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PREFACE

The Aircraft Design-Induced Pilot Error Project is an evaluation
and comparison of the accident records of 35 make and model airplanes.
The intent is to assess the influence of numerous airplane-design factors
or configurations in General Aviation Accidents wherein the pilot was deter-
mined to be a causal element. The program is based on all General Aviation
Accidents that occurred in 1964, except those involving rotorcraft, agri-
cultural-type airplanes, or those airplanes whose total active number was
less than 500. Specific types of accidents were selected for evaluation
based on their relative occurrence during the study year. Tabular results
of the application of the Chi-Square Method are Presented in the Appendix
and serve as a basis for evaluation and discussion of various aceident types.
Motivation for such a study stems largely from the fact that the
vast majority of General Aviation Accidents involve the pilot as a causal
element -- "pilot error." In 196k alone, for instance, the pilot was held
to be at least partially responsible in 4,195 such accidents, that is, in
83% of all General Aviaticon Accidents for that year. Of the 3,732 acci-
dents that serve as the basis for this study, 3,147 (or 84%) involved the
pilot as a causal element. Although the accident rates for the General
Aviation Flget have decreased somewhat over the past decade, the numbef
of accidents and fatalities per year has risen. For example, in 1955
there was a total of 3,343 accidents involving 619 fatalities. In 1965
the accident total is estimated as 5,250 involving 1,018 fatalities.
Because of the startling number of accidents involving the pilot
a5 a causal element, the Federal Aviation Agency established a flight

r

research program entitled "Aircraft Design Induced Pilot Error." The



first phase of this two-phase design compatibility program was to gssess

the influence of airplene design factors or configurations in General

Aviation Accidents wherein the pilot was determingd e be a causal element.

After learning of the PAA intsrest and intent to develop such a program,
the Civil Aeroneutics Board offered to conduct this first phase study
bgcause of its role and responsibility for the investigation of alrcraft
agcidents and the promotion of air safety. In additien, this provided
an opporturity ¢ relate the Board's wealth of accident statistics and
related data 10 & dyramic safety function -- the prevention of accidents.

Tke study was subsequently conducted by the Board's Bureau of Safety with

firancial assistance from the FAA. CAB/FAA Inter-Agency Agreement FAGEWAI-108,

dated September 3, 1965, previded for reimbursement to the Bogprd for the
services cf non-Geverrment consultante.

"Pilct Error' manifests itself more clearly in some accident types
than others in terms-of certain discrete, sipgular acts (ar the lack of
them). A pilot error associated with the movement of a handle or switch,
for instance, can be quite specifically recorded in the accident report.
An error associated with a ground-loop accident, on the other hand, and
termed "failed tc maintain directional control” mey be descriptive but is

inadequate in resolving the precise nature of the "error.”

In evaluating
accidents characterized by errors of the former type, therefore, it was
appropriate to place considerable emphasis on the accident reports them-
selves. In evaluating thcse characterized by the latter type errors,

however, it was felt that the accident type discussion was supported more

strongly by results of the Chi-Square statistical tests. It is here

especially that we emphasize the statistical significance of the variations

[

in accideni-type frequencies between the various make and model airplanes.
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Typical "pilot errors" in certain types of accidents appear more
influenced by some airplane designs than others. Some, for example,
do not induce the pilot to err directly, but either make it difficult
for him not to err or preclude an effective response in some pariicular
phase of flight. The aircraft owners manuals, since they are inextricably
associated with the operation of the airplanes, also influence the pilot's
actions and hence his "errors." The discussion of certain accident types,
therefore, includes references to such manuals where pertinent. Pilot
error is more ofteﬁ influenced than induced by design. Therefore, "design-
induced error” may bé interpreted to be the result of any factor which
makes it difficult for the pilot to prevent an accident and not merely
of a factor which causes or induces one directly. 1In summary, we believe that
the total design as it relates to both performance and safety should be
suchh as to permit the pilot to easily prevent an accident, even if it means
correcting his own "mistakes."

All airplanes considered were certificated in accordance with Federal
Alrworthiness Standards, and, while the study as a whole emphasizes certain
characteristics, factors or configurations that appear to influence pilot
error, it is not intended to serve as an evaluation of the overall safety
of the various models or as a criticism of any particular manufacturer.
Compariséns are made only to assist in defining design characteristics that
induce pilot error by identifying differences between airplanes that have

significant variance in the frequency of specific accident types.
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SUMMARY

This report presents an analysis of design-induced pilot error
in general aviation accidents. It is based on a study fleet consisting
of 35 makes and models of aifplanes, The basis for selection of the
study fleet, the make and models involved, and the accident types
analyzed are presented in the Section on Scope and Coverage.

In making this study, the term "Design-Induced Error" was con-
sidered as including all factors that may have influenced the action or
non;action of the pllot, and thus were related to the accident. Under
this interpretation, factors that interfered with astion which might
have prevented the accldent, and lack of data in flight manuals or
published data requiring an unusual level of pilot competence are
included among the factors inducing error.

The study has disclosed many factors that sppear to induce pilot
error within the scope of the above interpretation. These factors vary
widely in nature for the accldent types considered and among the air-
plane makes and models.

Airplane makes and models were grouped by type of utiiization to
provide a common exposure index, and by design parameters related to
specific accident types. Frequency distribution of each ac-ident type
among the airplane types was determined on a basis of statistlcal signi-
ficance, using the Chi-Square Test, for all grouping, as well as on a
fleet-wide basis. Distributions were prepared based on flight hours,

total number of accidents, and number of actlve aircraft.
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It was found that certain types of accldents were related primarily
to detail design. This was partioulsrly true of .accidemnts such as those
involving retractable landing gear and mismanegement of fuel aystems.

Tn these cases improper sensing of controls, inadequate identification
of controls, inadequate indlcation and/or werning to the pilot, and lack
of standardizetion were found to be the major design factors.

In other cases, the factors involved were less clearly identifiable

from the data availsble to the study group. It &ppears, however, that in

many accident types that occur primarily in the take-off and landing
phases, information availsble to the pilot in flight manusels is inadequate
and may encourage practices that, while not necessarily unsafe, provide
little margin for error or sub=-standard perfermance. Included in this
category are lack of dete on critlcal cresswinds .and on the affect of
surfaces other than paved runweys on take-off &rd lending distances;
leck of adequete marging between stalling speed and recommended take-off,
or approach speeds; and performence data based on flight-test demonstra-
tion but requiring a level of pilot skill beyond that of many general
aviation pilots. |

In some of the accident types considered, 1t was found that the
frequency of pilot error as a causal factor wes so low that detailed
analysis was not considered to be warrarted., Gear collapse and power-

j plant fallure or malfunction involving pilot arrors other than mis-

menagement of the fuel system were in thie category. Other accident types

were found not to be e problem with alrplames of certain configurations.
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Examples are nose-over accldents to tricycle gear low-wing airplanes,
and undershoot and overshoot accidents to twin-engine airplanes.

The frequency of stall accidents to single-engine aircraft certi-
ficated under CAR 3 and FAR 23 was found to be significantly lower than
that of aircraft certificated under CAR La. This indicates that the
requirements governing stall characteristics and stall warning in the
later regulations have had an appreciable effect. With airplancs
certificated under CAR 3/FAR 23 it was found that the majority of
accidents of this type cccur during the take-off or go-around phascs
of flight, even though the accident type includes all accidents involving
stalls, spins, spirals, or mushing into the ground. The only exclusion
is accidents in which the aircraft stalls onto the runway. These last
accidents are coded ag hard landings under the definitions used by the
Board.

In hard landings to airplanes with tricycle-type landing gear, it
was found that in most cases they result in failure or collapse of the
ncse gear, but not damage to the main gear. This would indicate nose
wheel first contact, rather than contact at a high rate of sink in a
nose-high attitude. One model airplane alsoc had several gear collapse
accidenﬁs involving failure of the nose-wheel shimmy dampener and fork,
with evidence of prior cracks in the fork. It is, therefore, possible
that the failure of the nose wheel in some accidents to this airplane
that were reported as hard landings were the result of cracked forks,

and dld not actually involve pilot error in landing procedure.
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i An evaluation of ground-loop statistice discloses tricycle-gear
airblands, on {His vhole, to be far less prone to thls aceidenit type than
tailwheel sirplanes. Both types are discusséd, although msny gf-the
latter are no longer in production. Differences in the fYeghenty of

ground loops among individusl tailwhiéel airplshes are attributed largely

to variance in center of gravity position while those among tricycle
gear airplarés sppear more related to specifie design de€talls of the

nose gear.
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ATRCRAFT DESIGN INDUCED PIIOT ERROR PROJECT
ATRCRAFT CODE DESIGNATIONS

ATRCRAFT CODE AIRCRAFT
Cessna 210 Series 057 Cessna 205 Series
Cessna 120 Series 060 Beech D-18/E-18/G-18
Piper PA-22 063 Stinson 108 Series |
Aeronca 11 Series 066 Piper PA-18
Mooney M-20 Series 069 Cessna 170 Series
Cessna 172 Series o7e Beech 95 Series
Beech 35 Series o715 Piper J3/PA-11
Glocbe GC-1 Series 078 Beech 95-55
Piper PA-30 081 Cessna 182 Series
Beech 50 Series 084 Navion Series
Piper PA-12 087 Piper PA-2k
Taylorcraft B Series 090 Beech 35-33 Series
Piper PA-23 093 Cessna 140 Series
Cessna 150 Series 096 Cegsna 310 Series
Cessna 180 Series 099 Luscombe 8 Series
Piper PA-28 102 Forney/U15 Series
Aero Commander 500/600 Series 105 Cessna 175 Series

Aeronca 7 Series

NATIONAL TRANSPORTATION SAFETY BOARD
Department of Transportation
Washington, D. C. 20591

pctober 31, 1967
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GENERAL AVIATION ACCIDENT STATISTICS

INTRODUCTION

The airplane accident statistics and the discussion and/or analysis
of specific accident types in this report are related to smell flxed-
wing General Aviation accidents for the Calendar Year 1964. Particular
emphasis was placed on the retrieval, analysis and presentation of
accident data tailored specifically to assist in identifying areas of
the aircraft design that might induce thepilot to err.

| In 1964, the Civil Aeronautics Board initiated a new aircraft
accident data coding system utilizing electronic data processing equipfw:
ment. Pertinent parameters related to each accident investigated and/
or analyzed by the Board are coded and stored on magnetic tape. These
may number from 50 to 300 depending on the complexity of the accident.
This information serves as the statistical basis for this study.

In order to assess the vast amount of statistical accident data
available to the Board, two EDP programs were required and were imple-
mented by the Board's Bureau of Accounts and Statistics. The first was
an application of the Chi-Square statistical test of significance to
pertinent accident data. The second was utilized to retrieve and print
specifié accident data related to both the pllot and airplane,

The number of actlve aircraft and thelr estimated flight time was
obtained from the Federal Aviation Agency for each make and model within .
the study fleet. The flight time wa; tebulated according to specific

kinds of flying.



SCOPE/COVERAGE

The type and number of airplanes in the study included all small
fixed-wing airplanes except those used exclusively in-serial applica-
tion or those whose total active model fleet numbered less than 500
at the end of the calendar year 1964, Algo, any accident associated
with aerial application was omitted from the study. The smadl fixed-
wing aircraft is defined as one having a meximum certificated groes
take-off weight of 12,500 pounds or less. A total of 35 airplanes
wag included in the study based on thsse cfiteria.

The study fleet accounted for 3,732 accidents, or T of all
General Aviation Accidents in 1964. All the charts and tables pre-
sented in the Appendix depict daeta.based on these:3;T32 accldents.
An exception is Chart #l which presents accident retes for gll
United States General Aviation for a five.year period, 1960-196kL,

A numerical three-digit identifier was asaigned to each of the
35 make and model alrplanes, Thase were numbered in arithmefic
progression from 003 through 105 and are used throughout the report.
Such a coding system expedited the retrieval of pertinent accldent
data and was & convenient designation in the tabulation of resulte

of:the Chl-8quare statistical test.




DESCRIPTION AND DEFINITION OF CODED ACCIDENT DATA

An assessment of the data within this report is enhanced by an

understanding of the definition and nature of specific accident types
~and other related accident data such as phase of flight; kind of flying,

etc. These definitions are presented in the following paragraphs.

The recent conversion of the Board's accident coding system to
electronic data proceséing has greatly expanded its potentisl for use
in acclident prevention. The new system makes possible the storage of
vast amounts of accident data on magnetic tape and provides a capability
to cross-reference and tabulate selected accident parameters. This
capability enhances both the retrieval and the study of accident data.

Type of Accident

R e

The type of accident is a description of the circumstances involved
in the accident. Briefly it describes what happened. If necessary, two
types of accidents may be coded for each occurrence. In this case the

selection of first and second accident types depends on the sequence of

s Sl

occurrence. An example of an occurrrence where twe types of accidents
- are coded might involve a ground loop coded as the first accident type
followed by a nose-over as the second accident type. Infrequently there

mey be more than two accldent types involved in an occurrence. Those

- selected as first and second then best describe the occurrence in terms

of what happened, =and are not solely dependent upon the sequence of

events, -

In cases where one accident type fully describes what hippened,

1 ;& second accident type 1s not coded. Nor is it coded in cases where

”,



the first accident type, involving loss of control, results in an
inevitable collision with the ground.

Although 54 different types of accidents may. be coded, 16 .of them
account for most of the accidents considered in this study. :These 16
types and a brief explanation of each are as follows:

1. Ground-Loop Swerve - loss of directional control or sudden

swerve while taxing, taking off, or landing.

5, Wheels-up landing - landing gear not lowered and locked

prior to contact with the ground.

3. Gear Collagged - collapse of the gear due to.mechanical failure

other than malfunction of retracting mechanism,

L. GCear Retracted - retraction of the gear due to malfunction of

the retraction mechanism or retraction of the gear due. to inadvertent

or premature retraction by the crew.

5., Hard landing - stalling onto or flying into the runway or

other intended landing area.

6. Nose-over/Down - nosing down onto ground, water, or runway, oOr

going completely over on back.

7. Overshoot - landing too fast, or too far down the runway Or
other intended landing area, resulting in (&) running off the end of
the landing area, including collisions which may result; (b) ground~
loopiﬁg, nosing down, or overturning off runway or intended landing
area; (c) landing beyond the intended landing area.

8, TUndershoot - landing or makiﬂé contact with the ground.short

of the runway or other intended landing area. On VFR approaches, any

*

-




contact or landing short of the runway or. intended landing area while
on final will be coded as undershoot. On IFR approaches, an undershoot *

will be coded only after the field or intended landing area is in sight.

9. Collision with ground/weter, controlled - collision with the

ground or water wherein the aircraft is cepable of being controlled

and is under control of the pilot.

10. Collision with ground[water, uncontrolled - collision with

the ground or water wherein the aircraft is capable of being contrelled

but lg not under comtrol of the pilot.

11. Collision with wires/poles - colliding with wires and/or poles

regardless of the phase of flight. In the case of an overshoot or under-
shoot, c¢ollision with wires/poles will be coded as a second accident type.

12. Collision with trees - colliding with trees regardless of the

phase of flight. In the case of overshoot or undershoot, collisions
with trees will be coded as a second accident type.

13. Collision with fence/fence-posts - colliding with fence and/or

fence-posts regardless of the phase of flight. 1In the case of an over-
shoot or undershoot, collision with fence/fence-posts will be coded as
a second accident type.

14, Collision with ditches - colliding with ditches regardless of

the phase of flight. In the case of an overshoot or undershoot, collisicon
with ditches will be coded as a second sccident type.

15. Stall, Spin, Spiral, or Mush - accidents in which the aircraft

stalls, spins, or mushes into the ground or water. Doesn't include

stalls resulting in a hard landing. In those cases, hard landing will

be coded as the accident type. The manner of coding accidents for 1964
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precluded an individusl tabulation of these occurrences. As a result,
all accidents related to these occurrences sre considered collectively
as & single type.

16. Engine Failure or Malfunction - occurrences of engine failure

or malfunction. Includes englne stoppage, power interruption or power
loss regardless of the cause. Engine fallure or maelfunction is used
only in conjunction with anothér accident type unless serious or fatel
injury and/or substantial damage results from flying parts.

Phase of Operation

Ty The phese of operation is a description of the particular segment
of the flight or ground operation during which the sccident occurs,

Briefly, it describes where in the flight the specific accident type

took place. When more then one type of accident is coded for an occur-
rence, each type will have a corresponding phase. In other words, the
first phase of operation will be that phase of flight in which the first
accident type occurred. In the event that the first and second accident
type occurred in one operational phase, the same phase 1s coded twice.

Injury Index

i The injury index refers to the highest degree of injury associated

, with the occurrence. These are "fatal," "serious," "minor," and "none."

¥ind of Flying

Kind of flying describes the purpose for which the aircraft is being
cperated at the time of the accident. For the purpose of thls report,

there are three broad categories: -




1. Instructional Flying

Refers to flying accomplished in supervilsed training under
}e direction of an accredited instructor.

2, Personal Flying

Refers to the use of an aircraft for purposes of pleasure,
prsonal transportation, or in connection with a privete business., It
}cludes the following specific categories:

a. Pleasure

Flying by individuals in their own or rented aircraft
pleasure or personal transportation not in connection with thelr
géupations or businesses.
b. 3Business
The use of aircraft by pilots (not receiving direct salary or
?}uensation for piloting) in connection with their occupation or business.

3. Professicnal Flying

Refers to the use of an aircraft in various kinds of commercial
ba non-commercial flying, and characterized by professional piloting.
} includes the following specific categories:

a. Corporate/Executive Flying

The use of aircraft owned or leased and operated by a cor-
stion or business firm for the transportation of personnel or cargo
ctly associated with the corporation or business firm, and flown by
?;fbssional pilots receiving a direct salary for piloting.

b. Air-Taxi Operations

The use of an aircraft in transporting persons or cargo for



¢. Miscellaneous Professional Flying

Several other specific kinds of professional flying include:
Aerial Mapping, Photography and Advertising, Power and Pipeline Patrol,

and Fish Spotting.

