seat slips from its adjustment detent positionp the regulation should
apply; therefore, a seat that lacks positive latching and can slip does not
meet present FAR and NAS requirements. If this is the intent of the prement
regulations it should be made explicit, since not all seat track latches
have the required positive lock action,

The pilot survey conducted early in this project indicates that the occurrence
of seat slippage is more frequent than realized, anLd only luck or proper nction
on the pilot's part has kept this potential accident cause to the low frequency
found in the accident data.

Over 50 percent of the pilots interviewed offered critical comments on the
adequncy, location, and operation of adjustable seat latching mechanisms. This
majorvty of pilots/flight instructors related seat slippage incidents which
they or their students had experienced. Fortunately, none of their occurrences
had resulted in an accident.

Pilots stated that because of the large number of slippage incidEnts, the
seat latch mechanism should incorporate a positive lock feature which should
he detectable by feel and/or sight. A possible design to acromplish this
would consist of a sloped indentation on the front side of each spring loaded
hold position and a projecting ridge behind each hold position. The cross-
bolt locking lever would then he caught in the next detent position eft of the
starting point. There was no specific preference for location of the fore/aft
seat adjustment latch other than to standardize the location. In addition,
the majority of pilots Interviewed expressed the opinion that seaL adjustment
lever actuation should be standardized, citing the variety of existing syscems
that require either a push, pull, press or lift motion of the adjustment lever
to position the seat.
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ACCIDENT DATA.

A review of the NTSB accident data for the period 1970-1974 (reference 13)
revealed seat slippage as a contributing factor in 26 aircraft accidents,
including two that were fatal.

The accident data for seat slippage problems are sparse, and as shown by the
pilot survey they do not represent the actual number of seat slippage incidents.
The reason for this difference is that this occurrence does not ordinarily
result in a reportable accident. An improperly latched seat can cause the seat
to slip or slide rearward to a position where the pilot, unable to maintain
foot contact with the rudder pedals, may lose directional control of the air-
craft.

In the worst accident case studied, seat slippage during the climbout phase
of flight resulted in the pilot's seat sliding to its rearmost position at
which point the seat back failed. Since the pilot still clung to the yoke,
the aircraft pitched up, stalled, and crashed. The pilot sustained fatal
injuries, and the aircraft was destroyed,

In another accident involving an airplane flown from the right seat, the
investigator's report revealed a harardous condition of the left seat:

"Moving the left front seat fore and aft showo that when the seat was near

full-forward, the upper left corner of the seat bumped against the upholstered
doorframe. The seat could only be moved to the most forward, locked position
by forcing it.

"Examination of the left front seat showed the upper left side was bent inward.
The forward left housing for the seat roller was bent, an4 thc rtll pin which
locks the seat to the rail was tapered and brightly polished. The holes in A

the rails were elongated fore and aft. When the seat was pushed forward,
the roll pin would not completely enter the hole and secure the seat. When
a moderate amount of side or aft pressure was applied, the seat would slide
aft to the rear stop.

"Since purchase, the owner had flown the aircraft 23 hours. During this time
he noted it was difficult to lock the left seat in place, and at times during
flight, the left seat would slide aft without being unlatched. For this reason
the pilot decided to fly the charter trip from tho right seat."

Although the left seat was not a direct cause of the accident, it is interest-
ing to note that the owner/pilot was well aware of the severity of the condi-
tion of the latching mechanism.

DISCUSSION.

With frequent adjustment, aircraft seat latches and seat tracks are subject
to great wear. Forward seats are positioned and repositioned not only to
accomodate pilot size, they are also moved to facilitate the entry and exit
of rear seat passengers. The team's inspection of a variety of single engine
aircraft at several local airports confirmed the wear of the adjustment hardware.
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Although seat locking mechanisms may work in a satisfactory manner during
certification tests, a deterioration of the seat latch and track systems
through normal use can result in seat slippage accidents and incidents.

The most noticeable deterioration evidenced was that of the seat track. In
addition to a deep scoring of the track upper surfaces, the circular detente
were elongated. The seat legs of two aircraft were bent, and a sideward
force exerted on the seats dislodged the seat leg from the track.

Because of the number of circular detente provided in the seat track to accom-
modate variations in pilot size and leg length, it should be expected that if
the seat locking rod fails to hold in one detent, the seat, sliding rearward,
would engage the next detent and hold. However, given a combination of worn
detents, bent tracks or seat lego, or weak spring locks and a sufficient for-
ward acceleration, the seat can slide to its rearmost position without engaging
any of the detents.

If this does happen, the pilot, caught unaware, can lose physical contact with
the yoke, rudder pedals and power controls, or worse, if airborne, experience
the pitch up, stall accident mentioned previously.

It is much easier to examine the seat tracks, detente, and supporting seat
structures of high wing aircraft than those of low wing aircraft, The pilot
has the advantage of standing outside the aircraft and getting a clear view
of these structures. The provision of doors on both sides of the aircraft
makes the inspection task that much easier. However, in neither the high
nor the low wing aircraft does the pilot have the capability of examining
the condition of the spring loaded rod ends that snap into the detente, since
that part of the rods is completely obscured by the seat roller guide assembly.
To inspect the rbtractable rod end for wear, malformation, or fracture requires
the complete dituengagement and removal of the seat from the tracks. Needless
to say, none of the pilots interviewed went to this extent in preflighting
an aircraft. A few pilots said they made routine checks of the detents to
insure that there was no accumulation of dirt. Most pilots said they relied
on the preflight technique of exerting back pressure against the seat once
It had been adjusted to its desired position.

With but one exception, no innovative design changes to seat latch or locking
mechanisms were noted during the team inspection of current production aircraft.
The exception was one manufacturer's installation of an adjustable metal stop
or limiter for seat travel as part of the double seat track, with both tracks
lockable rather than only one as in earlier aircraft. With this new design,
if the seat slips back from its positioned detent, the stop prevents the seat
from slicing Lo its rearmost position. The chief engineer said that should
the seat slip backward, the pilot might lose contact with the rudder pedals,
but the stop still would allow him access to the yoke and power controls.
Furthermore, the use of twin locking tracks makes even this degree of slip
unlikely.
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This and similar designs for cockpit components enhance aircraft safety, and
exceed the minimum certification requirements. But it is dinturbing that under
some possible interpretations, there are no minimum FAR requirements for seat
latches and locking mechanisms.

h proposal, ARP 1318, for General Aviation Seat Design is contained in
appendix B. The document, "Cockpit/Cabin Standardization; General Aviation
Aircraft," was prepared and approved by the SAE Committee A-23, on
October 21, 1975. The ARP recommends adjustable seats with provisions for
vertical, angular, and fore and aft seat adjustment. The proposal recommends
that the fore and aft seat-adjusting mechanism be designed to insure against
inadvertent actuation, either by the occupant or by inertia forces to extreme
fore or aft positions during normal or emergency flight conditions. The ARP
also recommends a standard location of the seat actuation control.

The proposed recommendations of ARP 1318, in conjunction with the accident data
and pilot comments on seat slippage incidents, attest to the fact that inadver-
tent seat slippage is a potential cause of aircraft accidents. The proposed
recommendations are most relevant and worthy of consideration for a more con-
cise definition of seat and berth requirements. As mentioned previously, SAE
ARP's are advisory only, and their use by anyone engaged in industry or trade
is voluntary. The SAE terminated the A-23 Committee before a final approved
version of ARP 1318 could be published. The document is not listed tn the
August 1976 numerical index of current, new, and revised ARP's.

RECOMMENDATIONS.

iAdjustable seats should be required to have a positive seat locking device to
prevent the seat from inadvertently slipping from its adjusted position. The

pin in or "lock" position of the adjusting lever should be clearly different
from the unlocked or "adjust" position, so that the pilot can tell by sight
and feel whether or not the seat is locked or secured in the detent. In any
event, the seat should not be able to suddenly move to an extreme position
from which the pilot can not reach the power or flight controls.

DOOR HANDLES AND LATCHING/LOCKING MECHANISMS

THE PROBLEM.

General aviation aircraft accidents have occurred because the aircraft cabin
door opened in flight. The causes have been attributed to: (1) pilot failure
to insure that the door was secured properly, either through neglect or
unfamiliarity with the door latching mechanism, (2) a type of door latch which
precludes a visual check that the door is properly closed and locked, and/or
(3) a latching/locking mechanism defective or worn from normal use, which fails
to hold the door locked under conditions of airloads, turbulence, or vibration.
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RELEVANT FACTORS.

The inflight door opening, while not catastrophir. in itself, can create a

stress situation for the pilot. While concentrating on the problem of the open
door, he/she may fail to maintain flying speed and stall or lose control of the

aircraft. The literature and accident data on inflight door openings, as in
seat slippage accidents, are sparse. Information which is available shows that
many accidents involving inflight door opening occurred when the pilot either
attempted a panic abort of the takeoff, or, if already airborne, made a pre-
cipitous return to the airfield. In the first type, the aborted takeoff either
resulted in the aircraft overrunning the runway, or because of heavy braking,
a tire failed and the aircraft ground-looped or swerved off the runway. In the
other type, pilots overly anxious to make a precautionary landing forgot to
lower the landing gear or made a poor approach/landing and swerved off the run-
way with resultant damage to the aircraft.

Newer aircraft owner's manuals list the item "Dours and Windows-Loch" in the
before takeoff checklist, but a stu-'y of older manuals, 1967 to 1972, disclosed
a lack of information pertaining tt. normal door locking procedures or emergency
procedures to contend with a door onening in flight. In contrast with approved
airplane flight manuals, the information contained in aircraft owners manuals
is not FAA approved (FAR 23.1581, reference 1).

The followin- information was provided in a 1967 owners manual under "Emergency
Procedures."

"Unlatched Door in Flight. If the cabin door is not locked, it may come
unlatched in flight. This usually occurs during or just after takeoff. The
door will trail in a position approximately 3 inches open, but the flight
characteristics of the airplane will not be affected. Return to the field in
a normal manner. If practicable, during the landing flareout hnve a passenger
hold the door to prevent it from swinging open.

In an emergency, it is possible to close the door in flight as follows:

1. Slow to approximately 90 mph (78 knots) indicated air speed (IAS).

2 Open the storm window to reduce cabin air pressure.

3. Bank steeply to the right.

4. Simultaneously apply left rudder (which will result in a'slipping
maneuver) and reach over and close the door.

In J975, GAMA representatives published a draft specification for use in pre-
paring pilots' operating handbooks (POH). The specification provides btoad
guidelines for preparing handbooks for all types of general aviation aircraft,'
excluding jets, under 12,500 pounds. There is no doubt that the specification
is a major achievement in industry standardization of pilot handbooks, and it

31

I i i i3



is a document which provides the aircraft owner excellent operational informa-
tion in useful form. The draft specification for POH's has a section of the
text devoted to "Description and Operation of the Airplane and its Systems"
and includes.

"Doora. Windows, and Exits.

1. Describe how to operate and lock doors, windows, and exita.

2. Explain any procedures or warnings necessary for the doors, exits,
windows, or windshield wipers.

3. Discuss how to close a door or window if it opens accidentally in
flight and any restrictions there may be on purposely opening in flight.

4. Give precise instructions for using emergency exits."

This type of information, much of which was not available in older aircraft
manuals, can enhance the piloL's knowledge of his aircraft systems and
equipment. The knowledge of how to cope with the open door situation can
alleviate the initial stress accompauying this type of emergency, and could
make the difference between a safe precautionary landing and one which results
in an accident.

Nevertheless, the excellent and expanded information provided by GAMA's
revised pilot operating handbooks is not the complete answer. The information
supplied recognizes that doors can open in flight, either because of pilot
fallibility or equipment problems. The procedure to correct the situation
then becomes an "after the fact" solution.

The variety of aircraft door handles, shapes, location, door latching mechan-
isms, and methods of actuation, coupled with the minimal requirements for doors
specified in FAR 23.783, emphasizes the need for standardization and design
improvements to minimize, if not completely eliminate, the inflight open
door problem.

ACCIDENT DATA.

Fifty-nine of 82 (72 percent) of the pilots interviewed by the project team
commented on the lack of standardization of general aviation aircraft door
latching/locking mechanisms. At one time or another, these pilots experienced
door openings In flight. Pilots cited lack of standardization in the logic
of latching/locking operation, the inadequacy of the latching/locking mechanism,and the lack of a visual indication to confirm that the cabin door is locked.

The nimber of aircraft accidents in which inadvertent inflight door opening
is a zontributitig factor is not representative of the actual number of open
door incidents. In many cases, as attested to by the pilots and instructors
interviewed, the pilot performs stccesefully the necessary procedures to get
the door closed and continues the flight, or lands safely. Other than
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the pilot sampling and interview technique employed in this project, there
is no method by which one can determine the actual number of inflight door
openings which do not result in accidents or-incidents.

An NTSB survey (reference 24) of the 7-year period between 1968 and 1974
disclosed that 63 inflight door openings caused 38 precautionary landings
and that door opening was a contributing factor in 7 fatal accidents in which
19 people were killed. The accident data revealed that an average of at least
five accidents per year (1970 to 1974) were related to inflight door openings.

Two examples of inflight door accidents follow.

The pilot, owner of a newly purchased aircraft, planned a local visual flight
rules (VFR) flight. Preflight and runup were normal, but just as the aircraft
became airborne, its door popped open. The pilot, a veteran of 1,000 hours
in type, elected to return to the airfield, land and correct the problem.
However, while turning on to final approach, the aircraft apparently stalled
and fell 50 feet. It struck the ground 200 feet shorc of the runway, hit
a 15 foot high tree, its left wing dug into the sand, then the right wing
struck the ground. The plane ground looped and skidded another 100 feet.
The aircraft was a total loss (reference 25).

The pilot was enroute to his destination and approaching the airfield when
the cabin door opened. Because of excessive vibration, the pilot thought that,
in addition to the open door, he was having engine problems. He shut down
one engine but the vibration continued. The pilot attempted to gain altitude,
but with the excessive noise and vibration, he was concerned that he might
stall the aircraft. The pilot stated he could not maintain level flight and
keep up his airspeed. His attempt to reach the airport runway failed
(reference 26).

Both pilots had over 1,000 hours in type, which implies they were well

acquainted with the equipment, systems, and features of their aircraft.

DISCUSSION.

Recommendations for new door handle, latch, and locking system designs are
not within the scope of this study. The design features discussed will provide
Lhe reader with an appreciation of the variety of handle, latch, and locking
mechanisms in current general aviation aircraft, and how they may be related
to the inflight open door problem. (The latching mechanism prevents the
cabin door from opening when closed and latched. The locking mechanism gen-
erally prevents the inadvertent opening of the latching mechanism.)

Design improvements over the years have included placement of the door handle,
in its locked position, in such a manner as to preclude inadvertent opening
of the door through arm, elbow, or body contact of the pilot or passenger.
Close-lock or backup lock systems are similar to those found in automobiles.
These systems feature a door handle to close the donr with a separately placed
push-pull button or rotating lever to lock the door. Also, the dual function
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system may be incorporated solely in the handle, with some form of rotational
action to close the door, and an extra pivotal action to lock it. The design
philosophy is that, in the event the cabin door becomes unlatched in flight,
the secondary lock feature will prevent it from fully opening. Another design
change has been the provision for door handle insets, making the handle flush
with the door interior to eliminate the handle projection as an injurious
object in the event of a minor crash landing, and to inhibit inadvertent
opening by an occupant's clothing. Some of the older rotatable automobile
type handles have been replaced with a large square or rectangular metal tab
that is flush with the door interior. As a rule, this type of door handle is
pulled in toward the cabin interior to open the door. The result is not to
physically move the door, but simply to retract the latch mechanism from its
holder so that the door can open. In addition to this type of action, there
are variations on clockwise and counterclockwise handle motions either to shut
or to open cabin doors.

The prevailing design for door latches is that of a straight rod or beveled
bolt (tongue or tenon), similar to that found in common household doors.
The action of the door handle is to retract or deploy the tenon from or into
the bolt holder (mortise). This simplified system latches but does not lock
the cabin door, and is a common system in the general aviation fleet.

Locking systems generally function by one of three methods:

1. The tenon itself is locked and immovable in the mortise. This type is
found in the dual purpose closa-lock door handle.

