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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 evtent, 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 alrcraft
make it desivable to examine the present state of cockpit standardization to
determine 1f 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 experilenced pllots 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 most critical areas. In addition, contacts with members of the General
Aviation Maaulaclurcis Association (GAMA). including visits to major production
plants, provided information on the current status of cockpit designs and
standardlzation actions planned by the Industry.

The product of this effort 18 a set of recommendations for cockpit standardi-
zation actions. Whether the FAR 23 airworthiness svandards 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 Ls concerned primarily with
identifying the areas of cockpit design that can reasonably be standardized,
and developing the justifications to suppott 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 Afrworthiness Standards or other design guidance
documents, as appropriate.

1. All aircraft should have a convenlent and safe body reatraint system
for reduction of injuries.

1-E




R TR T NTEARE ¥

T M T T MR TS A I R

SRR

Rl e I S

P TRe Ty

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 pruposed 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 cockplt design, listed above, have clear safety luplications
and are amepable 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 oud 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 pillot survey, and inspection of current production aircraft con-
firmed a low degree of standardizationm,

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
cockpit characteristics should be under continuing study and review., Genere.
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 as well as more demanding of pilot
attention. PRarlier cockplts 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 atill 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 achleve improved standardization and cockpit design features. These improve-
ments may be effected through changes in the Federal Aviation Regulations (FAR)
Pa:t 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
alrcraft 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
aceident 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 requlres 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 1s limited to this aspect of aircraft design. The cockpit figures
prominently in any safety analysis because it is the one ailrcraft area that
must meet the requirements of flight and coucurrently 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 1t also houses, shelters, and protects the pilot.

A review of the needs for standardization of the control Iinterface function
is appropriate because cockpit displays are becoming increasingly complex and
diverse, and there is still no uniform arrangement and coding of controls,
The desfign 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
19 generally accepted that it 1s not enough for the FAR's to delineate minimum
design practices which insure that the pllot can see, read, interpret, reach,
operate, ctc. Uniform use of shape, color, operating feedback, and other
coding and uniform arrangement of items 18 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.

1
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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 aliso gives the pilot a measure

3 of protection from the forces operating in accidents or other unusual situations.
3 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.

REQUIRFMENTS 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-1, "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 instruwent 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 hag called for action

to reduce pilot error accidents in general aviation through elimination of

unsafe design features. The report, "Adrcraft Design-Induced Pilot Etrror,"
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)

s "Report of the Sectetary'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 alrcraft designs
make optimum use of crew capablilities, and to ensure that future systems are
designed around reasonable criteria for human error."

Lzrs aabieliie DAL

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 alrcraft 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 deslgn 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 clrculated proposed standards for the location
and actuation of aircraft cockplt controls for general aviation aircraft, but
that committec was terminated bv the SAE before the final standards were
drafted. The Ceneral Aviation Manufacturers Association appointed working
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groups to continue development of proposed revisions to FAR 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 reccgnized 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
aircraft cost and complexity of design.

MEANS OF ACHIEVING STANDARDIZATION.

There are several methods available to the aviation community to communicate
design guidance and recommended practices.

When the intended means of increasing standardization 1s a change in federal
regulations with the force of law, the formal procedure begins with publica-
tion of a Notice of Proposed Rulemaking (NPRM) preceded 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

to the FAR. In other instances, the responses and comments on an NPRM may be
more variable and may indicate that the regulatory action contemplated 1s 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 inforuwatirr ~r test data 1s accumulated, or the rule may be withdrawn

from consid.ration 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

and use by the pilot of upper torso restraints. The proposed rule was par-~ E
tially adopted, as will be discussed later, but the mass-produced general 3
avlation aircraft examined recently have been equipped with thir safety aid.

e

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 manuale 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
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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 safety, such as the fuel management standardization
proposal, GAMA may elect to suggest to the FAA that the industry agreement

be 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
Airwvorthiness 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,

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 standar-
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.

st

Vs e

First, it is widely agreed that most accidents result from a combination of
circumstances, not entirely from pilot error, aircraft defect, or envirommental
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.

R SETICTIS R T RIPREr S~ =

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 cuusing inadequatz
stability, may be misscd by the hurried pilot. Completing the causal chain
may be an unoxpected deterioration in the weather forcing the pllot to fly

in an unfavorable environment. This sequence might result in an accident,
given a particular proficlency level for the pilot, a particular set of air-
craft dynamice, 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 hoave helped the less proficient pilot to
complete the flight successfully in the severe environment. And finally, with
improvement in the weather, the pilot and alrcraft 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 alcne {8 not necessarily and
inherently unsafe. 4
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The second principle relating to alrcraft accidenta is that investigation does
not usually yleld the full description of the causal chain. It 1s not possible
to state the exact percentage of accidents and therefore the potential extent
of safety impruvement to be sought, attributable to pilot factors, aircraft
factors, or environment. Many accidents result in destruction of clues to

causation. ELven full preservation of pilot and damaged aircraft dves not insure

that the specific sequence of cause and «ffect, secondary cause resulting from
that initial effect, and consequent secondary effect, and final culmination
can be reconstructed, FPurhaps 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
gort of subtle factor mentioned previously, a poorly placed placard. In suta
a case, it 1s possible that the pilot himself would not be aware of the opera-
tive "aircraft" factor. Finally, the weather or other environmental stresses
are seldom capable of exact reconstruction from records available after an
accident. Thn wind, windshear, and turbuience 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 airecraft.

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 the use of designs that are known to be inferior
is a contributing cause of accidents. Tt is not necessary to prove that the
particular instance of lack of standardization was the sole or even 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 sn accident
causal chain, Similarly, it will never be established statistically that any
given number of injuries irould have been prevented if all cockpits had been
equipped with some particulur protective feature. This is because, in the
real world, it is not sensible to conduct a comparative experiment with real
pllots. 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 1s 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 AR 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 acclident analysis should all play a part,

Underlying this study, then, is vrecognition 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

o

Fhe: i

gt S bk




TR

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 faccors loop of pilot informa~
tion processing.

AIRCRAFT INFORMATION [@————-wss—=t AIRCRAFT DYNAMICS

b

ENVIHONMENT
TINPORMAT LON

PILOT

-l 1 Py AIRCRAPY
vt | PIICEPI‘IC.‘I]—.{‘CNWREHINBION }—.BECIBIWACTION AOLE

BLACK HOX DATA
PROCESSING

EXTERNAL
COMMUNICAT ION

FIGURE 1. THE PILOT=AIRCRAFT-ENVIRONMENT INFORMATION FLOW ‘7b3m1

The pilot is engaged in the perception of information about his/her aircraft
state, dynamics, and the environment. In order tv take appropriate corruutive
action he/she must perceive and correctly comprehend a danger signal among less
significant aircratt 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 frcm a repertory of alternatives

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.
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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. Stundard arrangements and logic of actuation are clearly
means of reducing action errors.

The preceding discussion of principles of safety makes a case for the safety
enhancement 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
cockpit standardization 18 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 incrementa 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.

GOOp_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. Fven a beginning
student of touch typing can determine that the layout is far from optimum.
1t 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 thege, 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, 18 resistant to serious error, and recog-
nizes the special information processing capacities and frailties of human
pilota.
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When selecting a cockpit system for an "old" or traditional task, the paramount
considerations are:

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

2. Unequivocal indicators and feedback must be used. The pointer emd 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 ae turn left to select the
left.

4, Pogltive 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 sc 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 percepirual 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

e,




gmpoEn SeertREmT 0 N

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, guildance, not law. Likewlse, 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 usdeless 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 Facllities Experimental
Center (NAFEC) engineers, human factors and flying specialists working with
elemants 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-
fying 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) Fllght Controls, (3) Powerplant Controls, (4) Fuel
Management System, (5) Flight Instruments, (6) Engine Instruments, (7) Navi-
gation and Communication System, (B) Landing Gear, (9) Electrical System,

(10) Cockpit Lighting Systems, (11) Emargency Systems, and (12) Miscellaneous.

The detailed 1ist of features is shown in table A-1 of appendix A. For example,
the Cockpit Geunnral area was subdivided into: Dimensional Criteria, Seat Belts
and Restraintn, Windscreen Visiblility, Ventilation and Environment, Doors-Access,
Noise, Placards-Marking-Manual, and Heater-Defrost Control. This subdivision
produced 101 design features. The initianl factors for evaluation fell into four
areas! Anthropometric Factors such as location, accessibility, and size; Visual
Factors such as visibilitvy, readability, and color coding; Population Stereotype
Factors such as loglc of operation and confusion factors; and Operating Feedback
Factors such as ease of operation, shape, and feel. A subject interview briefing
and a data collection form were developed.

9
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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 ldentified 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 pllot
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 sald to be deficient in atandardization 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, etec.), a population stereotype factor, and (d) shape and feel variatioms,
an operating feedback factor. Hence, carburetor heat controls were sald 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 positiona, 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 againat the seat before applying take-
off power, Subjects sald 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 senap automatically inte the next detent Llf inadvert-
ently left in an intermediate, unlocked position.

To acquire additional data, the project team visited the factorles 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 tabuluated 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 flrst item, fuel selectors, with 59 of the

82 contributors clting 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 thase items selected by 50 percent or more, 'This
reduced the list to 25 features, each with at least 41 comments.
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A further filtering based on the primary criterion, safety, and praccticality
considerations resulted in the final 1list of nine cockpit features:

1. Seats and Restraints

2. Seat Latches

3. Door Handle, Latches, Locks
4. Fuel Management

5. Powerplant Controls
6. Flight Instrumenta
7. Powerplant Instrurents

8, Instrument Lightiny
9. Circult 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 STLECTED COCKPIT FEATURES.

The project team conducted a detailed review of the literature applicable to
design features of general aviation alrcraft 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 alrcraft classes other than FAR 23 aircraft provided information on available
designs for safety harnesses that have been accepted in practice (reference 9).
Civil aviation accldent 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 gtudied.

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

Pilot error accidents were drawn from the NISB files and reviewed to determine
if lack of standariration in cockpit design was a significant contributory
factor. Reports of acclidents in which the pilot survived often contain a
statement by the pilot. In some 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 streas
and excess workload were present, and that weather and syastem malfunctions

may have added to the problems of the pilot. Hence, the atudy 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 1s 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 1s 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 sometines 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~
nisme. 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 sllowa the reader
to study the individual section apart from the full report. Recommendations
for each of the nine areas however, are combined and bricfly 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 scrious injuries (reference 10).
The fatalities and serious injuries were caused primarily by head and/or face
impact with the instrument panel, aircraft contiols, 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 manufacturcd general aviation aircraft are factory equipped with standard
lap seat belts for forward facing seats; the majority have some type of upper
bordy restraint, generally a separate diagonal across—the~chest belt for the
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front seats, In other aircraft this equipment generally is optional, The
upper torgo restraint (shoulder harness) was not & 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 two 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 suggestiona for fmproved 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 consldering the data and recommendations received concerning the type certi-
fication requirements for small airplanes, the FAA believed 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 objectlons included the costs

of installation, especlally 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 pllots 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 (ICAQ) forwarded
to the Interagency Group on International Aviation, Departwent of Transporta-
tion (IGIA-DOT) a request for "Comment.on Proposed Amendments to Annex 6,

Par: I and Part II--Provisions for Flight Crew Safety and Pilot Incapacitation,'
The proposals provided for additional protection of all flight crew members

by 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 haruess installation mandatory, but to avoid a diffaerence
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.

ACCIDENT DATA.

A review of NTSB ailrcraft accidents for the years 1970 through 1974 (reference
13) indicated that general aviation FAR 23 aircraft (i.e., aircraft weighing
less than 12,500 poundes maximum cetrtified takeoff welght) were involved in
22,296 accidents. This number of accldents resulted in 6,936 fatalities,

3,480 serious injuries, 5,355 alrcraft destroyed, and 16,969 subatantially
damaged.

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 firat-type accident
causes the percent involving fatal/serious injury and thus the relative
seriousness of injuriaes occurring in these first~type accidents., For example,
as seen in table 1, of the 416 spin accidents (Nv, 1) 384 or 92,3 percent

were fatal/serious injury accidents, Simllarly, the 4,954 accidents resulting
from cngine fatlure (No, 10) included 979 fatal/serious injury accidents,

a 19,8-percent fatal/serlous 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 divisiun 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 Accidants by Typs of Injury Parcentage of
Yatal/Serious Alruraft Damage
Fivnt Type Accident Yatal Serious Minor None Total  lInlury Agoddents Destroysd Bubatantial
1. S8pin 3 n 23 9 416 92,3 2 T4 ¢
2, Collision with yrd/water(uncont)664 L] 69 121 918 79.8 728 210 1
3. Airframea failure in Flight 190 19 27 54 190 72,0 208 92 E
4, Spiral 1 16 7 8 92 71,0 a3 1% i
3. Midair Collision 143 28 19 0 260 63,7 140 122 J
6, Collfsion with grd/water(cont) 367 114 113 24 818 38,8 78 339 3
7. Collision with trees 170 143 124 266 903 6.8 520 383 k
A, #tall 389 199° 186 91 1048 36,3 344 500 3
9. Collision with wires/poles 138 139 149 303 169 41,2 333 436 3
10, Engine failure 366 593 1072 2903 4954 19,8 959 3000 ?
11, Mush 44 101 183 476 184 18,3 180 604 k-
12, Undershoot 40 64 109 501 714 14,8 90 612
13, Collision with dirt bank 1 13 16 82 112 12,5 12 100
1h, Rollover 4 2 18 » 56 10,7 11 45 E
15, A/C=A/C Culiimion on ground 8 7 . 20 132 167 9.0 12 141 Z
16. Overshoot 24 65 144 764 997 8,9 12 92} 3
17, Gear down landing in water 1 0 J 8 12 8,0 1 11 :
~ 18, Collision with fence/posts 4 8 37 226 273 4,0 19 PLL] 4
1 19, Hard landing 9 33 148 1437 1647 4.0 62 1581
20. Noweover [) 11 1 623 ne 1.0 24 694
21, UGround/water loop=mwerve 10 51 272 2632 2963 2.0 1] 2879
i 22, Wheels up landing 2 4 4 s81 591 1.0 8 582
i 2?3y Guar collapsed 2 3 41 410 456 1.0 17 439
{ 24, Gear retracted 0 0 3 294 a9 0.0 ) 291
| Total Typas, 1=24 3156 1809 2024 12449 20238 4.3 881 13325
; subtotal Types, 1=10 3001 1427 1769 A249 10446 42,3 4283 6135 N
| Subtotal Types, 11-24 153 382 1053 8200 9792 5.4 398 9170 !
Iurcentapge Fatal/HSerioun Types,
1-1u 85.2 9.9 82,7 34,1 31.6 87.7 40.2
Purcenlnge Futul/Sertious Types,
11-24 4.y 1.1 37.3 65.9 48.4 12,3 549.8

Fatwl Junjucyr Any Injury which results in death within 7 days.