Causes and Rela#ed Factors

In determining the probable cause of an accident, all facts, condi-
fions and circumstances sre considered. These are classified in broad
egories related to the pilot, personnel, power-plant, weather, etc.
MoreNgetailed causes are then se;ecﬁed within the scope of such broad
categorigs. An example under the category "pilot" might be: "Failed
to extend landing gear." More than one cause may be assigned to an
acidont, All causes so assigned are considered equally significant as
reiated to the accident, and are commonly referred to collectively as
the Board's "probable cause."

Related factors are used, in general, to reflect those elements of
an accident which further explain or supplement the probable cause or
causes. The coding of such factors enhances an understanding of the
causal elements since it provides additional facts, conditions, and/or
circumstances related to the accident.

Because more than one cause and/or factor may be assigned to an
accident, the total of such causes and factors in Charts 3 and 4 and
Table 4 of the appendix exceeds the total mumber of accidents.

An example of the application and assigmment of & cause and a
related factor is as follows: The girplane was flown into weather

conditions which resulted in loss of control and an uncontrolled
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wllislon with the ground, The probable cauge in this accident

¥ might te: "pilot - continued VFR flight into adverse weather conditions,"

. and the related factor, "weather-rain; low ceiling.”

Bach cause and Tactor assigned to an accident is related to the
k. gccident type sequence and is coded as being associated with the first

f accident type, the second accident type, or both accident types.




THE CHI-SQUARE STATISTICAL METHOD

Comparison of airplanes with high and low relative frequency of
& specific type of accident provided the basis for identifying the
design factors related to the accident type. For such comparisons
to yield meaningful results, however, it was essentiel that the differenc
in accident frequency be statistically significant and not merely an

apparent difference resulting from pure chance. To assure this, all

frequencies were tested for significance by means of a Chi-Square distri-
bution. The Chi-Square Test was selected because of the nature of the
data and because it permitted both multiple and single degree of freedom
analyses to be performed by a single calculation. This not only deter-
minet? whether a sighificant variance existed in the frequency of a given
accident type within a group of airplaneé, but also identified individual
airplane types which differed significantly from the mean.

For purposes of identifying qualitatively those airplane types that
differed from the meen, significance levels of 5% and 0.1% were chosen
arbitrarily as cut-off points. All airplanes that did@ not differ from
the mean frequency of a given type of accident at the 5% level of signi-
ficance were considered as average; those that differed at a slgnificance ;
level between 5% and 0.1% were classed as "high" or "low" depending on
the sign of the varisnce; and those differing beyond the 0.1% level were
classed as "very high" or "very low."

This classification and the cut-off points selected are based on
the methodology proposed by Acheson J. Dumcan in the paper,; "Report on
the Differential Accident Performance of Single Engine Non-Air Carriers,”

1949-51.
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In many statistical analyses using the Chi-Square method, the 5%
and/or 1% levels of significance are used. While the 5% level has

been used herein for the limits of what is considered average, it was
believed that grester conservatism than normal should be used in classi-
fying an airplane as having a "very high" or "very low" accident fre-
quency. For this reason, the 0,1% level (only 1:1000 probability that
the result is pure chance) was used instead of the more commonly used
value of 1%.

Semple size was also checked for statistical significance, with a
minimum theoretical frequency of 5 being taken as a lower limit. This
value is accepted as a minimum in analysis with two or more degrees
of freedom in Chi-Square analyses for "goodness of fit" to assure that
the "tails" of the distribution are not distorted so as to bias the
distribution. It was, however, believed appliceble to the present study,
as appiied to values showing significant variance (i.e., near the "tails"
of the curve) and values with smaller sample sizes are so indicated on
the tables. Sample eize is not shown on the tables for values not found
to be significant, since these lie near the center of the distribution
curve and would not be affected by a slight biasing of the ends of the
curve.,

Frequency distributions were computed, and charts are presented
for each accident type based on the number of flight hours, the total
number of accidents, and the number of-active alrplanes of each make

and model. The first of these provides a comparison on the basis of

an exposure index, and thus of the actual tendency of the airplane to
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be involved in the particular accident type. This distribution, there-

fore, is most pertinent to the iden-ification of design features that

may be causally related to the accident type. The second, based on total?;

number of accidents, indicates those areas in vhich corrective action
would be most productive in reducing the accldent frequency of a perti-
cular meke and model of sirplane. The third, based on mumber of active

airplanes, is presented for statistical reference only.




ATRCRAFT GROUPINGS

In order to make more meaningful compariscons of accident frequencies
among the various makes and models of sirplanes, it was considered |
necessary 1o express the frequency in terms of an exposure index, and
also to group the airplanes on a basis of type of utilization in order
to eliminate operational variables that could obscure the effect of
design differences. Flying hours appeared to provide the best exposure
index for accldents other than those on take~off or landing, and.
grouping of alrplanes s0 that‘average-flight duration was approximately
the same for all airplanes in each group'would permit use of the same
index for accidents occurring in these phases of operation. It was
decided that type of flying was, within reasonable limits, related to
flight duration. It was further concluded that type of flying and

pilot rating, as an over-all measure of proficiency and experience, were

significant variables in defining accident risk.

A review was made of all data available in the records of the Civil
Aercnautics Board and the Federal Aviation Agency that would provide an
indication of type of utilization meeting the above considerations.

It was goncluded that the rgcords of flying time by type of flying,
tabulated by the FAA from the data reported on their Form 2350 pro-
vided the best basis for grouping the airplanes. These data were
retabulated on the basis of the percentage of the total flight time in

each of the eight categories used by the FAA. It was found, however,

r
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that using this number of categories did not result in clear-cut graupings
and that many of the groups resulting were too small to provide a statisg-
tically valid comperison of the alrplane types in the groups. A study of
the headings used in the FAA tabulation Iindicated that, for the purposes
of this analysis, the types of flying could be combined into three ma jor
categories: personal transportation, Ineluding local and cross-country
pieasure flying and non-commercial business flying by private pilots;
instructional flying; and professional flying, including corporate flying
by professional pilots, air taxi and charter operation, power- and pipe- 1
line patrol), ete, It was also concluded that, because of the differences
in charaseteristics, single-engine and twin-engine airpYands shouid be
treated separately.

On the basis of the foregoing, Groups I and II, based on single zand

twin-engine airplanes, respectively, were established according to type

of flying.

Group III pertains to the study fleet as a whole, and Group IV con-
siste. of categories based onfvarioﬁs-airplaﬂE‘coﬁfiguratiﬂns and/or desigﬂ~§
parameters. Groups I, IT, III, and IV are sumarized: as Tollows:

I. Single-Engine Airplanes

A. Personal Transgortation

Alrplanes in which at least T5% of the total usage was
in. personal transpertation, as defined above, and not
more than 20% in either of the other individual categories.

B. Personal Transportation plﬁs Instruction

Airplanes in which at least T5% of the total Flying time
was In personal transportation and instructional flying
combined, and not less than 20% im instruction. The one
exception in this group is airplane O48, of which only TO%
of the total usage was in these two categories, but since
30% of the ussge was in instructional flying, this was
considered to justify placing the airplane in this group.
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I71.

ITI.

Iv.

C. Personal Transportation plus Professional Flying

Airplanes in which at least 75% of the total usage
was in personal transportation and professional
flying, as defined above, and not less than 25%
of the total was professional flying.

Twin-Engine Airplanes

A. Professicnal Flying

Airplanes in which 75% of the total usage was in
professional flying, and not more than 20% in
elther of the other individual categories.

B. Professional Flying and Personal Transportation

Airplanes in which at least 75% of the total flying
time was in these twc categories and at least 25%
In personal flying.

In case of twin-engine airplanes, it was found that personal
transportation did not represent more than 30% of the total
usage for any airplane model, so that no separate category
for personal transportation appeared justified. Similarly,
the maximum instructional usage for any model airplane was
approximately 5% of the total flying time, so no grouping
involving instructicnal usage was warranted.

The specific utilization group asscciated with each airplane
is shown on thuse appendix tubles that depict results of the
Chi-Square analysis.

Study Fileet Group

This group includes all 35 make and model airplanes and
utilizes all accident statistics associated with them to
determine and ~ompare accident frequencies. It serves
as an overall statistical reference and enhances an
analysis of the results of accident evaluations based on
other groupings.

Parametric Groupings

For some specific accident types, a grouping based on a
design parameter considered to have a relationship to the
accident type has been used. An example of such grouping
is the division of airplanes by nose-wheel or tail-wheel
landing gear, in considering ground-lobp accidents. All
such breskdowns are discussed under the specific accident
types for which they are used.
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ACCIDENTS INVOLVING ENGINE FAILURE OR MALFUNCTION

I. GENERAL

Engine failure or malfunction is not considered to constitute an
accident in and of itself, but isg classified as an accident only when a
subsequent accident of another iype oeccurs, e.g., an accident during an
attempted forced or precautionary landing, or a stall or spin in a twine
engine airplane following failure of one engine. Since engine failure is
tabulated as an accident type only when there is & second accident type
involved, the tabulation ts not an indication of frequency of engine
failure. The tabulstion of engine failure as an accident type also
includes failures from all causes; including mechanical failure of the
engine or of powerplant accessories or systems.

For the purposes of this study it was therefore necessary to cross-
tabulate the accident type by cause in order to isolate those accidents
in which the powerplant fgilure was reportedly induced by pilot error.

A relatively large number of such accidents involved mismenagement of
the fuel system which is di&cusae@ in detail inm the-fallawmﬁs Pages .
Certain other pilot causes related to this accident type are not dis-
cussed since they could not be explicitly related to design (fuel
exhuastions ), or because the. circumstances anﬁ‘effects are so well

known (water in fuel, etc.).

II'. Mismanagement of the Aircraft Fuel System

Mismanagement of the fuel system was identifled as the probable

cause of 98 airplane accidents occurring in 196k 4n the 35 makes and

- 16 -




models of general aviation airplanes selected for evaluation in this
study.

For the purpose of this report, mismanagement of the fuel
system means that engine failure because of fuel starvation occurred
at a time when:

1. There was ample fuel aboard the airplane;

2. All systems related to the distribution of fuel,
or to the determination of the amount of fuel in
each tank were capable of normal operation; and

3. There was no evidence of fuel contamination.

/
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The distrivution of accidents involving mismanagement of the fuel
system among the 35 makes and models of airplanes is shown in Table k4,
and as shown on this Teble, 9 of the 35 airplanes had no accidents from
this cause. Among the other 26 airylanes, the nunber of cases varied
from one each on eight airplanes to a maximum of 19 on one model. USeven
of the makes and models accounted for 51 of the 98 cases, or 62%. The
chart shows only the totel number of ceses, and does mot reflect relatvive

EeXposSure .

Both multiple and single degree of freedom Chi~Sguared analysis based
on flight time were made for each utilization group for all. single~engine
and all twin-engine airplanes, and for the entire study fleet. It was
found that on any of the above bases of analysis, the sample size for 28
of the 35 types was not adequate for a valid comparison of individual meakes
and models by means of the single degree of freedom analyses. No twin-
engine type provided a statistically significant semple, and the overall
frequency of this type of accident for tuin—engine-airplanas-mas'anly
0.04g per th flight hours, or less then one accident per 200,000 hours.

Among the single-engine airplanes, the multiple degree of freedom
analyses showed statistically significant variences, primarily as &
result of airplanes 009 and.08h, which were high, and airplanes 018,
ok2, and 081 which were low at the 5% level of significance or less. The
sample size was adequate for all of these alrplanes.

Because of the smail sample size for -moet eirplane models, and the
specific nature of errors involved in fuel system mismanagement, it was

decided in thig case to review & large sample of accident reports. This
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review was made to determine significant differences in the fuel system
designs in the various airplanes that may have influenced the pilots!
incorrect action or failure to take action.

The sample of accident reports comprised 75 of the 98 cases, and
included accidents to 17 of the 26 airplane types that had aceidents
from this cause. The airplanes considered included types with both
relatively large and small numbers of accidents; however, none of those
not included in the sample was involved in more than twe accidents.

The examination of accident reports disclosed the following circumstances
were present in the cases studied;

1. Auxiliary fuel tanks, or othe: tanks placarded against use

in particular phases of flight, such as takeoff and ¢limb,
were used despite the prohibition.

2. Fuel gquantity gauges were not selected to the tank in use.

3. Fuel was used from one tank until that supply was exhausted.
Engine failure from fuel starvation occurred, but the fuel
selector was not repositioned to a tank containing fuel.

L. Puel was used from one tank until engine failure occurred
from fuel starvation. The fuel selector was then positicned

to a tank with fuel, but power was not recovered in time to

prevent a forced landing.
5. Fuel selector was mispositioned to empty fuel tank, or to the

"off" position, in the process of changing selector from one

tank to another.




by

6. Takeoff was attempted on empty or near empty.tanks..

All circumstances were not involved: in all accidents, nor did they
urour in each make or model of aircraft. Aceordingly, each of the fore-
poing circumstances is discussed.in the order- given and as related. to: the
pzrbicular aireraft involved. Numbers. of accidemis- cited: refer to. the-
number: in: thee sample of: 79, and not the: total number: of cases.

A. Improper Use of Auxiliary. or-other Tanks: (Aircraft 021, 08l
and 099'. -

In each. of these accidents, the aircraft was placarded against
the operation attemphed.. While it mey be srgued:thai any system which.
permits fuel starvation in normel flight operations: can.be. considered
a design deficiency, we do not consider these instences: to. fall.in.the:
desipn-induced. pilot error category. The ressoms for this: bellef are. es:.
follows:

(1} The tank selection errer occurred prior to takeoff in:
allibut one nass.. Or; to stabe: it differemtiy, the-pilot:
fgiled . to selact a proper. tank. et a:peoint: in flight prepas-
ration where time is not a: criticel factor: It acewrred
at g time when normsl procedures, check:lists,. and the:
operator's handbook direct that the appropriate tank for
takeoff be determined and:a.check: of the:fuel selector
position be made.. ’

(2) In none of these accidents wes the tank in use selected.

in the belief that it was some other tank.
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B. Iucl Quantity Cauges (Airplanes Of3 and 08lL). 4

In these airplanes a single fuel quantity gauge is used to !
indicate the amount of fuel in twe or more tanks. Thus, it is possible 2

to have the gauge selected to one tank, but at the same time to be using

fuel from another tank. While this arrangement can lead the pllot to

believe erroneously that he is gauging the tank in use, the number of
incidents was not great enough to conclude that this design, per se,

induces pilots to commit a fuel mismanagement error. This is concluded,

in part, from the fact that other aircraft have similsr gauging systems,
but were not involved in accidents for similar reasons. However, the
two accidents merit discussion since a related problem is apparent in
other accidents. |

In both of these accidents, one tank was used until the fuel
In it was exhausted and engine failure resulted. However, the fuel
selector valve was not repositioned to a tank containing fuel, and the
subsequent forced landing ended in an accident.

The fuel selector was not repositioned following engine failure
because the pilots believed that the fuel selector and gauge were on the
-same tank. In this mistaken bellef, and with fuel showing on the gauge,
the pilot in each instance judged the engine failure to be for other than

fuel starvation reasons.

Four similar instances of mis judgment of the reason for powerplant

failure are discussed in the following paragraph.

C. Pailure to Reposition the Fuel Selector Valve (Airplanes 009,
015, 0=, 027, 039, 048, 072, 0OR/L)

In four of these instances, the pilot did not reposition the
fuel selector because the fuel gauges erroneously still showed fuel in
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the tank in use. As in the two preceding instances, the number of these
accidents in 1964 is too small to conclude that faulty fuel gauges are a
cause for great mlarm. However, these four accidents and the two preceding
do demonstrate that incorrect information obscures the true problem. The
result is the pilot's failure to correctly essess the nature of his diffi-.
culty and fake appropriate action,

The faulty fuel gauge is a random problem for which there is no
resdy solution. The use of a single fuel gauge for multiple tank instal-
latione can be accomplished successfully, however, if the gauge operation
is combined with movement of the fuel selector as is now being done on
some general aviation airplanes. In this circumstance the gauge is
always selected to the tank in use. It is recommended that in multiple
tank installations not having separate gauges, a mandatory requirement
for this arrangement be considered during the nmext Amnnual Alrworthiness
Review. A provision for checking fuel in tanks other than the one in
use without moving the fuel selector should be included.

Airplane 015 was inmvolved in four fuel mismsnagement accidents
that were directly related to the location of the fuel selector valve.

In older models of this airplane, a small pilot, or one with short legs,
cannot see the fuel selector from the normal piloting position, and in
some instances, cannot reach it. This resulted in mispositioning of

the selector in two instances, and a decision on the part of the pilots
in two other instancee not to reposition the selector. We are aware of
these occurrences only because the subsequent forced landing resulted in

an accldent. As with the fuel gauges in the accidents discussed previously
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there may have been other similar incldents vhich did not come to our
sttention because the forced landing was successful.

The problems inherent in the location of the fuel selector
valve in the Ol5 airplane was the subject of a recommendation to the

Administrator on May 25, 1966.

D. Failure of the Engine to Respond when the Selector was
Repositioned to a Tank with Fuel (Airplanes 015, O2L, Ou4L8, 078,
0BL, 087, and 090)

Former Part 3 of the Civil Air Regulations and present Part 23
of the Federal Aviation Regulaticns provide that if the engine of a single-~
engine airplane can be supplied with fuel from more than one tank, it must
be possible, in level flight, to regain full power and fuel pressure in
not more than 10 seconds after switching to any full tank, after engine
malfunction due to fuel depletion becomes apparent, while the engine is
being supplied from any other tank. There is no mention of the use of
boost or auxiliary pumps. On the other hand, there is no impiication
that the engine-driven pump or other normal supply means must alone be
used in meeting the power recovery requirements.