2. The door handle is made inoperative by a separate lock. The automobile
pushdown button lock exemplifies this type of locking mechanism.

3. A separate locking latch may lock the door but neither immobilizes the
tenon nor renders the door handle inoperative. Such a latch usually hooks onto
a heavy duty metal staple accessory.

If the door is not closed or latched properly, i.e., with the tenon positioned
securely within the mortise, the locking mechanism for methods 1 and 2 typi-
cally is ineffective and a hazardous situation may exist wheu the aircraft
is airborne.

Project team examination of three manufacturers' production aircraft disclosed
several innovations in cabin door hardware. With minor exceptions, the modi-
fied design features verify the manufacturers' awareness of the inflight open
door problem, and their endeavors to minimize that type of occurrence.

Some of the features noted were double latching points in the cabin door, dual
action door handles, e.g., push-button and turn handle, and dual function
door handles which incorporate a close-lock capability. Locations of door
handles, types of handle action, and locking mechanisms vary from one aircraft
manufacturer to another. However, taking into consideration the constraints
imposed by the aircraft door assembly, each manufacturer seems to have attempted
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a standardization of door hardware within the particular line or model of air- I
craft. For example, one aircraft company employs the same type of door handle,
handle action, location, and locking mechanism in the majority of its aircraft
models. An exception to this standardization, pointed out by the chief engineer,
was on its smallest aircraft, where the thickness of the door was not sufficient
to house the otherwise standard door handle assembly. Using the standard assem-
bly would necessitate making each door one-half inch thicker with a resultant
one inch decrease in the interior cabin width.

It would be ideal if all handles. hndle action, and locking mechanisms were
consistent across the spectrum o! general aviation aircraft. This, of course,
is difficult given the multitude of different model aircraft. RegardlessI
of the variety of door handles, latches, and locking mechanisms, what is
needed is a positive identification by the pilot that the door is indeed
closed and locked.

No organized data were available which isolated specific reasons for cabin doors
opening in flight. A review of the accident records revealed pilot failure
to check the cabin door security or faulty lock/latch mechanisms as causes for
the door opening. Pilot statements described how they had closed the cabin
door but neglected to check its security. It is common practice for pilots
to Push against the cabin door or, if occupying the right seat as a flight
instructor, push heavily with their shoulder against the door to insure door
security. Making use of this technique underscores the fact that the pilot
has no visual means to assure that, having closed the door, it is positively
closed and locked.

Project team members used the shoulder-against-the-door technique in the exam-
ination of various light aircraft. Cabin doors were closed and appeared to be
locked. But in two aircraft, the application of shoulder pressure against
the doors produced occasional openings. Company personnel explained that
the occurrence might be attributed to the newness of the aircraft, i.e., a
tight door seal. Notwithstanding this explanation, the fact remains that a
visual check alone for door security was not adequate.

The regulation governing doors for transport category aircraft is FAR 25.783
(reference 27). The regulation requires a means to lock and safeguard doors
against opening in flight. The means of opening must be simple, obvious,
and readily located and operated. There must be a provision for direct visual
inspection of the locking mechanism to insure that the door is locked.. Also,
each external door must be capable of being opened from both the inside and
outside. This last requirement was not considered previously by the team, but
its importance for Part 23 aircraft was stressed by an accident investigator
from a General Aviation District Office. He stated that locked doors of many
current general aircraft cannot be opened from the outside causing a perilous
situation if the occupants, because of injuries, are unable to open the cabin
doors from the inside and rescuers are unable to open the door(s) from the
outside.
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RECOMMENDATIONS.

Consideration should be given to regulatory or other design practice action
to require positive door latch/locking mechanisms. Means should be provided
to allow direct visual inspection to insure door security, and/or preclude
locking of a door that is closed but not securely latched. It should be
possible to open the door from the outside.

FUEL MANAGEMENT

THE PROBLEM.

A survey of current PAR 23 aircraft revealed a marked lack of standardization
in fuel systems. NTSB reports document fuel system mismanagement by the pilot
as a major cause of accidents with both fuel starvation and fuel exhaustion
being frequent findings of cause. The present nonstandard fuel systems, con-
sisting of the tank selector control, its associated marking, and the fuel
quantity indicators, do not provide optimum protection against pilot error.

RELEVANT FACTORS.

Seventy-. .. percent of the pilots and flight instructors interviewed during
this study commented adversely on the nonstandard fuel systems and components
that are prevalent in today's general aviation fleet. Those comments were
directed specifically to the fuel selector control--its location, accessibility,
markings, construction, and operation logic-and the fuel quantity indicators--
location, accuracy, legibility, and markings.

Subsequent to the data collection phase, the team conducted field inspections
of a variety of general aviation aircraft manufactured since 1968 and confirmed
the reported lack of standardization of fuel systems.

ACCIDENT DATA.

A study by the NTSB of accidents involving engine failure/malfunction for
the years 1965 through 1969 revealed the pilot in command as a probable cause
or a related factor in 52 percent of the engine failure accidents, with mis-
management of fuel cited as a predominant factor (reference 28). Mismanage-
ment of fuel, by NTSB definition, is any act of omission or commission by
the pilot, with reference to fuel or the fuel system, considered causative
in the accident.

The study showed that 19.3 percent of 4,310 engine failure accidents had been
caused by fuel starvation. Fuel starvation is defined as the interruption,
reduction, or complete termination of fuel flow to the engine although ample
fuel. for normal operation is available aboard the aircraft.
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NTSB conducted a second special study (reference 29) concerning accidents
related to engine failure/malfunction and fuel starvation, and the results of

these studies led to the formation of the Fuel System Standardization Committee
by GAMA. Working closely with the FAA and NTSB, the committee's objectives
were to standardize, where possible, and simplify future aircraft fuel systems.
This action culminated in a draft document which proposed changes to FAR 23.777
through 23.781, and suggested standardized limits and nomenclature for fuel
selector valves and other components of aircraft fuel systems. The draft
proposal and related documentation are contained in appendix C.

This second special study was conducted by the NTSB to: identify the most
frequent causes of fuel starvation accidents, examine factors involved, and
propose remedial action to reduce the number of fuel starvation accidents.
An AOPA analysis of the report (reference 29) is shown as appendix D. It
concluded:

"While 87 percent of the fuel starvation accidents were attributed to opera-
tional problems, the problems were not independent of the factors which
influenced or caused them." Design associated factors cited were:

1. Owner manuals which often lack detailed information on fuel management
and fuel system purging operations.

2. Fuel systems which require tank switching in order to manage the fuel t
supply properly.

3. Fuel selector valves with handle design, mode of operation, or tank dis-
play which may be conducive to mispositioning.

4. Placement of engine controls and similarity of appearance which may be
conducive to improper use.

A NAFEC review of NTSB general aviation accident data for the years 1970-1974
(reference 13) showed its similarity to data reported previously for "he years
1965 through 1969. The 1970-1974 accident data revealed 4,954 engine failu're/
malfunction accidents .nclvding 1,215 attributable to fuel mismanagement. Of
these accidents, 832 were caused by fuel starvation, including 31 accidents
in which the fuel selector valve was positioned between tanks, a design-
associated factor mentioned in the NTSB report. The 4,954 accidents consisted
of 386 fatal, 593 serious, and 1,072 minor injury accidents with 959 aircraft
destroyed, and 3,990 substantially damaged.

DISCUSSION.

FAR 23.777(f) states: "Each fuel feed selector control must be located and
arranged so that the pilot can see and reach it without moving any seat or
primary flight control when his seat is nt any position in which it can be
placed."

It Is reasonable to interpret this requirement as meaning that the location
must be such as to permit convenient operation by either pilot in a dual-control
aircraft, since the pilot may be seated in either control position. In an
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emergency or in a traininb situation, the right seat pilot in a side-by-side
arrangement may need to operate any vital cockpit control. In a few aircraft
models, one such control that presently is inaccessible to the tiistructor/
copilot is the fuel selector.

Unfortunately, FAR 23.777(f) has been interpreted in the certification pro-
cess to allow mounting the fuel selector control on a cockpit widewall. Gen-
erally, such side mounted selectors do not conform to what is considered good
human engineering practice, In that they do not preserve natural relations,
Mounted on the side, for exmtple, the pointer does not point to the right
when the right wing tank is setected. Furthermore, FAR 23.995(a) states that
there must be a means to allow flight crew members to rapidly shut off, in
flight, the fuel to each erine individually, and (b) that there must be a
means to guard against inadvertent operation of each shutoff valve.

FAR 23.1337(f) "Powerplant Instruments" requires a means to indicate fuel
quantity. Unfortunately, there is a marked lack of standardization in the
systems that are used. Some aircraft have one gauge for each tank, while
others share one gauge for several tanks and provide a switch so that the A
pilot may obtain a reading on the level of each tank in turn. Still other
aircraft have a fixed relation between the fuel tank selector control and the
fuel gauge selector control whereby it is necessary to switch fuel flow to
a particular tank to obtain an indication of the amount of fuel remaining
in that tank. This diversity can cause misunderstanding. A fuel system dia-
gram posted adjacent to the selector control would minimize confusion of fuel
tank usage. General simplification of the fuel system should be encouraged.

In 1968, a study (reference 30) was conducted at NAFEC to design a fuel
selector control that conformed with good human engineering practice. It
recommended: (a) the selector handle should be the pointer to prevent mis-
reading of the selection, (b) that natural relations be used in pointer direc-
tions, e.g., right i0r right tank, forward for all tanks, rear for shutoff,
etc., (c) that the OFF position be at least 90* away from any tank selection
position, and (d) that in dual control aircraft, both pilots have easy access
to all fuel controls.

The GAMA fuel valve selector control committee proposed design guidance addi-
tions (appendix C) to the present regulations for FAR 23 aircraft. They
include:

"Opnrating motion of the handle shall be to the right for right hand tanks,
to the left for left hand tanks, and extreme left or aft for OFF, All other
tank selections shall be between left and right tank position, except for the
crossfeed position on individual engine selector valves on multiengine air-
craft which shall be to the extreme right or forward.

The indication au to the fuel valve position selected shall be by means of a
pointer and shall provide a positive identification of the position selected.

The position indicator pointer shall constitute or be located on the maximum
dimension portion of the handle measured from the center of rotation.
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The emergency shut-off valve handle shall be red. If the fuel selector valve
handle is also a fuel shut-off handle, the OFF position marking shall be red.

Fuel selector valve position placards shall be immediately adjacent to the
indicator end of the selector."

These additions are compatible with the recommendations of the NAFEC study
with the exception that the GAHA committee proposed no change to FAR 23.777
regarding location of the fuel selector control. The NAFEC recommendation for
equal aucess by both pilots in dual-control aircraft is supported by the fact
that many dual-control aircraft manufactured today are side-by-side layouts
with fuel stored in the wings and have the fuel selector control near the mid-
line where it is equally distant from the right and left tanks, and visible
to and accessible by both pilots. But certain products of one large manufac-
turer have the control located on the left sidewall where it might be difficult
for the copilot or instructor to see the selection or to reach it in an

t emergency. No compelling structural or economic reason was uncovered to rule
out requiring relocation near the midline in new production airplanes. Hence,
it is feasible to add the equal access requirement to the GAMA proposal.

During the survey phase of this effort, many pilots and operators reported
that the accuracy of fuel quantity gauges was a problem. As required by
FAR 23.1337(b)1(1), each fuel quantity indicator must be calibrated to read
zoro during level flight when the quantity of fuel remaining in the tank is
equal to the unusable fuel supply. Apparently the fuel gauges become inaccur-
ate over the service life of the aircraft and are not readily correctible.
This could trap the unwary pilot who may not have planned sufficiently his
fuel consumption and fuel reserves.

A further addition to the GAHA proposal should be a requirement for accuracy
of finl quantity gauges when such indicators are provided. Since the greot
majority of new aircraft do have fuel gauges, and these gaugas are thought
to be accurate when new, it is suggested that a quality standard should be
added to insure that the gauges retain their accuracy over time. The shape
and production tolerances of tanks and the fuel motion effects prevent abso-
lute accuracy, but it is within the state-of-the-art to provide gauges that
are reasonably accurate and that can be serviced as required to preserve that
accuracy.

RECOMMENDATION.

It is recommended that consideration be given to implementing the GAHA pro-
posal for FAR 23 fuel system standardization with the additions that the fuel
tank selector hanile must not pass through the OFF position when switching
from one tank to another and should be accessible to both pilots in a side-
by-side aircraft. Consideration should also be given to the adoption of a
quality standard for fuel gauge accuracy.
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POWERPLANT CONTROLS

THE PROBLEM

A significant number of accidents has been caused by improper operation of
the powerplant controls. The cause is attributed to pilots moving a wrong
lever or power control. A contributing factor is the variation of control
location and arrangement existing in FAR 23 aircraft.

RELEVANT FACTORS.

lispections of general aviation aircraft disclosed a lack of standardization
in the location, operation, and arrangement of powerplant controls. The NTSB
has identified the variability of control location and arrangement as a con-
tributing factor in a significant number of engine failure accidents
(reference 29).

The lack of control standardization, which contributes to pilot error accidents,
has been reported and discussed for the past 30 years, but only within the past
10 years has there been a conscientious effort (primarily through the imple-
mentation of recommended design practices rather than regulatory action) to
apply proven human engineering design concepts to powerplant controls in general
aviation aircraft. Selection of the proper control is a matter of pilot train-
ing. Control location, identification, arrangement, and direction of motion
are a matter of design.

In an analysis of 460 actual pilot errors in operation of controls, Fitts and
Jones (reference 31) identified six basic types of error. In one, the "sub-
stitution" type, the wrong control was operated, and constituted exactly
50 percent of all the errors identified. The most common subtypes of errors
under that general category were confusion of throttle quadrant controls,
confusion of flap and landing gear controls, and using the wrong engine controls
or feathering button.

The investigative efforts and results of powerplant control studies by the
military, SAE committees, FAA, and others, are numerous. It is very clear
that they show a commonalLty of results summarized by the following excerpt
from the Aeronautical Engineering Review (reference 32).

"Control location and coding... There are two effective and practical meatis
of eliminating control confusion: shape coding of critical knobs to permit
tactual discrimination and standardization of location of control. By the
latter is meant not rigid dimensional standardization, but rather that a given
control always be in the same area, and that controls bo in thu same position
relative to each other. In tests using typical throttle quadrant controls,
Weitz (reference 33) definitely demonstrated the value of both of these
measures. . it was concluded that maintainii'g position of controls is of primary
importance, yet if the position is changed and the shape of the handle remains
constnnt, little loss in performance is encountered. The most efficient pro-
ceduro is to maintain both position and shape constant."
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FAR 25.781 specifies the general shapes for the flap, landing gear, supercharger,
throttle, RPM, and mixture control knobs. Some provision for control arrange-
ment is specified in FAR 25.1149(d), which requires the propeller speed and
pitch controls to be to the right of, and at least 1 inch below, the throttle
controls.

While there is no requirement for a specific shape or arrangement of power-
plant controls with relation to each other, FAR 23.1147 "Mixture Controls"
states in part that: "...each mixture control must have guards or must be
shaped or arranged to prevent confusion by feel with other controls."

The regulations, as written, allow for considerable flexibility in the location
and arrangement of powerplant controls. On the basis of general aviation
accidents attributed to improper operation of the powerplant controls,
standardization would prove effective in reducing this type of accident.

More than 50 percent of the pilot and flight instructors interviewed related
their own, or student experiences of control confusion/misuse attributable
to inconsistencies in powerplant arrangement, location, and activation
(table A-2 of appendix A).

ACCIDENT DATA.

The NTSB accident data for the years 1970 through 1974 (table 1) show 4,954
engine failure accidents. Of chis number, 683 (13 percent) were caused by
improper operation of the powerplant controls. A summary report of genQeal
aviation accidents for the years 1973 and 1974 (reference 34) shows 167 acci-
dents caused by misuse or failure to use carburetor heat, and 43 accidents
attributed to misuse of the mixture control. Some examples of mixture control
misuse are depicted in table A-6 of appendix A.