Serlous Injuryt Any Injury whicht (1) requires hospitaligation for wore than 48 hours, comsencing
T within 7 days fros tho date the injury was recelved; (2) results in a /-ncture
of uny bone (except siwple fractutes of (ingers, toes or nose; (3) involves laceratiuvns
whivh cuise severs hemorrhapes, nerve, muscle, or tendon damage; (4) involves injury
to any internal organ; or (%) Involves second or third degree burna, or any burns
alfecting more than 3 parcent of the body surface.

I)u!tm!um Dumage to an aircraft to the sxtent that it would be {wpractical to return it to an
afrworthy condition.

Jubstantisl Damige: Damage or structural failure which adversely affects the structural strensth,

performsance, or flight charncteristics of the afreraft, and which would normally
require major repair or replacemant of tha 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 injury 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 firat-type accidents 1 through 10. Combined, they account for 42,3 percent
of the total 10,446 accldents, 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
accldents,

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.,

0f the 24 accident types listed, the first group of 10 may be considered major
type accidents, l.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 ultinate forces imposed on the ailrcraft structure Jdid 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 alrcraft destroyed in the first group of 10 accident types with

the relatively low fatal/serious injury accldents and number of alrcraft des=—
troyed in the second group of 14 accidents. The number of ailrcraft destroyed
in group 1-10 type accidents (4,283) represents 87.7 percent of the tcotal number
of ailrcraft destroyed, while the number of aircraft destroyed in group 11-24
type accldents (598) represents 12.3 percent of the total, a ratio slightly
greater than 7 to 1. These figures indicalc¢ that the majority of the group
11-24 type accidents are of leas 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 werring them, the number of fatalities or aserious 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 inlury sustained by the occupants of aircraft involved in accidents
other than to classifly accident injuries as ~ither 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-
bhuted to impact with the instrument panel, cabin sides, and flight controls.
Cf more importance 1s the fact that a large number of the resultant injuries
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 assoclated 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 parcent of the aircraft involved either suffered no structural damuge

to the cabin or only minor distortions. Yet, 29 nercent of the occupants

of these "survivable" accidents sustained fatal or serious injuries., (A
survivable accident is oue in which the structure in the occupants' immediate
environment remains substantially intact throughout the impacts, and in which
the forces transmitted to the ocecupant through his seat and restraint system
do not exceed the impact (g) tolerances of the humaa body.)

A simtlar study (reference 14) of Army aircraft accident data revealed that

61 percent of the fatalities incurred were due tc crash impact, and 25 percent
of these fatalities were due to head/fuce injuries which were not only the most
lethal but most frequent, It was recommended that efforts shculd continue to
minimize head and spinal injuries..."the lap belt by itself does not provide
uprer torsc restraint for minimizing occupant structure strike injuries and
reducing spinal injuries in vercical crash forces." The report, concerning
248 vccupants involved in light plane crashes, continued: "...yet one cut

of four occupants were killed. Injuries stemmed from flailing of the body
parts within the occupcnts' enviromment.... The lap belt restraint plays
only a moderate role in reducing injury severity...."

Another report by the Army Research Command (reference 15) stated: "Full pro-
tection of seat belt only restraint can be realized only when the occupant

has an unobstructed path for his flailing extremities and upper torse. 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 aspects of the occupants' eavi-
ronment...seat belt Injuries in general should not be considared proof against
seat belt usefulness, but as evidence of 1ts necessarily limited protective

value when compared to restralnt systems that offer better load distrjibution
over the entire skeleton."
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#n 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 111l 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, 1f not all injurlies, were results

of head-face-torso impact with the instrument panel or cabin interior struc-
tures. The approximate 25 percent fatality index rate ia in accord with
Hasbrook's information,

Carr and Singley (reference 16) reported that 61 percent of all fatalities
are 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 auntomobile,... 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 instcsuments, protruding knobs, and sharp =dges, along with a lack

of slow return padding and very inadequate restraint enuipment, are producing
fatal or serious Injuries during low cabin crash decelerations of as little

a8 3-4 g's,... Tests indlcate a complete restrain: 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
ejuipment provided specific design criteria are adhered to. Criteria include
comfort, neatness of appearance, ease oi stowage, and ease of donning and
removing. Inertia reel design should be included for ease of motion.

Similarly, R. A. Hughes (reference 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 latc 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,
ecase of initallation, 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 t' . system for business aircraft or
other aircraft with structural seats utilizes the experience gained on thousands
of commercial tramsport aircraft."

Flight Safety Foundation (FSF) reported in an Accident Prevention Bulletin
(reference 20) that: 'Crew members are exposed to a more injurious environment
than most passengers, and head injuries to cockpit personnel can be the causge
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 harneas 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 response 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 testa, preliminary in aature, warranted
continuation of the test program ia 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 vears, 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 nonretractable. Evolu~
tion of a combined lap and upper=torso restraint system, consiasting of one
movable part and requiring no adjusting or storing action, has aided acceptance.
This simple syatem 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 evidenced by several studies
of comparative effectiveness. BSignificant 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 deosign (reference 16). The dual loop system provides
greater lateral protection and better deceleration lecad distribution than the
across~the-chest or Sam Browne type.

An Australian study (reference 21) revenled:

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 casvalties fell by about 14 percent due to
belt wearing...."

3. "Detailed examination of accident 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 aircraftc

accidents are sustaining fatal and serious injuries im "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 enviromment.

3. The lap seat belt by itself has a limlited protective value and dnes not
provide upper torso restraint for minimizing head/face injuries and reducing
gpinal injuvies in survivable~type light aircraft crashes.

4, A single diagonal chest atrap used in conjunction with a lap belt can
reduce injury severity and is more effective as a restrainc than the lap
belt alone. However, the single diagonal belt/lap belt is not the opti~

mum restraint aystem since it will not prevent head impact during forward and
lateral decelerations.

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

6. Alrcraft occupants can be motivated to wear upper torso raestraints pro~ -
vided the restraint system is designed to vffer 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 flrst=-

hand information from engineering personnel on current design thinking, problems,
and status of shoulder harness installation.

The chief engineer of one of the anircraft 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 restraints generally were

the diagonal "Sam Browne'" chest belt type, Some models inspected were equipped
with inertia reel restralnts; others offered them as an option.

Ideally, the diagonal chest-type restraint anchor point 1s located ou the out-
hoard side of the cabin structure, behiand the occcupant'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 shown in figure 2.
This arrangement is reconmended 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 for the upper torso restraint was located in the coverhead 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 providea little, 1f any, protection for body and head impact
in forward/sideward deceleral lony.
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OUTBOARD SHOULDER

INBOARD HIP
77-38-2

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 adjustahble (figure 3).

The harness has been approved by the UK Civil Acronautics 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 esamined several typical current production aircraft which
indicated that aircraft manufacturers are concerned with occupant safetv and
are installing, as standard equipment, some form of upper torso restraint in
current production aircraft.
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The va.lety of occupant restraints examined included finertia 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 fromt
seat occupants generally are stowed inconveniently in clips above the front

side windows; consequently this type usually remains unused.

s
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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.

NPRM 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-
facturers, 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 installatfon and use of shoulder harnesses
met with nuch 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 perfod open for comment, four
responses reflected the following opinions:

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

o i e

2. Qualified yes. "...but define injurious object." §
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3. No. "...shoulder hurnesses 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. TFAR 23.625
(Fitting Factors) and 23.1413 (Safety Belta and Harnesses) were amended to

include the word "harness." No ravisions 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 proposad regulation.
! ¢. Unenforceable regulation,

d., Imposaible to regulate safety.
e. Invagion 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
¢. Unsightly

4. Dangerous

a, Impede pilot mobility to reach all controls and 2quipment. ;
b. Restrict head mobility in looking out for other aircraft. ;
i c. Impede egress.
‘ d. Diagonal belt can break neck.

The difference in the number of responses to the two NPRM'as 1s bBecause NPRM
67-14 imposed a requirement only on the aircraft manufacturer, v'iile NPRM

73-1 sought to impose a requirement on both manufacturer and gereral aviation
public,

aw s

L 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 objectiona, there are Lwo substantial arguments
against thc adoption of the NPKM.
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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
Statea, ite territories, and possessions during the 9-year period from January
1964 to December 1972. The accident data were derived from NISB records and
included accident data for the four user classes of alr carrier, small air
taxl, corporate/executive, and small general aviation aircraft. Consildering
only the data pertinent to small general aviation aircraft, figure A-4 of
appendix A, shows the accidents and related fatalities that occurred during

the 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 alrcraft 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 ure flight phases of high accident frequenay.

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-tlhirea 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
S8ingle engine aircraft (four-place or more) 90,000
Multiengine aircraft (under 12,500 pounds) 2,220

Total 151,620

There 18 no method of deoterminln, how many uf these aircraft presently are or
will bae equipped with upper torso restraints, nor can it be established how
many aircraft do not or would not have structural provisiona for shoulder
harness attachments, However, an assumption that 10 percent of the fleet

i8 equipped with upper torso restraints, and 40 percent do not have the necvs-
sary structural support for restraint attachment, means that 50 percent of the
estimated fleet (75,000 plus aircraft) would be affected by proposed regulution
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
installat .on coats 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 coats 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 proposerd requirement for shoulder 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 1s 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 the
installation 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 aircruaft 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 requive 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 acceleratlon could cause

the seat to slide to its rearmost position, with possible loss of control.

RELEVANT FACTORS.

Most late model gencral aviation aircraft have adjustable pilot and copilot
seats. In the simplest form of seat adjustment, the pilot can make a manual
adjustment in 4 fore and aft direction, This 1s 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 several clrcular detents in a
fixed track attached to the cabin floor. The seat is then free to move on
this track in a 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 ailrcraft seats and berths are defined in National Air-
worthiness Standard (NAS) 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 he designed
for the reactions resulting from application of pilot forces to the primary

. flight 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 care of accelere-
tions imposed during the takeoff phase of flight., Under this interpretation,
if a seat slips from its adjustment detent position, 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 present
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 indinates that the vccurrence

of seat slippage is more frequent than realized, 2nd only luck or proper action
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 pillots interviewed offered critical comments on the
adequacy, location, and operation of adjustable seat latching mechanisms. This
major:ty 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.

ST
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Pilots stated that because of the large number of slippage incidents, the

seat latch mechanism should incorporate a positive lock feature which should
be detectable by feel and/or sight. A possihle 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 croas-
bolt locking lever would then he caught in the next detent position aft 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 pillots interviewed expressed the opinion that seal adjustment
é lever actuation should be standardized, citing the variety of existing systems
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 asliding to its rearmost poaition at
which point the seat back falled. Since the pilot still clung to the yoke,
the aircraft pitched up, stalled, and crashed. The pilot sustained fatal
injuries, and the ailrcraft 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 showgd that when the seat was near
full-forward, the upper left corner of the seat bumped against the upholatered
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 houaing for the seat roller was hent, and the rell pin which
locks the seat to the rail was tapered and brightly polished. The holes in

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 glde or aft presaure was applied, the seat would slide

aft to the rear stop.
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"Since purchase, the owner had flown the alrcraft 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 the right seat."

s caieghi e
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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 detents
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.

Becauge of the numbar of circular detents provided in the seat track to accom-
modate variations in pillot size and leg length, it should be expected that 1if
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 legs, 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, detents, and supporting seat
structures of high wing aircraft than those of low wing aivcraft, 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 iInspectlon 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 enda that snap into the detents, aince
that part of the rods is completely obscured by the seat roller guide assembly,
To inspect the retractable vod end for wear, malformation, or fracture requires
the complete disengagement 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 againat the seat once
it had been adjusted to its desired position.

With but one exception, no innovative design changes to seat latch or locking
mechanisma were noted during the team inspection of curremt production alrcraft.
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 hoth tracks
lockable rather than only one as 1in earlier alrcraft, With this new design,

if the seat slips back from its positioned detent, the stop prevents the seat
from slicing to 1ts 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 deaigns for cockpit components enhance alrcraft safety, and
exceed the minimum certification requirements. But it 1s disturbing that under
some possible interpretations, there are n¢ minimum FAR rcquirements for seat

latches and locking mechanisms.

A proposal, ARP 1318, for General Aviation Seat Design is contained in
appendix B. The document, "Cockpit/Cabin Standardization; General Aviation
Adrcraft," was preparcd 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 positiona 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 pllot comments on seat slippage incidents, attest to the fact that inadver-
tent seat slippage 1s a potential cause of aircraft accidents. The proposed
recommendations are most relevant and worthy of consideration for a more con-
clae 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 finul approved
version of ARP 1318 could be published. The document 18 not listed in the
August 1976 numerical index of current, new, and revised ARP's.

RECOMMENDAT IONS.

Adjustable 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 Le 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 MECUANISMS .

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
unfamilliarity 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 catastrophi: in itself, can create a
stiess 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 accldents invoclving inflight dvor opening occurred when the nilot either
attempted a panic abort of the takeoff, or, 1if already airborne, made a pre-
cipitous return to the airfield. 1In 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 of€ 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 ailrcraft owner's manuals list thc item "Dours and Windows-Lock" in the
before takeoff checklist, but a study of older manuals, 1967 to 1972, disclosed
a lack of information pertaining t.. normal door locking procedures or emergency
procedures to contend with a door cnening 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 following 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 normai manner, If practicable, during the landing flareout have a passenger
hold the door to prevent it from swinging open.

In an emergency, it 1is possible to close the door in flight as follows:
1. Slow to approximately 90 mph (78 knots) indi~ated air speed (IAS).
2 Open the storm window to reduce cabin air pressure,

3. Bank steeply to the right.

4, Simultancously apply left rudder (which will result in a slipping
maneuver) and reach over and ciose the door.