Information furnished to the study group by the various manu-
facturers indicates that the 1O-second requirement is barely met in some
instances with fuel injector engines, even though the boost pump is
used. One manufacturer provided informal test results that demonstrated
& power-recovery time of 30 seconds when fuel boost pumps were not used.
In another test conducted by a fixed base operastor and aircraft distri-
butor, a recovery time of 35 seconds was recorded when the boost pump

was not used.
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Data relating to fuel-injector engines supplied by one airplane manus
fecturer showed that power was recovered on one particular engine in eight.
gseconds with or without the use of fuel-boost pumps.

Power recovery time for airplenes using engines equipped with car-
buretors instead of fuel-injector systems wes genmerally well within the lOQ
second time limit with or without the use of boost pumps.

Only one of the 14 accidents in which the englne falled to recover
power in time to prevent a forced landing {after the fuel selector was
positioned to & full tank) involved a high wing airplane. In this instance
the selector was moved too late, and although power wes regained, it was
not in time to prevent the forced landing.

The other 13 accidents in thies category inmvolved low-wing alrplanes.
In seven of the 13 reports, the use or non-use of the fuel-boost pump is
not discussed. Four of the reports state thet the boost pump was used wh
the fuel selector was repositioned to & tank with fuel, but power was not
recovered. Two of the reports state that the boost pump was not used.
In tests conducted under the supervision of an FAA Inspector following one
of “the accidents, it was dkscovered thet whem the fuel selector wias repost
tioned from an empty suxiifary tank to a full main tank, the engine would
not run properly unless the boost pump was used.

7 It is evident from same of the asccldent reports that when the
engine failed to recover powsr after the fuel gelector wes repositioned,
the pilote then. tried ancther tank, and in & few instances turned the fuel
selector back to the tank it had been on at time of power loss. The resul
of these repositionings of the fuel selector w;s to extend the power |

recovery time to & point where the forced landing wes inevitable. As
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stated previocusly, there may have been similar situations that never came
to attention because the forced landing was executed satisfactorily. |

The Federal Aviation Regulations do not contain any prohibition,
nor are there any warnings in owner's handbooks or manuals, against the
practice of using fuel from one tank until engine failure from fuel
starvation occurs. To the contrary, the practice of running one tank
dry is recommended in the owner's handbook for airplane 009, which reads
ag follows:

"To use the reserve fuel supply, first use the right

tank until it is at least half empty, preferabl
completely empty." (Underlining supplied)

The owner's manual for Airplane 015 states under Fuel Manage- l
!
ment: "Use all the fuel in the second tank,"

The owner's manual for one model of Airplane 021 states:

"If desired, fuel can be drawn from either cell :
until engine operation indicates that the cell
is empty.” (Underlining supplied.) 4
The manual continues: "(1) Retard the throttle to

prevent overspeed condition. (2) Switeh to other i
cell, visually checking the fuel selector valve. :
(3) Turn on the auxiliary fuel pump MOMENTARTLY ||

until power is regained. (4) Advance throttle to ' 1

the desired position.” “

This is one of the few manuals that dlscuss the use of the boost
pump under fuel management. The majority refer only to the use of the
auxiliary pump under the emergency, or inflight engine failure section.
However, it is also noted that the reason for capitalizing "MOMENTARILY"

is not discussed, and the pilot is left in the dark as to what may happen

if the pump is turned on and left on. The study group was informed that




the result may be a too rich supply of fuel and consequent engine mal-
function. There is also the possibllity that the emphesis on "MOMENTARILY"
may ceuse the pilot to turn of f the boost pump before power 1s fully l
recovered.

The handbook for aircraft 048 contains what may be considered
an invitation to exhuast the fuel in one tank in view of the lack of
precision in fuel gauges. This handbook advises, "In order to keep the
airplene in best lateral trim during cruising flight, the fuel should
be used alternately from each main tank, and when they are exhausted,
from each tip tank."

From the foregoing, it is evident that the pilots are being
invited to run & tank dry as a matter of practice. However, they are
given little or no jnformetion on the probable results, the length of
time it may take to recover power, or the probability of not recovering
it at all.

The accident records seem to indicate that the practice is
common enough, either by deslgn, inattention to the fuel supply, or
inaccurate fuel gauges, to constitute a serious problem.

Notwithstanding the material in the owner's handbook or manuel,
or the‘lack of any prohibition in the Federal Aviation Regulations,
there are many pilots who from experlence pelieve that serious problems
exist with respect to recovering the power on fuel injector engines 1f
the engine is allowed to lose power hecguse of fuel depletion. One
ma jor general aviation pilot's association considered the practice to

be potentially so dangerous that the organization recommended against
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it to all its members. It should be noted, however, that not all
failures to recover power were in fuel-injector type engines. What is
epparent from the accident records is that while the power recovery

time specified in the regulations is being met during type certificaticn
and production testing, actual in-service experience for various reasons
is somewhat different.

Part of the reason for the difference between test and in-service
experience may be from changes due to wear in the pump capacity to purge
alr from the fuel system as efficiertly as it did under test conditions.
Part of 1t may be in the length of time between power loss from fuel
starvation and the repositioning of the fuel selector to a tank with
fuel. Under test conditions, the pilot knows that power loss is going
to occur, when 1t will probably happen, and the reason for it. Accordingly,
there is no delay in repositioning the fuel selector. On the other hand,
the general aviation pilot usually is taken unprepared by the power loss,
and consequently, delay in selection of another fuel scurce can be
expected.

There are no data aveilaeble that detall the effect on power
recovery of varying amounts of air injected into the fuel distribution
system when repositioning of the selector valve is delayed. In the
absence‘of such informetion, the pllot 1s without means to make an
adeqﬁate assessment of the problem, and in some instances has concluded
thﬁt power loss was for other than fuei starvation reascns. This
situation is considered to be within the framework of design-induced

pllot error. In this context, 1t is noted thdt high-wing airplanes
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‘recovery times are in excess of those ;specified 'in F4R Part. 23, we recam-

wmend that, at minimum, appropriate information be provided to pilots by

to achieve maximum range, bt at The same  time the pilot-would have
-ample warning of impending pewer ioss. In the event he was involved

with ATC communications, locking at a navigation chart, or ovgerving

account for approximately (7% of the active .general aviation aircraft
tn 1964. Except for the one instance previously mentioned, there were
no sccidents resulting from failure of the -engine to regaln power -when
the selector was positicned to a tank containing fuel.

“Sinee the problem appears to be confined to low-wing alrplenes,
where o "head" of fuel pressure does not.exist and purging of the fuel
distribution system is-depenaent upon pump capacity, it is -recommended
'that an evalustion of power Trecovery times .without the use of auwxiliary

or boost pumps be made. IL tnis evaluation demonstrates that these power

means of an Advisory Circular, the aircraft owner's handbocks, and the
airplane approved fiight manuals.

An-alternative to running the engine on one tank until power
interruption. informs the pilot that all the fuel in that tank had been
used -would be the imstaliatior of .a fuel low-level warning light. -With

this deviee, the pilot could use all availablie fuel in any bank in order

other traffic, the light would Tocus his attention on the fuel supply,
and tend to prevent pewer loss from fuel starvation. It is recommended
that the-subject of fuel low-level warning lights be included in the

agends for discussion et the next Annual Aivworthiness Review.




E. Fuel Selector Valve Mispositioned in Aircraft 009, 015, 018,
021, OB, 0bb, OBk, 087, 093-

There were 15 such instances in the nine airplanes involved.
'Statements submitted by pilots committing thle error included comments
" that they were used to other airplanes, or different model airplanes,
in which the fuel seiector pogition for right or left tanks was different.
A typical example ls found in the fuel selectors for aircraft 009 and 048,
In airplanes 009 and OL8, =he fuel selector locetion and operations are
nearly identical. However, in Alrcraft 009 the selector positicn
deviates from what might be considered as a standard direction orientae
tion with respect to the right and left tank locations. When viewed
through the cabin doorway, or from a point opposite the selector, the

appearance is as shown below:

In the course of this study, a similar drawing was shown
to 30 pilots and 11 nonpilet individuamls. They were advised only that
the two otherwise unldentifled radial marks on the clrcle were the two
 main tank positicns, but were not labeled. The participants were then
agked to position the selector to the left tank position. Without

exception, the selector handle was positioned as gshown on the following

51 page.
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Thig. error is. not unique to. the: participants. in: this: smed.l

experiment, or-tu some of the- p:i:lots-.a.:-inv-olvedz in: the: accidents. An articles|

| in the: September 1965 issue: of the Australian: Dépertment: of Civil Aviationy
Safety Digest, discussing: the. confusion resulting: from similar appearing,
bixt. different;, functioning fuel selectors; desaribes two forced. landings:

‘ (wiich: did not: result in sccidents). With respect: to the:selector: (showm:

; on:the-drawings) for aircraft 009; the article states, "The pilot said:

afterwerd. thet: in. turning. on the fuel. before- starting he: had. moved. the:

| selector to the: Vertical Position. (actuslly the: sterbosrd: tank), thinking:
\ it was the port tank." He went on 10 explain. that the word TRight!" in

the-placard werning didn‘t register as:being. the starboard. tank.

Tn airplane 048, the tank positions on' the fuel selector have-
been. changed te an. orientation. more stendard for most pemsOmE. This; in
turn, is confising to the pilot whose medn experience is: in the 009 air--
plane, and subsequently operates anocther such. as the O48.

Ii_: is believed that any system which: operstes contrary to normsl.
expertence vith similar devices: in the course. of deily 1ife: msy be:classl~
fisd as a design which influences error. The flel selectors in. atrpiene: 0

are in this category. -
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The 1964 reports in this classification disclosed that two
sccldents resulted from the pllots' belief that the fuel-selector valve
had been repositioned to & tank with ample fuel when, in fact, it had
not been moved. This occurred in both instances in airplane 021.

Early models of this airplane have a combined auxiliary hand pump/ fuel
selector unit,

Changes in tank selection must be accomplished by depressing
the auxiliary pump handle, which serves as a connecting shaft to the fuel
selector valve. If the handle is not depressed properly, the fuel
selector valve is not repositioned, although the top of the handle, which
serves to identify the tank selection, will indicate that the valve was
repositioned. When this error is made in the course of routine fuel
management, and while some fuel still remains in the tank in use, the
subsequent engine failure is unexpected. The cause is completely masked,
since the selector points to a tank with fuel and corresponds to a position
where the fuel quantity gauge indicates an ample fuel supply. This is
considered to be a design which induces pilot error. In the two accidents
discussed, the pllots believed the fuel selector had been repositioned to
a tank containing ample fuel.

Aircraft O45 and 105 were not involved in any fuel mismeanagement
accidents. Aircraft 069, 081 and O18 have essentially the same fuel
selector system, and were involved in only six fuel mismanagement aceci-
dénts. In only one of these accidents was the fuel selector mispositioned
to "OFF", to an intermediate position between "OFF" and the desired tank,
or to a tank other than the one intended. The basic difference between
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the fuel system in these airplanes and the me jority of the others in

the general aviation airplane fleet is that the fuel selector has a
both-tenks-on position, and the airplane is normally operated with the
gelector set to the "BOTH' position. It is significant that airplenes
018, ok5, 069, 081, end 105 account for 24.4% of the active general
aviation airplanes in 1964, but were involved in only one-half of one
percent (0.5%) of the fuel nismanagement sccidents. In comtrast, alr-
planes 009, 021, and 090 represented 16.9% of the actlve general aviation
airplanes in 1964, and although they flew 25% less hours than the pre-
viously mentioned airplanes, they were involved in 33% of all the fuel
mismanagement a.ccidentso 1t is apparent, therefore, that the design
of the fuel supply system in these airplanes offers the pilots con-
siderably more opportunity to err than does a system thet permits
fuel to be drswn from both main tanks simultaneously.

While this arrangement may be impractical in some instances"
because of other airplane design features, this system could have been
used on st least two other airplanes.

A review of the Phatographs on Page 34 will demonstrate that
there is virtually no uniformity in general aviation airplanes in the
manner in which the fuel selector portrays the tank in-use. As geen
in the‘photograph55 the long handle of the actusting lever is pointed
1¢ the tank 1n use in some instances, where in other airplanes using.a -

eimilar selector, there is a small pointer” opposite the long.handle to

indicate the tenk selected. TIn still others, a double pointer is used

to indicate the direction of fuel flow (e.g., airplane 087). And, as
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previously mentioned, airplane 009 used a simlilar selector, but the tank

i locations differed from installations in other airplanes.

These variations in design contribute to confusion and possible error
when a pilot flles one make or model airplane, and then switches to another.
The magazine article previously mentioned discusses the subject, and the
1964 accident records confirm that accidents occur for this reason.
;”IAccordingly, we recommend that consideration be given to standardizaition
of the manner in which tank selection is identified. It is recommended

B that this subject be discussed during the next Annual Airworthiness Review
with a view to amending FAR Part 23 to require standardized presentations,
:?:in.the some manner as has been accomplished with landing gear and flap

actuator controls.
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The Selector in photo number 1 uses a tapered handle which is positioned
to the fuel tank intended for use. In this respect it is identical in operation to
selectors depicted in 2, 3, and 4, However, identical positions do not selecti
identical tanks, i.e,, the left and right tank locations on the selector face are
not consistent. On Selectors 1, 2, 4, 5, and 6 there are two "off'" positions.

On Selector 3 there is one "off' and one 'both" pesition.

Fuel Selectors in photos 5 and 6 do not use the handle to select the tank
to be used. Rather, a pointer opposite to the selector handle designates the
tank in use. If the selector handle is inadvertently used to determine the _tank'

gelected, the fuel valve will be in the off position.

Selectors 1, 4, and 6 have similar face plates. However, the location
of the left and right tanks on Selector 6 are reversed from those on Selectors 1
and 4, ' .

34
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F. Tekeoff Attempted on Empty or Near Empty Tanks (Airplanes 003,
009, 030, 060, 069, 093, and O

These accldents are not considered in the design induced error
category since the pilot had more than reasoneble opportunity to ascer-

tain the tank in use and the fuel quantity in the tanks.
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ACCIDENTS INVOLVING STALL, SPIN, SPIRAL, MUSH

A11 secidents involving stalls, spins, spirals, and. mush are included
in this category, regardless of whether this type of accident occurred
alone or in conjunction with some other accident type as either the first
or second type. In many cases, especially with twin~engine airplanes,
stalls were associated with engine failure. or malfunction.

Tt is recognized that there may have been cases in which this acci-
dent type was involved which were not so coded and, therefore, are not
chsidered herein. Typical of such accidents would be those in which an
'in-flight structural failure was preceded by a high speed spirel, but in
which there was: no evidence of such a spiral, or such evidence was not
contained in the accident report.

In the following discussion for simplielty of wording, the:ferm-
"stall accidents" is used to refer to all accidents of the type, whether
or not an actual aerodynamic stall was involved or a -spin developed. .

A. Effect of Certification Basis on Stall Accidents

Both Group 1A and Group 1B included airplénes,that were certi--
ficated under CAR lta, ss well as airplanes certificated under CAR 3 and
FAR 23; there were no alrplanes certificated under CAR ba in Group 1C or
either twin-engine group. In both groups that included CAR ba airplanes,
the Chi-Square distribution showed that the stall accident frequency for
those éirplanes was higher than that for CAR 3/FAR 23 airplanes:at a
level of significance of less than 0.05%, when analyzed on a basis of
either flying hours or total numbers of accidents.. It therefore appears

that the sdoption of requirements governing gtall characteristics
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in the original version of CAR 3, and the subsequent addition of require-
ments for stall warning, have had a significant influence in reducing the
frequency of accidents releted to the stall.

In view of the fact that the airplanes certificated under Part bLa
are obsolecent, no detalled analysis of characteristics of individual
models as related to stall accidents was made for these airplanes. It is
realized that changes in the stall characteristices of these airplanes
would not be feasible. It is, however, recommendad that consideration
be given to a reguirement for the installation of a stall-warning system
on existing airplanes that were certificated under CAR La.

The difference in the frequency of this type of accident on these
airplanes and those conformihg to the later requirements, including ade-
quate stall warning, would indicate that such a step might be an effective
means of reducing stall accident frequency on the older airplanes.

B. Analysis of FAR 23 Airplanes

The following analysis is limited to airplanes certificated under
CAR 3/EAR 23, with airplanes considered by usage groups. In Groups 1A and
1B, the multiple degree of freedom analysis showed no highly significant
difference for either group. Differences in Group 1A were significant at
the 1% level, primarily because of the influence of airplane 105, which
had a stall accident freguency appreciably below the mean for the group,
although a single degree of freedom analysis showed this difference to be
significant only at the 2.5% level. )

In Group 1C, airplane 066 had a stall accident frequency far

above that of any other airplane in the group, and this difference was
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sufficient to cause a highly significant difference within the. group.

A review of the accident reports for this airplane, hovwever, showed that
many of the stall accldents in which it was involved occurred during
abnormel or hezardous operation, including banner towing, hunting, search,
and rescue, as well as acrobatics. Since such operations are not pertinent
‘40 the purposes of this study, this. airplane was. omitted from the-analysis
of stall sccidents. Even with airplane 066 deleted, the multiple degree
of freedom snalysis showed s significant variation among airplanes in

this group, primerily the result of high stall accldent fregquency on
Airplane 033 and Airplanes 021 and 090 combined. It should be considered,
however, that the flying time on Airplane 033 was inadequate to meet the
test of semple size for valid statisticai conclusions based on-single

degree of freedom analysis for thig airplane.