N! A review of NTSB accident data for improper use of powerplant controls
(reference 28) indicates that the most conmnon errors were: (1) pilots inadvert-Ii ently pulling back the mixture control instead of the carburetor heat control,

:1 (2) pilots pulling back the mixture control instead of the propeller control,

and (3) retarding propeller RPM control instead of the throttle. The first
two pilot error actions can result in the complete cut-off of fuel to the
engine with subsequent engine failure. The last action results in reduced
propeller RPM with ensuing power loss. If the pilot fails to recognize the
improper use of the powerplant controls, or does not have sufficient time or
altitude to restarL the engine, he is faced with a second type of accident

situation, the first being engine failuire due to powerplant control m*suse.
(Note: For an engine failure to be classified as an accident, the occurrence
must be in combination with another or second-type accident.) The possible
consequences of inadvertent, self-induced engine failure resulting in second-
type accideLtts are depicted in figure 4. The data are for all general aviation
operations for the years 1965 through 1969, and show the frequency and percent
no accidents resulting in fatal or serious injury oceurring from a second-type
accident. The self-induced enginie failure accident is neither isolated nur

limited to the inexperienced pilot. The fact that it does occur with a low
but regular frequency Indicates the need for an amplification of powerplant

L: control design standardization.
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DISCUSSION.

The location and arrangement of powerplant controls with relation to each
other varies among aircraft manufacturers and also within the group of aircraft
produced by a single manufacturer. This variability exists in many current
production aircraft because the aircraft can be, and are being, manufactured

under type certificates that date back 20 years or more.

An inspection of current production aircraft verified the lack of standardiza-
tion of powerplant controls. In addition to varied placement of throttle,
propeller, and mixture controls, there were also variations in the shape and
color coding. The carburetor heat controls varied in location and direction
of actuation. One of the most accident prone arrangements of the carburetor
heat control is one in which the control is located close to the mixture
control. If there is no discriminatory shape and/or color coding of these
two controls, it is easy to confuse them.

Some manufacturers have adhered to what appears to be the last drafted ARP
relevant to controls, prepared by the SAE Committee in 1970, entitled,
"Proposed ARP on Location and Actuation of Aircraft Cockpit Controls for
General Aviation Aircraft." (A similar document, ARP 268C applicable to FAR 25
aircraft, was issued in 1952, revised in 1962, and in essence constitutes the
requirements for FAR 25, aircraft controls.) The ARP for general aviation
aircraft proposed a sequential arrangement from left to right, of the throttle,
propeller, and mixture control as the pilot in the front seat views the
controls. The ARP also recommended locating the carburetor heat control to
the left of the throttle or, as a secondary preference, locating it beneath
the throttle if the lack of panel space precludes the first arrangement. In
either event, the carburetor heat control was not to be located adjacent to
the fuel mixture control. It was observed that several manufacturers have
incorporated a special safety feature in the design of the powerplant controls,
especially the mixture control. The feature incorporates a two-action opera-
tion, (push button, retard lever) for movement of the mixture control. The

design, while not new, and generally found only in higher priced aircraft,
was found occasionally inistalled in smaller, lower-priced single-engine
aircraft. This design inhibits unintentional activation of the mixture control
and is one which goes beyond present FAR 23 requirements and SAE/ARP proposals.

Since the SAE Committee A-23 was terminated in 1976, the proposed ARP was never
approved or formally published. The basic recommendations, hcwever, have not
been ignored. In addition to the work accomplished by the GAMA committees
on standardizing specification, nomenclature, aircraft information in the POH
and fuel management, they have submitted to the FAA proposed revisions to
FAR 23.777 through 23.781 which, fundamentally, are structured on the
original SAE/ARP (appendix C).

The GAMA proposal does much to alleviate cockpit control standardization
problems recognized and reported by pilots and numerous research organizations
over the past years.

GAMA's proposed revisions applicable to powerplant controls are consistent
with pilot comments, data, and supplementary information documented in this
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study. The project team encountered no substantial. evidence or information
to support specific color coding of powerplant Lontrols other than an expressed
preference by all pilots to have the mixture control color-coded red.

RECOMMENDATION.

It is recommended that consideration be given to regulatory action to stand-
ardize the arrangement, location, actuation, and shape of powerplant contruls
as proposed by the GAMA (appendix C). It is further recommended that the

mixture control be color-coded red.

FLIGHT INSTRUMENTS

THE PROBLEM.

FAR 25.1321 and 23.1321 establish the location and arrangement of flight instru-
ments on the instrument panel respectively for transport and normal/utility
category aircraft weighing over 6,000 pounds. There is no equivalent regula-
tion to govern the arrangement and location of flight instruments for FAR 23
aircraft weighing 6,000 pounds or less.

RELEVANT FACTORS.

Aircraft that have a maximum weight of 6,000 pounds or less are not roquired I
to have a standard arrangement of flight instruments on the instrument panel.
For FAR 23 aircraft over 6,000 pounds, the four flight instruments which pro-
vide basic information on airspeed, attitude, altitude, and direction must
be arranged as shown in figure 5 (FAR 23.1321, reference 1).

@IOSPEED OATTITUDE ALTITUDE

DIR.Ec'rIoN

77-38-5

FIGURE 5. BASIC T FLIGHT INSTRUMENT PANEL ARRANGEMENT
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The rehultton for FAR 25 transport category aircraft is essentially the
t .me. The arrangement of these four flight instruments results in the so
called "Basic T" panel configuration, and has been a requirement for transport
category aircraft since 1957. An identical instrument grouping was madn a
requirement for FAR 23 aircraft over 6,000 pounds in 1973.

The 1949 and 1950 studies of pilot eye movement by Fitts,), roved ad Milton
(reference 35) and the advent of integrated flight instruments i.e., the flitot
d(recter (FD) and the horizontalo situation indicator (HSI), provudid the f a
impetus for a reassessment of flight instrument arrangements on the panels of
transport category aircraft.

Prior to 1957, flight inistrument nrrangement for CAR 41<'FAR 25 aircraft was
based on an SAE AS which recommended four "standard" arrangements of six flight
and navigation instruments commonly referered to as the "Basic Six."

In 1956, the Airline Pilots Association (ALPA) Cockpit Standardizatieon Com-
mittee, reporting on a newly-configured T afrangement, concluded, "..-that in
contrast to the standard Basic Six instrument arrangement, the T arrangement
eliminated the need for wide area scanning since 'il vital information vas
concentrated in the smallest practicable visual field and centered on Lhe
controlling attitude instrument. ijy employing the T arrangementg eye scan
was reduced to less than half that required by the Basic Six arrtLagemert.
TVe Basic T arrangement evolved only after many years of rescarch, devel-
upment and regulation. Cockpit instrument standadJization was becoming widely
recognized as a means of reducing pilot workload and increasing the pilot's
capacity to deal with othek problems and activities associated with flying,
navigating, and communicating in the Increasingly complex air traffic control
system."

In 1965, NAFEC instrument flight pilot workload study (reference 36) revealed
that the variations in panel arrangements were random and numerous. Examples
of the diverse instrument layouts typical of that period are shnwn in figures
6, 7, and 8.

pit a tdpe concerning cockpit design and safety, Stieglatz (reference 37)
reported: "...the airplane has greater speed, range, and endurance, and oper-3-
ates at higher altitudes. Further, higher wing loading has resulted in a
larger maneuvering radius. As a result, the pilot has less time to make de.i-
sions and must be more accuratp because of the decreased margin for error;
it a mistake is made th..-e is little time to correct it. ... the improved
performance described above coupled with more complex functional systems ha'
resulted in a greatly increased amount of instrumentation, not only flight and
engine instruments but also navigation and electronic equipment. Thus, the
pilot is being provided with more information, from more sources...which must
be recognized, uiilyzea, and correlated. In addition, the number of controls
in the cockpit haL increased correspondingly...therefore, both the increased
amount or instrUMuntati 'n and the greater number of controls tends to increase
the amount of time required for the pilot to assess a situation "nd take
necessary action. Iie combined result has been that greater prt -sion is
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14. Ta~chomewter 32. Optional Nav-O..Matic Cnrl 50. Auxiliary Fuol Pump Switch
15. Fsi Q.jAnUt7 indicstor unit 51. Microphone Jack
10, Cylinder Read Temperature 3.Throttle. 53. Fuel Strainer Drain Knob

Gage 34. Induction Hot Air Knob 53. Master Switch
17. Anunete 35. Gear Down Indcator Light 54. Ihmk Mount
Ia1. Oil Temperature Gage 36. Goa Up indicator Light D5. Ground Strap

13. Fuel Quantity Indicator 77-38-8

FIGURE 7. SAMPLE OF NONSTANDARDIZED INSTRUMENT PANEL
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If shockmount ha un- n
equal thread length, A 7  The 210 and 210A instrument panels
install shorter threads 2t are identical except for minor styling
through stationary panel. changes and switch relocations,

1. Altinater 19. Oil Temperature Gage 35. Generator Warning Light
2. Wing Flap Position Indicator 20. Oil P'rehsuro CGage 36. Cowl Flap Lever
3. Airspeed Indicaotpr 21, Fuel Quantity Indicator 37. Mixture Control
4. Turn-and-Bank Indicator 22. Circuit Breakers 38. Propeller Control
5. Directional Clyro 23. Cabin Air Knob 39. Power Pack (See Section 5)
6, Clock 2V. Wip Compartment 40. Throttle
7. Compase Correction Card 25. Cabin Heat Knob 41. Avaaliary Fuel Pump Switch
8. Gyro Horizon 26. Radio Switch 42. Vertical Speed Indicator
9. Manifold Pressure Clag 27. Pitot Heater Switch 43. Induction Hot Air Knob

10. Tachomiter 28. Oil Dilution Switch 44. Defrost Knob
11. Magnetic Compass U. R.dln Light Rheostat 45. Matiter Switch
12. Radio Space 30. landing Light Switch 46. Ignition - Start Switch
13. Fuel Flow Indicator 31. Navigation Light Switch 47. Fuel Strainer Drain Knob
14, Radio Selector Sitches 32. Cigar Lighter 48. Radio Compass
15. Cylinder Head Temp. Gage 33. Iutrument Llight Rheostat 49. Check List
16. Sucton Glage SO. Microphone Jack
17. Ammeter 51. Shock Mount
15. Fuel Quantity Indicator 52. Ground Strap: 77 35-9

F'FIGURE 8. SAMPLE OF NONSTANDARDIZED INSTRUMENT PANEL
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demanded of the pilots, less time is available to him in which to act, and yet
he requires more time than previously." Mr. Stieglitz, a design safety
engineer, presented his paper in July 1952--25 years ago."

What was true then is even more applicable today, given the complexity of today's

aircraft and air traffic control environment. The FAA publication, "Instru-

ment Flying Handbook" (reference 38) makes the observation that in the not too
distant past, visual (contact) and instrument flying were considered separate
and distinct skills. Little, if any, consideration was given to correlating
instrument indications (if available) with the visual aspects of aircraft
attitude. At that time the nonprofessional civilian pilot had neither the
equipment to fly safely on instruments nor the need or interest to do so.
With the advent of faster aircraft, more reliable instruments and radio equip-
ment, and more effective radio and ground services, the traditional distinc-
tion between visual and instrument flying has undergone corresponding changes.

A major achievement in eliminating the differences between visual and instru-
ment flying was the institution and promotion of primary "integrated type
flight instruction." As dwiined in the FAA publication AC-61-21, "Flight
Training Handbook," integrated flight instruction means instruction in which
students are taught to perform each flight maneuver by both outside visual
reference and reference to instruments from the first timti the maneuver is
introduced. The integrated type of flight instruction, while not a substitute
for instrument training, is an excellent foundation for later formal training
for the instrument rating.
The concept of integrated flight training, however ideal, is obviously hindered

if there is no systemized arrangement of the basic flight instruments. Given
random arrangements of these instruments, there is an unnecessarily heavier
pilot workload. Should the student receive Instruction in a variety of train-
ing aircraft, he does not have the opportunity to develop a consistent system-
ized pattern of referring to the aircraft instruments in the course of his
integrated flight instruction.

The SAE committee A-23C (Cockpit/Cabin Standardization-General Aviation
Aircraft) recognized the need for a systematic arrangement of instruments in
order: "to make transition easier, help eliminate pilot confusion and possible
mismanagement of aircraft, and to establish a commonality between aircraft
instrument panel arrangements." The committce developed and published ARP
1166, "Instrument Panel Arrangement for Fixed Wing Aircraft Under 12,500 Pounds"
(figure A-7). This document, issued in May 1970, recommends a revised arrange-
ment of six flight instruments structured around the T configuration that is
standard for transport category aircraft. The ARP also recommends the loca-
tion for two very high frequency omnidirectional radio range (VOR) displays.

Inspection of three mpjor manufacturers' models of current production aircraft
disclosed a unified adherence to the basii T instrument arrangement. The con-
figuration was common to all aircraft examined with the exception of some aero-
batic and cropdusting models. Also significant is that in addition to the
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instruments comprising the T (airspeed, attitude, altituide, and direction), the
location of the turn/slip indicator (turn coordinator) and the vertical speed
indicator (VSI) has resulted in a "revised" Basic Six arrangement for late
model FAR 23 aircraft. The configuration in shown in figure 9. I
Table A-3 of appendix A indicates the number of adverse comments concerning the
arrangement and location of the basic flight instruments. The consensus of the
pilots interviewed was that the lack of standardization of the flight instrument
arrangement increased pilot workload, especially for instrument Clight rules
(IFR) flight.

ACCIDENT DATA.

An accident data search identified no accidents which might be directly
attributed to a lack of standard instrument arrangement. Nor do the NTSB
accident statistics define a category of accidents attributable to "pilot work-
load." This doesn't mean that such accidents do not happen. There is suff -
cient reason to believe that accidents of this type, i.e., pilot workload,
would be considered more as a "factor contributing to" rather than "a cause
for" the accident. Furthermore, these accidents might well be masked under
the established accident categories of: (1) improper 1FR operations, (2)
instruments--failed to read or misread, (3) lack of familiarity with the air-
craft, and (4) pilot fatigue. For the year 1974, these four accident causes
accounted for 283 accidents, of which 91 were fatal.

Similarly, the more serious accident causes such as "continued VFR flight into
adverse weather" and "spatial disorientation" might camouflage the pilot
workload/nonstandard instrument arrangement from recognition as contributing
factors. These two accident causes, respectively, accounted for 843 and 620
fatal accidents during the 1970 through 1975 period. The spatial disorienta-
tion type of accident generally occurs when external visual references are
obscured by clouds, fog, haze, dust, darkness, or other phenomena, unless
visual reference is transferred to aircraft instruments. The NTSB accident
data for the years 1970 through 1974 show that 80 percent or more of the pilots
involved in spatial disorientation accidents were noninstrument-rated pilots.
It is possible that had the pilots been instrument rated, and/or had they
been exposed to integrated flight instruction with a standardized instrument
arrangement, the number of spatial disorientation accidents might have been
reduced.

Accident data for 1974 (reference 13) included 141 accidents associated with
precision and nonprecision instrument approaches resulting in 142 fatalities.
There are no recorded data available to determine what type of instrument
arrangement existed on board the aircraft at the time of accident, or if the
lack of a standardized instrument arrangement was a contributing factor. Not-
withstanding these unknowns, extensive air carrier studies have proved that
the basic T arrangement is most effective in reducing pilot workload during
the instrument approach, the crucial phase of flight which makes the most
demands on the pilot.
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Student pilot exposure to a basic T configuration, coupled with integrated
training from the indoctrination flight to pilot certification, can do much to
ivstill pilot confidence in ability to fly the aircraft, establish consis-
tent scanning patterns, reduce pilot workload, and lessen transitional
difficulties associated with flying different aircraft.

STATUS OF REGULATIONIS.

FAR 23.1321 statess "For each airplane of more than 6.000 pounds maximum weight,
the flight instruments required by 23.1303 and as applicable by Part 91 of this
chapter must be grouped on the instrument panel and centered as nearly as prac-
ticable about the vertical plane of the pilot's vision."

The flight and navigation instruments required by FAR 23.1303 are an airspeed
indicator, an altimeter, and a magnetic direction indicator. FAR 91.33(b)
repeats these minimum basic flight instruments required for VFR flight under
FAR 91.33(b). No additional flight instruments are required for night flight
under FAR 91.33(c). Thus, it appears that aircraft over 6,000 pound. not
approved for IFR flight are not required to have a basic T instrument arrange-
ment since under the regulations for VFR day and aight, there is no requirement
for an attitude indicator or a gyroscopic directional indicator.