In 1975, GAMA representatives nublished a draft specification for use in pre-
paring pilots' operating handbocks (POH). The specification provides broad
guidelines for preparing handbooks for all types of general aviation atrcraft,
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
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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:

"Doors, Windows, and Exits.

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

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

3. Discuss how to close a door or window 1f it opens accidentally in
flight and any restrictions there may be on purposely opening in flight.

4, Glve precise instructions for using emergency exits."

This type of information, much of which was not available in older aircraft
manuals, can enhance the pilot'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
ruvised 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 ailrcraft door handles, shapes, location, door lacching mechan-
isms, and methods of actuation, coupled with the minimal requiremeats for doors
specified in FAR 23,783, emphasizes the need for standardization and design
improvements Lo minimize, if not completely eliminate, the inflight open

door problem.
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ACCIDENT DATA.

Fifty-nine of 82 (72 percent) cof 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 experlenced
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 vimual indication to confirm that the cabin door is locked. ]
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The number of aircraft accidents in which inadvertent inflight door opening
ig a zontributiug factor is not representative of the actual number of open
donr incidents. In many cases, as attested to by the pilots and instructors
interviewed, the pilot performs successfully the necessary procedures to get
the door closed and continues the flight, or lands safely. Other than

o
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the pilot sampling and interview technique employed in this project, there
18 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 (raference 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 datu revealed that an average of at least
five accidents per year (1970 tn 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 alrcraft
became airborne, its door popped open, The pilot, & 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 apparaently stalled
and fell 50 feet, It struck the ground 200 feat shorrt 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 pllot 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 altditude,
but with the excessive noise and vibration, he was concerned that he might
ytall the aircraft. The pilot stated he could not malntain level flight and
keep up his airspead., His attempt to reach the ailrport 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 atudy. The design features discussed will provide
the reader with an appreciation of the varilety of handle, latch, and locking
mechanisms in current general aviation aircraft, and how they may be reélated

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 dvor handle to close the door 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 1is
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. 1In 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 close-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.

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

is airborne.

Project team exsmination 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 incorpurate 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 seeme to have attempted
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a standardization of door hardware within the particular line or model of air-
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 thls 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. handle action, and locking mechanisms were
consistent across the spectrum oi general aviation aircraft. This, of course,
is difficult given the multitude of different model aircraft, Regardless

of the variety of door handles, latches, and locking mechanisms, what isa
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 saecurity. It ie common practice for pilota

to push against the cabin door or, if occupying the right seat as a flight
instructor, push heavily with their shoulder againat 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. 4

Project team members used the shoulder-against~the~door technique in the exam- :
ination of various light alrcraft. Cabin doors were closed and appeared to be ’
locked. But in two aircraft, the application of shoulder preasure againat

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 explanmation, the fact remains that a

vigsuai check alone for door security was not adequate.

The regulation governing doors for transport category ailrcraft 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
inapection of the locking mechanism to insure that the door is locked.. Also,
edch 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
pituation if the occupants, because of injuries, are unable to open the cabin
dootrs 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 FAR 23 aircraft revealed a marked lack of standardigation
in fuel syastems. 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- .wo 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 ailrcraft manufactured since 1968 and confirmed
the reported lack of standardization of fuel systems.

ACCIDENT DATA. 1

A study by the NTSB of accidents invulving engine failure/malfunction for

the years 1965 through 1969 revealed the pilot in coumand 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 owission or commission by

the pilot, with reference to fuel or the fuel system, considered causative

in the accident.,

e
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The study showed that 19.3 percent of 4,310 engine failure accidents had been
caused by fuel starvation. Fuel starvation 1s defined ae 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 studiea 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 ir 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 nmumber 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 assoclated 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
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 failure/
malfunction accidents inclvding 1,255 attributable to fuel mismanagement. Of
these accidents, 832 were caused by fuel starvation, including 31 accidents

in which the fuel selector valve was pnsitioned between tamks, a design-
assoclated factor mentioned in the NTSB report. The 4,954 accidents consisted
of 386 fatal, 593 serious, and i,072 minor injury accidenta with 959 aircrnft
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 at 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-coatrol
aircraft, since the pilot may be seuted in either control position. In an
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emergency or in a trainin, situation, the right seat pilot in a side-by-side
arrangement may need to opurate any vital cockpit control, In a few aircraft

models, one such control that presently is inaccessible to thc instructor/
copilot ieg the fuel selector,

Unfortunately, FAR 23.777(f) has been interpreted in the certification pro-
cess to allow mounting the fuel selector control on & cockpit sidewall. Gen~
erally, such side mounted selectors do not conform to what is considered good
human engineering practicc, in that they do not preserve natural relations.
Mounted on the side, for exawple, the pointer does not point to the right
when the right wing tank is selected, 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 engine individually, and (b) that there must be a
means to guard against inudvertent 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 une gauge for several tanks and provide a switch so that the
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. GCeneral 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 i->r 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'deaign guidance addi-

tions (appendix C) to the present regulations for FAR 23 aircraft. They
include:!

"Oprrating 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 ag 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 GAMA committee proposed no change to FAR 23,777
regarding location of the fuel selector control, The NAFEC recommendation for
equal access by both pilots in dual-control airecraft ig 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 viaible

to and accessible by both pilots. But certain products of one large manufac- 3
turer have the control located on the left sidewall where it might be difficult A
for the copilot or instructor to see the selection or to reach it in an
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
thit 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 .
zaro during level flight when the quantity of fuel remaining in the tank is 2
equal to the unusable fuel supply. Apparently the fuel gauges become inaccur=- i
ate over the service life of the aircraft and are not readily correctible.
This could trap the unwary pillot who may not have planned sufficiently his i
fuel consumption and fuel reserves. 4

A further addition to the GAMA proposal should be a requirement for accuracy
of fuzl quantity gauges when such indicators are provided., Since the great
mejority of new aircraft do have fuel gauges, and these gauges are thought

to be accurate when new, 1t 18 suggested that a quality standard should be
added to insure that the gauges retain rheir accuracy over time, The shape
and production tolerances of tanks and the fuel motion effects prevent abso-
lute accuracy, but it 18 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 18 recommended that consideration be given to implementing the GAMA pro-
posal for FAR 23 fuel system standardization with the additions that the fuel
tank selector handle 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 1is attributed to pilots moving a wrong
lever or power control. A contributing factor 1s the variation of control
location and arrangement existing in FAR 23 afircraft,

RELEVANT FACTORS.

Inspections of general aviation asircraft disclosed a lack of standardization
in the location, operation, and arrangement of powerplant controls, The NTSB
has ldentified the variabllity of control location and arrangement as a con~
tributing factor in a significent 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 consclentious 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 conatituted 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 summavized by the following excerpt
from the Aeronautical Engineering Review (reference 32).

"Control location and coding... There are two effective and practical means

of ellminating contrel confusion: shape coding of critical knobs to permit
tactual discrimination and standardization of location of control. By the
latter 18 meant not rigid dimensional standardization, but rather that a given
control always be in the same area, and that controls ba in the same position
relative to each other. 1In tests using typical throttle quadrant controls,
Weitz (reference 33) definitely demonstrated the value of hoth of these
measures...it was concluded that maintaining position of controls is of primary
impourtance, yet if the position is change.d and the shape of the handle remains
constAnt, little loss in performance is cncountered. The most efficlent pro-
cedur: 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-
g ment is specified in FAR 25.1149(d), which requires tlie 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 inconsistencles in powerplant arrangement, location, and activatien
(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 gencial
aviation accidents for the years 1973 and 1974 (reference 34) shows 167 acei~
dents caused by misuse or failure to use carburetor heat, and 43 accidents
attributed to misuse of the mixture control., Some exsamples of mixture control
miguse are depicted in table A-6 of appendix A,

A review of NTSB accident data for improper use of powerplant controls
(reference 28) indicates that the most common errors were: (1) pilots inadvert-
ently pulling back the mixture control inatead of the carburetor heat control,
(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 1
: 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 resturt the engine, he 1a faced with a second type of accident
situation, the first being engine failure due to powerplant control misuse.
(Note: For an engine failure to be classified as an accident, the occurrence
must be in combination with another or second-type accident.) The poasible
consequences of inadvertent, self-induced engine failure resulting in second-
type accidents 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
nf accidents resulting in fatal or serious injury occurring from a second-type
accident. The sell-induced engine failure accident is neither isolated nutr
limited to the inexperienced pilot. The fact that it does occur with a low

3 but regular frequency Indicates the need for an amplification of powerplant

b 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 alrcraft
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 standardirza-
tion of powerplant controla. 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 discriminatnry shape and/or color coding of thase

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 Alrcraft." (A similar document, ARP 268C applicable to FAR 25
aireraft, was issued in 1952, revised in 1962, and in essence constitutes the
requirements for FAR 25, aircraft controls.) The ARP for general aviation
aireraft 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 firat 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,
especlally 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 airecraft,

was found occaslonally installed 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 publighed. The basic recommendationas, 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 pllots and numerous research organizations
over the past years.

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

RECOMMENDATION.

It is recommended that conaideration 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 1is 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
aircrafr weighing 6,000 pounds or less.

RELEVANT FACTORS.

Aircraft that have a maximum weight of 6,000 pounds or less are not raquired
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),

SPEED ATTITUDE .

717=38=5
FIGURE 5. BASIC T FLIGHT INSTRUMENT PANEL ARRANGEMENT
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The regulation for FAR 25 transport category aircraft is essentially the
s.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 made a
requirement for TAR 23 aircraft over 6,000 pounds in 1973,

The 1949 and 1950 studies of pilot eye movement by Fitts, Jones, ard Milton
(reference 35) and the advent of integrated flight instruments i,e., the fligat
director (FD) and the horizontal situation indicator (HSI), providud the

impetus for a reassessment of Elight instrument arrangements on the panels of
transport category aircraft.

Prior to 1957, flight instrument arrangement for CAR 4t/FAR 25 alrcraft was
based on an SAF AS which recommended four "standard" arrangements of six flight
and navigation instruments commonly referered to as the "Basic Six."

In 1956, the Airline Pilots Associlation (ALPA) Cockpit Standardizaticu Com~
mittee, reporting on a newly-configured T a.rangement, concluded, "...that in
contrast to the standard Basic Six instrument arrangement, the T arrargement
eliminated the need for wide area scanning since 211 vital information was
concentrated in the smallest practicable visual field and centered on the
controlling attitude instrument. sy employing the T arrangement, eye scan
was reduced t» less than half that required by the Basic Six arruagement.

Tl.e Baslc T arrangement evolved only after many years of rescarch, devel-
vopment and regulation., Cockpit instrument stendaidization was becoming widely
recognized as a means of reducing pilot workload and increasinyg the pilot's
capacity to deal with othe. 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 varlations in panel arrangements were random and numerous. Examples

of the diverse instrument layouts typical of that period are shown in figures
6, 7, and 8,

%

in a raper concernlng cockpit design and safety, Stieglitz (reference 37)
reported: '"...the airplane has greater speed, range, and endurance, and oper-
ates at higher altitudes. Further, higher wing loading has resulted in a
larger maneuvering radiug. As a result, the pilot has less time to make deci-
sions and must be more accurate because of the decreased margin for error;

it a mistake is made thive is little time to correct it. ...the improved
performance described above coupled with more complex functional systems has
resulted in a greatly increascd 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, aualyzed, and correlated. In addirion, the number of controls
in the cockpit has fncreased correspondingly...therefore, both the increased
amount ol Iastrumuntatin and the greater number of controls tends to increase
the amount of time required for the pilot to assess a situation und take
necessary action. The combined result has been that greater pre: ‘sion 1is
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FIGURE 6, SAMPLES OF NONSTANDARDIZED INSTRUMENT PANEL
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NOTE

/__\ Minar restyling and relocation of some switches
n and controls are differences in instrument panels
of the various models.
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! If shockmount has vnequal g@& §
! thread length, inetall shorter o " 1
i threads through stalionary panel., - > b
" 7 ;

! 1. Altimeter 20, Of] Pressure Gage 37. landing Lights Switch i
2. Airspeed Indicator 21. Suction Gage 38. Rotating Beacon Switch :
v 3, Turn-and-Bank Indicator 22. Radio 8pace 39. Navigation Light 8witch
§ 4. Directtonal Gyro 23. Cabin Afr Xnub 40. Pitot Heater Switch
j £. Compuss Correction Card  24. Masp Compartment 41, Oll Dilution Switch
i 8. Vertical Speed Indicator 25. Cigur Lighter 42, Radio Bwitch
{ 7. Vacuum Lights Test Switch 26, Defrost Knob 43, Circuit Brea‘ers
8. G:‘r‘o Herizon :'; . gﬁmﬂ ﬁ"‘ :‘::zb i, gl‘:ﬁu&t Breakers
9. Optional Instrument ce B n Heal 4 o Light Rheos
( 10. Radio Spuce e 28A. Flap Switch(except 210BLC) 44, Circuit B‘:"uhn N
i 11. Magnetic Compass 29. Wing Flap Pocition Indicator 47, Instrument Light Rheoatat
! 12. Fuel Flow indicator 30. Mixture Control 48. Clock
A 13, Manifold Pressure Gagy 31, Propeller Control 49. Ignition ~ Start Switch
‘ 14. Tuchometer 32. Optional Nav-O-Matie Control 80, Auxiliary Fuel Pump Bwitch
| 18. Fuel Quantity Indicator : Unit 81. Microphone Jack
16. Cylinder Head Temperature 33. Throttle 832. Fuel Btraine; Draln Knob
) Gage 34. Induction Hat Air Knob 53, Master Switch
17. Ammete 35, Gear Down Indicator Light 84. Shock Mount
b 18. Oil Temperature Gage 38. Gear Up Indicator Light 5. Ground Strap
19, Fuel Quantity Indicator

e 7 e 3 T £ T S T

FIGURE 7,
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) ] 1 NOTE
ﬁ;::loi:::‘:in:amh\:n ‘The 210 and 210A instrument panels
install shorter threads 2 ’ﬁ' are identical except for minor styling
through stationury punel. @ w changes and switch relocations.
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1, Altimeter 19, Oil Temperature Gage 35. Generator Warning Light
3. Wing Flap Position Indicator 20, Oil Pressur« Cage 38, Cowl Flap Lever

3. Alrapeed Indicatin 21, Fuel Quantity Indicator 37. Mixture Control

4. Turn-and-Bank Indicator 22. Circuit Breakers 38. Propeller Control

5. Directional Qyro 23. Cabin Alr Knob 39. Power Pack (See Bection §)
8, Clock 4. NMap Compartment 40, Throttle

1. Compass Correction Card 25, Cabin Heat Knob 41, Auailinry Fusl Pump Bwitch
8. Qyro Horiron 26, Radio Switch 42, Vertical Speed Indicator

9. Manlfold Pressure Gage 71. Pitot Heater Bwitch 43, Induction Hot Alr Knob
10, Tachometer 28, Oil Dilution Bwitch 44, Detrost Knob
11, Magnetic Compass 2. Rudin Light Rheostat 45, Master Switch
13. Radio Bpace 30. landing Light Switch 46, Ignition - Start Switch
13. Fuel Flow Indicator 31, Navigation Light SBwitch 47. Fuel Strainer Drain Knob
14, Radio Selectur Switchen 32, Cigar Lighter 48, Radio Compass
15. Cylinder Head Temp. Gage 33. Instrument Ligiit Rheostat 49, Check List

18, Buction Gage 50. Micruphone Jack

17. Ammeter 51. Shock Mount

18. Fuel Quantity Indicator 52. Ground Strap

77-38-9
FIGURE 8, SAMPLE QOF 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 1s 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 5
distant past, visual (contact) and instrument flyiug 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 cilvilian pilot nad neither the
equipment to fly safely on instruments nor the need or interest to do mso,. :
With the advent of faster aircraft, more reliable instruments and radic equip- i
ment, and more effective radlo and ground services, the traditional distinc=- i
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 delined in the FAA publication AC-61-21, "Flight i
Training Handbook," integrated flight instruction means instruction in which 3
students are taught to perform each flight maneuver by both outside visual !
reference and reference to instruments from the first time the maneuver is ‘
introduced. The integrated type of flight instruction, while not a subatitute 3
for instrument training, 1s an excellent foundation for later formal training %
for the instrument rating.