C. Phase of Flight Relationship

In all three single-engine sirplane groups, it was found that
the majority of all.stalliaccidenfs oceurred on initial climb on' take-
off or go-around. These two phases of flight combined accounted for 6&%
of all stall sccidents, being Tl of the total for Group 1A, 5h% for
Group-lB, and T4% for Group 1C. When stalls occurring during low pssses
gnd acrobatics were deleted. from the total, the percentage of stall
asccidents occurring on take-off and go-around wes 69% for the entire
fieet, T3% for Group 1A, 61% for Group 1B, and 80% for Group 1C. The
number of stall accidents occurring in these two phases of flight was
greater than the number in any other phase for every airplane model in all

three groups, with the single exception of Airplane 033 in Group 1{, for
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vhich two stall accidents occurred on take-off', four on landing, and one
in flight. Accidents in the take-off phase alone accounted for 52% of
the total for the entire fleet, 61% for Group 1A, 40% for Group 1B, and
65% for Group 1C. Neglecting sccidents cccurring during acrobatics and
lov passes, the values are 57%, 63%, 45%, and TO%, respectively.

Stall accidents during the landing phase, other than immediate
forced lanmdings, were between 10% and 13% of the total number in all three
groups. Stalle during forced landings were a negligible percentage of
the total except in Group 1B, which included an appreciable amount of
instructional flying. In this group they accounted for approximately 9%
of the stall accidents.

Stall accldents during the in-flight phase accounted for only
approximately 14% of the total in Group 1A and Group 1C, and only 10%
and 7% respectively, when stalls during low passes and acrobatics are
deleted. 1In Group 1B, stall asccidents during the in.flight phase
sccounted for 28% of the total, with approximately one-third of them during
scrobatics and low passes. In general, the larger number of in-flight
etalls in this group appears to be related to the lack of pilot pro-
ficiency and judgment, rather than airplane design. This may refiect
the use of the airplanes for.instruction and, subsequently, by pilots
of low experience levels.

It thus appeare that the commonly held opinion that accidents
of the type being considered are primarlly related to poor aerodynamic
stall characteristics, spiral instebility, and/or inattention to air-
speed during landing or in-flight maneuvers, i1e not valid as applied to

elrplanes certificated under the present Federal Air Regulations, and
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that the major problem in stalls in related to initial climb.on take-
. off or go-around. Therefore, if aerodynemic characteristics are a major
fac£or,.the“pr0blem is related to the stall at full power.
The sbove conclusion is related solely to accident frequency
and not to severity. It may well be that accidents in the in-flight
-mhage from-cavses such as spiral instability are, as a rule, more severe
~pan stalls on tske-off and result in more fatallities. This.-would not
nave been disclosed by the type of analysis performed in this study; an
analysis using a weighted scale based on both accident frequency and
severity would be reguired. .Such an. analysis wes not considered to fall
within the scope of this study.
The mccident dsta are not adequate to explain the fact that
Airplane 033 does not follow the general trend, The actusl number of
stall accidents for this type of airplane was small, and.all were undey: -
widely different circumstances. Sufficient date were not available to the
Board on the stall cherscteristics of this sirplane sas compared to other
airplanes. in the group to permit en analysis of possible aerodynsmic
Tactors involved.

D. Comparison of Airplanes 069 and 105

_Among the airplanes in Group 1A, Airplane 069 had the highest
“requency of stall accidents, while airplane 105 had by far the lowest.
Th¢ ratio-of stall accident rate per 10,000 flying hours for these two
uiiplane:moﬁelstwas-greater-than 10 to 1, and %he difference bpetween
<he two models was significant at 0.5%. Because of this and the general
siﬁil&rity between the two airplanes, & detailed analysis:was made of the

. semplete accident files. of each of the 16 stall accidents to airplane 069,
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even though the rate for this airplane was not higher than the mean for
the group at a significant level. Nine of the 16 accidents occurred
during initial climb on take-off, and three more during initial climb on
go-around. Only two stall accidents occurred during the landing phase,
one of them involving an engine cowl that had come open after take-off
and was fluttering in flight. The remaining two accidents occurred in
flight, one of them during climb to cruise altitucde with heavy frost on
the airplane, and the other during a low pass by & pilot under the
influence of alcohol. Thus it is seen that 75% of the stall accidents
to this model airplane occurred either on take-off or go-around, and that
at least three of the remaining four accidents did not involve any air-
plane characteristics pertinent to this study.

Analysis of the take-off and go-around accidents showed that all
three of the stalls on go-around occurred with a strong, gusty cross-wind,
and the same factor was involved in at least four of the nine take-off
accidents. In addition to this, at least three of the take-off accidents
occurred on grass fields. This may also have been the case in other
accidents, but the field reports submitted by the investigator in many
instances did not contain the pertinent information. It was also impossgible
to determine the influence of flap deflection on stalls during take-off,
as the maiority of the accident reports do not give the flap setting.

In ﬁontrast to this, there was only one stall accident to

airplane 105, and this occurred on take-off. Comparison of available

" 'data on the two models did not disclose any differences that would account

for the extreme varistion in stall accident rates.
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One major difference between the two airplanes 1s that eirplane
069_has a tail wheel, while airplane 105 has a nose wheel. Because of
the apparent effect of cross-winds‘on the accidents to airplane 069, it
was considered possible that this difference w&e & factor in the varia-
tion in accident frequency for the two models. The review of the reports
of the accidents to airplane 069, however, showed only ome case involving
premature 31 ft-of £ beceuse of control problems during the ground rokl.
This occurred during & take-off from an icy runway. A review was also
made of stall accident frequency for all airplanes in terms of the landing
gear configuration. WNo correlation was found. Alrplane 069, as stated
above, had the highest frequency in Group 1lA; Airplane 093, also with &
tail wheel, had the highest frequency in Group 1B, but not significantlky
sbove that of airplane 009 with a nose-wheel; and sirplane OS5, with a
tail wheel, had the lowést take-off stall accident rate of any airplane .
. in Group 1C. It is, therefore, concluded that the difference Inm grovnd-
handling characteristics of airplanes having nose wheels end those with
tail wheels is not a significant factor in teke-off stall accldents.

‘Pake-off instructions and data in the owners menuals were gimilar
for airplanes 069 and 105. 1t was observed that there were no instructions
Por cross-wind take-off, or any date on critical cross-wind component .
Furthermore, the tebulated dsta lists girspeed at 50-foot altitude, but
no fake—off speed, and gives distances to clesr & 50-foot cbstacle for
take-off from a hard-surface runway with fl&p; deflected, although the
instructions say that a normal take-off should be made with flaps up,

snd the flaps should be used only for a short-field take-off or take-off
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from grass. No data are included for the effect of a grass field on take-

off distance. Data on the effect of altitude and temperature on take-off

f
't distance were also inadequate, being limited to tabulated data for a few
- specific altitudes and temperatures.
s The only significant difference between the masnuals for the two
ring models lies in the fact that the manual for airplane 105 contains a table
giving airspeed corrections at speeds near the stall, both for flaps up
) and flaps down. It was noted that for this airplane the airspeed indicator
ding reads low by 7-10 miles per hour in the take-off range, It is therefore
a4 possible that the large difference in frequency of stalls following take-
o off between airplane 069 and airplane 105 stems from the fact that pilots
1y are unknowingly taking off at higher speeds relative to the stall in
t airplane 105, because they do not realize that the speeds given in the
. take-off data are calibrated rather than indicated airspeeds. .
an E. Accidents Involving Airplanesg 021 and 090
" Alrplanes 021 and 090 had a stall accident rate appreciably
higher than the mean of Group 1C. The accident reports for these models
were analyzed in detail, in the same manner as those for airplane 069,
tions Out of a total of 27 stall accidents, 19 occurred on take-coff and two on
go-around, 50 that these two phases of flight accounted for 78% of the
+ total. In this case, it was found that cross-winds were not a factor
in any of the accidents, and it was noted that the owner's manusl for
the 1956 model of aircraft 021 and all-subsequent modesl contained a
‘eritical cross-wind chart.
e One of the take-off accidents can be deleted from consideration

s

insofar as flying characteriatics are concerned, as it occurred on a
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ferry f£light following extensive maintensnce work, during which the
cables to the left asileron had been reversed, so thet spplicetion of
right aileron moved both ailerons up: Of the others, three involved
gttempted teke-off with ice on the wings. Five of the remsining 15
occurred on take-off from grass or dirt fields or strips.

In: at lesst one go~around accident and one take-off eccident,.
the: descriptiion of the sirpleme motlon sppears to. relete: the stell to
the. severe rolling tendency with flaps down and power on reported by
RASK in thelr evaluation of the handling characteristics: of &ix General
Avistion atrplanes. In several other teke-off accldents: in: whtch: the
afrplane rolled to the left, it appeers thet. this. same type of motlon:
wag involved. The accident reports in meny cases. do not conteln: date
ofr Plap- position, so no definite conclusion can Pe reached in this regexrd.
Tt is poseible thet the rolling tendemcy of this alrplame 1 & POWErOR:
stall may be & significent factor in its stall accldent. Lilstory.

Anotier factor that may be involved in the stall sccidente on
take-off o these model elrplanss is premature gear retractiom. The:
owner's manuel for sirplame OZL up to end including the: 1958°model,
recommended gear retraction "as soon s you hmve: esteblished’ a
stabllized climb st 75 to 80 msp.h." In the Menuel for the: 1960 moded,
the airspeeds wewe: deleted from the statement. Nome of  the: menuals. for
atrplane 090 give:a gear retrsction speed. In ame gccident report
tnvolving & 1960 model, the pilot stated that he made 1t & practice
not . to retrect the landing gesr below 100 m.p.h. veceuse of lose of"

"J1Tt when the gesr doors’ opewed. C




The information in the owner's manual varies greatly for various

models of the airplane. In the manuals for models of airplane 021 up to
1960, the instructions are to apply back pressure on the stick at 60

m,p.h., "to bring the wings to a slightly positive angle of attack"

and "the airplane should fly off at approximetely 65 m.p.h.” These same
statements are made for both normsl and short-field take-offs, although
the instructions are to have wing flaps up for a normal take-off, and
flaps down 20° for a short-field take-off. The distance given to clear
50 feet is shown as approximately 1,350 feet for a normal take-off at
sea level at standard temperature with zeroc wind, and approximately 950
feet for a short field take-off under the same conditions. The 1960
manuel lists 65 m.p.h. as normal take-off speed, and for the short-field
case states "assume a nose-high attitude so that you break ground as
soon as minimum flying airspeed is reached.”

The 1961 and 1962 menuals for airplane 021 specify 65 m.p.h.
take-off speed both for normal take-off with flaps up &nd for short field
take-off with 20° flaps, yet the data on the charts for a sea level
standard day with zero wind shows a distance over 50 feet of approxi-
mately 1,700 feet and a ground roll of approximately 1,326 feet with
flaps up, as compared to 1,300 feet and 925 feet, respectively, for the
case with 20° flap deflection. Thus, according to the charts, the air-
borne distance to climb to 50 feet is approximately the same for the two
cases, but the 20° flap deflection reduces the ground roll to accelerate

to 65 m.p.h. by approximately 400 feet or approximately 30%. It must be
concluded that the distance given on the charts is incorrecf for at least

s

one of the two cases.

- L5 <




The manusl for the 1964 model of airplane 021 gives & normal take-
off speed of 81 m.p.h. with flaps up although the gross weight has only
increased from 3,125 lbs. for the 1962 model to 3,300 lbs. for the 1964
model, or approximately 5%. The recommended short field take-off speed,
with 20° flap for the 1964 model is 65 m.p.h., or the same as for the 1962
model.

The menual for sirplene 090 up to and including the 1962 model
lists a recommended normal take-off speed, flaps up, of 65 m.p.h., although
the power-on stall speed with flaps and gear up 1s listed at 63 m.p.h. The
.charts of take-off distance in the same manuals list the take-off speed
as 80 m.p.h. |

Tt was found that the manuals for the 1966 model of airplane 021
and the 1965 model of airplane 090 had been revised to include curves of
take-off speed and speed at 50 feet vs. weigﬁt, and complete chafts of
take-off distance in terms of weight, temperature, altituﬁe and.wind. " These
models, however, were not in service in 196k.

None of the manuals contain any data on take-off distance from
¢other than haid surface runweys. As previously stated the manusls do
contaiﬁ a chart of maximum safe cross-wind. The fact that there were no
stall sccidents under cross-wind conditions, despite the problem of
control Sn airplane 021 reported by NASA, would indicate that the inclu-
sion of this chart mey be of real value to pilots.

F. Review of Owners Manuals -

In view of the findings relative to the manuals for airplanes

021, 069, and 090, e review was made of the take-off data in the manuals
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on other makes and models of airplenes. Data on altitude and temperature

effects were minimel in many ceses, although complete charts were provided
in a few cases; take-off speed was often not clearly specified, and in
6ther cases the speed given provided no margin from stelling speed,
apparently depending on ground effect, airplene acceleration, and the
effect of power to provide a safety margin. No data on take-off from other
than hard-surface runways was included in any manuals, and a few considered
cross-wind or gave maximum sefe values. It is therefore recommended that
the various manufecturers critically review the adequacy of such data as

is now presented in owners' manuals.

G. Twin-Engine Airplanes

The number of stall accidents to twin engine airplanes is so
small that a statistical distribution is of gquestionable value in comparing
individual models., There were only seven accidents to the three airplanes
in Group IIA; three to airplane 051, three to airplane 060, and one to
airplane 030. The highest rate was of the order of 0.1 per 10,000 flying
hours. With this small sample size, no valid conclusions can be drawn
from a statistical analysis. Of the seven accidents, four occurred on
take-off and two on initial climb for a go-around, Failure of one engine
was involved in three of these accidents. The only other accident occurred
in flight during single-engine practice on & dual instruction flight.

For the airplanes in Group IIB there was a total of 21 accidents
to the five models and the maximum numbe} to any one model ‘was five, so

that here again, the sample size is too small for a Chi-Square analysis

to be meaningful. Exemination of accident rates, however, indicates a
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problem with airplane 027, which had a stall eccident rate of 0,52

per 10,000 hours, 86 conpared to 0.17 fqr the entire group. Of the
five stall aeceidents to this model, three occurred during gingle-engine
operation on instructional flights, two of which were seole and one 8
dual check for a multi-engine rating. In all three cases; the airplane
entered a spin from which recovery was net affected. These accidents
congtituted 60% of the stall agcidents, and 12% of all aceidents to

the model, yet instructional flying accounted for only 0.5% of the
total usage.

A review of 1965 and 1966 accident reports relating to this

ajrplane discloses that the ocourrence of stalls followed by a spin with

this medel during single-engine operation hﬁs continued, In many Ccases.:
it hes been found that the airplane crashed in a relatively flat epln..
The problem of stalls and sping on airplene 027 with one englpe inopera=
tive was the subjeet of considerable analysis and flight testing in-
106k, and it was coneluded that the airplane met the requirements of
FAR 23. Neverthelesa, on a bagls of the findings of this study and.

the continued oocurryence of sueh accidents, it is recommended that the
problem be restudied to determine the specific characteristics of
airplane . 02T which are respongible for its relatively high stall
aceident frequency, and thet the adequacy of the certification requires.
ments in FAR 23 be critically revieved, The stall-aceident rate of
airplane 027, in comparison te that of other airplanes in the same
usage group, as discussed below, indicates that this alrplane, and
hence the reguirements, are not representative of éherpreaant state-

of the art,
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The unpublished comments of a certain group of pilots indicate that

airplane 027, with both engines operating, has a strong rolling tendency

‘in stalls at high power. Considering the situation with one engine

1noperatiVe, it is possible that the yawing moment due to asymmetric

~power at stalling speeds, combined with this rolling tendency flattens

the spin. This could account for the fact that evidence in accidents
indicates that the airplane crashed in a considerable flatter spin than
had been experienced in flight tests on the two engines. With full power
on one engine, most, if not all, of the rudder power would be used in
overcoming the yawing moment from asymmetric thrust, so none would be

available to oppose the spin until power was cut on the live engine.

If this is not done promptly, it is possible that a flat spin results

from which recovery is impossible. It is therefore recommended that
the effect of single engine operation be included in the review.

The record of airplane 039 is in marked contrast to that of air-
plane 027. The two models had the same total number of stall accidents,
bﬁt the flying time on airplane 039 was over five times as much as that
on airplane 027, giving a stall accident rate of 0.095 per 10,000 hours
as compared to 0.52. Three of the five accidents to airplane 039 followed
an actual engine failure on takeoff; none occurred during instruction
although the instructional flying on this model was close to 5% of its
total utilization.

Considering the group as a whole, it is found that single-engine

flight characteristics are the most important single factor in stall

accidents, 11 out of the total of 21 accidents having occurred during

r
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voneaangine”operation. "Seven of the accidents ococurred in:ithe take~off
;phasemandvtwonon¢3@waround,«w1th.four;of'the*seven;invétvipg'single-
‘engine flight. ~Eleven-were during the in-flight phase, ‘with seven occurring
on one englne. As in the case of single-engine airplanes,-stalis'during
landing approach-were:not-a problem.
“One:stall-actident” to-atrpiane 0ET: involved: loss O both=engines
‘from fuel stervation, when a .pessenger in'the rear-seatzapparently:slosed
thne fuel: shut~off inadvertently. with his*feet. ‘While'thisidsnot:a
.design-induced pilot-error,: it is nevertheless-an-accident.ihducling

“design” feature.
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GROUND-LOOP ACCIDENTS

Accldent Definition and Circumstancas

The ground-loop type accident is defined as one resulting from a
loss of directional control or a sudden swerve while taxiing, taking off,
or landing. Circumstances and/or environmental conditions surrounding
these accidents vary widely, both in description and degree. However,

causative elements attributed to the pilot in command are in a majority

of these cases described as:

(1) Improper operation of brakes and/or flight controls,
or

(2) Improper compensation for wind conditioms.