However, if aircraft above the 6,000 pounds weight are to fly IFR, the basic T
arrangement must be installed because the additional flight instruments of
attitude gyro and directional gyro are needed in addition to the basic VFR
flight instruments. The implication is that hFR capability not weight is the
primary requirement for the basic T arrangement.

In view of this reasoning, the phrase, "of more than 6,000 pounds" does not
necessarily affect general aviation FAR 23 aircraft of more than 6,000 pounds
certificated for VFR flight only.

The requirement for a basic T arrangement for instrument flight would then
depend on the aircraft being equipped with those instruments as applicable
under FAR 91.33. Since current/late model production aircraft under 6000 pounds
indicate a predisposition on the manufacturer's part to continue installation
of the basic T, its requirement by regulation would improve the safety of
operations for flight training (i.e., integrated flight instruction), night.
and IFR flight operations through greater instrument panel standardization.

RECOMMENDATION.

Consideration should be given to regulatory action to require that FAR 23 air-
craft of any weight used in either flight training, night, or IVR operations
have the basic flight instruments arranged in accordance with the T configura-
tion specified in FAR 23.1321 if sufficient panel space is available.
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POWERPLANT INSTRUMENTS

THE PROBLEM.

Arrangement and location of powerplant instruments on the instrument panel
is not always analogous to the sequenced arrangement of the corresponding
powerplant controls. This lack of goad human engineering imposes an
unnecessary workload on the pilot.

RELEVANT FACTORS,

More than 55 percent of the pilots and flight instructors irterviewed commented
that the location and arrangement of the powerplant instruments, specifically
manifold pressure, tachometer and fuel flow, are not sequenced as are the
throttle propeller, and mixture controls. In a number of different model air-
craft, either the powerplant instruments were not grouped closely on the panel,
or their positions were reversed relative to the positions of the powerplant
controls, Pilots reported that the lack of clope grouping of these instruments
required a larger instrument scan and placed an increased and unnncessary
workload on the pilot. Flight instructors reported that on numerous occasions
their students, while reducing power with throttle, would be monitoring the
tachometer located directly above the throttle, instead of monitoring the
manifold pressure gauge, which in this case was positioned above the propeller
control. FAR 23.1321(b) specifies: "For each multiengine airplane, identical
powerplant instruments must be located so as to prevent confusion as to which
engine each instrument relates." But there is no regulatory requirement for
powerplant instrument grouping or positioning on the instrument panel to make
location compatible with powerplant control arrangement for single or multi-
engine airplanes.

Other than the comments and opinions received from those interviewed, there
are no objective data in the form of accident or incident statistics to justify
a regulatory need for powerplant instrument arrangement to correspond with
powerplant control arrangement. However, the compatibility of powerplant dis-
play location with the relevant powerplant controls is well-eecognized from
the viewpoint of good human engineering design. The Cornell-Guggenheim Avia-
tion Safety Center recommends that each control be as close as possible to
the indicator it affects, and has listed inappropriate layout of controls and
displays as a factor contributing to operator fatigue (reference 39). 'United
States Air Force military standard 803A-2 (reference 40) requires that:
"...controls should normally be located adjacent to their associated displays
... and controls which are operated together should be grouped together, along
with their associated displays."

DISCUSSION.

An inspection of current production aircraft disclosed a general trend to

adhere to the desired arrangement of the powerplant instruments. However, under
certain conditions, especially in multiengine aircraft, the crowded instrument
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panel does not allow for a desirable grouping or sequenced arrangement. A
typical single-engine example ts shown in figure 10. The manufacturer at times
must position the powerplant instruments in a vertical line on the panel while
the standard arrangement of the powerplant controls in a horizontal arrange-
ment, either on the panel or on the powerplant control quadrant. Ideally,
the manifold pressure gauge should be located on the panel in line with and
above the throttle, the tachometer in line with and above the propeller control,
and the fuel flow indicator in line with and above the mixture control. This
arrangement is not always possible when, for example, the indications for mani-
fold pressure and fuel flow are incorporated in one instrument (figure 10).

Because of such restrictions, it would be impractical to attempt to regulate
exactly the location and arrangement of the powerplant instruments. More
practical would be the implementation of an AC, ARP, or other guidance to keep
the powerplant instruments close to each other and, where feasible, retain
an order or arrangement, either in the horizontal or vertical plane, that con-
forms to the sequence of the irrespective controls. This design philosophy

would be in harmony with GAMA's proposed powerplant control arrangement and
would reduce pilot workload.

RECOMMENDATION.

An AC or other appropriate design guidance should be formulated to stress the
advantages of having powerplant instruments arranged to be consistent with the
sequenced arrangement of the powerplant'controls. The establishment of the
natural relationship of powerplant instruments to powerplant controls can
eliminate pilot confusion and reduce pilot workload.

INSTRUMENT LIGHTING

THE PROBLEM.

The flight instructors surveyed frequently complained about inadequate instru-
ment lighting in certain small aircraft. Many pilots indicated that they carry
a flashlight, not just as an emergency backup light, but as a necessary aid
for use in reading instruments, checking items such as circuit breakers and
flap position indicators, and in tuning radio frequencies. A specific com-
plaint was voiced against a single floodlight located on the ceiling behind
the pilot as a sole source of instrument panel light. In night instrument
flight, the instructors found that such a light illuminates a chart held in
front of the pilot, but the chart, in turn, blocks the light to the panel. The
instructors in the survey pointed out that some trAining airplanes with only
rudimentary instrument lighting are used for night flying instruction.

At the June 1976 Aircraft Operations and Maintenance Show in Reading,
Pcnnoylvania, current production aircraft were inspected. The vast majority
had adequate instrument panel lighting but the practice of installing a
single flood light for panel illumination still existed.
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RELEVANT FACTORS.

FAR 23.773(b) requires that, if certification for n".ght operation is requested,
it must be shown in night flight tests that the pilot's compartment is free
from glare and reflections. However, this requirement is interpreted as
insuring against improper external, rather than internal, lighting.

FAR 23.1321 presents the general rule that each instrument must be plainly
visible to the pilot.

FAR 23.1381 requires that instrument lights must make each Instrument and
control easily readable, be installed to avoid direct or reflected glare in
the pilot's eyes, and be safe from electrical shorting. Further, the
statement is appended that: " A cabin dome light is not an inotrument light."

The three sections of FAR 23 summarized imply that: (a) instrument lighting is
required, and (b) installed instrument lighting must be effective. However,
this interpretation is questionable. When instrument lighting is installed,
it must meet the requirements of FAR 23, but it may be omitted entirely and
the airplane still can be certificated.

FAR 121.323, referring to operation of air carrier and other large aircraft,
includes the requirement that effective instrument lights must be provided if
an airplane is to be operated at night, From an operational viewpoint, this
rule has no counterpart for small aircraft, since there is no requirement
for instrument lighting specified under FAR 91.33(c) for night VFR equipment.

ACCIDENT DATA.
No accidents were found that were attributed directly to the lack of instrument

lights or to inadequate lighting of the cabin or panel. This does not indicate
that there is no safety problem; it may, however, mean that pilots are cautious
enough to supplement installed lighting with flashlight or penlight sources,
as recommended in "The Pilot's Night Flying Handbook" (reference 41). The
book notes: "There is little standardization in the cabin and instrument light-
ing of small aircraft. Factory-installed lights are often minimal and leave
critical areas poorly illuminated... In some aircraft, illumination is blocked
by the instrument panel, or light beams fail to strike control knobs or levers
mounted near kick pads or below the panel." Reference 41 also indicated that
engine gauges were inadequately lighted in a particular model, and the fuel
selector was not lighted at all. It concludes: "In most general-aviation
planes ... a flashlight is necessary for normal night operation."

DISCUSSION.

There are four classes of systems used to light instruments and controls. The
simplest is floodlighting, provided in the minimum system by a single red or
white light on the cabin ceiling (figure 11). The second consists of eyebrow
and post lights adjacent to the instruments. Integral lights, the third class,
may spread light over instruments from locations just under the panel surface.
Thp fourth type, transilluminated systems, may provide integrAl back lighting.
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Red lighting, at one time considered essential for military operations, ic now
outdated in most civil applications. The original purpose was to maintain dark
adaptation, but in civil use this is less important tha& the ability to read
color-coded instrument displays, tables, charts, and manuals.

Post lights are preferred for easy lamp replacement, but are vulnerable to the
wear-and-tear of daily operation. Also, the sharp projections increase the
lethality of the panel.

Common home appliances have integral lighting as do automobiles. It is our-
prising that airplanes do not have equally adequate lighting. However, into-gral lighting installation and repair are costly, and the facts are not avail-

able to prove that flood lighting and post lighting are inherently unsafe.
lence, all types probably will continue to be allowed.

RECOMMENDATIONS.

The requirement in FAR 121 (Certification and Operations: Domestic, Flag, and
Supplemental Air Carriers and Commercial Operators of Large Aircraft) that
pilots of large aircraft must have instrument lighting for night operation
should be paralleled in the regulations for small aircraft, Effective cockpit
lighting which illuminates the instruments, all essential controls, and avi-
onics, should be required for all night operations and for training which
may occur in low visibilities, twilight, and at night. A flashlight should
also be required equipment in light part 91 aircraft, both for use in preflight
examination of the aircraft and for emergency use in night flight.

While it may be reasonable to permit the use of floodlighting as a means of
meeting these panel and control lighting requirements, it is unreasonable to
allow a single light for this purpose. Not only is there a risk of lamp fail-
ure when using one light, but the problem of light blocked by the pilot's body,
a handheld chart, or other material is critical. Workload is increased when
the pilot must put down the chart to see the panel or has difficulty reading
the instruments on the panel. Hence, a minimum acceptable floodlight system
would be two lights, pointing from different angles so that one would continue
to light areas in which light was blocked from the other. A system of this
sort is illustrated in figure 12, but It should be noted that the lights are
too close to each other. Relocation of one light to the side might provide
better light distribution, but would require judgment of each case on its own
merits. The best action to take for improved and standardized night lighting
would be to amend present FAR 23.1381 which now states that a cabin dome light
is not an instrumem't light. This exclusion of a cabin dome light as an instru-
ment light could be expanded to exclude a single floodlight as an acceptable
instrument light.

The evaluation by FAA engineering in certification should insure that instru-
ment lighting meets at least the following standards:

1. Lamps should be replaceable without major disaseembly, and spare lamps
should be readily accessible.
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2. Instrument lighting should be white, with provition for added color
filters being allowed.

3. With pilot seats occupied, there should be reasonably-even light distri-
bution over all essential instruments and control markings.

4. Light intensity should be adjustable over a sufficient range to support
operation in the normal range of twilight and night conditions.

ELECTRICAL CIRCUIT PROTECTIVE DEVICES

THE PROBLEM.

An inspection of general airiation aircraft disclosed a wide diversity in the
location and arrangement of circuit protective devices. In some aircraft, these
devices w;re located in areas not readily visible to the pilot, Furthermore,
there was no distinctive arrangement or logical separation of critical from
noncritical protectiv, devices.

RELEVANT FACTORS.

The selection, application, and inspection of electric over-current protective
devices are detailed in the SAE ARP 1199. This document provides technical and
application information used by the designers of aircraft electric systems and
support equipment for the selection of over-current protective devices. This
document provides detailed and technical information on the three types of cir-
cuit protective devicea: circuit breakers, fuses, and limiters. PAR 23.1357
"Circuit Protective Devices" specifies the minimum requirements of circuit
breakers relevant to certification of FAR 23 aircraft.

Over 60 percent of the pilots and flight instructors interviewed commented on
circuit protective devices (table A-3 of appendix A). Criticized were the
lack of standardized type, location, and arrangement of circuit protective
devices within and between the aircraft models flown by these pilots.

Their comments and opinions did not emphasize the need for standardization of
these factors for improved flight safety so much as the need for standardiza-
tion to eliminate an irritating workload of locating, identifying. and resetting
tripped circuit breakers or replacing blown fuses. Pilots were vehemently
opposed to the use of fuses in electrical systems that could just as easily
and safely use circuit breakers. Compared with the ease of resetting a tripped
circuit breaker, replacing a blown fuse is cumbersome. Getting new fuses from
the wrp case, identifying the appropriate amperage, unscrewing the fuse cap,
removing the blown fuse, inserting the new fuse, aad perhaps dropping either
the fuse cap or the fuse are all minor but irritating tasks, especially under
a heavy workload, night operations, or during a critical phase of flight.
The frequently heard statement "Fuses in aircraft should be abolished,"
describes succinctly pilots' opinions of these devices.
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Inspection of a variety of older aircraft models (1965-1968) revealed circuit
breakers located in areas not directly visible to the pilot. One model had
circuit breakers located on the under edge of the instrument panel. Detection
of a tripped circuit breaker could be accomplished only by feel. Pilots also
reported that tripped circuit breakers were sometimes difficult to detect
because the tripped circuit 'breaker did not protrude sufficiently, or its
tripped state was less noticeable because the uniform color of the breaker
was similar to the color of the panel encasing the circuit breakers.

* ..,NT DATA.

The NTSB accident data for general aviation aircraft during the period 1970
through 1974 revealed that malfunctioning circuit protective devices and tripped
circuit breakers were cited as a cause in 28 accidents and as a contributing
factor in 56 accidents. It is highly probable that some minimal circuit breaker
design changes as observed in current model aircraft and described later would I
reduce the frequency of these occurrences.

DISCUSSION.
Inspection of circuit protective devices in late model aircraft revealed some
designs that minimize the problems associated with these devices.

The general trend was the use of circuit breakers, rather than fuses, where
feasible. Dual color coding of the circuit breaker (head different from stem)
provides color contrast for easy detection of the tripped state of the breaker
(figure 13). In single-engine aircraft, the general location of the circuit
breaker panel is the right side of the instrument panel (figure 14). In multi-
engine aircraft, circuit breaker panels were located by the pilot's left side,
either on a console, or on the left panel of the fuselage interior. Either
location is visible and easily accessible to the pilot (figure 15). Some
manufacturers have cnlor-coded those circuit breakers which are critical to
flight, but no standard color scheme has been adopted.

These designs were definite improvements over older fuse/circuit breaker
systems, and should reduce pilot workload.

RECOMMENDATIONS.

Regulatory action to standardize the location of electrical protective-devices
would be extremely difficult and overly restrictive because cockpit space
is limited by the design, auxiliary equipment, and complexity of the aircraft.

However, desirable and practical human engineering features of circuit pro-
tcetive devices can be achieved through a recommended design practice or
amendment of the existing ARP 1199 to include the following recommendations:

1. Eliminate the use of fuses, where possible, in those electrical systems
where a reset circuit breaker will not compromise the safety of the aircraft
or Its essential electrical subsystems.
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2. Circuit breakers should be easily identifiable and readily accessible
to the pilot. Circuit breakers protecting critical circuits should be distinct
and separated from those circuits protecting less critical systems.
Standardized color coding is recommended.

3. The tripped state of a circuit breaker should be readily apparent by
color coding of the inner portion. Further, the circuit breaker heads should
contrast with the color of their panel or surrounding area.

SUMMARY OF RESULTS

The goal of this effort was to identify those characteristics of general
aviation cockpit design whose improvement through increased standardization
and/or better human engineering, would both contribute to safety and efficiency
of flight and also be feasible and practical.

Information was collected from three sources: a survey of experienced and
instructor pilots, accident analysis, and a literature review.

Pilots reported difficulties caused by lack of standardization, outlined design
features important to flight safety, and offered examples of accidents and
incidents due to workload or confusion-inducing cockpit characteristics.

Accident reports were studied and statistics were tabulated to determine fre-
quency of accidents attributed to cockpit design features. Finally, airworth-
iness standards, other government guidelines on cockpit design, industry
studies and reports, and design guidance documents were examined to take advan-
tage of prior work on the topic of cockpit standardization.

It waa apparent early that the general aviation industry is wary of government A

efforts to dictate cockpit standardization through regulation by law. Because
of the wide diversity of aircraft types and sizes, the design differences
in cockpits of aircraft which were certificated at different times and pro-
duced substantially unchanged in subsequent years, and the possibility of
stifling design innovation in new aircraft, the aircraft manufacturers
prefer voluntary standardization rather than regulation. This standardization
is through industry-wide agreements on design guidelines. The industry ques-
tions whether greater cockpit standardization is essential to improve flight
safety, in that pilots have been flying aircraft with significant cockpit
differences for a long time with evident success. Hence, this effort delib-
erately avoided utopian thinking such as a proposal for a universal, ideal cockpit.
Rather, the effort was made to anchor findings and conclusions in practical
and documented advantages for improvement in safety.