The concept of integrated flight training, however ideal, is obviously hindered ‘
if there i1s no systemized arrangement of the basic flight instruments. Given .
A random arrangements of these instruments, there 1s an unnecessarily heavier

B pilot workload. Should the student receive Instruction in a variety of train-

A ing aircraft, he does not have the opportunity to develop a consistent system-

4 ized pattern of referring to the aircraft instruments in the course of his

4 integrated flight instructiom.

i The SAE committee A-23C (Cockpit/Cabin Standardizatlon-General Aviation

. Aircraft) recognizad the need for a systematic arrangement of instruments in

"3 order: 'to make transition easier, help eliminate pilot confusion and possible
: mismanagement of aircraft, and to establish a commonality between aircraft

F 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 1n 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.

y Inspection of three mejor manufacturers' models of current production aircraft
disclosed a unified adherence to the basi~ T instrument arrangement. The con-
figuration was common to all aircraft examined with the exception of some aero-
E batic and cropdusting models. Also significant is that in addition to the
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instruments comprising the T (airspeed, attitude, altitude, 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 is shown in figure 9,

skt S

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 £light rules
(IFR) flight.

Y

e

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 aceidents do not happen, There is suffi-
clent reason to believe that acclidents of this type, i.e., pllot workload, 3
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 IFR 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.

bt Bl i ik AR sl

Similarly, the more serious acclident 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
obacured by clouds, fog, haze, dust, darkness, or vther phenomena, unless
visual reference 1s 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 accldents were noninstrument-rated pilots.

d It is possible that had the pllots 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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EXAMPLE OF A REVISED BASIC SIX INSTRUMENT CONFIGURATION
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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
irstill pilot confidence in ability to fly tha aircraft, establish consis-
tent scanning patterns, raduce pilot workload, and lessen transitional
difficulties associated with flying different aircraft,

STATUS OF REGULATIONS.

FAR 23.1321 atates: "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 instrumentas requirad by FAR 23.1303 are an airspeed
indicator, an altimeater, 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 pounds 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 raequirement
for an attitude indicator or a gyroscopic directional indicator.

However, if aircraft above the 6,000 pounda 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 IFR capability not weight is the
primary requirement for the basic T arrangement.
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In view of this reasoning, the phrase, '"of more than 6,000 pounds' doas not

necessarily affect general aviation FAR 23 aircraft of more than 6,000 pounds
cartificated for VFR flight only,

The raquirement 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 alrcraft 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 safaty of
operations for flight training (i.e., integrated flight inatruction), night,

and IFR flight operations through greater instrument panel standardization.

RECOMMENDATION.

Consideration ghould be given to regulatory action to require that FAR 23 air-
craft of any weight used in either flight training, night, or IFR operations
have the basic flight instruments arranged in accordance with the T configura~
tion specified in FAR 23.1321 1if 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 correaponding
powerplant controls. This lack of good human engineering imposes an
unnecessary workload on the pilot,

| Bt

RELEVANT FACTORS.

More than 55 percent of the pilots and flight instructors interviewed commented
that the location and arrangement of the powerplant instruments, specifically
manifold pressure, tachometer and fuel flow, are not sequanced 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 cloge grouping of these instruments
required a larger instrument scan and placed an increased and unnneccaesary
workload on the pilot. Flighi instructors reported that on numerouc cccasions
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 airplana, identical
powerplant instruments must be located so as to prevent confusion as to which
engine each instrument relates." But there is no ragulatorsy 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.

B e T B L R TR P

T T

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-,ecognized 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 Alr Force military standard 803A-2 (reference 40) requires that:

", ..controls should normally be located adjacent to their associated displays
.+sand controls which are operated together should be grouped together, along
with their associated displays."

DISCUSSION. g
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

53

SERET g o Tl A o8 LS S L AL AL ) i N oo i .




T

panel does not allow for a desirable grouping or saquenced arrangement. A
typical single-engine example *s shown in figure 10. The manufacturer at times
must positioa the powerplant instruments in a vertical line c¢n the panel while
the standard arrangement of the powerplant controls is 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 prouposed powerplant control arrangement and
would reduce pilot workload,

RECOMMENDATION.

An AC or other appropriate demign guldance should be formulated to stress the
advantages of having powerplant instruments arranged to be consistent with the
sequenced arrangement of the powarplant controls. The establishment of the
natural relationship of powerplant instruments to powerplant controls can
eliminate pilot confusion and roduce 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 wae volced 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 {lluminates 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,
Pennoylvania, 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,

54

o i Rt B s i g o b i o

R Skl




e e L T g PRI P CEREST YR i B~ P ST AT T BT TR T

SINIWMIISNI NVId d4M0d I0 NOTIVNIHWOD 0T Td4nO014

55




RELEVANT FACTORS.

- FAR 23.773(b) requires that, if certification for a'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 sach instrument and
control masily readable, be installed to avoid direct or reflected glare in
the pilot's eyes, and bs safa from electrical shorting, Further, the
statement is appended that: " A cabin dome light is not an instrument light."

é"z
{

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 questionsbla, When Inatrument lighting is installaed,
it must meet the requirements of FAR 23, but it may be omittaed entirely and
the airplane still can be certificated.

§ THRTE TN
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FAR 121,323, referring to operation of air carrier and other large aircraft,

includes tha requirement that effective instrument lights must be provided if
an airplane is to be operated at night. From an operational viawpoint, this

rule has no counterpart for asmall aircraft, since there is no requirement

for instrument lighting specified under FAR 91.33(c) for night VFR equipment,

ACCIDENT DATA.

e E
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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 laeave
critical areas poorly illuminated... In some aircraft, illumination is bBlocked
by the instrument panel, or light baams fail to strike control knobts or levers
mounted near kick pads or below the panel." Reference 41 also indicated that
engine guuges 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.

: The 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 than the ability to read
color-coded instrument displays, tables, charts, and manuals.

Fost 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 sur-
prising that airplanes do not have equally adequate lighting. However, inte-
gral lighting installation and repalr are costly, and the facts are not avail-
able to prove that flood lighting and post lighting are inhersntly unsafe.
lence, all types prubably will continue to be allowed.

RECOMMENDATIONS .

The requirement in FAR 121 (Certification and Operations: Domeatic, Flag, aud
Supplemental Air Carriers and Commercial Operatore of Large Aircraft) that
pilots of large aircraft must have instrument lighting for night operation
should be parallaled in the regulations for amall ailrcraft, 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 visibhilities, twilight, and at night. A flashlight should
also ba 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 & means of
meeting these panel and control lighting requirements, it is unreasonable to
allow a single light for this purpose. Not only is there & risk of lamp fail-
ure when using one light, but the problem of light blocked by the pilot's body,
a handhald chart, or other material is critical. %orkload is increasad when
the pilot must put down the chart to see the patiel 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 wouid require judgment of each case on its own
merits. Thu 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 instrument 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 1light.

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

1, Lamps should be replaceable without major disassembly, and spare lamps
should be readily accessible.
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2. Instrument lighting should be white, with provicion 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 sufficlent range to suppsrt
operation in the normal range of twilight and night cocnditions.

ELFCTRICAL CIRCUIT PROTECTIVE DEVICES

THE PROBLEM.

An inspection of general aviation aircraft disclosed a wide diversity in the
location and arrangement of circuit protective devices. In some ailrcraft, these
devices wuire located in areas nout readily visible to the pilot., Furthermors,
there was no distinctive arrangement or logical separation of critical from
noncritical protective devices.

RELEVANT FACTURS.

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 devices: circuit breakers, fuses, and limiters. FAR 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 imstructors 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 standardiszation of
these factors for improved flight safety so much as the ncued for standardize-
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 resstting a tripped
circuit breaker, replacing a blown fuse is cumbersome. Getting new fuses from
the wap case, idontifying the appropriate amparage, unscrewing the fuee 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,"
degcribes succinctly pilots' opinions of these devices.
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Inapection 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 rimilar to the color of the panel encasing the circult breakers,

. .NT DATA.

3
x

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
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 alrcraft, the general location of the circuit
breaker panel is the right side of the instrument panel (figure 14). In multi-
wngine alrcraft, circuit breaker panels were located by the pilot's left side,
either on a conscle, or on the left panel of the fuselage interior. Either

! location is visible and easily accessible to the pilot (figure 15). Some

i manufacturers have cnlor-coded those circuit breakers which are critical to

i 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-
tective 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 ailrcraft
or 1ts essential electrical subsystems,
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2. Circuit breakers should be easily identifiable and readlly accessible

to the pilot. Cilrcuit 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 pllots, 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 guldance documents were examined to take advan-
tage of prior work on the topic of cockpit standardization.

It was apparent early that the general aviation industry is wary of government
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 differeat 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 functiona: housing and protecting the pilot, and
providing the man-machine interface of displays, controls, and aids that per-
mit control of the alrcraft. 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: fucl 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 included 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 arcas of cockpit design
where standardization appeared important, timely, and economically reasonable.
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STANDARDIZATION ACTIONS RECOMMENDED

To better house and protect the crew and other occupants of aircratt, the

following areas of cockit design are proposed for industry-wide standardization

through changes in Federal Airworthiness Standards, FAR 23, or other sgtandards
or guides as appropriate.

Sy S, P

1. All aircraft should have a convenient and safe body restrailnt 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.)

e M AT | R VLA T URI R E T AT =

Some systems are one plece, combined lap and shoulder belts with inertia reels
to permit free movement and have self-retracting and storing features. These

are found in current automoblles as well as airplanes and are frequently used.
; Cockpit standardization should require a restraint system with these minimum

3 features, while recognizing that the dual-loop system, vertically circling

i both shoulders and sometimes called the "aircrew design," is superior, although
; more complex and expensive,

ey Ty

2. Adjustable pilot meats must be designed to provide reasonable assurance
against Inadvertent slippage which could result in pilot loss of control. |
Various aircruft now in producti. | 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 pllot seats are
deaigned to prevent inadvertant slippage.

3. Door latching mechanisms and latching status indicatlons should be

more standard and more positive in actlon. There Is a lack of staudardisgation 7
in door latches, and certain common types are actually unsafe. As a result, .
the cautious, experienced pllot often tests the door latch and lock by pushing '
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his shoulder against the docor. 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 artention, 1is
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 tc the airplane
occupant since it may he necessary for a rescuer to open the cockpit door from
the outside to aid or remove an injured person after an accildent.

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

4. Fuel management sys:ems should be standardized aa proposed by previous
studies and recommendaticons (GAMA) with the additional requirement that the
tank selector be accesaible to both pilots in side~by-side, dual-control
aircraft. The fuel munagement 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 implemented. The added requirement that
the selector be located so that both pilots can use it 1s practical in view
of the posasibility 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 i1s the location, actuation, and coding of the
carburetor air heat or alternate air control, but it is recommended that the
complete list of GAMA proposals 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 1s available. The relationship of the attitude, direction, altitude,
and airspeed indicators has been accepted by regulation in transport category
ajrcraft 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 1f

gpace permits., Combined instrument presentations are acceptable if coded to
avoid confusion.

8. Instrument lighting siiould 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 vegulations 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
viaible tripped state.

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 fileld,

Some questions can be answered only by real world tests, evaluations, and
obeservations.

The data collectied verify the need for regulatory standardization in many

areas of cockpit design. FAR 23 regulation relating to cockpit design
characteristics should be under continuing study and review. General aviation
alrcraft are not necessarily becoming larger aor more complex in basic structure.
But in the cockpit, it is undenigble 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., Standardigation is required today, and will
be even more critical in the future.
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1.

2.

3.

TABLE A-1.

COCXPIT GENERAL 5,
a. Dimensional Criteria

b, Seat Helts and Restrainta

c. Windscresn Vigibility

d. Vaentilation and Environmant

COCKPIT SYSTEM DESIUN AREAS

FLIGHT INSTRUMENTS

&,
b,
c.