The ground-loop accident reports were reviewed in an attempt to
determine whether design factors could be explicitly related to the
accident type. It scon became apparent, however, that any such
relationship would best evolve from statistical test results and
deductive reasoning. A consideration of some typical factors, circum-
stances and actlons involved in this accident type is also helpful.
These include the following:

(1) Crosswind gusts pick up the upwind wing and air-
plane veers to one side or the other of the runway

or landing surface.

(2) Airplane nose wheel often collapses after crosswind
gust picks up a wing.

(3) A loss of directional control resulting from "over
control" during take-off or landing.

(4) Failure to use adequate or proper crosswind landing or
take-off techniques with subsequent drifting or veering.

(5) Contacting the runway or landing surface in crabbed
attitude.
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(6) Loss of traction on slippery runvays or landing surfaces.

(7) Failure to initiate a .go-around or sbort the take-off at the
proper time.

(8) Veering or fishtailing on runway on take-off or "long landing."

(9) Misepplication of brakes and/or power.

(10) Wrong type of approach, configurstion, or landing for existing
wind conditions, 1.e., wheel landing vs. full-gtell leanding.

(11) Taxiing or turning too fest for the existing wind conditions.

(12) Colliding with ob jects or cbstructions adjacent to runway,
especially gnowbanks or those in farm fields.

(13) Lending on unimproved areas.

(1k) Bouncing and/or porpolsing with subseguent loss of control.

{15) Inadequate training, skill or experience.

Statistical Significance

An evaluation of first type ground-loop &ccidenté on & study fleet

besis (Group III) discloses that airplenes O54, 093, 069, Ok5, 099, 063,

066, 009, and 48 a1l had a relative frequency of occurrence of ground
loops based on flight time that wes considered to be higher or much
higher then the statistical meen a8 noted on Appendix (11). The same
result also applies to alrplanes 006 and 024; however, the flight time
of both was considered relatively small. All of these airplanes, with
the exception of 009 and Oi8, are tajl-wheel types. The former is &
high-wing nose-gear configuration; the latter a low-wing nose-gear
configuration. ]

A similar evaluation of Group ITI on an accldent basis alsc dis-

closes a relatively high frequency of occurrence for the same airplane,

[
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vith the exception of 066, 054, and O24. 1If, therefore, an sccident should
involve any of the alrplanes mentioned above except these, chances appear
to be better than average that it will be a ground loop.

Similar evaluations of all these aforementioned airplanes on both
an accident and flight-time basis within the scope of the utilization
groups (Groups I and II) disclose much the same result with the exception
of airplanes 006 and 063. It should be noted that while relative accident
frequencies evaluated cn an "accident basis" provide an excellent yardstick
for potential safety and/or design improvement, they do not, unlike "flight
time," measure the relative risk of having e perticular type of accident.
The airplanes with relatively few ground loops on a flight-time basis
(ground-loop frequencies lower than or much-lower than the statistical
meen as noted) include 051, 021, 030, ok2, 018, 015, and 087. The same
applies to airplane 057, but its flight time was also considered to be
relatively small. All of these airplanes are tricycle gear configurations.
It also appears that airplanes 021, 081, 003, 015, 084, and 087 have
better than average ground-locop records on an accldent basis; i.e., 1if
an accident should occur in one of these airplanes, the likelihood of

a ground-loop type should be relatively small.

Determining Pilot Error

Evaluating the exact nature and degree of pilot error in ground-
loop accidents is virtually impossible. His precise actions and/or responses
assoclated with those circumstances descr%bed on pages 51 and 52, for
example, are not necessarily singular end discrete nor do they always

reflect the omission or commission of some related singular action.

s
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Whether or not a.particular pllot<response:.is:completely effective:.in the:

prevention of a ground-loop accident mey depend upon the airpiane; Hencey .
a.more positive viewpoint is based on an awareness that all airplanes are

someWhat-unique\and'require-a:certain degree. of familisrization with their
particular charscteristics under varying.cirvcumstances: As.a:matter-of

record; however; there are -airplsnes, as noted. above; that: appear:to-be:

somewhal prone to the ground-loop accident type. It is:-our:beilef; thereforeslf

that while certain configurations mey.not induce-the pilot:to ery . direetly-
and thus-cause the ground-loop: accident, they: do-prevideasrelative-affinityy
for-the. ground loop: that may meke it difficult:or: impossidbie-fon the-pilot-
tQ'Erevqnpjthe.aacidentfunder‘relatively-adverseﬁcircﬁmﬁtan&eas. The::
following discussion ig an attempt to-point- out hew seme-of ‘these:factors:

can. affeeot  the. ground-loep: ocourrence.-

 Teil Wheel Alrplanes

Tail-wheel airplanes are inclined- to. ground. loep more-essily than-

these-with tricycle geax primarily as a.result of the:leestion: of the:center; -

of gravity.behind the:-mein landing gear. Inertia.moments: crested:-in: these.
airplenes, as a result of any curvilinear motign, temnd to cayse the airplane:
to-swerve or veer-since-the effect is to incre&ﬁe_the~cuxwa§urewby;dew;
cre&sihg:the-radius of ‘curvature; that is, thapa;rpkaggﬁs;temdengy tQ

svwerve becomes. more pronounced as the-swarve-itaslf“prégresuea;. It is-
desir&hlesto keep:the center of grevity as close-to the msin-landing.

gear as. pessible in order to minimize the airplanpe's. ground~yaw inertia:
characterigtics; however, its.position-is~ggnerally;d£cta£ed; at leagt-in:

part by conaidarations~related_to_tha.airp%anais;tendency~to,n¢§a;ower“.
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Airplanes equipped with swivel-type tail wheels preclude the genera-
tion of large yaw restoring forces necessary to counter adverse yaw
inertis momente. As & result they contribute relatively little toward
preventing ground loops. Also, the swivel spring restreint on tail-wheel
alrplanes represents a compromise between the requirements for lateral
forces to restrain the swerve tendency and for easy steering at low
speeds. It is doubtful, therefore, that the tail wheel makes any signi-
ficant contribution to ground-roll stebility in the initial phases of
landing or the latter phases of takeoff where the ma jority pf ground
loops occur. Of course, the tellwheel has to be firmly on the ground
in order to contribute any restoring moments to an adverse disturbance
and braking during lending tends to unload the wheel and thereby further
reduce its correcting or lateral force capebllity. As noted in the Chi-
Square evaluation of the study fleet (Group III - First Accident type
only), all those aircraft that appear prone to the ground-loop accldent
type are tall-wheel types with the exception of two tricycle gear air-
planes, 009 and O48. Although the high-wing position of those tail-
wheel alrcraft in this former group might be cited as a factor in ground
loops because of the greater ease of gust or turbulence upset, the aft
center of gravity position is believed to be the Primary influencing
factor. in support of this conclusion, it was fourd that a Chi-Square
computétion based on all tricycle gear low-wing and all tricycle gear
high-wing alrplanes within the study fleet disclosed no significant

difference between these groups on a flight-time basis.
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A drematic example of the effect of CG position in relation to the.
main-landing:gear.on,groundnloop.accidents-isapoinxed=up.in‘aacom@azison-
of twe sirplanes, 069 and O45, which were "transitioned” from tail wheel.
configurations to tricycle gear configurations as airplanes 018 and 081,
That the cemters of gravity of both 069-and.0h5 are well aft of the.main.
gear is indicated at least in a general way, in the owmers.flight msnuals,
vhere it notes- that heavy initial braking may be.used: in- the landing roll. .
This is an apparent indication that the. danger of nosing. over. as &:result’
of ®.CG¢ position close to the mein gear is relatively slight.

On the basis of &.study fleet comparison (Group III -.First Accts.

dent type-only), neither airplene OL8 nor 081 wes considered. to have a

significantly high ground-loop accldent record. On the contrary, the record.
of 018 is considered. to be better than:the statistical mean on a flight--
time hasis, vhile 081 has. a significantly good record on both &%flight&tiﬂg&
and. an accident.basis. The gxgund+loopureeord&-of.both'Oégfand:ORE, howewver;,
vere eveluated as significantly worse than: the statistical mean on any:
pasis! In asddition; & ChiAquare-evaluationnof'these=correspcnﬁingy
models on a multiple degree of free&omvbasis.disclosasaauhighly1signim»
ficant variance: One of the-most influential factors accounting for this-
substamtial vewiance in ground-loop fregquency between these models:is:
undoﬂbﬁedly-thavdifférence inslanding gesr configmration&i The tricycle:
geay configuration, of course; has a relatively low freguency.of”

occurrence because of its steble forvard ‘center of ‘grawity poaition.
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Nose-Wheel Airplanes

The tricycle gear airplane is basically ground stable with respect to
adverse yaw inertia moments resulting from an external disturbance or an
intentional pilot input. With the center of gravity ahead of the main
landing gear, the inertias effect tends to align the airplane along a tangent
to its particular ground path at any given time. The farther forward the
center of gravity is located, the greater the ground roll stability of the
airplane and the mQre rapid the convergence in a crabbed landing., Landing
in a crabbed attitude in a nose-wheel airplane would result in the creation
of inertia forces tending to align the airplane with the runway. In the
tail-wheel airplane, however, just the opposite would be true; the inertia
forces created would tend to cause the airplane to swerve or veer.

A statistical evaluation to determine the differences in the ground-
loop records of tail-wheel airplanes and tricycle-gear sirplanes discloses
that this latter group is far superior to its tail-wheel counterpart,

That is, chances of having a ground loocp in a tricycle-gear airplane are
much less than in tail-wheel airplanes.

Although not directly related to the kinematics of the airplane, the
enhanced visibility during takeoff and landinglof & noge-wheel equipped
airplane can be a decided anvantage 1n preventing a swerve or ground loop,
especiallﬁ so during landing or takeoff on relatively narrow runways in
adverse wind conditions.

The nose wheel itself can contribute substantially to the ground roll

stability characteristicg of an airplane. A nose wheel that is free to
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caster will permit the inertie moments to stebllize the aircraft's motion or
ground path, Few if any steerable nose wheels are totaelly unrestrained and:
campletely free to caster; however, the important point with respect to
ground loope is that the nose wheel caster restraint be minimized. It
should, of course, be pointed out that a particular nose-vwheel design results
from a consideratlon of many factors, i.e., maneuverability, shimmg,:turniﬁé;
radius, stability, etc. The ultimate design generslly represents. & compro=
mise. For instance, the desirable characteristics of a nose~wheel designed:
solely to preclude ground 1oop during the landing phase would probably
include, aside from a steering capability, minimum friction and meximum
reversibility, that is, maximum freedom to caster. On the other hand,. the
same nose wheel designed to preclude ground loop during the takeoff phase
might well be irreversible, that is, capable of veing steered by the pilo®
wut not deflected by external wheel forces. It iz interesting to note in
this regard that the majority of ground~loop accidents in both 009 and OLS
ogourred in the landing phase.

An understanding of the nose-vwheel caster effect is enhanced by
~pnsidering the results of landing in a crabbed attitude. In such en
sttitude, the inertia forces or: landing contact tend to align the air-
plane with 148 initial path of flight, and if the nose wheel casters as
iﬁ'contécts the runway swurface, the airplane straightens out and con-
tinues traveling in & straight 1ine. Should the nose wheel fail to caster,
however, the alrplane will tend to vﬁer or swerve from the runway surface
since such action effectively thwarts or precludes the inherent ground-

roll stablility of the tricycle configuration.
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In a statistical comparison of all single engine, tricycle gear
airplanes within the study fleet, airplanes 009 and O48 are the only
two having ground-loop frequencies considered to be much higher than
the statistical mean of their counterparts /See Appendix (12) /. An
evaluation of the study fleet (Group III, first accident type only)
also disclosed that airplanes 009 and O4B were the only tricycle-gear
ajirplanes to have a relative ground-loop frequency significantly higher
than the statistical mean on any basis!

A review of pilot experience levels in both the O48 and 009
ground-loop accidents disclosed that about 70% of the pilots involved
were students. It might be rationalized that the relatively low pilot
experience level was & pertinent factor in the accidents, and to a
certain extent, this 1s true. However, a survey of airplane OL2 for
the study year disclosed that this model, with an average ground-loop
record statistically, was exposed to over five times as much instrue-
tional activity as recorded for OLB, Tt was concluded, therefore, that
the pilot-experience level alone could not have been responsible for
the OL8 and 009 variance.

Based on the above, it is believed that the relatively high
frequency of ground loops in these airplanes may have been influenced
by detail design of the nose-gear configuration. Those factors that
appear significant include the degree of static nose-wheel trail, the
type of steering linkage connection between nose wheel and rudder
pedals (rigid in airplanes 009 and OUB), and the magnitude of the

pedal forces required for steering.
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The manufacturer of alrplane 048 has recently reduced the nose-
wheel steering arc in order to reduce-ground-steering forces, and has
_increased the static nose-wheel trail. Notwithstanding the express
—yeasons for initiating such changes, the effect is to enhance the
~ground roll stability of the eirplane.by increasing the caster or
swivel capabllity of the nosewheel in addition to making it more -easily

smanuevered on the ground as & result of reduced pedal forces.

Ground-Loop Initiation

While all ground loops are the result of a loss of .directional
-¢ontrol, many are precipitated by a loss in. latersl control.whereby a
wing, for exemple, contacts the ground:as the result of a:guet, -and the
- alrplane subsequently veers Or swerves. An. important parameter: related
to this ground-loop initiation mode: is the ratio of the lateral wheel
- base to the height of the center of gravity. “The larger this:ratlo,
the smsller the tendency of .adverse external forces to tip the air=
-plane sideways. ~Thus, 1t would appear that low-wing aircraft might
e naturally less susceptible to ground loops precipitated by gust

gpset thhﬁ their-high-wing counterparts since the low-wing configura-

“tion provides forsa. large lateral wheel base .andsa -relatively low center

»f gravity. A computation comparing low-wing and high-wing tricycie
-gear configurations ghows that the lowawing.airﬁianes.have fewer
ground loops and appear significantly better -al the 249 level of
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significance on an accident basis. The same computation on a
flight-time basis shows no significant difference. Because there
was only one low-wing tall-wheel airplane within the study group,
no similar computations could be made for the tail wheel configura-
tions,

The wing first modes considered sbove are contrasted with those
ground loops caused by pure loss of directional control with no wing
contact during the incipient motion., This mode is relsted primarily
to the location of the_center.of gravity relative to the main gear
and the radius of gyration. A relatively large radius of gyration
gbout a vertical axis through the mein landing gear of tail-wheel
alrplanes reduces the swerve tendency, while the location of the
center of gravity determines the magnitude of the inertia moments.
It should be noted, of course, that the radius of gyretion is not

a design factor per se, but merely a resultant computation.

Other Design Parameters affecting the Ground Loop

Torsional flexibility of both the landing-geer structure and
tires can markedly affect the capability of developing lateral or
cornering forces., In addition, the softer the main landing gear
tire, the more effective they are in reducing lateral or cornering
 loads responsible for precipitating veering or swerving. It is
interesting to note that airplane 075, an airplane which utilizes

a relatively large soft balloon-type tire (8.00X 4@ 12 p.s.i.)
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was considered to have a much lower than average ground-loop fre=-
guency as compared to all other high wing, tall wheel alrplanes in
the study fleet (Group IV of the Appendix).

The location of the fuselage center of pressure: determines
the relative swerve Or veering remction of the airplane to crosswinde:.
& center of pressure location close to the main larmding gear axis,
as might be concelveble in some tricycle configurations, reduces this
swerve téndeucy; Its position, however, isugenerallyfthe'reﬁult;of

- sensible compromise based on other'important.designrcnn&iﬂera$ionsm
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ACCIDENTS INVOLVING RETRACTABLE LANDING GEAR

I. The accidents in this group involved landing gear retraction while
the airplane was on the ground, and landings made with the wheels in the
up position. There were 311 "wheels-up landings," and 154 "gear retracted"
accident reports reviewed in this study.

For the purpose of this study, these accidents have been placed

in subdivisions that include only those in which pilot error was evident.
Accidents involving unwanted retraction of the landing gear because of
mechanical failure of the extension/retraction mechanism have been eliminated
from this group, as have those accidents involving vheels-up landings
assoclated with engine failure or forced landings. These were eliminated'.
since factors other than system design played a significant part in the
pilots' actions, or failure to act, with respect to actuating the landing
gear extension mechanism.

II. Types of Error

The resulting four classifications of actions within the retractable
landing-gear-accident category are as follows:

1. Premature Retraction

In this classification are the accidents that occurred during
the fakeoff phase of flight and which were initiated by the pilots' attempt
to retract the landing gear before flying speed was obtained. Also in this
classification are those accidents occlrring in the landing phase of flight
in which the landing gear collapsed during the landing roll because of
demage to the extension/retraction mechanism jn the course of the previous
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tqkeoff. This damsge occurred when the pilot.placed the. landing geer
-s#lector switch or lever to’the "up" position during bakeoff while most

of the weight of the-airplane-ﬂns-still-snppurted’by-the.lunding géar. The
takeoffs in these instances were~accampl£sh¢d.&uccessfully:deapitefdammgg

4o the l&nding;gear,linknge,rpmshppull.roﬂs,:orvbellcraﬁks.

There were 30 &f these sccidents in:the I96L records reviewed.

Atrplanes involved were: 015, 021, o2k, 027, 039, 051, 06Q, 087, and "096.
Heowever, theee.accidentsaar?,nat considered as design-indueed:since’ they
spgeurred atoa time, arﬂﬂlﬁgﬁtaphase,,where'theretwaswnOu1n%emtftouﬂpenw®e
-gome other-system; e.g., flaps. Unusual conditions, obstructions, or

.energency“cireumaﬁmnﬁes\wsre%nbtﬁpresant“to-iﬁflﬂnncefthey@&mmttEOwnttnaet

“the . landing. gear-as guickly-as possible.

2. “Inadvertent Retraction.