The cockpit has two major functions: housing and protecting the pilot, and
providing the man-machine interface of displays, controls, and aids that per-
mit control of the aircraft. Priority protective function candidates for
increased standardization were: seatlatching, upper torso restraints, exit
door latching, and related features. Cockpit features important to flight
control and management were: fuel systems, powerplant controls, flight instru-
ments, powerplant Instruments, instrument lighting, and electric circuit
protection devices.
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There are additional important cockpit features and functions which lack

standardization and could benefit from greater uniformity. These include the
pilot's external visibility, cockpit dimensions, avionics systems, control
friction locks, safety placards, among others. However, areas such as these
were not incltuded because there was not a strong argument that safety would
be improved significantly. In other cases where an Important safety problem
was noted greater standardization was impractical at this time within reason-
able economic and production constraints. Thus, this treatment of cockpit
standardization is an initial analysis only of those areas of cockpit design
where standardization appeared important, timely, and economically reasonable.

STANDARDIZATION ACTIONS RECOMMENDED

To better house and protect the crew and other occupants of aircraft, the
following areas of cockit design are proposed for industry-wide standardization
through changes in Federal Airworthiness Standards, FAR 23, or other standards
or guides as appropriate.

1. All aircraft should have a convenient and safe body restraint system for
reduction of injuries. Virtually all general aviation production aircraft
are equipped with a standard or optional upper torso restraint in addition

to the lap belt. Many of these restraints however, are the across-the-shoulder,
or Sam Browne type and lack convenience features essential to customer accept-
ance and use. Objection to one NPRM requirement that the shoulder harness
be used at all times was vigorous. Since the vast majority of survivable
accidents occur during takeoff and landing, a minor part of the total flight
time, this objection can be overcome by requiring restraint system use only
during takeoff and landing. (Note: See recommendations under section SEATS
AND BERTHS.)

Some systems are one piece, combined lap and shoulder belts with inertia reels
to permit free movement and have self-retracting and storing features. These
are found in current automobiles as well as airplanes and are frequently used.
Cockpit standardization should require a restraint system with these minimum
features, while recognizing that the dual-loop system, vertically circling
both shoulders and sometimes called the "aircrew design," is superior, although
more complex and expensive.

2. Adjustable pilot seats must be designed to provide reasonable assurance
against inadvertent slippage which could result in pilot loss of control.
Various aircraft now in productii have adjustment track stops or dual latching
mechanisms that preclude seat movement during aircraft acceleration which could
impair the pilot's ability to control the aircraft. These features and other
available design techniques make practical a requirement that pilot seats are
designed to prevent inadvertent slippage.

3. Door latching mechanisms and latching status indications chould be
more standard and more positive in action. There Is a lack of staudardization
in door latches, and certain common types are actually unsafe. As a result,
the cautious, experienced pilot often tests the door latch and lock by pushing

66



his shoulder against the door. Otherwise, he may experience a sudden
unexpected door opening in flight. This current production situation is
unacceptable from the safety standpoint since available latching techniques
can solve the problem. Another problem, requiring regulatory attention, is
that some common aircraft doors cannot be opened from the outside when locked
normally from the inside. While this feature may be acceptable in other forms
of transportation such as the automobile, it can be a hazard to the airplane
occupant since it may lie necessary for a rescuer to open the cockpit door from
the outside to aid or remove an injured person after an accident.

To increase the safety of flight, the following man-machine interface areas
of cockpit design are proposed for standardization:

4. Fuel management systesms should be standardized as proposed by previous
studies and recommendatioins (GAMA) with the additional requirement that the
tank selector be accessible to both pilots in side-by-side, dual-control
aircraft. The fuel management system has been amply documented as a contribu-
tor to accidents through a wide diversity of design and operational features,
some of which are poor from a human engineering point of view and constitute
a virtual trap for the uawary pilot. industry has proposed better standardi-
zation, and this proposal should be im;ilemented. The added requiremenL that
the selector be located so that both pilots can use it Is practical in view
of the possibility that the aircraft may be operated from either seat, and
in the opinion of many pilots, the selector comes within the definition of
an essential control.

5. Powerplant controls should conform to the standard arrangement, actua-
tion, and coding proposed by the industry. The concepts of left-to-right
sequence of throttle, propeller, and mixture controls, use of forward actua-
tion for increased forward thrust, increased RPM, or more fuel, and knob shape
and color coding have been accepted for revisions to FAR 23. Another important
feature of the draft proposal is the location, actuation, and coding of teie
carburetor air heat or alternate air control, but it is recommended that the
complete list of GAMA propobals be incorporated in FAR 23.

6. Basic flight instruments should be arranged in the widely accepted T
pattern in all standard category general aviation aircraft in which sufficient
space is available. The relationship of the attitude, direction, altitude,
and airspeed indicators has been accepted by regulation in transport category
aircraft and is almost universal in newer small aircraft equipped for
instrument flight.

7. Powerplant instruments should conform to a standard arrangement. For
maximum ease of use, the instrument sequence should correspond to the sequence
of the related powerplant controls. A horizontal layout is preferable if
space permits. Combined instrument presentations are acceptable if coded to
avoid confusion.

8. Instrument lighting somould be required for all aircraft approved for
training or night flight. The present FAR 23 exclusion of a cabin dome light
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as an instrument light should be expanded to exclude a single floodlight
mounted behind the pilot.

9. Electrical protection should be provided by circuit breakers wherever
feasible and should have a readily visible tripped state. They should be
grouped and located to be easily accessibile to the pilot. While the trend
has been in this direction in recent cockpits, the present regulations should
be revised to require circuit breakers where fuses are not preferable for
safety, and the description of an acceptable breaker should specify an easily
visible tripped staLe.

The preceding nine recommendations are the product of this project, but the
task of supporting safety and efficiency through increased cockpit standardi-
zation requires continuing study and testing. The pilot inquiry and accident
record search procedures used in the effort to justify increased standardiza-
tion are not the only ways to gain insight into chronic problems in this field.
Some questions can be answered only by real world tests, evaluations, and
observations.

The data collecl.ed verify the need for regulatory standardization in many
areas of cockpit design. FAR 23 regulation relating to cockpit design
characteristics ahould be under continuing study and review. General aviation
aircraft are not necessarily becoming larger or more complex in basic structure.
But in the cockpit, it is undeniable that instruments, controls, avionics, and

warning signals are getting more complex and have proliferated, making the
panel overhead, and side areas more crowded and more demanding of pilot
attention. Earlier cockpits had fewer elements, and a standard design and
arrangement were not requisite. Standardization is required today, and will
be even move critical in the future.
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TABLE A-i. COCKPIT SYSTEM DESIUN AREAS

1. COCKIT G=4" 5. FLIGHT INSTRUMEHTS 8. LANDING GEARa. Dimensional Criteria a. Airspeed A. Selectorb. Seat helt# and Restraints b. Altimeter b. Indicator
C. Windacreen Vslibility a. Attitude Gyro e' WarnLn
d. Ventilation and Environment 4. Directional Gyro d. Emergency" . Magnetic Compass
f. Noise f. Vertical Speed
S. Placards, Markings and .uanual S. Turn/Slip 9. ELECTRICAL SYSTEMS
b. 9eacer/Defrost Control h. Vacuum A. Switchea

i. Eergency' b. Rheostats
2. FLIGHT CONTROL. Indicatorsa. Yoke d. Circuit Breakarse/Iuaesb. Elevator 6. NGLNE INSTRlUENTS C* Selector

c. Aileron a. Tachometer f. Wdarningd. Rudder b. Manifold Pressure S. Emerec
e. Flevator Trim c. EGT
f. Rudder Trim d. Cylinder Head Temperature 10. LIGHTING SYSTEMS
,. Aileron Trim e. Oil Pressure a. Cabin Lighting
h. Flaps/fndicator f. Oil Temperature b. Instrumemt Lighting
i. Autopilot g. Fuel Pressure . Mp Lighting,. Emergency h. Fuel Flow d. Exterior Lighting

i. Emergency e. Selector/Switches3. bOWER/LLeT CONTROL SYSTEM ip. Wlrani. f.ERmegCen y
a. Throttle an warningb. HtixcurG 7. NAVIGATION AND COMftNICATIONS
C. Prop SYSTEM 11. EMERGENCY SYSTEMS
d. CarLuretor Heat a. VOR Display a. Stall Warning/Signale. Turbo Control b. ILS/LOCiOlidealopg Display
f. Primer c. ADF Display
g. Boof• tr Pump d. VHY Tuning Head(s) 12. MISCELLANY
h. Cowl ?laps e. ADF Tuning HRead a. Parking Brake
i. Emergency f. Transponder b. Friction Locks

W. Warning System g. pRj 0. Detents
k. Master Switn h. Areaa do Control Locks
1. Mag Switch i. a C. OAT Gauge
.3. S•arter Switch J. Marker Seacoutu

k. Audio Panel T. AWT EOPMTRIC FACTORS
1. X•ks/MKkL. Jack Location

-. FUEL MAIAGLMENT SYSTEM m. Speaker-Headphone Jack Accessibilitya. Fuel Selectors n. Auto Coupler Sizeb. Indicatur (Quantity) V. Co8mrass II. VISUAL FACTORS
c. Fuel FP-v Indicator p. Emergency Visibility
d. Booster Pump q. Wernini Readability
a. Mixrure Contro! r. Clock Color Coding
f. Carburetor Hiat uI. POPULATION STEREOTTP. FACTORS
S. Fmargency Logic of Operation
h. :aming System Cnnfustion FactorIV. OPERATION FFEDBACK

Ease of Operation
Shape and seel
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TAXIA A-2. TAXIM1VJ P1W? CMM~tIM CON iCqZPT S*BTtms-DUBr ANKAB

Number of -1 . r of 1hmbm. of Number of
Pilo t pilot pilot Pilot

Camorets Ltm C ta lit- itme Cewot ItemI; 9 Fuel Selectors 6(1 Cabin Diaeou~ions 21 Turn/Blip Ladicsatr 9 Starter Switch

51 thoorm.-Latehem.Locik _U Carburetor Heat Control 20 Allot"n Trio 0 Vertical Upset!

56 Fjlop Controll 31 Roarsnrocy Linding Ceat 20 Turbo Control 9 Flight lostruionht
Indicator Morning

53 Himiere Control 37 landing Ceer Indicators 19 Cowl Flaps n Fight control
Emergency system.

51 volt Display 33 Landing Gear uieimtor 8 Pceil fuel Micdstok O"9a Ce sme rson~

52 Throttle 33 Parking hrake 1s Boost Pum (Fumml a Nuorgesity Light *
Hanxsgmeat) systems

52 Turhoqwier 34 Attitude Gyro is Friction Looks I Rdder Controls
NJ YOGI Iodicatorm. 34 Automati. Dirac 'on 17 mtagneuic CompassI Powerplknt Warning

Finder (ADY) 01-lay system

SI Clreuit Nr"akers 34 AlP Tuning liead 16 Carbutretr Kest (fuel I Fuel Manispceent amet-
Ifuses Ilnassmeet) goey~ armteme

G'oCbi" Li~t~ing 34 map Lights. is Oil Promsurd CUgoV a Powerplant aersenruy

49 Stall Warning 30 Placerda, Manual. is Fuel pressure Gauge 0 3101
Markings

" At# RetePstraints/ 19 Hixtuce Control (Foal 14 Oil Temperature Gaule 6 Area NAVIetlmon 'M
Latches Kuiegemat) Equ~pment

41 Airspeed lndttdteur 20 Rhemostat 1i. netent@ 5 matemir switch

41 Mator/DefroOrer 27 Booest PLO 13 Vmrnon 5 Flight Inatruesrntm
(tee rmoncy)

46 9lototur Trim 27 It"l Warning ayatoe 13 transponder 5 laterior LightsA

45 ropeller Control 26 Cockpit Note. 13 marker Beacons 4 Magine InstrummontmJ

0 ~ Altimeter 26 cylinder iHasd 13 sprekar (headphonos) I. ONE

44 ILS-LOC-Cli Display 24 Landinii Geer Warning 13 tlsrrtrisl Indicators 4 flmdctrlal sy.t.-

4.4 VlP TunInA Hiead 16 Cabin Ventilation (CO) 11 Light Selector switches 3 Wanin~g Light.

42h fictrioal qvitlihes 24 Control Lothe 12 KGT Case. 2 Elevator Cuotr,,i

2 Manifold Pressure 21 Audio Pn.-1-. 12 Fool Filow (Fuel Morelia- 2 Auto to,,Vir

42 nt rumant Lixhts 22 rake ii Cloti RAVfCW49 Bym..-

Al Winds-,.e.. Vsaibility 22 virect ionei Gyro. 12 Elrr lSyctem timcrirtrs %yetee-
Warninsg limits."

41 Rudder Trim 71 Nfgneto 5.itch 11 Ingi.. System Worain. I IIAVIUMSIN Systemi-

41 P .Vi ttflo,wn/1iPism 10 Autuplior I Outside Air Tamper-
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A Long-Term Investment

ON Old airplanes never die, they just . . . At the end of the next decade, personal
tay Just don't, that's all. E,'cepting an and business use account for 80% of the
ugly, and fortunately care, calamity, air- aircraft owned and the original fleet has
planes will outlive almost anything mech- been reduced to 72% of its original size,
anical that ooie is likely to own. The fleet will then continue to diminish

This comforting word comes not from with the years through accidents, scrap.
the people ,who make airplanes, but page or retirement, but it probably won't
rather through those who regulate them- disappear altogether. Of the 32,000 air.
the FAA. It seems the aviation agency plenai built in 1946-30 years aRo-some
wanted to know more about the life cycle 10.000 of them are still flying.
of lItw airplanes and commissioned a pet- The usage pattern for multi.englne air-,
vate company to find out. The findings, craft Is, as expected, different from that of
published as "A Study of Attrition In the the single-engine fleet- Seventy percent of
Domestic General Aviation Fleet" are, the new multis are purchased for business
upon reflection, a tribute to the way little use and air taxis account for 15% oi the
airplanes are built, maintained ano flown, crop. As time passes, oersonal use of the:

To wit: used multis grows,
a new, all-metal, four-place single- All told, the report said, "Eighty percents

engine land aircraft, properly maintained of the aircraft ever built are still out
and well-hangared, and used a careful 200 there," It noted that each year's cree of,
hours a year could last forever, !n any aircraft decreases by 3% or less annually
case, given a 3/&% destruction rate, Its and that these departtores are "an essen.-
half life Is . , . 92 years, not a particularly tially random function of age, chance of
propitious outlook for an Industry In an destructive accident, retirement or scrap.
economy based on planned obsolescence, page."

"A million dollars worth of public liabil. The worst year for any aircraft crop
Ity aviation Insurance can be bought for" seems to be Its 18th. For, the study ob-

V ~$150 a yeir; hull Insurance ranges in pre. served, "the closer they get to pcge 1S, the
mlum from 1.5% to 6% of the value of more likely they are to disaoperir Into th%
the hull, These rates suggest that it is parts bin of a successful fixed-base -.pera.
cheaper to Insure an aircraft than an auto. ter, as a down payment on a new (but es.
mobile which implies In turn that not sentlally Identical) model, or perhaps one
many aircraft are Involved in accidents." that has been in a training or ,ental fleet

While these results were complimentary, for a year or so."
the study's purpose, as already stated, If a plare should survive its 18th birth.
was to better define the general aviation day, the statisticians say it will likely live
aircraft populbion and life pattern. The to be a very ripe old age. "Older aircraft,"
research results pretty much confirm what the report explained. "are kept and main-
pilots have long known regarding who buys tained and occasionally flown as aesthetic
airplanes, but revealed some statistical possessions."
surprises, too. One curious fNct uncovered by the re-

Of the new single-engine airolanes built searchers is that since 196C, aircraft have
each year, tte study said 25% are sold been prngressivoly more loa.g-lived. Why?
for Instruction, 17% are bought by busi. "They are more expensive." the report
nessmen, 20% go . for executive, crop concludes. "hence better maintained. More
dusting, air taxi and Industrial rental cus. and more aircraft are hangared each year
tomers and another 20% are purchased further Increasing their life expectancy.
for personai transportation. "It Is possible that by 1993," the report

However, the study noted that by the continues, "the attrition rate by age of air-
time these planes are 10 ye.rs old. only craft will be essentially flat for 30 years,
5% are used for instruction while those at an annual rate of .5% or 1%."
used for personal transportation climbs Perhaps mountains have a slightly bet-
to 50% of the fleet and businets use ter rate of attrition, but not much else.
climbs Io 25%. By this time too, about
100% u• the original fleet has disappeared
from the registration rolls.
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BESA VAILABLE COPY
JAN=Y 1970 - JUN 1972

Pilot ,$
Total Time
in )odel Brief Description of Accident

9128.0 night instructor placed mixture control to cut off to show student glide ratio of aircraft.
Engine would not restrt.