Adlrspeed
Altimater
Atticude Gyro

a. Doors-iAccess

f. Noise

§¢ Placards, Markings and Manual
h. Heacer/Defroat Contro.
FLIGHT CONTROL SYCTEM

a. Yoke

b. Elevator 6.
ce  Adleron

de  Rudder

e, Flevator Trinm

. Rudder Trim

%+  Allsron Trim

he  Flaps/Indicator

i, Autopilot

J.  Eaergency

POWERPLANT CONTROL SYSTEM
4. Throttle

b, Mixcure 1.
Ce Prop

de Carturetor Heat

¢,  Turbo Control

f« Primer

'y 3007 ter Pump

he Cowl %laps

i, Emargency

}+ Warning System

k. Master Switch

1. Mag Switch

3¢ Starter Switch

FUEL MANAGEMENT SYSTEM

a. Fuel Selectors

be  Indicatur (Quantity)
Co Puel Pl.w Indicator
d. Booater Pump

.. Mixrure Control

f, Carburetor Huat

3. Famsrgency

‘laraing System

d. Directionsl Cyro
4. Magnatic Compass

£. Vertical Speed
ge Turn/Sifip

h. Vacuum

1. Emergency’

J¢ Warning

ENGINE INSTRUMENTS

a. Tachomater

b. Manifold Pressura
c. EGT

ds Cylinder Head Temperaturs
e. O0il Pressure

E. 0Ll Temperature
g+ Fuel Pressure

h. Fusl Flow

i. Emergency

3+ Warning

NAVIUATION AND COMMUSICATIONS
SYSTEM

a, VOR Display

b. ILS/LOC/Clideslope Display
Ce ADF Display

d, VHF Tuning Head(s)

e, ADY Tuning Head

f. Transponder

g§. RMI

h, Area Nav

1. M2

J. Marker 3eacous

ke Audio Panel

1. Mike/Mike Jack

m, Speaker~Headphone Jack

n. Auto Coupler

v. Compass

p. Emergency

q. Warning

fe Clock

10,

13,

12,

I.

11,

196 N

v.

LANDING GEAR
& Salactor
b. Indicator
Cs "lmﬂ'
d. Emargency

ELECTRICAL SYSTEMS

& Switches

b, Rheostats

C. Indicators

d. Circuit Breakers/Fuies
. Selector

fo. Varning

8. Emsrgency

LIGHTING SYSTEMS

a4 Cabin Lighting

b,  Instrument Lighting
e Map Lighting

de  Exterior Lighting
¢, Selector/Switches
f, Esergency

g Werning

EMERGENCY SYSTEMS
&y Stall Warming/Signal

MISCELLANY

a4, Parking Brake
b, Friction Locks
¢e Detents

d, Control Locks
e, OAT Gauge

ANTHROPOMETRIC FACTORS
Location
Acceasaibility
Size

YISUAL YFACTORS
Visibility
Readsbility
Color Coding

POPULATION STEREOTYP: FACTORS
Logic of Operation
Crnfustion Factor

OPERATION FEEDBACK
Eesa of Operation
Shape and Ceal

BEST AVAILABLE COPY
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Nunbar of
Pilot
Compant s

39
57

56

51

53
L]

52
b}

sn

49

LY

47

“?

46
43

44

44
4

a2

42

@l

4l

41

TABLE A-2.

Itum
Puail Selectors
Doora«Latehav-Lacks
Map Coniral/
Indicator
Mixture Control

VOR Display
throttle

Tachowster

Yusl Indicators
Civculr Braskers
Yunas

Cabin Lighting
Scall Waming
Juats Mastratnte/
Latehes

Alrspasd Indicator

Hegter/Defrostsr

Elevator Tris

Propeller Control

MLimnter

1LS~LOC=C: Diwplay

VH? Tuning Head
Elsctrical Switches

Manifold Presmure
Cauge

Inat rument Lights
Windscrsen Visibility

Nudder Tein

Rl uphone/ Jack

Nushar of
Pllot
Comsants

L]
M

kY

7

k3]
L]

b
3

M

30

9

28
a7

b1
26

2%

2

24
24

24

2

2

21

21

liem
Cabin Diwansions

Carburetor Hest Control
Emsrgency Landing Geat
Landing Cear Indicators

Landing Uear Hslector
Parhing Mrake

Attitude Gyro

Automatic Direc 'un
Pinder (ADF) DiL.lay

ADY Tuning Mead
Hap Lights.
Placards, Manual,

Markings

Mixture Control {Pusl
Hanagemant)

Rhagstata

Rovat Pump

Fuel Warning Bystew
Cockpit Nolue
Cylinder Rasd
Temperaturs

Landing Gmar Warning
Symtem

Cabin Ventilation (CO)
Control Locks

Audta Panels
Yoka
Directional Gyro
Magneto Switch

Prisar

REST AVAILABLE (OPY

Mmbar of

lat

2
20

0

18
v

16

1%

13

14

14
13

13
13

13

11
12
12

TANULATF) PILOT COMMENTS OM COUKPIT SYSTIONS-DRBIGI ARNAS

It
Turn/8lip Indicator

Adleron Trim

Turbo Comtrol

Cowl Fiapa

Puel Fual ndicator

Boost Pump (Pusl
Managemat)

Priction Locks
Magnatic Compass
Catbutator Heat (Puel
Managemant }

041 Pressutd Cauge

Fuel Prassure Cauge

011 Tempersturs Gauge

Detents

Vacuum

Tranaponder

Mariwr Bascons

Ypeakur (Keadphones)

Elsctrical Indicators

Light Selector Switches
KT Cauge

Furl Plow (Puml Manage-
went )

Cluck
Elacrrical System
Marninge

Eagine Systes Msrnings

Autopltlor

Numbar of
Pilos
Commanta

Lien
Starter Switch

Vertical Hpeed
lndicator

Plight tastrument
Warning

Fiight Contral
Emergancy Systems

Coupass Emergency

Kmerguncy Light
Systass

Ruddar Cotitrols

Fowsrplunt Marning
Sysieams

Pusl Managument Umrr-
gency Systema

Powerplant Emergency
Syutems

nit

Area Navigation
Equipment

Master Bwitch

Fiight Instyusentx
(Emargency)

Bxtarior Lighta

Engine Instruments
{kmargency)

HE

Electrical Systeun

Warning Lightw
Elevator Control
Auto Coupier
RAV/COMM Rystem
Ewwrgency

Electrical Syatem
Amecgency

NAV/CONM Systew—
Verning

Outside Alr Tempar-
atura (OAT) Gauge

Allmron Contro]
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AMALL GENERAL AVIATION
TOIAL ACCIDENTS: A = 42,367
TOTAL PATALITIES: T » 9,448

y

4 CONTERHINOUS U1, 5. ALASKA, HAWAIL & U5,
o A e 41,006 TERRITORIRS & POSSKESIONS
5 F9,10 Aw 140
t' T e 302
=
&,
&
L GUOUND ACCIDENTS ALRBORKE AT 1DENTS
it A 1,808 Aw 3,an
ﬁ LY te 9,12
#; HIBAIR COLLISZOME BINGLE ATACRAFT ACCIDENTE
i A= 527 LI L)
E e 328 e
L \
NORNAL OPERATING CONDITIONS ABNCRMAL OFERATING COKDITIONE  UNDRTIRMINED CAUSK
&‘, A " 27,100 Ay e A=
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AtkPoR? EN ROUTE AND TRRMINAL AREA  INPAINED PILOT  AIBCRAFT FAILURE OR NALFUNCTION
Aw 22,22 Awaan Al A 9,520 ’ k
te 1,420 P4, P il Fe 1,302 !
A /\ .
TAXROPP LANDING 1R FLIGHTS VIR FLIGHTS ;
A= dl A 17,830 A= 104 A e i, 707 i
i -~ 303 ¥ =91 ¥ 22 LACICISE [}
i
hi //I\ A /L\
! N
I AUNVAY INSTRUMENT  VISUAL VIATHER-  NON-WEATHER 11y WIATHER-  NON-WEATHER ;
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: Fe 1t A= fdl A e [0,81)  ACCIDENTE -7 00y FLights ACCIDENTS  x'o') sag
Feola2 Fslbh L [ W Ael,e88 A L0108 pay A%
Y. 208 F-ejc Fr1,082
q
PRECISION NON-PAEC1S LON
A =30 AeW)
XX re 2 :

APPENDLX A-4. SMALL GENERAL AVIATION ACCIDENTS/FATALITIES OCCURING IN

THE UNITED STATES AND ITS TERRITGRIES AND POSSESSIONS
1964-1972

et AR A e b <o At £ 0

e R W, g T T T

>
1
&~

BEST AVAILABLE CCPY

Qb s A dickipe m s M 2ATE

' Wy-t'r-n'a—mu TR W




ST |

Ty ST T

g

o

i 7 i R TR A

o ST o L

irw

b T ARV

o

A Long-Term Investment

KM Old airplanes never die, they Just ., .,
thay just don't, that's all, Exceptling an
ugly, and fortunately care, calamity, air-
planes will cutlive almast anything mech-
snical that one is likely to own,

. This comforting word comes not from
the pecple ,whe make airplanes, but
rather through those who regulate theme—
the FAA. It seems the aviation agency
wanted to know more about tha life cycle
of little airplanes and commissioned a pri-
vate company te find vut. The findings,
published as A Study of Atirition in the
Domestie General Aviation Fleet’’ are,
upen reflection, a tribute to the way little
sirplanas are built, maintained ang flown.

To wit

“, . . & new, all-metal, four-piace single-
engine land aircraft, properly maintalined

and well-hangared, and used a careful 200 ~

hours & year could last forever, 'n any
case, given a V%, destructlon rate, its
half life is . . . 92 years, not a particularly
prepitious outlook for an Industry In an
" etonorny based on planned obsolescence,
“A million dollars worth of public liabll

Ity aviation Insurance can be bought for™

$150 g year; hull insurance ranges in pre
mium from 1.5% to 6% of the value of
the hull, These rates suggest that It s
cheaper to Insure an aircratt than an auto:
mobile which implies in tuen that not
many alrcraft are Involved in accldents,”

While these results were complimentary,
the study’s purpcose, as already stated,
was to better define the general aviation
sircraft population and life pattern, The
research results pretty much confirm what
pilats have long knewn regarding who buys
airplanes, but revealed some statistical
surprises, too.

Of the nsw single-engine airclanes built
each year, the study said 25% are sold
for instruction, 179% are bought by busi
nessmen, 209% go  for executive, crop
dusting, alr taxi and industrial rental cus-
tomers and another 209, are purchased
for personai transportation,

However, the study noted that by the
time these planes sre 10 yeurs old, only
5% are used for instruction while those
used for personal transportation climbs
to 509% of the fleet and business use
climbs 1o 2594. By this time too, about
1054 ot the original fleet has disappeared
from the registration rolls,

«s BEST AVAILABLE COPY

At the end of the next decade, personal
and business use account for 809, of the
aircraft owned and the original flest has
been reduced to 729 of its original size.

The fleet will then continue to diminish
with the years through sccidents, scrap
page or retirement, but it probebly won't
disappear altogether. Of the 32.000 air
pianes built in 1546—30 vears ago——some
10.000 of them are still fiving,

The usage pattern for multi-enging alr-,
cratft Is, as expected, ditfarent from that of
the single-engine fieat. Saventy percent of:
the new muitis are purchased for business
use and air taxis account for 15% of the!
crop. As time passes, personal use of the!
used multis grows, l

All told, the report said, "'Eighty parcent,
of the aircraft ever built are still out

‘there.” It noted that each year's crep of
aircraft decreases by 3% or less annually
. and that these departires are “an essen.
. tially random function of age, chance of
destructive accident, retirement or scrap-
page.” . '

The worst year for any aireraft crop
seems to be its 18th, Far, the study ob-
served, ““the closer they get to oge 18, the
"more likely they are to disaopenr into the
parts bin of a successful fixed-base cpera-
tor, as & down payment on 8 new (but es.
sentlally Identical) model, or perhaps one
that has been in a training or .ental fleet
for a year or 50."

It a plane should survive its 18th birth.
day, the statisticians say it will likely live
to be a very ripe old age, "'Older aircraft,”
the report explained, ‘‘are kept and main-
tained and cccasionally flown as aesthetic
possessions,’

One curious fact uncovered by the re-
searchers is that since 1960, aircraft have

been progressively more loag-lived. Why?
“They are more expensive,” the report
concludes, “hence better maintained. More
and more aircraft are hangared each year
further increasing their life expectancy.

It Is possible that by 1993, the repart
continues, “the attrition rate by sge of air-
cratt will be essentially flat for 30 years,
ot an annual rate of .5% or 19%,."

Perhaps mountains have a slightly bet-
ter rate of attrition, but not much eise.
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Pilot's
Total Time

in Model

9128.0
223.2
11.0°
85.0
631.0
$96,0
273.0
69,0
303.1
93,0
387.0
k)
24

19

36
28
64

774
269

10
175

35

24
827

682

120.0
26,0
1169.1

237.
9.7
937.0
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JANUARY 1970 - JUNE 1972
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Brief Descripcion of Accident

Tight instructor placed mixture control to cut off to show student glide ratio of aircraft.
Engine would not restarzt.

Pilot stacted he pulled mixture control in lieu of carburetor heat, Could not get engine restarted,

Student pulled aixture control to off whan he intended to apply carburetor heat.

Engine quit from fuel starvation with full rich mixture being used at 2,500 foot and cruising.

Flight instructfor pulled mixturs contral to simulats emargency landing. ZEngine would not restart.

Pllot jnadvertently pullad mixture control instead of applying cerburetor hsat,

Pilot pullad mixtura to idle cut off instesd of pulling on carburator hesat on base lag,

Carburetor heat control found in cold position and mixture control in full laesa.

Pilot pulled mixture control instead of propaller control, Pilot had logged only 1.2 hrs. in thia

model in last 90 days, : .

Pilot made taka off with full rich mixture with density altitude of 7,730 feat than applied
carburetot heat vhen engine "spatcerad" causing further loss of power, .

Pilot applied full carburetor heat and full rich mixture at low powar resulting in "loading”

angine with excessive rich mixtuze.

Powsr loss on take off dua to pulling mixture control in lieu of propellar control.

Power loss during approach to land, Pilot pulled mixture control thinking sha was actuating

manual flaps control. Adrcraft equipped with electrical flaps with switch closs %o mixtura.

Pilot took off with mixturs leaned out due to high density altitude, Powar loss on taks off,

pilot applied full rich mixture as taught by inscructor,

Pilot believed to hava pulled mixture cuntrol on approach in lieu of carburetor heat, Student
wag moze familiar with the PA 284140 aircraft, RPM dropped from 2400 to 700 when he pulled

what he thought was carburator heat.