Aceldents in this ciassification, -with three exceptions,.are
those inwhich the pilots:placed the landing gear lever to the "up'
-position unintentionally while the airpleane was on the ground. Mogt
: of these acéidents occurred at:a time when the'pilots intended toractusbe
_gome other system such as flaps or landing lights. ~The total nmmber of
'theée errors could not be'determined hecause the:sccident reports often
~d%d not identify the pilot's intention &t the time &f the inadvertent
pétraction, There.was, however,; enough information #n many of the plliotie
-gatements to lead to certaln csnclunians concerning the  landing:sctuating
levers or switches, their placement tn the coekpit, and similarity to

_obher switches or levers.
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Alreraft 015, 021, o24, 027, 030, 039, 051, OT2, 078, O8L,
087, 090, and 096 were involved in 80 instances of inadvertent retraction
of the landing geér in the records reviewed.

In context with inadvertent activation of the landing gear
selector, CAA Technical Manual No. 103, September 1953, title: ATRCRAFT
DESIGN THROUGH SERVICE EXPERIENCE, stated in part, "Service reports show
numerous cases of confusion of the retractable landing gear controls with
other controls . N

On October 1, 1959, Amendment 3-5 to CAR Part 3 became effec-
tive. The preamble to this amendment states "Accident records have shown
that approximately one-sixth of all accidents with airplanes certificated
under Part 3 have involved the misuse of the landing gear control. Incorrect
operation of this control has been attributed to its proximity and
similarity to the wing flap control. Therefore, Section 3.384 is being
amended to specify the location and shape of the landing gear and wing flap
controls to reduce the possibility of confusion." The amendment reads as
follows:

"(1) The wing flap or auxiliary lift device
control shall be located centrally or to the
right of the pedestal centerline or of the pover-
plant throttle control centerline and shall be
sufficiently displaced from the landing gear
control to avoid confusion.

"(2) The landing gear céﬁtrol shall be located

to the left of the throttle centerline or of the
control pedestal centerline.
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"(3) The control kmobs shall be shaped in
accordence with figure 3-13." (Flap control
shaped like airfoll, landing gear control
shaped like a wheel,)
The effectiveness of the éontrol arrangements specified will
be discussed further in this report in relationship to specific aircraft.
At this point, however, it should be noted that the grest majority of
retractable landing gear alrplanes in the general aviation fleet todey
wefe previously, and are presently, mamufactured under type—certifica&en
issued prior to Amendment 3-5. Consequently, it is likely that the numbex
of sccidents involving insdvertent retraction of the lanéing:gear will not
be reduced significantly for many years to come becauss of the influence of
these airplanes.
On some later models of these airplanes, modifications: to
the shape of the controls have been made, but the locations have not-
.'bean.changed to those desired by the regulation. As a result. it will
be -difficult to ascertain the full effect of the reguletory change at
this time, although as discuseed below, the data indicate 8 beneficial

effect.

3. Failure to Agsure lLanding Gear Locked Deown.

Accidents in this clsssification are those in which the landing
gear lever or switch was moved to the down position by the pilet, but for
variﬁus.reasohs the landing gear extended only partially and the gear.
collapsed upon touchdown, In most instances the pilots were unawere of
the unsafe landing gear and took no action to extend it by use of the
emergency landing.gear-extension system. However, this classification

also includes accidents in which the pllot was aware of the unsafe condition

of the landing gear and used the emergency system, but used 1t incorrectly.
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Because of the incorrect use, the landing gears did not go into the down

“locks, and collapsed during the landing roll.

ft. There were 97 accldents in this classification,
L. Failure to Extend
Accidents in this classification are those in which the pllot did
> not operate the landing gear lever or switch to the "down" position, and as
ber a result, the aircraft was landed with the wheels in the retracted position.
not There were 121 accldents in thi classification.
e of III. TABULAR SUMMARY OF THE NUMBER OF OCCURRENCES
. Alrcraft Failure to Falled
Make and Insdvertent Assure L/G to
Model Retraction Down & Locked Extend
051 -3 1 1
060 0 2 1
090 3 2 3
021 LN 15 . 26 .
030 2 0 3
078 2 0 0
g ore 5 1 3
or 003 . 0 2 12
096 T 5 1
o2k 1 1 3
015 5 12 3
o84 1 1 11
'tion 039 3 12 , 1k
iy |
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‘Summary of Occurrences, Cont'd)

Aircraft Failure to Failed

Make and  Insdvertent  Assure L/G- Lo
“Model Retraction Down & Locked  Extend
087 6 30 24
o027 1 13 6:

[V. Statistical Analysgis’

The data were analyzed for the overall.fleet and by utilization
groups for each of the three sub-types tabulated above. In gensral, the.
wimber of airplenes and the number of incidents involved in: each utillzge-

tion group were too small to permit valid comclustions. The: Chi-Square:

multiple degree f freedom analysis, on. a Tleet-wide basis showed:a. variasiom:

awong airplane -types. that ig.significant at the'0.0li*levelmforteaehﬁoﬁ:
the typee of errors tabulated above. For each type of'errorg howeversy..
th= sample size for at least half of the alrplane types was. too smell.to.
yizld significant comparison:of’individualvmodels.onaths¢basis'of"sms&ng%éﬁ
degree of frecdom analysis. A few airplane types did deviate from the:
mean ot & highly significant level,in:eachnaccident.type; Thesse were:
a1rplane 021 in inadvertent retractionj alrplanes 0?7 and 02T 'in failure:-
to- assure L/G down and locked; and airplane 087 im failed: to extend.

| The accident types being.considered are among those in.which, .
s disoussed in the preface, pilot error 'is clearly identifiable and.
directly related to the deslgn. In sddition there: are 80 many variations:
among. alrplanes that influence of:design'vaxiabl;s can:be‘;dentified
only by considering all of the accidents involved:for all airplane-
rypes . ‘
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In view of the above considerations, all accldents are reviewed
end compariscns are made on a basls of percent of accidents related to
percent of flying time in the disucssion of this accldent type, rather
than following the form used ln most sections of this report.

V. INAIWERTENT RETRACTION

1. Airplane 051, All inadvertent retractions were by
student pilots.

2. Airplane 060: There were no inadvertent retractions
of the landing gear in this ailrplane,

3. Airplanes 090 and 021:

Airplanes 090 and 021 have nearly identical landing gear
retraction/extension mechanisms. Accordingiy, they are combined and
considered together for this part of the report. There is, however, one
noticeable difference between airplene 090 and early models of alrplane
021, and between model 021 airplane with serial numbers less than D-6842
and later models of this elrplane. This difference is in the configuration
of the landing gear and wing flep controls. In 090 model airplane, and
in 021 model asirplane after serial number D-6842, the wing-flap control
has the shape of an alrfoll, and the landing gear control is shaped like
a wheel, thus conforming to the design specified in CAR Part 3, Amendment

3-5. However, the location of these controls in all models 090 and 021

airplanes iz in reverse to that specified in the regulation.

In the airplane of model 021 prior to seriel number D-68L2,

the landing-gear control and the wing=-flap control are included in a row
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_ of similar switches or more precisely,‘nearly.identical switches.

. The accident records for early model O21 airplane appear to confirm the
conclusions which led to the adoption of CAR Amendment 3-5 when they &re
compared to later model 021 and model 090 eirplanes, although the sample
on the later alrplane was too smell for a statisticallyﬂsignificant
compariscn.

Model 021 airplane prior to serisl number D-6842 comprised
02,2% of the active General Aviation Fleet naving retrecteble landing geer.
However, they accounted for 47.5% of all the 1nadvertent‘retractionwacci4
\ gents reviewed in this study. Conversely, model 021 airplene after serial
“ number D—68h2, and model 090 airplane comprised 5.6% of the active retract-
$! able landing geaf general aviatlon airplane in l96h,'and‘were'involvEdﬂin
. 7;5%-of,thé inadvertent-retraction of the landing-gear accldents.
Factors involved in the 44 sccidents in this clessification

i . with model 090 and 021 airplanes:

“h | (1) Number occurring in ABYLIME woaseseovnensnsss 32
by )

gnﬁ (2) . Number occurring ab night ssesasmsasnassnsos 12
nkb | (3) FNumber occurring during landing roli waeevene 43

{4) Number occurring during englpe YUDUP +.oweee 1

! : (5) Number of instances in which the landing
: gear control-was moved by mistake when pllot
‘{ntended to vperate the wing flaps. seevevese 35

(a) St&ted by pilot I T LR L T R L R 2]-

(v} Indicated by aceldent circumstances ... 1k
NOTE: These clroumstances 8re, €.8e«, those in which the pilot stated
that the flaps were retracted during the landing roll, but were found
in the. down position during the accident investigation.

*
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(6) Landing gear control moved instead
of landing light switch » . . . + + &+ .+ 1

(7) No reasson given in accident report . . 8

Tﬁe principal fector in these accldents is the similarity of
the landing gear selector switch to the other switches in the older model
airplanes, Since there were 4,631 of these airplanes active in 196k, it is
llkely that the accidents in this classification will continue to happen
for sometime in the future. It is considered that 43 of the U& accidents
in this classification are within the design-induced pilot error category
because of the similarity of the various controls and switches. This is
concluded for 43 of the accidents despite the lack of information in elght
of the reports, slnce these eight accidents also involved an unwanted
retraction during the landing roll, £nd there was no mechanicel malfunction.

4., Airplane 030

Both 1lnadvertent retractions occurred during the landing roll.
In one instance the pilot stated that he had moved the landing gear control
by mistake for the wing-flap control. In the other, the accident circume
stances point to the same conclusion. These éirplanes had switches and
controls nearly 1dentical to those in early model 021 airplanes.

5. Airplanes 078 and 072

a. Since operation of the landing gear mechanism and controls
are identical in both airplanes, they have been combined for statistical
purposes in this part of the report.

b. Factors involved in the sevén accidénts in this classification

are a8 follows:
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(1) All occurred during daylight hours

(2) All occurred during the lsnding roll,

(3) Number of instances in which the pilot moved the
landing gear control by mistake when he intended
to operate the wing flap controls 6

(a) Stated by pilot
(b) Indicated by accident circumstances

n

(4) Reasons unknown

Tn one report the pilot stated that the landing geer control-flap control
locations are opposite to those in aircraft 051 in which he had conslderable
experience. While this airplene has the wheel-shaped landing gear control
end the airfoil-shaped wing flaps control, they sre opposite in location

to that in the Part 3 regulation. Although the number of instances in

thig study are too few to conclude that location, per se, influences pilots
to err, it is evident that lack of standardization does contribute to pilot
error probability. Previous studies confirm this conclusion,

6. Alrplane 003

There were no accidents attributable to inedvertent landing gear
retraction in this aireraft.

7. Airplene 0%

Factors involved in the seven accidents in this classificetion

are a3 Follows:

(1) Humber of occurrences in daylight conditions L
(2) Number of occurrences at dusk 1
(3) Number of occurrences st hight : 2

(4) Number of instances vwhere pilot operated
the landing gear control by mistake instead
of the wing-flap control . ) 3
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Note: One instance involved a student pilot on touch-and-go landings; one
involved & passsenger operating the flaps, at pilot's request; and one
involved use of flap for high-speed descent. Upon reaching traffic pattern
altitude, the gear was raised instead of the flap. Because of a power=on
approach at this point, the warning horn did not sound.

(5) Gear selector moved mccidently while
turning off boost pumps and redio . . . ., 1

(6) Circumstances unknown . . . . « « + + . . 3
Note: In one instance where the probable cause of the accident was inadver-
tent retraction of the landing gear, it was found that under test conditions
the right main gear would not go into the locked position unless assisted

manually. There was insufficient information on which to base & conclusion
in the other two instances.

From the foregoing it is apparent that factors other than system
design were the principal elements in at least four of these inadvertent
gear retractions. Accordingly, it is concluded that they do not fall in
the design-induced pilot error category. Airplane 096 has the landing
gear and wing-flap control configuration and location specified in the
CAR Part 3 Amendment.

8. Airplane 02k

The one inadvertent retraction of the landing gear in this
alrplane occurred when the pilct intended to raise the flaps during the
landing roll. The landing gear and wing-flap control levers do not

conform to the configuration or the location specified in the CAR Part 3

Amendment,

9. Airplane 015

8. This airplane does not have switches or levers which
control the landing gear remotely through_ hydraulic or electrical systems.
It has a mechanical system linked directly to the actuating handle.

When the handle iz in the "down" position, the landing gesr is up.

»
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conversely, when the handle 1s vertical, or in the "up" position, the
lending gear is down,

b. TFactors involved in the five instances of inadvertent landing-
gear retraction are as follows:

(1) 1In one instance the student pilot receiving dual flight
insgtruction thought the stall-warner signal was the landing gear warning horn
sound, and recycled the gear to the "yp" position.

(2) In one instance the passenger attempted to move his seat
forward by pulling on the landing gear handle, causing it to come ocut
of the "down" lock.

(3) Two of the instances involved actions of students during
dnal flight instruction periods. Tn one of these the landing gear was
left in the "down" position during air work. On the prelgn&ing check,
the student repositioned the gear to the "yp" position. Although the
warning horn blew, it was 8O faint that neither the instructor nor
student heard it. |

(4) The fifth instance involved &n inadvertent operation of
+the landing gear while the airplane was being taxied to the takeoff
runway. The pilot had a total of six hours in the airplane and was
used to an airplane with a handbrake located in nearly the same position
Ain the Eockpit as the landing-gear lever is in this airplane.

. Since the circumstances of these accidents are so varied, it
cannot be concluded that this design, per se, influences pilot error.
However, there was one comment in the acciden£ réports concerning con-

fusion because of the action of the landing gear handle, i.e., when the

handle is up, the gear is down, and vice versa.
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10. Airplane 084

The single instance of lnadvertent retraction of the landing gear
in this airplane was by & student pilot receiving dual flight instruction.
This airplane has the landing gear and wing-flap control configuration
and location specified in CAR Part 3.

1l. Airplane 039

In one of the three instances of inadvertent retraction of the
landing gear, a passenger moved the landing gear lever. In two instances
the pilots mistakenly retracted the landing gear instead of the flaps.

The sample is too small to conclude that the design, per se,
induced the pilot to err. However, it is noted that while the landing
gear and flap actuating levers have the configuration specified in CAR
Part 3, Amendment 3-5, the locations are reversed.

12, Airplane 087

a. There were 2,806 model 087 mirplanes of three series in
the active general aviation aircraft fleet in 1964. Prior to serial
number 284L on one model, the flaps on all models were manually operated
by use of a lever mounted on the floor. After serial number 284k4, this
model was produced with electrically operated flaps. On these latter
airplanes, the configuration and locetion of the landing gear and wing-
flap actuating switches are in conformance with Amendment 3-5 to CAR
Part 3.

b. Factors involved in the six inadvertent retractions of the

landing gear in these airplanes are as follows:

- 75 -



(1) All occurred during dsylight hours.

(2) Four retractions occurred on the landing roll, one
while the alrplane was being taxied end one during touch-and-go landings.

(3) In four instances the airplane wes equipped with manual
flaps, end in two instances with electric flaps.

(4) Three instances involved dual flight instruction; one,
a beginn er plilot; another, a pilot who had not flown for six months; and
the third involved an initial checkout in the alrplane.

(5) Three instances involved operation of the landing
gear control instead of the flap control; one involved actustion of the
landing gear control instead of the applicetion of power for takeoff,
and two involved spontaneous activatlon of the landing gear control
switch for no cbvious reason.

Tn view of the pllot skill levels in half of these acci-
dents, and the variety of reasons for the inadvertent retraction in
the other three, 1t cannot be concluded that the design influenced the
pllots' actions unduly. However, in one instance the pllot commented
that he had considerable experience in another make of airplane, 090
and 021, and that the locations of the flap control and landing gear
control are reversed when compared to airplane 087,

13. Airplane 027

There was only one instance of inadvertent retraction of the

landing gear in these alrcraft. In this one_ incident, the airplane was

equipped with an automatic landing gear retract/extend device identified -

as the "Guard System." The report did not clearly state whether this

,
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system was not turned on, or whether it malfunctioned. However, since
only one case is involved, there is no basle upon which to conclude that
this device, or design, influenced the pilot to err.

VI. Coneclusions with Respect to Inadvertent Retraction

1. Fourteen of the 80 accidents were caused by the action of
student pilots or passengers. The other 66 were caused by the actions of
pilots with certificates ranging from private pilot to airline transport
pilot. Since the great majority of these accldents involved qualified pilots,
training sctivities are not coﬁsidered ag a significant causal factor.

2. Nearly all occurred during daylight hours when conditions of
light within the cockpit were sufficient for proper identification of all
controls.

3. In the 66 inadvertent retraction of the landing gear accidents
in which students were not involved, there were 53 instances of the landing-
gear control being operated by the pilot in mistake for the wing-flap control.

a. In the aireraft -involved in 37 of these 66 accidents, the
landing-gear control and wing-flap control switches were nearly identical
in appearance and opposite to the location specified in CAR Part 3. While
these airplanes accounted for 57.5% of the non-student, non-passenger
involved inasdvertent landiﬁg gear retractions, they flew only 21.7% of the
hours accomplished by all retractable landing gear airplanes selected for
reviéw in this study.

b. 1In the remaining 29 cases in this group, there were six
instances where the wing-flap landing=gear control levers or switches d4id not
conform to either the configuration or location specified in CAR Pert 3.
There were 16 cases in which the configuratign was in conformance to CAR
Part 3, but the location was not. There were only seven of the 66 instances
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in ajrplanes that conformed to Part 3 in both configuration and location.

L. From an overall standpoint, the airplanes having the landing-
gear and wing-flap control arrangement specified in CAR Part 3 were involved
in only 18.7% of the total number of inadvertent landing gear retraction
éceidents reviewed in this study. These airplanes, hOwWever, accomplished
33,7% of the total 1064 flight hours for the 15 retractable landing-gear
ajrplanes in this study.