223.2 Pilot stated he pulled mixture control in lieu of carburetor heat. Could not got engine restarted.
11.0, Student pulled mixture control to off when he intended to apply carburetor heat.
85.0 Engine quit from fuel starvation with full rich mixture being used at 2,500 foot and cruising.

631.0 Flight instructor pulled mixture control to simulate emergency landing. Engine would not restart.
596,0 Pilot inadvertently pulled mixture control instead of applying carburetor heat.
273.0 Pilot pulled mixture to idle cut off instead of pulling on carburetor heat on bass leg.
69.0 Carburetor heat control found in cold position and mixture co%trol in full lean.

203.1 Pilot pulled mixture tontrol instead of propeller control. Piot had logged only 1.2 hra. in this
model in last 90 days.

93,0 Pilot made tak off with full rich mixture with density altitude of 7,730 fet' than applied
carburetor heat when engine "spattered" causing further loss of power.

387.0 Pilot applied full carburetor heat and full rich mixture at low power resulting in "loading"
engine with excessive rich mixture.

33 Power lome on take off due to pulling mixture control in lieu of propeller control.
24 Power loss during approach to land. Pilot pulled mixture control thinking she vwa actuating

manual flaps control. Aircraft equipped with electrical flaps with switch close to mixture.
19 Pilot took off with mixture leaned out due to high density altitude. Power loss on take off,

pilot applied full rich mixture as taught by instructor.
5 Pilot believed to have pulled mixture control on approach in lieu of carburetor heat. Student

was mote familiar with the PA 28-140 aircraft. RPN dropped from 2400 to 700 when he pulled
what he thought wea carburetor heat.

56 Engine quit on downwind leg for landing. Pilot believed to have inasvertently pulled the
mixture control in lieu of carburetor heat.

28 Attempted a takc off after precautionary landing off airport with mdxture control partially in
lean position. Engine quit at 4 feet.

64 Student pilot on simulated engine out with fuel seleccor off, used mixture control as a "choke",
pulling mixtxure out.

774 Instructor pulled mixture control for simulated emergency and engine would not restart.
39 Student inadvertently pulled mixture .control in lieu of carburetor heat.

249 Pulled m.r-ture control to simulate encine failure and engine would not respond when mixture
puvhed in due to low altitude.

10 Power losa on approach. Found mixture control partially in shutoff position.
175 Instructor pulled mixture control to simulate engine failure. Engine did not respond wheu

control was placed in "rich."
35 Engine lost power on aipproach due to mixture in full rich at a density altitude of 5,330 f*et

in Idaho.
24 Pilot inadvertently pulled mixture out sometime during lauding approach.

827 Pilot believed to have leaned out mixture instead of reducing propeller due to distraction on
take off (floats).

682 Both mixture controls inadvercently retarded after take off with double power failure.

120.0 Pilot inadvertently pulled the mixture control rather than carburetor heat on descent.
26.0 Student pilot pulled mixture control rather Lnan carburetor heat.

11.69.1 flight instructor pulled mixture control to simulate emergency landing after'take off. Engine
would not respond to throttle.

237.7 During forced landing simulation flight Instructor pulled mixture control to full lean.
9.7 On second landing student pulled mixture control to off instead of applying carburetor heat.

957.0 Flight instructor moved mixture control to off position to simulate engine frilure. Could not
get engine restarted. Battery and alternator both found bad.

First Engine lost poaer on take off for reasons twknovn. First flight in type. Pilot believed to
Flight hove pulled mixture control in lieu of propeller pitch control. Insptctors observation

inclueed reference to identical shape of mixture and prnpeller controls with only distinguishing
point being color.

U'nknonm Fatal accident - both engines quit after low pass over field. A pilot associate stated pilot
had to be constautly reminded to move propeller and mixture controls for a "go-around,"

S54'.1 Flight instructor pulled mixture coutrol to cut off to simulate engine failure at 800 feet.

268.0 PIlot failed to leae mixture vhile flying at 8,000 feet and fuel exhaustion resulted.
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Society of Automotive Engineers, Inc, PRACTICE

INSTRUMENT PANEL ARRANGEMENT
FOR FIXED WING AIRCRAFT UNDER 12,500 LB

1i . 1INTRODUCTION

Instrument panel arrangements have varied greatly betweete different models of aircraft. This has
been the cause of some pilots experiencin~g difficulty In moving from one model aircraft to another,
To efficiently perform either VFH or lilt tasks the pilot freuently hats been faced with relearning
the locations of the flight instrumtents, rudioes, navigation displays, swiiuliee, and controls.

To make transition easier and help eliminabe pilot confusion-and possible mismanagement of! the
airplane which could contribute to causing an accident, It is deemed desirable to improve the vorn-
monality between aircraft instrument paniel arrangements, switches, and controls.

As a first step to achieving commonality Lhis AIIP Is directed at placement of the basic six flight
instruments and the primary inviwiation Instrumeunts.

2. PURPOSE

This recommended praptice sets forth the flight instrument panel layout anK recommnended by SAY~
Committee A -2C,C Cockpit/Cabin Standardization - General Aviation Aircraft.

13.1 The re~commendaiions cover thu arrangement of flight Instruments and navigation Indientors In
fixed wing aircraft under 12,501) pounds.

:3.2 The arrangmetnnts are applicable to 11-!3 circular dial Instruments In use at the date of issue of this
ARMitPt is tiot Intenuded to restrict future design oir displaty concepts or to Anticipate vertical tapet,,
Integrated rdisplays or other news developmnents.

3. 3i 7111 revooitnentded ptlinel a rrangemnwt way ime niodiried to vniisnce the performance of pairticulakr
ttilpisiontl or to accommodate specinl capsibilitivii of the airplane antd/or Instrumentation.

4. INS'nIuNII:NT AIutANUEI:MENI

4. 1 Fitgure I s4hows tilegeneral riutlioniihip of tie, flighlt andi naoigation Indicators for one punrt aircraft
or the (Cnpta ins position when two iiI.,t pomitirin iiutitrurrnt liatlie~ a re used.

4.2 Mlien two instrumrnei panelm a~re usi~d lor two Itilut aircini't the flight Instruments for the copilot
should use,' the battle nvrttngerrent jib the Captalin's except that the VOlt No. I mid Volt No. 2 may tbe
dimsiregarctdt'

4.13 T'he Nei. 2 Vt litpotition itt tho preferred position fur the second Volt tndcitator. Iffonl3 onk V0lt is
usedI oi- If anoither ttaviittu~lo" nsiitrumeitnt is used nearly tquttI)', with the VOlt, thal indicatnr maý lie
phtted in lth, Nit. 2 Vtft Ilumit titi.

4. 4 An Inst niustont Litnduing 'M,.tvitu g idt, .lo Ii~i~cro ssi pointu'r, whu n used, shoulId be! incorp i ..ted into
Otl %'()It No. I poeelt it,.
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5. INSTRUMENT PANEL LOCATION

5.1 The gyro horizon or Instrument that most effectively indicates attitude should be as near as possible to the

top most position and as near as possible to the center of the pilot's position.

5.2 Other indicators should be located ir the general position shown in Figure 1. It is not intended that they be

placed in rigid horizontal and vertical lines (although it Is preferred). The indicators should be in uniform-

ly spaced groupings In front of the pilot position.

PREPARED BY
SAE COMMITTEE A-23,

COCKPIT/CABIN STANDARDIZATION-GENERAL AVIATION AIRCRAFT

Mi UAcr (HO A LT VOn

T/B .Comp R/C No. 2 0r

K. ADF>

AS Airtqued lnd'cator

1iOlt Gyro HIorizon Indicator

ALT Presaure Altimeter

T/iI Turn and Bank (Slip) Indicator

0. Comrp, Cyro Complis

It/C kait of Climb Indicntor

VONH VA)uiste Iki•i'J'ttnin Indic•torz ond CVmni bearing Selector

F10(;l0l: I
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APPENDIX 3

AEROSPACE RECOMMENDED PRACTICE1 GENERAL AVIATION BEAT DESIGN

PRACICE:G~EAL SAT DSIO



SAE ARP 1318
AXROSPACE REC0UMENDED PRACTICE

GENERAL AVIATION SEAT DESIGN

1. PURPOSE

The purpose of this ARP is to provide design criteria
for pilot and passenger seats for general aviation aircraft.
Xt includes recommendations for features involving function
and utility as well as for minimum strength and energy
absorption capabilities.

I n the preparation of this recommended practice,
consideration was given to the requirements of the
Federai Aviation Regulations, the results of numerous
acoident investigations and research programs and the
recommendations of aircraft operators and manufacturers.

2..

The pilot/passenger seat is the basic lfIik between
the occupant and the primary structure of the aircraft.
Xt is essential that the support and tie-down functions
be accomplished in a manner that will provide maximum
practical safety and security during all normal conditions
of flight, emergency flight maneuvers, crash landings andsurvivable type accidents. Theme basic functions shall

be given major consideration as compared to other factors
such as comfort or appearance.

This ARP in intended for application to aircraft
approved under Part 23 of the Federal AviatioTn Regulationn.
Although moot general aviation aircraft in this cat~egory
are approved for single pilot operation, those recommenda-
tions noted as applying specifically to pilot seats will
be understood to apply to any seats for which the occupant
has access to the airplane flight controls..

In the design arcra foL which they apply, thk Fed~ral
Aviation Regulations should be considerod minimum require-
Mants.

3. REWINLT2O1

3.1 Boae Assembly - One complete seat unit, Whether for single

rebxuary 28, 1975
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or multiple occupancy. The seat assembly may include but

not be limited to the seat structure, cushions, trim panels,
arm rests, dress covers, ashtrays, headrests and accessory
pockets or shelves as applicable. It does not implicitly
Include seat belts, shoulder harnesses, seat tracer or
other equipment normally attached to the -rimary structure
of the aircraft.

3.2 seat Primary Structure - That portion of the seat structure
which provides the support, restraint and energy absorption
link between the occupant and the aircraft primary structure.

3.3 Beat Secondary Structure - That portion of the seat structure
intended to mest comfort, utility or appearance requirements.

3.4 Seat ultimate Static Load - The highest luad to which the
seat may be subjected- for a minimum of three (3) seconds
without failure.

3.5 peat UltImate DRnamic LoiAd - The highest load to which the
seat may be subjected under conditions of dynamic arrest
without failure or loss of restraint function.

3.6 Standard Occunant Weight - Static and dynamic s'eat loads
shall be based on a standard occupant weight of 170 pounds
(acrobatic 190 pounds).

3.7 pe~utrql seat Reference Poin- The intersection of a line

tangent to the surface of the seat bottom cushion and a
line through the seat bac% cushion representative of a
back tangent line, under a no-load condition.

3.8 Seat-BackBreakover - The design feature which permnts the
seat-back to fold forward from thd normal upright position
for purposes of passenger access or seat installtion,
removal or storage.

4. UCOEN DATIONS

4.1 p na.nsiopA - The recommended ranges for seat dimensions are
given in Figure 1. illustrations are for dimensional
purposes only and arc not intended to fix the actual shape
of the seat. It is understood that all dimensions influenced
by passenger weight (i.e., cushion deflection) are to be
measured under I g static loading with an occupant of
stand;rd weight.

February 28, 1975
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4.2 jutua~nt - Adjustable pilot seats are recommended in
order to insure that occupants of different sizes and
weights can perform their work in the most efficient and
comfortable manner. When such adjustable seats are
provided, the following adjustment ranges are recommended.

4.2.1 Vertical Adjustment - •here practical, the pilot seats

should be adjustable vertically through a range of at
least four (4) inches in increments of no greater than
I inch throughout the entire range. The purpose of seat
adjustment is to provide the optimum eye location &or
visibility inside and outside the'cockpit and to provide
comfortable and efficient access to the controls. The
adjustment mechanism should incorporate a means of raising
the seat freely to the maximum up position. It should
be designed in much a way as to insure against inadvertant
actuation to extreme positions during normal or emergency
flight conditions. It is recommended that the vertical
adjustment controls for the seat should be located under
the left hand forward portion of the seat.

4.2'.2 Angulag Agiustment 0g s eat--3c - if angular adjustment is
providtd or if the seat-back has breakover provisions, it

need not be restrained in the normal upright position
against forward motion under the loads specified in Sectior

4 unless the shoulder restraint harness is attached to the
seat back structure. If the shoulder restraint harness
is attached to the seat back, then the seat back should be
capable of withmtanding, in any normal position, the inertia
loads specified in Section 4.4.2

4.2.3 Fore and Aft Adjustent - Where practical, the pilot seat
should be adjustable in the fore and aft direction for a
distance of at least eight (6) inches in increments of
not laus than one (1) inch. For aircraft. equipped with
adjustable rudder pedals, appropriate reductions in fore
and aft adjustment are acceptable so long as the relation-
ship between the sent position(s) and the control for pitch
and roll permits efficient and comfortable operation.

.The fore and aft adjusting mechanism and latches
should be designed in iluch a way as to insure against
Inadvertant actuation, either by the occupant or by
inertial forces, to extreme positions during normal or
emergency flight conditions. In the interest of standard-
ization, the fore and aft seat actuation controls should
be located under the right forward portion of the seat.

II
February -8, 197S
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4.3 Arm Rests - If arm rests are provided as part of the seat
structure, they should be designed to fold in such a way
as to minimize interference with entrance to or exit from
the seat. Insofar an practical, arm rests should be
padded or designed to reduce the likelihood of injury to
the occupants in the event of a survivable crash.

4.4 Strenth - Pilot and passenger seats should be designed
to the following general and Mpecific strength recommenda-

4.4.1

4.4.1.1 Failure og the seat secondary structure under crash landing
Ponditions should not affect the strength of the seat basic
structure. Consideration should be given to design features
"Uhich would minimize the possibility of incapacitating or
fatal injury to occupants in the event of a failure.

4.4.1.2 Likely deflections of floor and 'sidewall structure -under
crash landing conditions should be considered in estab-
3.ishing seat and seat attachment integrity.

4.4.1.3 Wear and tsar due to normal use should be considered in
designing the seat basic structure to meut the specified
load conditions. Special consideration should be given
to the design of adjustment mechanisms.

4.4.1.4 material selection and testing should take into account
possible deterioration of strength properties with time
for those materials which have an effect on seat strength.

4.4.1.5 The seat basic structure should be suitably protected
against corrosion of all types to which it A1j be subjected
in service. The design should avoid wherever practical
trapped areas where spillud liquids can accumulate and
cause corrosion.

4.4.1.6 Seat design, construction and attachment should be such
as to prevent objectable flexing.of the seat under turbulent
flight conditions.

4.4.2 Dynamic Ultimate Loads - The pilot and passenger seats and
their attachment to the airframe should be designed in
conjunction with the occupant restraint system, to with-
stand the following dynamic load factors without separation
failure (refer to 4.5 on Energy Absorption).

February 28. 1975
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4.4.2.1 A forward load of twenty-five (25) g's applied twenty
(20) degrees to either side of the longitudinal axis,
an aft load of 5 g's, an upward load of 15 g's and a
downward load of 15 g'e. Load directions should be
determined with respect to the longitudinal. anis of the
airplane. The pulse shapes and durations for the above
loads are specified in Figure 2. Load factors should be
measured at the seat tr.aclcs or on the corresponding air-
frame support structure.