Engine quit on dowuwind lag for lunding, Pilot beliaved to have inacvertsntly pullad the

mixture control in liau of carburetor heat, :

Attempted a take off after precautionary landing off airport with mixturs control parcially im

lean position, Engine quit at 4 fest,

Student pilot on simulated engine out with fuel sslector off, used mixture control as a "choke',

pulling mixture out,

Tnstructor pullad mixture control for simulatead amergency and engine would not rescart.
Studsut inadvertently pulled mixture control in lieu of carburetor heat.

Pullad mixture control to simulate engine failurs and engine would not respond when mixture
pushed in due to low altitude.

Power loss Jn approach, Found mixture control partially in shutoff positioa.

Instructor pulled mixture control to simulate engine failure., Engine did not respond wheu
control wvas placed in "rich."

Engine lost power on approach dus to wixture {n full rich at a density altitude of 5,330 fest
in Idaho,

Pilot inadvartently pulled mixture out sometime during launding approach.

Pilot believed to have lesned out mixture instead of reducing propeller dus to disctraction on
taka off (floatas).

Both auxturse contrels inadvertantly retarded aftar taks off with double power fallure.

Pilot inadvertantly pulled the mixturs control rather than carburetor heat on descent.

Student pilot pulled mixturs control rather Lnan carburetor heat.

Flight instructor pulled mixture control to simulate emergency landing aftar take off, Engins
would ant respond to throttle.

During forcad landing simulation Elight instructor pulled wmixcure control to full lean,

On sacond landing stud=ant pulled mixture control tc off instead of applying carburetor heat.
Flight instructor movad mixturs control to off position to simulate sngine fwilure. Could not
get engine restarted. Battery and alternator both found bad, -

Engine lost power on take off for ressona tnknown. First flight in type, Pilot belisved to
havé pulled mixture control in lieu of propaller pitch cuntrol, Inspactors observation
incluced refarence to identical shape of mixture and prnpeller controls with only diatinguishing
point being color.

Fatal accident = both eugines quit after lov pass over field. A pilot sssociate stated pilloc
had to be constautly reminded to move propeller and mixture controls for a “go—around.”

Flight {nstructor pulled mixture coutrol to cut off to simulate engine failure at 800 feat,

Plot failed to lean zixture vhile flying at 8,000 feat and fuel sxhaustion resulted.
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AEROSPACE ARP 1166 |
RECOMMENDED : }
Society of Automotive Engineers, Inc. PRACTICE | e 8-l

TWO PUMMBVIVANIA PLAale, NAW YORK, M Y idpu1 Revised

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

1

W
]
i
3

5
fl

1. INTRODUCTION

=y

Instrument panel arrangements have varied greatly between different models of aireraft. This has
been the cruse of some pilots experiencing difficulty in moving from one model aireraft to another.
To efficiently perform either VFR or IFR tasks the pilot frequently has been faced with relearning
the locations of the flight instruments, racdios, navigation diaplays, swilches, and controls,

T A

- b

pry %

To make transition easler and help eliminate pilot confusion.and possible mismanugement of the
airplane which could contribute to causing an accident, it is deemed desirable to improve the com-
monality between airoraft instrument panel arrangements, s\vltchel..nnd controld,

B e -

As o firat step to achieving commonallty ihis ARP s directed at placemant of the baslo six flight
instruments and the primary npvigation tnatruments.

2, PURPOSE

] This recommended proptice sets forth the flight instrument panel layout us recommended by SAK
1 Committos A-20LC, Cockpit/Cabin Standnvdlzation ~ General Aviation Aireralt,

a3, SCoOPE

3.1 ‘l'he recommendations cover the urrangement of flight instruments and navigation indicators in
fixed wing alreraft under 12,500 pounds,

3.2 The nrx"nngcmenu are applicable to the circular dial instruments in use at the date of issue of this
ARP, It is not Intended to restrict future desigh or displuy concepts or to anticipate vertical tapes,
integrated displays or other new duvelopments,

J.4

The recommended panel arrangement muy he modified to enhance the performunce of particular

i
1
misslons or to nceommodate specinl cupabilities of the airplane and/or instrumentation. y
i
4,  INSTRUMENT ARRANGEMENT E
i
4.1 Flgure 1 shows the genernl yelationship of the flight and navigation (ndicators for one ptint aircraft ‘i
or the Captain's position when two pilot poaitinn instrument panels are used. %
4.2 When two Inatrument panels are vsed for two pilot airemft the flight instruments for the copllot 3
should use the spme nrrangement as the Captnin's except that the VOIRR No. 1 and VORR No. 2 may bo !
dinregurded. 1
4.4  ‘Tha No. 2 VOR position is the preferred position for the sccond VOR Indicator. If only one VOR is i
used or T another navijution instrament is used nearly equally with the VOR, thet indicator may be
pluced in the No. 2 VOR position,
h.4

An lnstrumoent Landing System plide slope ceass polnter, when used, should be Incomorated into
the VOIt No, | position.

a e g o
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6.

G.1

5.2

INSTRUMENT PANEL LOCATION

The gyro horixon 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.

Other indicalors should be located in the genersl position shown in Figure {. 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

plolele

; ,,.—..._\ //./—- - v /‘“
\ / VOR
T/B { R/C

G. Comp

Ne. 2 or
/ ADF
\\_ -

AS Alrspred Indicator

HOR Gyro Horizon Indicator

ALT Presaure Altimeter

/8 Turn and Bank (811p) Indicator

G. Comp, Qvro Compnss

Rr/c Rate of Climb Indicator

VOR Course Deviation Indicator and Cmnt Bearing Selector

FIGURE

-
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~ APPENDIX B
AEROSPACE RECOMMENDED PRACTICE: GENERAL AVIATION SEAT DESIGN
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3.1

PROPOSEL

, SAE ARP 1318
AZROSPACE RECOMMENDED PRACTICE
GENFRAL AVIATION SEAT DESIGN

pPURPOSE

The purpose of this ARP is to provide dasign criteria

fox pllot and passsnger seats for general aviation airczass,

It includes recommendations for features involving function
and utility as well as for ninimum -tzcngth and snergy

. lbaozption capabilitiou.

:n tho pruparation of this recommended practico,
consideration was given to the requirements of the
Federal Aviation Regulations, the results of nwnezrous
ncaidont investigations and research programs and the

. recommendations of ailrcraft operators and manufacturers.

BORRE

The pilot/passenger seat is the basic link hetween
the occupant and the primary structure of the aircraft.
It is essential that the support and tie~down functions
be accomplished in a manner that will provide maximum
practical safety and seacurity duxing all normal conditions
of flight, emexgency flight maneuvers, crash landings and
survivable type accidents. These basic functions shall
be given major consideration as compared to other factors
such as comzc:t or appearance.

This ARP is intended for application to aircraft
approved under Part 23 of the Federal Aviation Regulations.
Although most general aviation alxcraft in this category
are approved for aingle pilot operation, those recommenda-
tions noted as applying specifically to pilot seats will
bes undexrstood to apply to any seats for which the occupant
has access to the airplane flight c::nt.l:co.'l.s._.,_~

In tha design arcag for which they apply, Lthe Fedaral
Aviation Regulations should be considered minimum reguire-
ments.

R ' . .

Beat Assembly - One complete meat unit, whether for singls
Febzuary 28, 1975
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3.2

3.5

3.6

3.7

3.8

4.

4.1

. without failure. :

-2 -

or multiple occupancy. The seat asaembly may include but
not be limited to the seat structura, cushions, trim panels,
arm rests, dress covars, ashtrays, headrests and accessory
pockets or shelves as applicable. It does not implicitly
include seat balts, shoulder harnesses, seat tracks or
other equipment normally attached to the nrimary structure
of the ailrcraft. .

=« That portion aof the seat structure

.gent Primary Strugfure
which provides the support, restraint and enexgy absorption

link batwean the occupant and the alrcraft primary structure.

gg;;_gﬁggnﬁg;z_g;;ugggra = That portion of the seat astructure
intended to meet comfort, utility or appearance requirements.

U Sta ad =~ The highest load to which the
seat may be subjected. for a minimum of three (3) seconds

v

Seat Ultimate Dvnamic Load =~ The highest lcad to which the

-seat may be subjected under conditions of dynamic arrest

without failure oxr loss of restraint fungtion.

gStandard Oggupant Weight - Static and dynamic seat loads
shall be besed on & standard occupant welght of 170 pounds
(acrobatic 190 pounds). . -

uéugral Beat Raference Point ~ The intersection of a line
tangent to the surface of the seat bottom cushion and a

1ine through the seat back cushion representative of a
back tangent line, under a no-load condition.

Beat-Back Breakover - The design feature whiéh permits the
seat~back to fold forward from the norxmal upright positien
for purposes of passenger access or seat installation,

removal ox storagae.

RECOMMENDAT IONS

ngjons =~ The recommended ranges for seat dimensions are
given in Figure 1. Illustrations are for dimensional
purposaes only and are not intended to fix the actual shape
of the seat. It is understood that all dimensions influenced
by pasaenger wajght (i.e., cushion deflection) are to be
measured under L g static loading with an occupant of

gtandi rd weight.

February 28, 1975

PRSSSRES SEFIE ¥ SR

U WU S SHCSOF U USRI T

i e




4.2.2

i s 2 S e

05l

4.2.3

-3 - .
Adjustmant - Adjustable pilot seats are recommended in
order to insure that occupants of different sizes and
weights can parform their work in the most efficient and
comfoxtable manner. When such adjustable seats are
provided, the following adjustment ranges are recommendsd.

al A t ~ Where practical, the pilot seats
should be adjustable vertically through a range of at
least four (4) inches in increments of no greater than
1 inch throughout the entizre range. The purposa of seat
adjustment is to provide the optimun eye location for
visibility inside and outside the cockpit and to provids
comfortable and efficiant access to thes controls. The
adjustment mechanism gshould incorporata a means of ralsing
the seat freely to the maximum up position. It should
be designed in such a way as to insure againgt inadvertant
actuation to extrome positions during normal or emesrgency
£light conditions. It is recommended that the vertical

-adjustment controls for the seat should be located undar

the left hand forward portion of the seat.

Apagulay Adjugtment of Seat-pack - If angulax adjustmant is
provided or if the seat-back has breakovar provisions, it
need not be restrained in the normal upright position
against forward motion under the loads specified in Bectior
4 unless the ghoulder restraint harnaessg is attached to the
#eat back structure. If the shoulder resgtraint harnass

ig attached to the seat back, thaen the seat back should be
capable of withstanding, in any normal position, the inertia
loads specified in Section 4.4.2

Fore and Aft Ad{ustiment - Where practical, the pilot seat

. should ba adjustable in the fore and aft direction fnr a

distance of at least eight (8) inches in increments of

not leus than one (1) inch. For aircraft edquipped with
adjustable rudder pedals, appropriate reductions in fore
and aft adjustment are acceptable so long as the relation-
ship between the seat position(s) and the control for pitch
and roll permits efficlent and comfortable operation.

‘The fore and aft adjuating mochaniaﬁ and latches
should be designed in .‘uch a way as to insure against

~ inadvertant actuation, either by the occupant or by

inertial forces, to extreme positions durlng normal or
emergency flight conditions. In the interest of stancard-
ization, the fore and aft seat actuation controls should
be located under the right forward portion of the aeat.

February 28, 197H
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4.4.)

4.4.1.2

4.4.1.3

4.4.1.4

4.4.1.5

4.4.1.1

4.4.1.6

. - 4 .

Azm Rests - If arm rests are provided as part of the seat
structurae, they should be designed to fold in such a way
as to minimize interference with entrance to cx exit from
the seat, Insafar as practical, arm rests should bae
padded or designad to reduce the likelihood of injuzry to
the occupants in the avent of a survivable crash.

Btrenath - Pilot and passenger seats should be designed

to the following general and specific strength recommanda-
tionl. :

.

o . . EERRTII
. 8 KO V! .
. « . TN ' w ‘e
B . o .
. - .- R

Failure of the seat secondary structure.under crash landing

. conditicns should not affect the strength of the seat basic
.’ structura. Consideration should be given to design featuzcs

which would minimize the possihility of incapacitating or
fatal injury to occupants in the avent of a £a11ur|.
Likely dczlnctions of £loor and aidewall st:uctu:e-under
crash landing conditions should be considared in estab-
linhing sont and scat attachment 1ntagr1ty.

BN f :
Wear and taar due to normdl uge ahould be ccnsidered in
designing the seat basic structure to meut the specified
load conditions. Special conslderation should be given
to the design of adjustment mechanisms.

Material selection and testing should take'into account
possibla daterioration of strength properties with time
for those materials which have an effect on seat strength.

The seat basic structure should be puitably protected
agalnat corrogion of all types to which it acy be subjected
in service. The design should avoid wherever practical
trapped Aareas where gpilled liquida can accumulate and
cause corrosion.

Seat design, construction and attachment should be guch

ag to prevent objectable ‘flexing: of the aeat undar turbulent
£light conditions.

pynamig Ultimate Loads - The pilot and passenger seats and
theilr attachment to the ajrframe ghould be designed in
conjunction with the occupani{ restraint system, to with-
stand the following dynamic lLoad factors without separation
failure (refor to 4.5 on Energy Absorption).

February 28, 1975
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4.4.2.%

4.4.2.2

4.4.2.3

4.4.2.4

4.4.3.

4.5

-5 - -’

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'a and a
downward load of 15 g's. Load diractions should be
dstermined with reupect to.the longitudina) axis off the
airplane. The pulse shapes and durations for the abova
loads ara specified in Figure 2. Load factora should be
measured at the seat tracks or on the correaponding air-
frame spupport atructure,

Structural compliance should be demenstrated for the

. most advarsea combination of the loads specified in 4.4.2,1.

Aft~facing seats should be designed and quallfied to the
loads specified in 4.4.2.1. The cccupant centex-of-gravity,
+0 be used in the analyses of tests for aft-facing seats

im .given in Figure 1. When headrests are incorporated as
part of the restraint system, considerations should be

. giv.n to thc renulting body load distribution.

Side-facing l-atl are not recommended. I1f uled.'th.y
should be designed or located so that the occupant dis
restrained from latazral loadings in excess of the side
loads resulting from the loadings specified in 4.4.2.1 in
case of forward facing speats.