From the foregoing, it is concluded that the majority of the

{nadvertent retractions were caused by sirplane design factors. It is
also concluded that the wisdom of Amendment 3-5 to CAR Part 3 has been
demonstrated.

5,  All but sirplanes 024 and 015 have safety-limiting switches
of hydraulic valves, A3 appropriate to the system. Accordingly, it is .
likely that the same error has been made many times without causing an
aceident. It is noted that these safety switches or valves are located
on one mein landing gear leg only, and in these sccidents failed to perform
their intended function. In this respect it is noted that the pllots
handbooks sometimes note that the safety switch is to prevent inadvertent
retractions on the ground when the airplane is not in motion. Accordingly,
the protéction afforded by this device is very 1imited and confimed to
periods of low hezard. Earlier nandbooks do not meke this distinction, and

the pilots may be placing nmore reliance on this device than is warranted.
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In some of these accidents the safety devices did not provide protec-
tion for the airplane while taxiing, or while on the landing roll, because
of high strut pressure or because of rough or rolling ground that caused
a rocking motion of the alrcraft and subsequent irregular extension of
the shock struts. Only one instance involved a faulty microswitch. It
is likely that had there been at least two or more switches, one on each
main landing gear and operating in series, these accidents could have
been avoided. It is recognized that such protection as does exist has
been provided by the manufacturer voluntarily since there is no require-
ment for such safety devices in CAR Part 3 or FAR Part 23. It is
recommended that the guestion of the need for devices to prevent in-
advertent retraction of the landing gear on aircraft certificated under
Part 23 be included on the agenda for discussion at the next Annual Air-

worthiness Review.

VII. Failure to Assure Landing Gear ILocked Down

1., Ajirplane 051

There was only one instance in this model airplane in
which the pilot failed to assure that the landing gear was locked in
the down posgition. The pilot had moved the control lever, but did
not get.it all the way into the "down" position. Because of turbulence,
a power-on approach was made and the warning horn did not blow.

However, it is noted that this airplane has wheel position indicators,
and the the main gear is readily visihle to the pilot., Accordingly,
there was no design influence in this accident which initiated the

pilot error.
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2. Airplane 060

a. In both instences an electrical system malfunction was &

contributing factor. In the first, the landing gear solenoid wes not working.
Wnen the landing gear comtrol was placed in the "down" position, the red "up”
light went out, indicating the gear in-transit to the "down" position.
However, the landing gear did not move to the "down" position. The pilot daid
not Tecall checking the "down" light. The warning horn failed to function to
apprise him of the unsafe condition of the landing gear. In the second
instance, the pilot wes aware of an electrical malfunction in the landing-
gear extension gystem, and used the menual handcrank to extend the landing
gear. Upon feeling resisfance to the crank, and finding that both the landing-
gear position lights and the warning horn gave indications that the landing
gear was locked in the "down" position, the pilot landed the aircraft. The
gear collapsed during the landing roll. In subsegquent tests it was dis~
covered that 15 turns of the crank were required to lock the gear in the
"down position after the "down" position light showed the gear to be safe.
b. With respect to position {ndicetors and warning devices,
FAR Part 23, and previous CAR Part 3, provide that land planes with re-
tractdble landing gear must have & means to indicete to the pilot when
the wheels are secured in the extreme positions. In addition, they must
have an aural or equelly effective warning device which operstes when one or
more throttles are closed until the gear 1s down and locked. Notwithstanding
these requirements, the f1ight hendbook for the airplane Just diacusae@

reads as follows:




"Gear position is monitored by a green (gear DOWN and locked)
indicator light and a red (gear UP) indicator light controlled
by switches on the right main gear. The lights are located
adjacent to the landing gear position control switeh. Because
of the rugged mechanical linkage in the landing gear extension
system, this indication is adequate. Secondary indications
are availeble to the pilot letting him know that any one gear
is not extended. If the right main gear 1s extended and the
green light illuminates but an out-of-trim condition is sensed
in the flight controls, the left main gear is not completely
extended. TIf the nose gear does not extend, the pilot will
notice the following after the gear indicator light illuminates:
"a. Retract motor will continue to run.
b. Landing gear clutch will slip.
¢. As the clutech slips, the ammeter readings will
reach 100 to 150 amperes each.
d. Retract motor circuit-breaker will trip in 1 to
3 seconds."

ng .

It appears that this airplane, with the source of information
from only one main gear, does not meet either the intent or the word of
the regulation, Any system which will permit a safe indication by the
devices whose purposes are to tell the pilot that the gear is locked in
the down position when it is not, makes it necessary for him in one to three
seconds to determine that the indicators are wrang. Certainly such a
design induces pilot error. The practice of using a single information
source for the landing gear position indicators or warning horn is not
unique to this airplane. It was found to exist on several aircraft with
mechanically interconnected retraction/extension push-pull rods or cables
to all three landing gears. This situation was the subject of & recom-
mendation forwarded to the Administrator on June 7, 1966.

3. Alrplanes 090 and 021

a. As in the previous classification of landing gear acci-
dents, these two airplanes are considered together in this part ofﬂthe
study because the extension-retraction mechanisms are nearly identical.
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b. Factors involved in the 17 accidepts in this classification
for model 090 and 021 airplanes:

Nunber occurring in daylight . .
Number occurring at night. . . .
Popped circuit-breakers . . . .
On-landing geer motor . . . . . b
On-landing gear position lights 1

Warning-horn melfunctions . . . . . « . . T
Confirmed by test. . . . . . . 6
According to pilot . . . . . . 1

Electrical System Fallure . . . . + .+ .+ & 3
Generator failed . . . . . . . &
Battery failed . . . . . + « + 1

Power on Approach; no werning horn

... .. 13
e
. 5

B8 reBult . . . 4 s 4 s e s e s s e s 2
Pilot lowered flaps instead of landing
8ear - L] L] . ? [ ] L] * L] [ ] L] L] + [ ] L] - L] L l

(Note: This 1s included in "Power on Approach” above; pilot did not heer
horn until too late.) ' '

In 10 of these 17 cases, there was no aural warning because
of inoperative horns, mispositioned throttle switches, power-on approaches,
and generator or hattery failures. |

In six instances the pilots stated that they did not cobserve
the position lights.

In two instences the pilots stated that the position lights
showed'the landing gear to be in the down position. However, in the
majdrity of the reports, the obBervation or non-observation of the lights

by the pilot is not discusseed.

¢. These airplanes accomplished 26.3% of the total flight
hours for 1964 in the 15 mekes and models of retractable landing-gear

sircraft in this study, but were involved in only 17.5% of the
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accldents in which the pllot falled to assure that the landing gear was
locked in the down position.

L, Airplane 030 and 078: There were no accidents in this classifica-

tion in these alrplanes.

5. Alrplane 072: 1In the one instance in this airplane the landing-

gear motor circult bresker was faulty and did not make contact unless pushed.
The landing-gear werning lights were inoperative until the circult breaker
was pushed. There was no mention of the warning horn.

6. Airplane 003: In one of the two accidents involving failure of
the pilot to assure that the landing gear wes down and locked, the nose
wheel was not fully extended. This was known to the pilot, but the emergency
system was not used. In the other, the pilot mistakenly lowered full flaps
instead of operating the landing geer control. The pilot stated that he
did not look at the landing gear position lights, but did retard the throttle
fully and the horn "should have blown." The landing-gear horn failed to alert
the pilot to the situation because of a loose wire.

T. Airplane 096: The circumstances in the five accldents in this

2lassification in this airplane are as follows:
Electrical Failure + + « v &« v v ¢ o v o 0 o o + v . 2

Note: In one instance the batteries were too low to complete the landing-
gear extension. The warning horn blew weakly, but the pilot could not
distinguish it from the stall warner.

In the other instance, the pilot extended the lanéing gear manually,

but because of generator fallure and complete loss of electrical power, was
unable to determine the landing-gear position since both the position lights
and the warning horn were not available.-

Power-on Approaches, , , .,

. r . . s v LI ] L) 3 Fl 2

Note: No warning horn becsuse throttles were npt retarded until touchdown,
One was in dayllght; the other at night.
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(Airplane 096, cont'd.)
Inoperative warning systems (both light and horn) . . 1
8. Airplane 015: This has a manual, mechanically cperated landing
gear system on all early models, and an optional electrically operated system
on later model airplanes. All of the accidents in the "feilure to assure
that the landing gear was locked in the down position" classification
occurred in airplanes with the mechanical system. The "down lock" is
incorporated in a recess into which the handle used to move the gear to
the "up" or "down" position fits. The landing gear duwn-posiﬁion light
siwtch 18 activeted when the handle is pushed into the locking recess and
the warning horn is silenced. Circumstances involved in the 12 accidents
in this classification are as follows:
Occurring during deylight ...iescecenseccacssnacncas 8
Oceurring at Night ...eeeccsssssccssesretacccnecccns b

Number of instances of inoperative warning

hOI‘n .c-oc.&.u—.l-.10.o.ll-t..l.ll.!&.-‘.lu.t..ll-toioo- 3

Number of instances in which warning devices
erronecusly showed the gear to be locked 1n the
down Position .lI..I.lIO-Il.C.‘.ll'...w.l..-l..ll.‘ﬁ'l-..- 5

Note: 1In one instance, a tag on the ignition key became lodged hetween
the gear handle and the back of the down-lock recess. In the other four
instances, tests verified the fact that the position indicators were
activated and the warning horn silenced befare the handle was secure in
the down-lock recess.

Number of instances in which pilot stated he
did not get the handle fully in the loacked
position l.....-ll'il'.-l-...l-.‘l..ll...l‘.a-lnl.l—l.l&l-.ll'l 3

Note: TIn none of these three cases was there discussion aof the pogition
lights or warning horn. : -

Instances in which pilot knew the landing

gear was not locked down but could not get '’
gear handle into the locked position .icevemenccns 1l
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In these accidents it is considered that eight, or 66.6% were
in some measure design influenced. The instance of the ignition lock
ystem being ebove the landing gear handle-down lock recess is in this category,
since keys are seldom carried loose or individually.

In most instances there are likely to be other keys (a carrying
case or ildentification tags which can, and in this instance did, interfere
with the operation of the landing gear). The manufacturer has since moved
the ignition lock to another position on later model airplanes. The
warning devices and position indicators which indicated a safe situation
of the landing gear when it was not safe certainly contributed to pilot error,

as did the absence of the required aural warning in three instances.

9. Airplane 08L: 1In the one instance in this classification in

this airplane, the pilot did not have the landing-gear actuating handle
all the way into the locking detent.

10, Airplane 039:

The factors involved in the 12 asccidents in this classification

are ag follows:

Number occurring in daylight . . . . . . . . . . . 12
| Number oceuring at night . . . . . . . . . .. .. ©
Warning horn melfunetions . . . . . . . ; « « . 3
Inoperative landing gear warning lights. . . . . . 2
Position lights . . . . . .. . . . 1

Throttle-activated landing-gear
handle light. . . . . . . . . . ., 1
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Lights not observed by pilots...... e resssenanensan e 2

Landing gear position lights dimmed...........cc0nnen 1
Note: This airpleane has sutomatically dimmed landing gear position
indicator lights when the navigation lights or instrument lights are
on. There was only one mention of these switches being in the position
which would make it difficult to tell if the lights were on in the dey-
time. ‘ '

No comment in the reports on cbservance or non-
cbservance of position lights............. creserasres 3

No comment in the reports on aural warning........... 3

In two instances the pilots stated that the position indicator
lights gave a safe indication prior to touchdown. However, tests con-
ducted subseguent to the accident in each instance were unable to dupli-
cate the situation. Of interest, however, is that in both instances
the nose-wheel collapsed,

| In one accident it was discﬁvered that with only ah'éétimated

10 to 15 pound restraining force, the nose wheel could'be prevented from
going into the down-and-locked position. Hydraulic pressure then buil£
up to 1050 PSI and returned the landing-gear selectér handie to the
neutral position, thus stopping further extension-of the landing gear.
This situstion could occur during landing gear extension at ﬁigh speeds.
If power was maintained on the engines, the warning horn would not sound.
Ags a résult, a landing could be made with the nosegear in an unsafe
condition, unless the landing-gear position lights were carefully checked.
Since there was only one accident in these airplaenes in which the auto-
matic dimming feature of the landing-gear p&gition lights was in any way

involved, it cannot be concluded that this feature induces pilot error.
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In order to determine pilot reaction to the size of the lights,
several pilots with experience in this alrplane vwere interviewed. None
questioned had any problem with the size of the lights, nothing that in
normal use, the brightness offset any question of size. However, some
pilots did comment on the auto-dim system wvhen the navigation lights
were turned on at dusk. Under this condition of lighting, it was very
difficult to see if the landing-gear position lights were burning. The
solution to this situation by some of these pilots was to momentarlly
turn off the navigation lights to check the position of the landing
gear. Others noted that if one of the throttles was retarded and the
lending gear was not down, the red light in the landing gear control
handle would flash, thus providing a back-up to the position lights.

11. Airplane 087:

These airplanes were involved in 30.9% of the accidents revieved
in this classification, but flew only 4.9% of the total flight hours
accomplished in 196k by the 15 general aviation retractable landing-
gear airplanes in this study.

The factors involved in the 30 accidents in this classification
by these airplanes are as foilows:

Number occurring in daytime . . . . . . . . . 20
Number occurring at night . . . . . . . . . . 10
Number of instances of tripped circuit

breakers. . . .+ .« .

- I
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(NOTE: In two instances it was apparent from the accident damage that
the circult breaker wes tripped when the landing gear switch was placed
in the down position after landing. In the others, however, the gear
was partially extended prior to touchdown, indicating that the circuilt
breaker had tripped with the landing gear in transit.) _

Number of instances of inoperative warning horns.. 10

{NOTE: The horns were inoperative for many reasons; e.g., broken wire,
missing bolts, pitted contacts, master switch off, tripped circuit
breakers, etc. In addition there were three instances in which the
pilots reported they did not hear the horn, although the horn operated
satisfactorily on subsequent retraction checks. )

Number of instances of inoperative warning lights.. 6

(NOTE: In one instance this was because the battery master switch had
been turned off instead of the fuel boost pump. In addition to these,
there were three instances in which the pilots did not see the landing
gear position light indicator because of the auto-dim feature on this
aircraft. This device dims the landing gear position lights whenever
the navigation lights are turned on. In one of these, the landing
gear position lights did not light at sll when the nevigation lights
were on bacause of poor solder coanections which raised the resistance
in the ecircuit to the point where the filament would not glow. There

wes no comment in the other reports concerning the position of the navi-

gation light switch.)

Gear Selectof Switch placed in the "off"
position instead of the "down" position............ 1

In one instance the pilots stated that the landing-gear down-
position light was not illuminated, but he believed the bulb was burned
out since the warning horn did not blow. In three jnstences the pilot
did not check the position lighte.

. Unsuccessful use of the manual emergency system ....... L
Jeveral of the accident reports note that the emergency
extension of the landing gear by the manual system islextremely aiffi-
cult at speeds over the recommended 100 miles per hour. However, none
of the reports contained any information concerning the use of power -at

the reduced speed. Although there is s great smount of difference in

the effort requlired to extend the gear menually at the same speeds when
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power is and is not used, there is no mention in the prilot's handboock of
this fact, nor is there any recommendstion to extend the gear with the
pover off when the emergency system\is used,

The following table of pounds of pressure on the manusl exten-
sion handle needed at various airspeeds with and without power was

provided by the manufacturer:

Airspeed Pounds Pressure Reguired
IAS in mph Power Off Power On
90 ho 70
110 55 80
120 85 112

It is likely that this large increase in the effort needed to
extend the gear (as a function of power and airspeed) is in some measure
responsible for the number of unsuccessful attempts to use the emergency
system. Better information should be provided in the airplane manusls.

12. Airplane 027:

These airplanes were involved in 13.5% of the accldents
-reviewed in this classification, but flew only 2.4% of the hours accom-
plished in 196l by the 15 retractable landing gesr general aviation
alrcraft considered in this study.

The factors involved in the accidents in this classification
are as follows:

Number occurring in daytime . . . ., . . 12
Number occurring at night . . o . . . . 1

Number of instances of tripped
circuit breskers. « o v o v 2 o & o o . 3

Number of instances of inoperative
warning horm . . . ... . ... ... 6

Note: Landing gear warning horns did not function for
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these :easons:
* Generators off, battery deed - 3 inatances;
Poor Connection;
Throttle microswitches not adjusted properly.

Mumber of inoperstive landing gear position lights . - Y
(see * sbove) (three for seme reason)

Number of instances in which the landing gear
selector switch was positioned te "off"
instead of "down." . ¢ o« s s s oo s ow r et om0 2

Unsuccessful attempts to lower the landing gear
with the manusl emergency system e s o« o ow o2 e+ 3

Number of instances lnvolving students . . o

f. With respect to the accidents initiated by fallure of the pilots
to place the generator switches to the "on" positionm, it is noted that

prior to April 20, 196k, manufacturers' service letter on-this subjeet;

" "

no part.of the checklist called for putting the generators "on’ .
Concurrent with the service letter, new decals, includinglthe.prcper
point at which to turn on the generators, were igsued to registered
owners of these airplanes.

In recent years a considerable amount of emphasis has been
placed upon the use of the checklist in general aviation aircraft,
and pilots have been eriticized for any fallure to use it that came
to official attention. In view of this it would be concluded that tha
omission of an essentisl item such as "generators on' from the checks
1ist is in the category of design which induces pilot error.

Presunsbly, the distribution of the new decals with the

"generstors on' 1ltem ineluded will have solved this problem and comn=.

tribube to a reduction in the accidents in this claggification.
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g. On these airplanes, the landing geai "up" position and amber
light will flash if one of the throttles is retarded; however, if the
landing gear is stopped in transit, neither the "down" nor "up" light
will be illuminated. This is true also of most of the other retractable
landing gear general aviation aircraft.