4.4.2.2 Structural compliance should be demonstrated for the
most adverse combination of the loads specified in 4.4.2.1.

4.4.2.3 Aft-facing seats should be designed and qualified to the
l.oads specified in 4.4.2.1. The occupant center-of-gravity.
to be used in the anlalyses of tests for att-facins seats
4..given in Figure 1. When headrests are incorporated as
part of the restraint system. considerations should be
given to the resulting body load distribution.

4.4.2.4 Ide-fecng moseats are not recommended. It used, they
should be designed or located so that the occupant in
restrained from lateral loadings in excess of the side
loads resulting from the loadings specified in 4.4.2.1 in
case of forward facing Beats.

4.4.3. Itig Lopde - Since there does not appear to be a con-Fistent relationship between static and dynamic strength
of complex structures, no alternate static loads are
recommended for structural substantiation of aircraft seats
for use in lieu of the dynamic loads given in 4.4.2.

4.5 Enerav.Absorwtion -- As a minimum requirement, the seat
structure should be designed to deform progressively when
the ultimata dynamic load is exceeded and, during defor-
mation, to absorb as much energy as possible. For seats
designed specifically to attcnuatto crash forces, plastic
deformation of the energy absorption elements should not
be considered to be a structural failure,- so long as the
occupant support function of'the seat' is unimpaired.

4.6 Restraint Systems - The seat represents one part of the
over-all occupant restrainsv systeln, which may also include
the lap belt and upper torso restraint. The seat should
be designed in conjunction with the other elements of the
restraint system and should not interfere with their
proper function. Specitically!

February 2a, 1975
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"4.6.1 ftUer :Torso Restraint - Seat-back height specifications
of Figure 1 are based on considerations of protection,
comfort and convenience. If the seat-back incorporates
provision for shoulder harness attachment, the attachment
position should be located above shoulder height or be
designed so as to prevent the shoulder harness from
iMposing uncomfortable down loads under normal operating
conditions.. If attach point is located lower on the seat
back, the seat-back should not fail under the specified
dynamic conditions. (Refer to SAE ARP 1226, Occupant
Restraint System (Active) for General Aviation Aircraft.)

4.6.2 Lag Belt - If restraintasystem loads are carried by the
seats, the seat-to-airframe attachment strength should be
equal to or greater than the dynamic Load factors given
in 4.4.2.

4.6.3 d - Seat belts and shoulder harness should be designed
to be used and stored in such a way as to prevent entangle-
ments with seat, controls or structure. Automatic storage
provisions are desirable.

4.7 Design- The following general design recommendations ure
intended to improve the comfort, utility and the safety of
the pilot and passenger seats.

4.7.1 The seat should be designed to support the occupant within
the normal flight envelope and under crash conditions as
defined by the minimum applied unit loadings of 4.4.2.1
and 4.4.2.3. The provision is particularly important for
the design of seat pans to absorb vertical impact forces.

4.7.2 Seat materials should comply with the flameabilivy require-
ments of Flight Standards Service Release No. 453 or later
applicable documents. In addition, seat and armrest
cushions and dress covers should be self-extinguishing
when subjected to cigarette burns.

4.7.3 Materials and finishes which generate .appreciable amounts
of toxic gases or dense smoke wheii subject to flame or
heat should be avoided.

4.7.4 The seat should be free from sharp edges or projections
which could cause damage to the safety belt or clothing
of the occupant or which might injure the hands of the
occupant as he operates equipment within his reach.

Februarý 28, 1975
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APPENDIX C

GAMA LETTER TO FAA, JULY 26, 1976



General Aviation
Manufacturers Association
Suit* 1215
1025 Conn'ncticut Ave., N.W.
Washington, D. C. 20038
(202) 29648848

Novarmir 30, 1976

TO:Mr. Rtichard P. SkuUlly

Federal Aviat-ion Amninistration
Washington, D.C. 20591

Subject: TramAnittal of Findings of GA4A' a Fuel System
Standardization Aid Hoc Coxmmittee; reference N1'S

Re~menatii A A-74-35, A-74-38 and A-74-39

As you )am, the National Transportation Safety Board promuilgated
a series of safety recatmarxations in their 1974 report entitled
"Special Study, U. S. Gerwaral Aviation Accidents Involving Fuel
Starvation, 1970-1972", Report Numbter NTSB-AhS-74-1 * Rocczmendations
A-74-35 through A-74-39 were addressed to FAA while exmudto
A-74-40 was addressed to Ci)-A. Copies of these recommendations are
enclosed (See enclosure 1). On November 19, 1974, GAZ4A respoinded to
mllB with a copy to the FAA, indicating that GMI would provide FMA
with detailed supporting information from which to respond to NM1
regarding reomemusations A-74-35, A-74-38 and A-74-39 (See enclosure
2). This letter constitutes our transmittal of that data.

MWS RoomeInndiation A-74-35 regardin preprioofaedciol

scriptVw pres geenttionto o neuctoa

O~ o hi Sael Unvestyapnd FAA' s presdentedPtovenuroncStaffPrecently

Sltaff Ascript fon hi pres*entaio 15,tle 1976. or &

C-1



NTIS Rsmmzundation A-74-38 regarding fuel control standardization

Enclosure 4 contains our proposed changes to FAR 23.777 through 23.781
regarding proposed specifications to standardize powerplant, flap and
landing gear controls. GAM feels that the location, shape and color
for cowl flap controls are not considered critical enough to be regu-
lated.

NoS Recoanndation A-74-39, remarding prmimed standardized ter and
nmmnclature for fuel selector valves and other cmon of r aft

In addition to the proposed revisions to FAR 23.777 through 23.781
GAMA proposes that the following standardized terms and rumzlature
relating to various fuel system cmrjonents, functions and locations,
be adopted. It is GAMA's intent that this standardization be used as
dsign information only. To do otherwise would have the effect of
stifling innovati1on d would preclude use of the "best" configuration
for a particular design. If the GAMA standards are to be considered
for incorporation into the regulations, additional qualifying phraol•ogy
would be required.

CGMA member companies have agreed that the design suggestions and infor-
mation presented below, relative to the standardization of rnmmiclature,
placards, and so on, will be implemented with respect to now cartifica-
tion programs.

A. Fuel Selector Nomenclature

1. Fuel selector placards should include the term "Usable Capacity".
Tn addition, usable capacity should be denoted in gallons only,
as opposed to pounds or pounds and gallons.

2. 7he fuel selector position should be denoted by using the terms
", "Left", "Both", "Off" and #Aux", as required. The

intent is to use any one or combination of these positions as
the fuel system and aircraft desiqn dictates. In addition to
the selector position, the fuel selector placard should incor-
porate the name of the control, i.e., "Fuel Selector".

C-,
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3. Any special conditions required for a specific airplane should
also be noted on the fuel selector valve placard. This is
consistent with FAR 23.1555 (c) (2) and (C) (3).

It is recnwded that a nw paragraph (c) (4), readinq as
follows, be incorporated in PAR 23.1555 in order to fully
achieve the objective of this requirmnt:

"(4) Fuel selector valve position placards must beimmediately adjacent to the indicator end of the selec'tor." z

B, Fuel Tank Nomenclature

In addition to fuel selector valve rnoanclature, GAMA has established
specific standardized definitions for fuel tank nomenclature. At i
present, tanks may be called main, right, left, tip, nacelle, nose,
and so on. The standardized definitions established are as follows:

1. Main - Any tank used for take-off and landing. It may also
be considered right or left main, depending on the method in
which the tankage is controlled. Any system of tanks plumbed
together with no independent control of the individual tanks
should be considered as a right or left main. A typical example
of this type of tankage would be an airplane in which a series
of tanks were installed in the wings that were inter-oonnected
such that the fuel flows from the outboard tank to the inboard
tank and from the inboard tank to the engine through a fuel
selector. If there is no individual control of the outboard
or intemnidiate tanks, then this system of tanks is considered
to be a main tank, either right or left, depending upon which
wing is being considered.

2. Auxiliarl tank - Defined as any tank other than a main tank that
can be independently selected and that will feed an engine direct-
ly through the fuel selector. If more than one auxiliary tank
is installed, they should be numbered in the primary squence
of use.

C-3
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3. Transfer tank - Any tank that serves a storage or transfe,
function should be termed a transfer tank. Further identi-
fication of this type of tank carries the requiremnt that no
control can be exercised over this tank other than for twans-
for purposes wherein fuel flows from the transfer tank into one
of the mains or auxiliary tanks for subsequent delivery to the
engine through a fuel selector. Typical exwples of this type
of tank are found in some smaller single engine aircraft with
convenient location from which the fuel is subseqently pinped

by a transfer pump into one of the main tanks for subsequent
distribution through the selector valve. 9

C; Fuel Quantity Indicators

It is believed that the present industry naoenclature for fuel
quantity indicators is adequate and no changes are rexztuiMw~ezd.

D. Fue Sstem Drains 7

Fuel system drains and their nomenclature were reviewed. It was
agreed that each drain should be clearly mairked and that sWple-
mental info=iation, as required, mint identify what is being drained
as well as how to operate that drain.

E. SpeciA al Ru-iro~qt-s
SGA&'s Fuel Standardization Ad Hoc Cmminttee also revieted certain
special requirements with respect to specific conditionA, on specific
aircraft. Typical exanples are special unusual fuel conditions,
waxning systems and so on. It was agreed that, by their vert nature,
these conittions are unique and no changes to present practt as
are recommended.

It is hoped that these canments will be of assistance to the FAM. If

we can be of further assistance, please let us know.

Sincerely,

Orfginal SInrned By

SArdle 1~. lbrzeen
Vice President

c-4
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Source: SPECIAL STUDY
U.S.General Aviation Accidents
involving fuel starvation
1970-1972
National Transportation Safety Board
Washington, D.C. 20591
Report Number: NTSB-AAS-74-1

Page 17

REOMMATOS

The National Transportation Safety Board believes that the number of
U. S. General Aviation fuel starvation accidents can be substantial.ly
reduced by constructively changing the above conditions. Accordingly,
the Safety Board recommends that the Federal Aviation Administration:

1. Issue an Advisory Circular, which augments the information
presented in Federal Aviation Administration Advisory
Circular No. 20-43B "Aircraft Fuel Control," (a) to alert
general aviation pilots of the primary difficulties causing
fuel starvation; and (b) to warn certificated flight in-
structors of the danger associited with simulation of
emergency OnMLne failure by positioning the fuel selector
valve to "off" or the mixture co.ntrol to "idle cutoff."
(Recommendation A-74-35)

2. Amend 14 C•R 23.1581 so that an approved Airplane Flight
Manual Ls required for all ,airplanes regardless of ,might,

C-5



thereby assuring greater consistency and attention to
detail than is currently available in most owner manuals
for airplanes which weigh less than 6,000 pounds.
(Recommendation A-74-36)

3. Promote awareness of fuel starvation problems among those

individuals who are beginning careers as student pilots by:

a. Requiring a written test as part of student pilot
flight requirements in 14 CFR 61.63, similar to
that required for private pilots in 14 CFR 61.87.

b; Structuring ,rvitten tests so that an applicant's know-
ledge of fuel system operating principles and factorI
which cause fuel starvation can be determined.
(Recommendation A-74-37)

4. Amend 14 CFR 23.777 through 23.781 to include specifications
for standardizing poworplant control location, visual and

T tactile appearance, and modo of actuation, similar to the

specifications for transport category airplanes ap earinI
in 14 CYR 25.777 through 25.781. (Recommendationl74-38)

5. Amend 14 CFR 23 to include specifications for standardizing
fuel selector valve handle designs, displays, and modes of
operation. (Recomiendation A-74-39)

In addition, the Safety Board recommends that the General Aviation
Manufacturers Association (GANA) establish industry-wide recommended
design practices for fuel systems of future general aviation airplanes,
and where practicable apply these same practices to exLsting models
through system modifications. Application of chese practices to all exist-
ing airplanes may be impossible for reasons of cost or physical constraints;
however, the following practices could be applied to the design of future
airplanes at a minimum cost: (Reconnendation A-74-40)

a. Specifications for a low fuel warning device which

operates independently of the fuel gage system.

b. Specifications for a water contamination warning system.

c. Specifications for more accurate type of fuel quantity
gaging system.

d. SpecLficatians for multiple fuel tank vents and nonicing
tank vents to minimize the possibility of vent obstruction.

e. Simplification uf the fuel system through the use of the
balanced, sitgle-tank design concept.
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PICBOSD RMSIONS 'TO FAI 23.777 THIUMM 23.781
23.777 Cockpit ntut s

(a) Each cockpit control must be located and (except wher its
furiction is obvious) identified to provide convenient operation and
to prevert onrudion and inadvertent operation.

U) 7e dieto of •smom t of" codo-kt controls must mos the
requir-emets of 23.779. Mierever practicable, the sense of motion

involved in the operation of other controls must correspond to the
sense of the effect of the operation upon the airplane or upon the part
operated. 0ontxols of a variable nature using a rotary motion must
Wmve clockwise frcm the off position, through an inrauing range, to
the full-on position.

(a) The controls must be located and arranged so that the pilot,
%hen seated, has full and unrestricted mmmiment of each control with-
out interference from either his clothing or the cocpit strua'tu .

(d) Power plant controls shall be located on a pedestal or near
the centerline of the instrumt panel. 7he location orde frcm left
to right shall be throttle, propeller and miftu control. 8uplmmn-
tal controls suh as auxiliary air and supercharger controls shll be
organized in accordance with the following layout:

QUADRANT MOUNTED

QUADRAt. -r MOUNIT'ED -NO CARS. N4AT/ALT XA

PANEL MAOUNTED

[CMAGERI •
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(d) Ont'd

Aircraft with tandem eating or single place aircrait nay utilize
control locations on the left side of the cabin mTpartment and
locatiom order from left to right shall be throttle, propeller and
mixture.

(e) Identical pmoeplant oontrols for each engine must be
located to prevent confusion as to the engines they control.

be located so that the left hand control (s) operates the
left enginet(a) and conversely the right hand control (s)ope rates the right engine (s).:

(2) On tandem twin engine aircraft, the left hand pwmex-
plant control must operate the front engine and the right
hand poerplant control must operate the reax engint.

M Wing flap and auxiliary lift device controls nust be located:

(1) Centrally, ic to the right of the pedestal or pawarplant
throttle control centerline; and

(2) Far enough away from the landing gear control to avoidconfusion.!:

(g) The landing gear control must be located to the left of the
throttle center' ine or pedestal centerline.

(h) Each fuel feed selectnr control must be located and arranged
so that the pilot can see and reach it without moving any seat or
primary flight control when his seat is at any position in which it
can be pl.aced. In addition, the tollowing apply:

(1) The indication of the selecLed fuel valve poeition must be
by means of a pointer and mnst provide positive identification
of the selected position.

(2) The position indicaL ion pointer mist constitiute or be
located on thaý- part of the handle that is the muxiuzn dimension
of the handle measured from the center of rotation.

C-8
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(hi) Cont'd

(3) If the fuenl valve selector handle is also a fuel shut
off selector, tim off position zzmrking unst be colored red.
If a sea ateurger~' shut of f mans Is provid@4, it also
mast be colored red.

(i) Oantxol Joxbe, goolr and shape, mist be in accordancme with

Oockit.o~t~s m ofb deigne sotha te qrei accordance

Ailero Right(cloda,,ise)fo
right wingdon

ElevatorRearward f rraw up.

Rader Right pedal. forwwrd for
nose right.

(2) Sooondarzzy

ControZe Notion and i/ffet
FlAps (or awdxi Iazy Forward or qp for flaps up
lift devices) or auxciliary device stoed

rear~mrd or dam for flaps
down or wauiliary device
deployed.

2Tlza tabs (or AcbiatS to produce slii'm
ejuivalant) rotation of the aixpla

abouxt an axis parallel to the
axis of the control.
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(b) PGwrplant and amilary omtxyits-'(1) Potm .umt

Controzs Motion and effect
ThrOttlAm/hrUSt Forward to increase forward

thrust and rearward to izoremse
rearward thrust.

Pr•elers Forward to increase rpn.

Fuel condition Forward or uwxd for on.

mixture Forward or upward for rich.

Cai'huretor air Forward or upward for cold.
heat or alterate Forward or upward for omw blower.aiiz

Supercharger For turbosuper-dcagera, forward,
upward or clock-wise to increasepressure.