Btatic Loads - Since thare does not appear to be a con-
glatant relationship between static and dynamic strxength
of complex structures, no altarnate static loads axe
racommended for structural substantiation of aircraft seats
for use in lieu of the dynamic loads given in 4.4.2.

Enexay Abgorption - As a minimum requirement, the meat
atructure should be dasigned to deform progressively when
the ultimata dynumic load is exceeded and, during defox-
mation, to absorb as much enerqy as posasible. For seats
designed specifically to attcnuate crash forces, plastic
deformation of the energy absorption elements should not
be considered to be a Jtructural failure so long as the
occupant support function of "the aeat is untmpaired.

Restraint Systems - The seat reprasents one part of the
ovar-all occupant restrain: system, which may algo include
tha lap belt and uppsr torso yestraint. The seat should
be designed in conjunction with the other elemants af the
restraint system and should not interfere with their
proper function. Specifically:

February 28, 1975
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"4.6.1

4.6.3

4.7.1 "

4.7.2

4.7.3

‘ments with seat, controls oxr structure. Automatic atorage

-6 =

Upper Torso Restraint -~ Seat-back height specifications
of FPigure 1 are based on considerations of protection,
conmfort and convenience. If the seat-back incorporates
provision for shoulder harness atiachment, the attachment
position should be located above shoulder height or ba
designad so as to prevent the shouldar harnesa 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 Systom (Active) for General Aviation Aircraft.)

Lap Belt - If restraint system loads are carried by tha
seats, tha geat-~to-alrframe attachment strength should be
aqual to or greater than the dynamic Load factors given
1n 4.4.2. "o

Genegal - Seat belts and shoulder harness should.be designed
to be used and storaed in such a way as to prevent entangle-

provisionl are’ deuirable.

Design ~ The following general design recommendatians ure

intended to improve the comfort, utilihy and the aafety of
the pilot and passengexr seats. .

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.

Seat materials should comply with the flameabilicy 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.

Materials and finishes which ,generate: appreciable amountsa
of toxic gases or dense smoke whehn subject to flame or
heat should be avoided.

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.

February 28, 1975
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General Aviation
Manufacturers Association

Suite 1215

1025 Connnacticut Ave., N.w,
Washington, D. C. 20038
(202) 296-68848

November 30, 1976

To: Mr. Richard P. Skully
Director, Flight Standards Sexvice
Federal Aviation Administratiorn
Washington, D.C. 20591

Subject: Transmittal of Findings of GAMA's Fuel System
Standardization Ad Hoc Camittee; reference NI'SB
Recommendations A-74-35, A-74~38 and A~74-39

As you know, the National Transportation Safety Board pramilgated

a series of safety recamendations in their 1974 report entitled
"Special Study, U. S. General Aviation Accidents Involviig Fuel
Starvation, 1970-1972", Report Number NTSB-AAS-74-1. Raccammendations
A=74-35 through A-74-39 were addressed to FAA while recammendation
A-74-40 was addressed to G:MA. Copies of these recammendations are
enclosed (See enclosure 1). On November 19, 1974, GAMA responded to
NTSB, with a copy to the FAA, indicating that GAMA would provide FAA
with detailed supporting information from which to respond to NISB
regarding recommendations A-74-35, A-74-38 and A-74~39 (See enclosure
2). This letter constitutes our transmittal of that data.

NI'SB__Reconmendation A~74-35 regarding preparation of an educational
Advisory Circular on Fuel Management

GAMA's Safety Affairs Comittee, in a cooperative venture with the

Chio State university and FAA's kAccident Prevention Staff, recently
campleted a slide~tape show on fuel management. A copy of the com-
pleted script for this presentation entitled "Time In Your Tanks",

and the accompanying handout, is enclosed (See enclosure 3). We sin-
cerely believe that this presentation will camplement, in spirit, any
effort the FAA may take to satisfy NTSB Recomendation A~74-35. A nmasier
copy of this slide-tape show was presented to your Accident Prevention
Staff (AFS~806) on November 15, 1976.

c-1




NISB_Recammendation 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. GAMA feels that the location, shape and color
for cowl £lap ocontrols are not considered critical enouwgh to be regu-

lated,

NI'SB Recammendation A-74-39 ed standardized terms and
nomanclature for 1l _selector ves components o t
fuel gﬂtﬂm

In addition to the proposed revisions to FAR 23,777 through 23.781

GAMA proposes that the following standardized terms and namenclature
relating to various fuel system components, functions and locations,

be adopted. It is GAMA's intent that this standardization be used as
design information only. To do otherwise would have the effect of
stifling imbvation_a% 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 phraseology
would be required.

GAMA member companies have agreed that the design suggestions and infor-
mation presented below, relative to the standardization of nomenclature,
placards, and 80 on, will be implemented with respect tc new certifica-
tion programs,

i

A. Fuel Selector Namenclature

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

2. The fuel selector position should be denoted by using the terms
"Right", "Left", "Both", "Off" and "Aux", as required. The
intent is to use any one or carbination of these positions as
the fuel system and aircraft design dictates. 1In addition to
the selector position, the fuel selector placard should incor-
porate the name of the control, i.e., "Fuel Selector".




N
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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
oonaistent with FAR 23,1555 (c) (2} and (¢) (3).

It is recamended that a new paragraph (c) (4), reeding as
follows, be incorporated in FAR 23,1555 in order to fully
achieve the cbjective of this requirement:

"(4) Fuel selector valve position placards must be
immediately adjacent to the indicator end of the selector."

B, Fuel Tank Namenclature

]
..
R
R

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

g ag o bR
“zeild;

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
togother with no independent control of the individual tanks
should be considered as a right or left main. A typical example

3 of thie type of tankage would be un airplane in which a series

i of tanks were installed in the wings that were inter—-connected

2 such that the fuel flows fram the outboard tank to the inboard

E tank and from the inboard tank to the engine through a fuel

¥ selector. If there is no individual ocontrol of the outhoard

or intermediate tanks, then this system of tanks is considared

to be a main tank, either right or left, depending upon which
wing is being considered.

SRR O R S} SRR S

2, Auxiliary tank - Defined as any tank other than a main tank that
can be independently selected and that will {eed an engine direct-
ly through the fuel selector. If more than one auxiliary tank

is installed, they should be nurbered in the primary sequence
of use.
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3. Transfer tank - Any tank that serves a storage or transfer
function should be termed a transfer tank. Further identi-
fication of this type of tank carries the requirement that no
control can be exercised over this tank other than for trans-
far purposes wherein fuel flows from the transfar tank into one
of the mains or auxiliary tanks for subsequent delivery to the
engine through a fuel selector. Typical exanples of this type
of tank are found in some smaller single engine airoraft with
a transfer tank installed in the baggage compartment or other :
ocanvenient location from which the fuel is subsequently pumped k
by a transfer puwp into one of the main tanks for subsequent 4
distribution through the selector valve. :

C. Fuel Quantity Indicators

It is believed that the present industry namenclature for fuel
quantity indicators is adeguate and no changes are

D. Fuel System Drains

£ b

Fuel system drains and their nomenclature were reviewed. It was
agreed that each drain should he ¢clearly marked and that sugple-

mental information, as required, must identify what is being drained
as well as how to operate that drain,

E. Special Requirements

GAMA's Fuel Stamardization Ad Hoc Camnittee also reviewed certain
special requirements with respect to specific conditions, on specific
aircraft. Typical exanples are special unusual fuel conditions,
warning systems and so on. It was agreed that, by their very nature,

these conditions are unique and no changes to present practi -es
are recammended,

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

: Sincerely,
' Original Sisned By
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Source: SPECIAL STUDY
U.S.General Aviation Accidents
involving fuel starvation
1970-1972
National Transportation Safety Board
Washington, D.C. 20491
Report Number: NTSB-AAS-74-1

Page 17

'RECOMMENDATIONS

The National Transportation Safety Board believes that tha number of
U. 8. Gensral Aviation fuel starvation accidents can ba substantially
reduced by constructively changing the above conditions. Accordingly,
the Safety Board recommends that the Federal Aviation Administrationi

1. 1Issue an Advisory Circular, which augments the information
presented in Fedevral Aviation Administration Advisory
Circular No, 20=438 "Aireraft Fuel Control,” (a) to alesrt .
ganeral aviation pilots uvf tha primary difficulties causing |
fuel starvation; and (b) to warn certificated flight in=
structors of the danger associited with simulation of i
emergency engine failure by positioning the fuel selactor
valve to "off" or the mixture coatrol to "idle cutoff." 1
(Recommandation A=74-35) i

2, Amend 14 CFR 23,1581 so that an approved Airplane Flight
Manual ls required for all airplanes regardless of waight,

C=5 ;
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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 awarencss of fuel starvation problems among those
individuals who are bepinning caresers as student pilots by:

a. Requiring a written test as part of student pilot
£light requirements in 14 CFR 61.63, similar to -
that required for private pilots in 14 CFR 61,87,

b, Structuring written tests so that an applicant's knowe
ledge of fuel system operating principles and factors
which cause fual starvation can be datermined,
(Recommendation A«74«37)

4, Amend 14 CFR 23,777 through 23,781 to include specifications
for standardizing powerplant control location, visual and
tactile appearance, and node of actuation, similar to the

specifications for transport category airplanes appearing
in 14 CFR 25,777 through 25,781, (Racommendation A=74=38)

5. Amend 14 CFR 23 to include specificatisns for standardizing
fuel selector valve handle deaigns, displays, and modes of
operation, (Recommendation A«74-39)

In addition, tha Safety Board raecommends that the General Aviation
Manufacturers Association (GAMA) establish industry=wide recommended
design practices for fuel systems of future general aviation airplanes,
and wherae practicable apply these same practices to existing models
through system modifications. Application of these practices to all axist-
ing airplanes may ba impossibls for reasons of cost or physical constraints;
however, the following practices could be applied to tha design of future
airplanas at a minimum cost: (Racomnendation A=-74-40)

a, Spaecifications 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. Specifications for wultiple fuel tank vents and nonicing
tank vents to minimize the possibility of vent obatruction,

e. Simplification ovf the fuel system through the use of the
balanced, siugle-tank design concept.

C-6
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PROPOSED REVISIONS TO FAR 23.777 THROUGH 23.78l
23.777 Cockpit contruls

(a) Each cockpit control must be located and (except where its
function is abvious) identified to provide convenient operation and
to preverit confusion and inadvertent operation.

' (b) The direction of movement of cockpit controls must meet the
recquirements of 23,779, Wherever practicable, the sanse of motion
involved in the operation of other controls must correspond to the
meofﬂmaffectofﬂ\eoparationupcntheahplmormntmput
operated. Controls of a variable nature using a rotary motion must
move clockwise frum the off position, through an increasing range, to
the full~on position.

(¢) The controls must be located and arranged so that the pilot,
when seated, has full and unrestricted nmovement of each control with-
out interference fram either his clothing or the cockpit structure.

ai i BB e St iy ol T . i i e i e

(d) Power plant controls shall be located on a pedestal or near
the centerline of the instrument panel. The location order from left
to right shall be throttle, propeller and mixture control. Supplemen=
tal controls such as auxiliary air and supercharger controls shall be
organized in acocordance with the following layout

g i i
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(d) cont'd

Aircratt with tandem seating or single place aircratt may utilize
control locations on the left side of the cabin campartment and

location order from left to right shall be throttle, propeller and

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

(1) Oonventional multi-engine powarplant controls shall
be located so that the left hand control (s} operates the
left engine(s) and convarsely the right hand control (s)
operates the right engine(s).

{2) On tandem twin engine aircraft, the left hand powear-
plant control must operate the front engine and the right
hand powerplant control must operate the rear engine,

(f) Wing flap and auxiliary lift device controls must be located:

(1) Centrally, oc to the right of the pesdestal or powerplant
throttle control centerline; and

(2) Far enough away from the landing gear control to avoid
confusion. '

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

(h) Each fuel feed selector control must be located and arranged
so that. the pilot can see and reach it without noving any seat or :
primary flight control when his seat is at any position in which it !
can be pluced. 1In addition, the tollowing apply: 3

(1) The indication of the selecled fuel valve position must be
by means of a pointer and mist provide positive idantification !
of the selected position. !

(2) The position indicaiion pointer must constiiute or be
located on thar part of the handle that is the muximum dimension
of the handle measured fram the center of rotation.

A b e L i, o mm i
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(h) oont'd

. (3) If the fusl valve selector handle is alsoc a fusl shut
off selectour, tlie off position marking must be colured red.
If a separate emergency shut off means is provided, it also
must bs oolored red.

(1) Control knobs, color and shape, must be in accordanoce with
FAR 23.78l.

23.799 Motion and effect of cockpit controls

Cockpit controls must be designed so that they oparate in accordance
with the following movemant and actuation:

(1)

(a) Asrodynamic controls:
Primary

Controls Motion and effeot
Aileron Right (clockwise) for
right wing down.
Elavaior Rearward for nose up.
Rudder Right pedal forward for
nosa right.
. (2)  Secondary
Controls Motion and effect

Flaps (or awxdliary
lift devices)

Trim taba (or
equivalont)

Forward or up for flaps wp
or auxiliary device stowed;
rearward or down for flaps
down or auxiliary devioce
daployed,

Actuate to produce similar
rotation of the airplans
about an axis parallal tc the
axis of the control.
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(b)
(1)

(2)

Powerplant and auxiliary controls:

Powerplant

Controls
Throttles/Thrust

Prupellers
Fuel condition
Mixture

Carburetor air
heat or aiternate

air
Supercharger

Awuxiliary

Controls
Ol flap omntrol

Fuel selector

Motion and affect
Forward to increase forward
thrust and rearward to increase
rearward thrust.

Forward to increase rpm.
Forward or wwexd for on.
Forward or upward for rich.

Forward or upward for cold.
Forward or upward for low blower.

For turbosuper-chargexs, forward,
upward or clock-wise to increase
pressure.

Motion and effect
Rearward or down for cowl flap
open.

The operating motion of the fuel
valve selector handle must be to
the right for right hard tanks,

to the left for left hand tanks,
and to the extreme left, or aft,
for off. All other tank selections
must be located between the left
and right tank positions, except
a crossfeed position an individual
engine selector valwes for multi-
engine aircraft must be located to
the extreme right or farward.