(2) AwiZliary

ControZa Motion and effect
CrY:. flap cuantrol Rearward or down for cowl flap

open.

Fuel selector. The operating motixn of the fuel
valve selector handle must be tothe right for right har tanks,
to the left for left hand tanks,
and to the extrene left, or aft,
for off. All other tank selections
mmst be located beteen the left
and right tank positions, exoept
a crossfeed position on individual
engine selector vales for multi- 4$
engine aircraft must be located tothe extreme right or forward.

Iaxndig gear Dom to extend.

C-10*
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23.781. gaftit cm*=01 krxcb &MM~ arud color

Oxkipit omtro3 krxf mat confom to the general shaps andco
(Ut =t necessarily to the wect sizes or specific pcopoxtims)
as u3bmm in the following f igures

1VL AP CONJTROL KNOB _________

OU60RANT MT' PAFLmr BASIC

- 4RO1TTLE. CONR~OL KNQ8

A iPm cokT' ROL K~NOB __

MIXTURE CONTRLKO

CARS HEATOnATIR WOL. -W

&T Y1EO BLACK.
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FLIGHT INSTRUCTORS'

THE AOP AI0AEYFUDTOFIH NTUTRDPRMN 3 ICNI VNE EHSA O 20014

Volume 2 No. 2 April, 1g74

U.S. GENERAL AVIATION ACCIDENTS INVOLVING FUEL
STARVATION 1970-1972 NTSB REPORT #AAS 74-1 ABBREVIATED

INTRODUCTION
This study was initiated by N'TSR AS Ajesult of the lindirrr2 of t FE CTAUSETIOFACTOIDANTA,17-0previous National Transportation Safety Board study titled "Accidents ULSAVTINACDNS 17.g2

Involving Engitne Faliaurre/alluneiori U3.S, General Aviation 1965. High and Very High Involvement Gnioup Airplane
199~, which reveralod that 15.1 percent of 4,310 engine failure __________Li accident% ttsd boon canned by fuel starvation,

The objectives of this study are: To identify the most frequent cauirns,
Af tool starvation accidents; to examinne the factors Involved in those all/Md. 01 1 iu tif. 1u1

cdruaea, and to propoait remedial action to reduce the numrber of foe. C.11-l AV
sitavationt accidents. AVA I

BASIS FOR STATISTICAL ANALYSIS IvcOis

The scope of this study was limited to the inoel frequently occurring sni
causes so that causal atreais and associated factors could be researched 03q
thoroughly. The study concenirtrfed on airplane naktes and models i 1
most susceptible to fuel starvation annidenfe and, for comparison, those H 3
least susceptible. nt ii

For purposes of this study, fuel atarvatioin is defined ats the N ~ I~
interruption, reduction, or complete termination of luel flow to the

aircraft. 3If i j,

accidents (rum 19701 through 1972, 70 makes and models accounled tor P"13).., .'i .I#
ony2 ecn fterpre cietTeeoe om te ime, v Isas

ths mks n rd ls hihaconted loprtlonrm tanu 0.1 pecni ..Yq4 Iji 1
Acodnl,2 ae n mdl ee slce o statisatical -

"ofuaio 11--, A I I iii I I

tirhor (Hiens 1r worImaca inynvo i atuviin acrieit tumberi estv fuelt V.. i I

hih,,(H H 2,mbto lther. w arsi t25 factld" st Iarva tion prid w ltnIi~ t t

Trwo aairplaneudnt1 Aal se werau e ofnvuficientflih T h mot .__ .__ .__.__. __.

airer10thotj 17 ,rth in eaa dre 16 illr ttee; m accianicl mts orti nenytnr hieudrteipesonta hyhdslc
ihchhg novmntfe staroviatioplnes worirt puriinvolve f the ane tan whc o ie ul t hsecue nov prto

grsqafycie as. of up ateirpatinefrhs were u A tnle. Txhe ustaxutdtr6 uc.tn h ulsavtionaciet Th e u
fur fuel stratoromrdns o thie gluar.neeknhutn o ulfrm at in use while ample fuel for cniudatrto

t~m~hod n te aicrat;m nondprencr ue rmf pinerplante otos cmine operatingMn i ons remained fe abcoard tale hcaf.andle none oft"posiianc

fnetoselctsoraf iuaornd coftainafligh owen ia ni retpetoa of withe sstm opin edratng liitatiqons rmploeed by a iirwoth es drcies o h
the 19e 0 selecoug 1e9n2, and s mecanica ful stratln iounacwcidh ensaidrn lwow o h0cttoctdfrhg involvemenigoparraeteefnnecte caropamipaccoue

fuwichlo inavoleetgti ipae*wr nonvd The r 6us prcnedno 2pf~rt of the fuel sta irvation accidents. These casa eFusel
iw ftefv otfreaquently cited causes for fulsavto cie tsfre thisghou arid l w eryre c~ontrsitiato imrprun of powefrmrplan t nu hl comtrla, fue do

ronulnmen irroapote appearysed. inmabouter usae offjopercentage fro ech niudoeaintn~ni bar h ucat n ocmlac

rIup shelect cealves werd mechanical mnaifunitiros nd incotresute in a novmn ru apaetreo iectdcue cone

posuirsninir of the fuel selector vafve THlE DATES OF THE FLCIGHT INSTRUCTOR RIEFRESHER
A review revealed that smalt instances of incorrect fuel selector valve ICOURSE AT CHAMPAIGN, ILL1NOI!3. HAVE BEEM CHANGED

prrioninmn resulted because the pilot seam confused About the mode of 17ro AUGUST 14 15, 1576 (Saturday, Sunday and Mondfay).

.41vv operations, vatae handile nleiqn. us fuel selectori tank display L. . . . . -[ D-1



kZ

inetruclional simulation of in flight power Ioes. The main reasnor stated mserleor valve. Improper use of engine Controls and tfael contaminatioln
in accident reports for th.a probrlems peculiar to eacfh group were: was.r troublesome fur pilots of low~isniolvemanst group alipianss As a

result of fheee findings, tank switching requirements, fuel system
High rouppurging features, and powerplant control configuration wets is-

For xhaulionof fel fom atankin uesearched to find possible error-indiacing sonurces within th, fuel system.

(1) allowing fuel io become exhaustedl was normal procedure Fuel Selectr:l Valves
recommended in owner manuals of some aisrcraft Vilfually aUl tank switching problems involved the fuel seilectors
(2) pilots forgot to snetsch tank& before exhaustion of fuel from valve. Alfhough fuel selector mstipositioning was an operational errol,

_:the tank In use; the degree to which selector handi, design, selector ostentation,
(3) engine wait noaf restarted in sufficient time to prevent an location, and tank display influenced seI~lector Operation won Of inklteret.
accident. Thre extent to which pilot assos was induced by fool selector design was
For lack of compliance with loaf system operational limitations documeinted in MTSI1 Report PS3 176629, "Aircraft Design Induced Pilot
imposed on certain aircraft by airworthiness disaective: Error," dated July 1967. Accident raports ftom 1970 throughr 1972
(1) pilots did not folly comprehend the AD requirements; period indicate that selector design still confuses operators and
(2) they simply Ignored them,.nue akseeto ros

The influence of lank switching requirements as a factor in fuel
Laws Group starvation accidents was illustrated by the Cessna 1130 accideni

For improper use of powerplant controls- The pilot used the oilsx tsisTu ipa.i qipdwt wpofo O rOF
lureconrolwhenhe nteded o aplycarbretr hal. fuel shutoff valve, instead of a mulfi-posif ion fuel selector valve so tank
turecotfrolwhe heintededto aplycaruretr hat, selection is not nescessary. Although the Cessna 1IS0 had accumulated
For uelsystm cntamnaton:the largest Airplane hour total In 1970 through 1912, it was involved in

(1) water was not properly drained fromr the fuel system, onyJfultaitoncidtsn170hrgh1'/Oftse ny
(2) forefign I~~s6iAts Obstructed fuel laiik vent lines.ony3 ulsavtnacinxin17thug10 01hs* ny

Frinstructional simulation of in-flight power loss: 7he Instructor one was reused byiv mproper prvstioning of the fuel valve Arit olse by
For fuelaekhaust ion.attempted a power loss simifation, as a test lot a student pilot,

by turning the selector valve "off", or placintg the rixiture liowerplani Contros.l
control in the 'Idle cutoff" position (three of those slimulated 'Thr us. of usn inc'ottect engine control accounted lot 2? tpercent of
"Ifmergencies were initiated at less than 1,200 feot above the alf causes cited lot low-involvatnent group fuel stalvattirr acocidents

V round). toar IOU1 thrountil 1972. Only 2 pesrcent of tha both itivolusirnetit
trirufi's causes irtolvold inctisttect use ot enginie conturol Inadvertent

Only one multi engine genetal aviation airplane, tis Sweach 99, Wur use Us the remifurs cmiviiol, wliai the pilot thought he was usning the
inv olves

1 
in a isorth-lan-averags numibar of fuel starvation accidents uarbuiestor heaul control, accounted tot mtott of the cautien cited tor

during the 1970-1972 period. Four of the five' fuel starvation accidents low. in Volvoemiefi group oitptanves. The placement of the enrin controls
in which this inoltienginie airplane war involved waet Attributed for low involvetnent group airplaness has varied through the years
directly to a violation of recommendedd operating limitatilrin imposed Early models were configured sri that carburetor hiiat. throttle, enid
hi an airworthiness direictive. The direc~tive rsquired takeoff oil 01,itti moisture conioirlft wore wustaisomfd huntinitlully with little vdHIRiuin in
looks origy and prohibiteid turning taktuoffs or tatirecffs; Immyediately knob shape, vine. ot color batarean the carbaurtort heat arid tinivitot
following fast fentr turns, controlsa. Contiol kntob sire, shape, and color has been variedi in

recent models of these airplanems. Fr,'m 1970 through 11972, lhe Beech
(Ii' POTENTIAL SOURCES OF 3b was riot tivolve1 toi A starvAtioli accidenrt caused by improper uss'oa

OPERATIONAL DIFFICULTIES enriUpe conirols The mixture control in tha Beach 35 is iiiolautai
saihctently from other poweirplanil controls so that pilots did not

Must fuel starvation accidents reviawed inivolved otirnrttiinal 1110 cordusa thern. Progitity ut controls ul A smilarlsue arid ushap., which
blatno which Indicated a need to evasluatet rrtait nii u)onwotua factot.,, et ieiirl ftsrru olcilnwv oiif'rda ipsil

associated with ops.-rstrnttinna rhutitues. Accident cuder reserarch mourcer of error inducesmenit in Ac:cidetnts which Iinvolved this use of than
idatdthat operational techniques inyolvmrj auch factors 4n wrong control To mintmirllr, iocoivocl conitrol operationi. the Fedieral

awareness and iinderrtanditirir of proper fuel maliuriment iouln ha b Aviatioti ReijUtItiloltl 114 ClfH 25i.777' through 25 701) specify stAndards
influenced significantily by infor"atlion provided in airplane owelri of psrwarpfanit coitriil lrmvAtici. kitob shape and moafe of aritiauatn for
maussls and by fuel system conmponents which may iriricis upera tioriul tiatisiltil category 411`1116114o. tiruweve, si~E70it liii throttle di-tliatiiil
trials reigulAtoirio. sloimilr tirrwsrtdilan (Uontrol Lpiiiai IUs dosnt rucr1I lr~r

Fuel management instrtactions norma~l, utility. And aviot,.iti vstr..rily 41.1i411-rs~ whuI0f i'.ritirioc thais

A review of tire fuel moasiaemeet information fot sisleil tolarrilunon Airmipt seitmeri ot the isrnoral ,rviaslrml fHest

indicatein that the ildier olwner.s mairate :,minlaiiilsd llei foel Manufacturers' Viewpotnt Regarding Error Inducement
management inforrmatiron than more recent manusfIA Afthrni Its ronniun Thre. Matjir qesnrrl r1ialltrn Airplrsus meriufar linerm, wiii" ifrinl with
one tank dry before switc~hisro i. anothirs' tush was .r..r...An .- cirtiiri multiarti fuel vynteiri ifsI'vnir til~olli , wiet11 Uitsle h- d iiis 111Ihi'

, tpradctice most tdmannactres is no lirnier recoinotinnd it In tsr, this 'fin Imet Ilt ha.i furl isystem which Aris rr'itrsideif As toitrilial IUt pii li Ul~
moid recentlly trublohenf Beerti menioals conuirder origin$, s fira'e r romiri lppsratt onl litollemis The difitfr ltics sssorliisel with lan oh , ''iri ts
by manufficiesit fuel an emergjencyt and list ini flight siuwrtiin start svtuirrimrsii foel "shautiiisl floor As tank Itime, fuse. B nI tArt roiiit'll,
procedure as an emergency ptrroenura. fni Adeiquacy of owner manual lttirirduomei were ifes:uosssed.

Fuel vafnnglnsraicloesTank Selectlons Requfiasnents
Fuel system contamination was responsible for Af piercent of Th-, maroinfctuirer aiss that a balanueid 4itiqlrs tank fuorl syitellt

liowinvolvemont group fuel starvation accidents And Y1 percent of high (*heipn rile rrconrnected sellst Act as a sirigle lank it, suppily fuel tos the
!Wisyorreeent group fuel starvation accidaiifs Water in the fuel and enngine through a shutoff valve insitead of lhriiuirh a lorolsmrlctiii valvel
frrriqiy ofbject obstruction of fuel tank vests wee Ithe primary woild simplify fuel managemernrt pructiduriss
contamination difficulties which caused an investigation of fuel system Exasonfa'ak
drawinig procedures and prefilight checklist procedures in owner Exasino sl k

mansual* of high andf low.i'volvement group airplanes% Manulaituiere were gieatly concerined abhowt the Appitarent larl, itl
Obvioisaly, sores owner manuals for airplanes Iir bwith the h~ighf and attention ii. foal sotiply which is akpparent from the number of

luwinavolveerfifn groups were more saplicit about fuel system drainling arccidents eosulting ftrom the enhatiinion nit a tanh whilen Ample toet

procedure$ thýi were others. Procedures insufficiently detailhad coiuld remained on boaerd the aircraftn
result In incomplete draining operations; for example, inistructingo a Ptlat Awareness
prisot only to open a quic~k drain sump in a fuel suisaier tr seloruins

to prgewatr a seimet fom he Hsis ma nu &fll he pollul While manufacturers etisessxerti the geneoral opitnion that fuief hystoin

to the ablsolute necessity of purging all fuel lines and tank sumi Ps in the .%iiiis lenstilsti vat i nidesote it stith impvmolrtair nttoilr4

proper sequence Io assurle the eliminrationt ofall contamniiants Iunns odsdvu itklnn hvmrotilpipfac tIdl
aware..ess with swivltir trI ...pr fIl" system snaintionArc anti

lkriae.laductngl Ele~ments of the Fuel Syrstemo Uplirunrar And the fundramental vouri:es tit fuel viftavatrsei
Thehigh -nvolveseenf group airpalanes sapetrenceif difficulty with

fuel eshaustion froom a tank in use while ample font log normal CONCLUSIONS
opesaotian remained osharard Bsoth high and low involveement groups The massage which evolves from tine Ceac sri fuelstrti,
s pmenanced accidents whir: it esltifed from rrmpstlrisesrlan the tool., -i~io euisasvesryvita thnariiuir h tIr~eflti r faet iyhtfeni uoinsprtior Arid
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draining, complete familiarity with powerplant control vonfiguiration
:rid riperatton, and attentivenoes la fuel supply are all absolutely

mainlagemetoSl andl~i opelrsatmprio n g prtos
Mra ealsystm w8ic reurcento tahk lswth straion aciden to manibi

suywitattrifutel supl oporaopely. olmths rbem r

tank dienplay thish mayr whec conflucied tmipstor casengmaPlimsaiacm t iof n costbedrelsta d siiarty the appemary anc whch

PilotssocatedFaciars
Ownr mtnuaisri hi t chni ftunslfck derailee infsimuation ay d uelbrt
fuel tA tvaon atd fulo stemtitude. oeatos

F~urelsyaidtemwhchiequie iluink swthen Inee forde thorounghpe

tlihe fuel suptey property.icr prigFuelselctorY41es wth ande deign mod ofopertio, o