Down to extend.
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23,781 t control kncb and' color

Cockpit trol knobs must conform to the gensral shapes and color
meymmmaimwmrmm)
as shown in the following figures:
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U.S. GENERAL AVIATION ACCIDENTS INVOLVING FUEL
STARVATION 19870-1972 NTSB REPORT #AAS 74-1 ABBREVIATED

INTRODUCTION

This study was initiated by NTSB an a resull of the findings of a
pravious National Transportation Safsly Board wtudy titled “Accidunts
Involving Engine Fallure/Malluncion U.8. Gaceral Aviation 1968.
1969," which revealod thal 19.3 percenl of 4,310 engine failure
avcidenin had hwen caused by fuel starvation,

‘The objectives o} this study are: To identity the mont frequont causes
of luel starvation sccidents; 1o examine the faciors (nvolvad in thoss
causes, and 10 ptoposs remedial action to reduce the number of jue!
slatvation acuidents.

BASIS FOR STATISTICAL ANALYSIS

The scope of this study was limited 1o the most frequently ocnurying
caunms 8o that causal areas and assncialed factors could be ressarched
thoroughly. The study concenlrated on airplane makes and models
most susceptible to fuel starvation accidents and, for comparison, those
leant susceptible,

For putposes of this study, luel starvation is delined ax the
interruption, reduction, or complele termination ol {uel flow to the
nnqln:, although ample fuel lor normal opsration remaing aboard 1he
atrcratt.

Of the 99 aitplane makes und models invalved in lual starvaiion
dccidents lrom 1970 through 1972, 70 makes and model Yed for

CAUSE,/FACTOR DATA
FUEL STARVATION ACCIDENTS, 1970-1872
High and Very High Involvement Gioup Airplune

EggauaﬂgE

Make/Made) E
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AYA
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only 27 percent of the iwported accidents, Theielote, to save time,
those makes and models which accounted for less than 0.813 percent
ol the base period fuel slarvation accidents were nol analysed {usthes.
Accordingly, 29 makes and models wers selecied for statistical
avalvation

Ol the 249 maken and modals analyred, (which accounted lor 63w ol
the accidents) 15 wore involved in an average number of lus!
slatvalion accidonts 1n 1970 through 1971, nine were involved in a
highet (H or VH) numbor of furl slarvahon acceidents tian sxpected,
whilo thrwe were involved i a lower (L or VL) number than egpected
Two airplanes could nut be analyzed because of insulficient thyht hour
data

CAUSES OF FUEL STARVATION ACCIDENTS

From 1970 through 1972, thete weiro 126 lual slarvation accidenia in
which high involvemenl group airplanes were involved The most
fraquenily cited causes of luel starvation for 1thi group are  Exhaushion
of tuel trom the tank in use while ample tuol tor contitued operation
rtemained on the aircialt; nonadherence to airplans operating
himitalions  imposed by  aisworthiness  directives; mechanical mal.
tunctisns which resulied in luel starvation; incoreact positioning of the
fusl selecior valve, and conlamination of the fuel system.

From 1970 thiough 1972, there ware 66 tuel starvation accidents in
which luw involvenient group auplanes wesre involved. The most
trequently ciled causes lor tuel starvation accidents for this group are:
Contaminstion of the {uel system, improper use of powsrplant contsols;
instructional mimulation ol in flight powet loss, incorrect positioning of
the luw! selectur valve and mechanice) mallunchions which reaulied in
fuel slarvelion

Two ol the live most trequenily cited causes Jur (he high and luw
invulvemant gruups appeared in aboul the same petcentaye fur each
igroup  These causen were Mechanical maliunctions and incurrect
pomtioning of the {uel selector valve

A review revaaled that most instences of incotiect luel salecior valve
pomtioning resulted because the pilol was contused about the mode ol
valvn opetation, valve hamile design, or luel selector tank duwplay
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Many piluts potitioned tuel selecios valve handles tc the “olf” position
ot to an emply tan', while unde: the impression that they had selecied
a lank which con sined fusl. All thess causes involve opetational
procedures and techniques smployed by pilots.

Two ol the 10 caises ciled for high. 1 group airpl
acoouniad tor 52 parcunt of the tuel sarvation accidents. These causes
worn Exhsusion of fuel trom a tank tn use while ample fuel for
continued operalion remsined abodtd the aircraft, and noncompliance
with opetsting limilations imposed by airworthiness directives. For the
low involvemant group aitplanes, three ol nine ciled causes accounted
lor 63 purcent of the fusl starvation accidents These causes wers: Fusl
system contamination, improps: use ol powstplant conirols, and

THE DATES OF THE FLIGHT INSTRUCTOR REFRESHER
COURSE AT CHAMPAIGN, ILLINOIG, HAVE BEEN CHANGED
PO AUGUST 14 18, 1976 (Saturday, Sunday and Monday).
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instructional simulation of in flight power |ces. The main reason staied
in accident reports {or the problems peculiar to sach group ware:

High Group

For exhaustion of fuel ftam a tank in use:

(1) allowing lusl to becomne sxhausted was normal proceduis
recommended in owner manuels of some aircraft;

(2) pilots forgot tu switch tanks balore sxhaustion of fuel from
the tank in use;

() engine was pot restarted in suificieni time to prevent an
accident.

For lack of compliance with lusl sysiem operstionsl himitations
imponed on certain aircratt by airworthiness ditective:

(1) ptlots did not fully comprehend the AD requirements;

(2) they simply ignored them.

Low Group

For imptoper use of powsrplant contrala: The pilol used the mix
{ure conlral when he intended lo apply carburelor heal.

For fuel system contamination:

(1) water was not properly drained from the fuel system,

(2) foreign objacis obstrucied {uml tank vent lines.

For instruchional simulation of in-flight powsr loss: The instruclo:
attempied a powar los simalaiion, aa & test lor a student pilot,
by tuming the selector valve “off*, or plaving the mixture
control in the “idle cutoli” position (three of thess smimulaled
amergencies were initioted of less than 1,200 lest above the
ground).

Only une mulli-engine general aviation airplane, the Beach 95, wan
involved in a more-than-average number of tuel starvation accidents
during the 1970-1972 perlod. Four of the five tus! starvation accidents
in which this multi-engine aitplane war itvolved were attnibuted
directly to a violation of racommended operating limitations 1mposed
b+ an airworthiness directive. The dirwctive required takecl on main
lanks ondy and prohibitud turning takeolls or takeolls immediately
following las! tams turns,

POTENTIAL SOURCES OF
OPERATIONAL DIFFICULTIES

Most fusl starvation accidenta 1eviewnd (nvolved operstivnal pro
blens which indicalud & noed (o evaluate centain influsnhal tactors
amsocieted with opurational techhigues.  Acciden!  case  rosvatch
indicated that operational techaiques nvolvmy wuch  lactors  as
awareness and understanding ol proper fuel managument could be
wifluenced mgniticantly by information provided 1n airplane owne
manuals and by fusl nysinm components which may induce pperabional
eriom.

Fusl Managomaent Instructions

A roview of the fusl management inlormation {or selectod arplenos
indicaled that the ulder ownemm manuals  contained  less  fuel
menagement information than mote ecent manusls  Althou gh running
one tank dry belore switching to anuthar tank was onee an aceeptod
practice, most menulacturers no longer recominond # In lact, the
most recenily published Beech manuals conmider engine fadure cansed
by inautficient luel an emergency and Lt o Hight engine sart
procwdute ds ah smergency procedure.

Fuel Draining Instructions

Fusl system conla YHon was ¢ ble lor 26 percent of
low-involvemenl group tual starvation accidents and Y percent of high
invavemen! group luel sisrvation accidents Water in the luel and
trreign  object obstruction of fuel tank vents were the primary
contamination difficulties which caused an invesiigation of fuel system
dianing procedures and pre-llight checklint procedures i owne:
manuals of high. and low..rvolvement group anplenex.

Obviously, sume owner manuals for airplanes in both the high  and
low-involvement groups were mose eaplicii aboul {uel system draining
procedures the  wers others. Procedures insufliciently detatled could
resull in incomplete draining operations; for wxample, instrucling
pilot unly to open a gquick drain sump in & {usl slrainer or seleclor
1o purye walsr or sediment from the nystlem may not alert the upeiator
to the absolute necessity of puiging all fuel lines anc tank sumpn in the
proper seguence to asgure the slimination ol all contaminants
Error-Inducing Elements of the Fuel System

The highnvolvameni group airplanes expetienced difliculty wilth
tusl sshaustion lrom & lank in use while ample tuol lor normal
aperslion remained onboard Bolh high and low invelvement groups
anperionced accidents which resulied from muspomtioning the tusl

selocior valve. Improper use of eng:ne controls and luel contamination
wase troublesome fur pilota of low-1avolvement group airplanes. As a
tesult of thess {!ndi tank hing req ts, fuel system
putging leatures, and powerplant control configuration weie 1e-

sarched to lind possible error-inducing sources within the fuel system.

Fusl Selector Valves

Viriually oll tank swilching problems involved the {fuel selector
valve. Although tusl sel ponitioning was an operational errol,
the degree to which selector handiv design, salector ornisntation,
location, énd tank display infl i select tion waa of inlecest.
The sztent to which pilet ertor was induced by fue) selecior design was
documenied 1n NTSB Report PB 176620, “Aircrait Design Induced Pilot
Error,” dated July 1967, Accident reports from 1870 through 1972
period indicate that selector design etill conluses operetors and
induces {ank seleciion ettors.

The influence ol tank swiiching requirements ax a lactor in luel
sarvation aeccidents was llustrated by the Cessna 1850 acciden
natisties  This airplans n squipped with & two-pocition (ON o1 OFF)
fus} shutoll valve, insiwad of & multi-position fuel selector valve so tank
selection is not necessary. Although the Cessne 150 had accumulated
the largest airplane hout total in 1970 through 1972, 1t wan tnvolved 1n
only 38 tuel starvation accidanin in 1970 through 1972 Ol thuse anly
one wan caused by smpraper positioning of the luel valve and one hy
fuel exhaustion.

Powasrplant Controls

Tha use ol an incottec! engine control accounted for 22 percent o}
all caurax cited for low-involvement group fuel satvaton scaidenta
ltom 1970 throuoh 1872, Ouly 2 percent of the high involvement
yroup's causes mvolved incortect use of engine controls Inadvertent
use of the mimiure conltol, when the pilol thought he was using the
vatburetor heal control, accounted lor most of the causes cited for
low-involvemenl group eitplanes. The placement of the engine contiols
lor low-involvement group airplanes hax vaned through the yeaws
Early models wate configured sa that carburetor heat. throtle, and
mixtute conliols were juxtapossd honzontally with little vatiation in
knob shape, size, or color butween the caibutelor hval and mixture
cottrals. Cuentiol knob size, shape, and color has been vared in
recent models of these airplanes. From 1970 through 1872, the Beech
3% was nol involverd 11 a starvation accident caused by improper use o’
engiie conlrols. The mixlure conlrol in the Baech 35 i Isvlalec
sulbiciently from other powsrplant conttols so thal piluts did ot
confuse them. Proumity of contrals ol & mmilar sise and shape, which
porform entitely ditferent funchons, was conmidered as @ possible
source of arrar iducement i accidenta which involved the uae of the
wiony contiol Tu minimize incortect conirol opsration, the Fuoderal
Aviation Regulations (14 CFR 25.777 through 25 781) specidy slandards
ot powerplant control location. knob shaps and mode ol actustion ot
tramapurl categoty aurplanes. however, sazcept tor throlle actuahon
ingulations, mmilar powsrplant control speailicatiuny do ol exist o
notmal, ulilly, and acrobabic category auplanes which compuke the
largent negmant of the general aviation {lee

Manulacturers’ Viewpoint Regarding Etror Inducement
Threo major yeneral avintion airplane manulacturery, whi desl with

mult laceted tuel system design problenss, were invibed 1o disouss the
wements ol the fuel systom which are regarded as poteitial soutces of
operational problome The ddficultion: associated with lank solection
rocquirements, fuol axhaushion trom o tank in use, fuel contannation,

and sdeyuacy ol owner manual procedutes wers dincussssd.

Tank Selection Requitements

The manulaciurets agread that a balanced single tank luel system
(whote interconnected cells act ds a uingle tank 1o supply tuel 1o the
ungine through a shutoll valve innead of through a fuel selecior valve)
would simplity tuel mansgement procedures
Exhaustion of a Tank

Manulactuters were greatly concerned abaul the apparent lack ol
attention to fuel wupply which 1 apparent frum the number of
acesdenlu 1esulling from the exhaustion ol a tank whila ample lual
remained on board the aiwcralt

Pilt Awareness

While manufaciururs sapressed the general opinion thal tusl systmin
deskin improvemenis and oparationsl procedute improvemerin could
diminsi lunl starvahon probimms, thuy stressed the importance ol pilop
awarenens with regerd to pruper luel system  maitenance  and
operation and the tundamenial sources of tusl statvation

CONCLUSIONS

The message which evolves lsom the eewsed of lusl starvalic
ac-eadents m overy clear  tharough prethight fuet dydtem innpection and
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draning, complele familianty wilh powarplant conircl vonliguration
and operation, and alisntivenssa 1o luel supply ars all absolulely
ensontial 10 sale airplane operation.

Whereas nearly 87 percent of the luasl siarvalian accidents in this
study wete aitzibuled lo operational problema, thess problems are nat
dependent of the laciotn which influenced or caused tham.
hetelotn, 1emedial action must be direcied at the primary lactors
which influsnce fuel syslem operation. These faciors are as lollows:

Dexign:Ansocisted Factors

Owner manuals which olten lack detailed (nformation on luel
management and fusl system purging operations.

Fuel systemns which tequire lank awitching in order to manage
\he fusl supply propetly.

Fuel selector valvaa with handle design, mode of operation, or
tank display which may be conducive lo mispositioning.
Placemesii of engine contiols and similarily ol appearance which
may be conducive o improper use.

Piloi: Asnociated Faclors

Insttuctional techniques for emergency mmulstion by délibstate
tusl starvahion at low allitude.

Lack ol knowledge or concern for good fuel management pro.
cedures and techniques, including the need lor thorough pre.
Hight luwl system inspection and purging.
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