13. Airplane 024:

The only accident in this classification involved improper use
of the emergency system,

VIII. Conclusions with Respect to Accidents involving Failure to
assure that the Landing Gear was Locked in the Down Position

Approximately 75% of these accidents occurred in daylight.
However, there was only one instance in whic¢h sunlight striking the down-
position light-indicator caused the pilot to believe the landing gear was
locked in the down position.
In this regard, CAA Technical Manual No. 103, "Aircraft Design

Through Service Experilence,” states: "Red warning lights are often used

as the means to indicate if the gear is not secured in its extreme

position. However, in actual operation, due to the effects of direct

sunlight, it is often difficult to cbserve if the light is on. Accordingly,

it is desirable to shield the lamp from the direct rays of the sun. In

the past, numerous wheels~up landings can be attributed to failure to

dbserfe the lamp being on due to the adverse affects of direct sunlight.”
Since there was only one accident in 1964 in this classification

in which sunlight was a factor, it can be concluded that this problem

has in great measure been solved,
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‘The automatic dimming of the landing gear position lights has been
demonstrated as e cause of pllot error. The airplane handbooks for all
the airplenes having this feature emphasizes the fact that the lights
will be dimmed when the navigation lights are turned on. However, in
the cases studied there were comments by the pilots that they were
not aware of this device. In the case of rental aircraft, it is doubtful
that the renter will be very familiar with information in the handbook.
Tn the twc twin-engine aircraft with this device there is secondary
feature which tends to reduce the possibllity of error because of the
dimmed light. This is the flashing red light in the landing gear control
handle in the one airplane, and the flashing of the "up" position light
in the other. However, there 1s no relieving feature associated with
the aubo-dim system on aircraft 087.

There were 10 accidents in which the landing geer position lights
were not functioning. However, in six instances it was because of
electrical-system failure, or because the generators were not turned on.

Accordingly, there does not appear 1o be any appreciszble problem with

the operation of the landing gear position lights. However, of -particular

interest is the number of comments from the pilots indicating that they
did not use the position lights to determine if the landing gear wWas
locked in the down position. It is apparent that many pilots are
relying on the asural warning signal rather than the lights to tell them
if the gear is in an unsafe condition. .
There were 34 instances in which the lsnding-gesr-warning horn, for
various reasons, did not function, and five instances where power-on

approaches prevented the horn from being heard until too late to prevent
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lar

the wheels-up landing. When relisnce is placed primarily on the aursl
slgnal for indication of an unsafe lending gear situation, as the accident
reports indicate, then malfunctions of this device contribute materially
to pllot error.

Reliance on the aural signal is not confined to general aviation
pilots. On April 15, 1964, the Federal Aviation Agency issued Amendment
40-41 to Part 40--Scheduled Interstate Air Carrier, Certification and Opera-
tion Rules, which provided that landplanes of over 12,500 pounds meximum
velght must have a wing-flap actuated aural warning signal in addition to
the other position indicating and warning devices related to the landing
gear. This Amendment, in part, reads as follows:

"All airplanes airworthiness regulations require, for airplanes with
rectractable landing gear, that a means be provided for indicating
to the pilot when the gear is secured in the extended and in the
retracted positions; that, in addition, land-planes be provided
with an aural warning device to function continuously when one or
more throttles are closed if the gear is not fully extended and
locked. The airplane sirworthiness regulations that permit a
manual shutoff for the aural warning device also require that it

be installed so that recopening the throttles will reset the warning
mechanism. A third safety Provieion, required in sub-paragraphs

4o .740 and 40.357 is the cockplt check procedure (checklist) to

be used by the flight crew during all phases of operation.

"The Agency finds, from a review of the accident record over the

past eight years, that 17 inadvertent gear-up landing accidents
involved airplanes operating under Parts 40, 41, and 42, Fifteen

of these accidents involved a number of eirplane models, irrespective
of performance or type of powerplant used, whose maximum welght
exceeded 12,500 pounds. Although these accidents did not result in
either major injuries or Tatelities, such accidents are potentially
hazardous, particularly because of possible ignition of fuel which
might be spilled.

"From the Analysis of the accldent record &nd from s study of opera-

ticnal practices relating to landing gear aural warning systems, the
Agency finds that the currently prescribed throttle-sctuated sursl
wvarning device and the other sefety provisions are not sufficlently
effective in preventing inadvertent gear-up landing accidents. The
Agency further finds that installation of a ving-flap actuated aural
warning system should reduce the number of such accidents, thereby
eliminating the potential hazard to the alrplane occupants and pre-
venting damage to the airplene."
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The study group believes thet if the warning system, position
lights, and checklists are insdequate in sir carrier aircraft operated
by two professional pilots, the problems must be equally as acute, if
not more so, in general aviation aircraft operated by & single pilot.
Accordingly, in view of the number of vheels-up landings during 196L,
the Board on May 20, 1966, forwarded to the Administretor a letter
recommending that & wing-flap-actuated sural warning signal be required
on all landplanes certificated under Part 23 of the Federal Aviation
Regulations.

In view of the large number of warning-horn fallures, we conclude
that these accidents fall in the design induced category.

There were 22 instances of tripped circuit breekers. When the
tripped circuit breaker is combined with malfunctioning lending gear
position lights, or melfunctioning eural werning systems, pilot error
by virtue of & lack of information is likely.

On June T, 1966, the Board forwarded to the Administrator a letter
recommending studies to determine the cause of the large mumber of
tripped circult breakers assoclated with accidents in which the pllote
failed to assure that the_landing gear was locked in the down position,

or falled to extend the landing gear.

- I¥. Fallure to Extend

1. Airplane OS5l

There was only one accident in thie clessification in these
airplanes. There wag no informetion in the pilot's statement or investi-
gator's report concerning the werning horn or landing gear position
lights.
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2. Airplane 060

There was only one accident in this classification. The
pilot put the gear selector to the "neutral" position instesd of "down"

3. Airplanes 090 and 021

Because of the similerity of these two airplanes, they
are considered together for this part of the report.

The circumstances involved in the 29 accidents in this
classification are as follows:

Number occurring in deylight........... 22
Number occurring at night.............. 7

Number of instances of tripped circuit
Lo =T=Y = o 2

Number of instances of inoperative
WArning NOrNS....viiieteevenrrnrossesas 13

Note: In addition, there were six power-on approaches, and as a result
no horn. Also, in one instance the pilot was wearing earphones and could
not hear the warning horn.

Number of instances of inoperative
landing~-gear position lights........... 0

As in the previous classifications, there was little mention of the
pilots' observance of the landing gear position lights. In only one
report is. the comment that the pilot did not look at the lights. 76%
occurred in daylight conditions., There were no comments concerning
sunlight striking the landing gear position light lens. Accordingly,
lighting conditions would not appear to be a factor in these acci-
dents. In 6% of these accidents there wa; no asudible signal to

warn the pilot that the landing gear had not been extended.

»
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L, Airplane 030
There were two accidents in this classification in these
airplanes. In neither report wes tiﬁere any comment concerning the landing
gear position lights. In only one was there any mention of the warning
horn. 1In thic instance it operated, but weakly, and the pilot stated
that it just didn't reglster because the sound ‘was like a radic-beacon
code.

5. Alrplanes 078 and 072

Since these airplanes are 8o similar, they are -considered
_ together for the purposes of this. report.

There were three accidents in this classification. 1In
 one, the landing gear motor circuit breasker had tripped In the second,
“the landing gear warning horn~ﬂas.inoperativey In the third a:pewer-on

- approach prevented the horn from sounding until too late.

The factors in the 12 accidents in this classification are
ag follows:

Number occu¥ting in daylight . . . « » . 10
Number occur¥ing at night . . . . . . . .2
"Number of ingperative warning hocrrns

Number of power-on approaches -and no
horn until %60 late. . . . . . + « « » « D

No information except pilot's- state-
‘ment that he forgot thegear . . . . « o 2

1
7. Airplane 096 | . “

There was only one accident in this classificatlon by

these airplanes. This accident involved a power-on approach, and no
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warning horn as a result until too late to prevent the wheels-up landing.

8. Airplane 024

There were three accidents in this classification by these air-
planes.. In two instances the pllot was concentrating on events outeide
the cockplt end forgot to lower the landing gear. The other involved
improper use of the emergency system.

9. Airplane 015

The factors involved in the 13 accidents in this classification
by these airplanes are as follows:

Number of instances in which the landing gear
warning horn and lending geer position lights
functioned normally, but were ignored by the
pllots because of distractions outside the

alreraft . . . . . . . ., ... .. ... e s 01 3
Number of instances of inoperative landing

gear warning horns ., . . ., . . . ., . . . . . .. 5
Power-on approaches . . . ., . . . . . ., . . . . 2

Number of reports in which there is no
information on the operation of the landing
gear warning horn or position lights . . ., . . . 3

(Note: It is likely that in at least one of these accidents, the warning
horn was inoperative since the pilot stated that his first werning that
the landing gear was not down was when the radio antenna on the bottom
of the fuselage started dragging on the runway.)

10. Airplane O8L

' The factors involved in the 11 accldents in this clasgification

by these airplanes are as follows:

Number occurring in daytime . . . . . . ., . e . 9
Number occurring at night . . ., . . ., , . . . 2
Number of instances of inoperative warning

horme . . . . .. ..., ..., . .., . ... . 2
Power on Approaches . . . ., ., , , , , ., ... 6=

(Note: In one instance, ?ﬁ;\Iﬁﬁdingmgear position down lights were on all
the time during the flight, thus rendering them-useless. In one instance

the pilot was facing into the sun and could not see the landing gear position
lights.)
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No informetion in the accident report
concerning landing gear position lights,
pover button or warning horns . . . . . . . 3

11. Airplane 039

The factors involved in the 14 accidents in this classification
in these ajirplanes are as follows:
All occurred in daylight hours.

{Note: There was no comment in any of these reports conceraing the auto-
dim feature of the landing gear position lights.)

Number of instances of inoperative landing
gea-r W&I'ning hOI'nS ' T T R L ] .l P

{Note: There were 3 reports which did not comment on the werning horn. )
Power-on Approaches . . . « - « « « + + + o o T
Inoperative landing gear position lights . . 2

{Note: In 9 of the reports, the pilots stated that they did not ohserve
the landing gear ition lights.)

Single-engine practice, power-on approaches . 3

12. Airplane 087

The factors involved in the 24 accidents in this classification

by these alrplanes are as follovs:

Number occurring in daylight. . . . . . . . 1k
Number occurring st night . . . . . . . . . 10
Number of tripped ¢ircuit breakers. . . . . 5

{Note: All werning systems operating, but pilot.distiracted by events
outside cockpit.)

Number of inoperative landing gear warning

NOYN8 « & « & o o s ¢ & s s & o o o o & , 9
Power-on Approaches . . . .+ + + o+ + ¢ & + 2
Landing gear switch positioned to "off“

instead of "dowm" . . . . . .. b
MiSCEllaneous . » « « « « o + o + + o « 2+ 6
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Battery master switch off

Nevigation lights on, landing gear position
lights dim, but horn sounded.

13. Alrplane 027

The fectors involved in the six accldents in this classifica-
tion by these airplanes are as follows:

Number of instances occurring in daytime ... 3
Number of instances occurring at night ...,,. 3
Number of instances of tripped circuit
breskers R
Number of instances of incperative

warning horn I T T T Y -

X. Conclusions with Respect to Accidents in the "Failed to Extend
the Landing Gear" Classificetion

In & few instances the auto-dim feature, or sunlight conditions
were factors in the pilots' feilure to obsefve the landing gear
pogition lights. However, these instances are szo infrequent that cockpit
lighting conditions do not appear to have a significant part in inducing
pilot error with respect to the "failed" to extend the lending gear
classification of accidents.

What is apparent with respect to the landing-gear bosition lights
1s that for various reassons meny pilots simply are not using them. As in
the previous classification of wheels-up landings, the prinecipal device
the pillot is using to determine that the landing gear is locked in the down
position is the warning horn.

The 43 instances of landing-gesar warning-horn failure in this
classification, as in the 34 instances in the "failed to assure the landing
gear was locked in the"down" position, indicates a deficiency that,

certainly induces pilot error. However, because of lack of

’
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i{nformation in the accident reports, 1t was not possible to determine if
| the deficiency 1s in the design of the horn, the throttle sctuated micro-
gwitches, or other components of the sural warning system, or whether the
problem is simply inadequate maintenance. In any event, it 1s likely that
a significant redustion in the number of pllot error, wheele~up landings
can be made if the reliability of the aural werning system is improved.

Tn this regard it is believed that the wing-flaps-actusted device
. recommended in the Board's letter of June T, 1966, would contribute sub-

_stantially to a reduction in +he nuniber of wheels-up landings in general
avietion alrcraft.

As in the previous classification, tripped circuit breakers, pexrti-

- cularly in airplane 087, are considered +o have been a factor in producing
- pilot error. Improvements in this regard would contiﬁbume materislly to a
reduction in pilote-error, wheels-up landing accidents.

Poweyr-on approaches were involved in 33 of the wheels-up landings 1n
this élassificetion, and in five in the previous classification. We belleve
that a wing-flaps-actuated aural warning device would contribute substan-
tially to a reductlon in wheels-up landings sssociated with power-on

. approaches. In this regard, it is interesting to note that at least one

- general sviation twin-engine eaircraft handbook (airplane 039) recommends

* that on the approach "normally ebout 12" MP ghould be maintained to
provide a reasomsble approach angle;" Since the landing gear warning horn

+ miero-switches are typically set at 12 inches of manifold pressure, this
recommended progedure very nearly defeats the intent of the regulations
providing for the aural warning eignal 1f the landing gear is not locked

{in the down position. If the airplane design is sucﬁ that power must be

- 100 -




ve

used to achieve a "reasonable" descent angle, then this feature can
influence the pilot to meke & wheels-up landing; or, at the very least,
wlll deprive him of the benefits of one of the devices considered
neceesary in the lnterests of safety.

It 1s recommended that for those aircraft requiring a pover-on
approach to avoid excessively steep descent angles, the throttle-
actuator warning-horn microswitch be set at a mantfold pressure high

enough to provide adequate aural signal.

XI. Miscellaneous Factors Related to Wheels-Up Landings

The problem of identical swit:zhes for the landing gear
selector and flap selector was apparent in other areas in the course
of this study. On a few occasions it was ﬁoted that battery master
switches were turned off when the pllot intended to turn off the fuel-
boost pump. The resulting complete electrical fallure influenced
wheels-up landings since there was insufficient current to Operate
the lahding gRar.

-In comparing the selector switzh locations in the early model
airplanse in which this situstion oceurred with the selector switches
in later models of the same alrplane, it was noted that the battery
master switch had been moved from its location immediately adjacent
to the fuel boost pump switch, and relocated to another part of the
panel. Confusion between the two was thus minimized and accidents
attributable to this situastion are practigally eliminated.

While not related to this category of accldents there were
other similar situations that came\to the attention of the study group
in the course of discussions with pilots. In twé instances pllots

of airplane 027 and airplane 096 reported that the ignition switches
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were inadvertently turned off instead of the fuel bapst pumps. The
result was an immediste losa of power that could have been criticel
had it occurred to less experienced pilots. If an accident were to
occeur for this reason, it could be very difficult to determine the
strue position of the switches because of éevere cockpit disintegration.
ghecordingly, it is recommended that consideration should be given to
Aiscussing at the next Annual Mrworthiness Review a requirement for
guards to be placed over oritical switches that are normally turned cm
end off only once during a flight. These switches should include, but
riot necessarily be limited to, ‘the battery master switeh, -and to toggle-
rtype ignition switches.

Further, consideration should be given to a reguirement that
“nese switches should be loeated remotely with respect to other switches
wthet are uzed frequently, or which may be turned off during a -critlesl
phese of flight, e.g., boost-pump switches which are dften turned off
Auring initisl climb.

In a few asccidents there were comments that the lending gear
-aural warning signal sounded like the stall warner and could not be
:distinguished from the stall warner. In another instance the stall
warner sounded like a radio beacon code signal and was accordingly
1ignor¢d.

Part of the problem lies.in the fact that the same or identical
_mwarning horns are used for both purposes, In most instances the landing gear

.aural werning is supposed to be identified by its regular, intermittent
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note generated by the flasher unit. The stall werner, conversely, has
an intermittent, supposedly irregular signal which becomes steady when
the stall is reached. 1In practice the intermittent regular landing-
gear aural slgnal 1s difficult to distinguish from the intermittent,

irregular stall warning which the pilot expects. Consequently, the

gignal fails in its intended purpose.

At least one manufacturer has attempted to solve this problem
by using separate horns and separate coperating frequencies in order to
distinguish clearly between the two signals. As a result, the frequency
for the stall warner is set at 1000 cycles per second, and the frequency
of the landing gear warning horn is set at 500 c.p.s. In addition, the
lending gear warning horn is connected to a Flasgher.

It is believed that this is a step in the right direction.
However, the situation would be still further improved if the stall
warning device could not be mistaken for the landing gear aural signal.
As, for example, the case with & stick-shaker for stall-warning. A
light signal for stall-warning will do equally well as far as separating -

the signals. However, this may be in turn confused for other emergency

warning lights. J
It is noted that NASA pilots conducting an evaluation of the

handliné qualities of general aviation aircraft considered the visual

stali warning light to be unsatisfactory, and in some instances totally

inadequate as a result of glare from the sun.
It is recommended that the sublect oFf providing separate non-con-

flicting distinct warnings for landing gear position and stalls ﬁ;

devices which do not require a great deal of discrimination on the

pilot be placed on the agenda for discussion at the next Annual Alr-

Worthiness Review.

- 103 -



NOSE-OVER ACCIDENTS

Accldent Sequence:

The initial review of nose-over accidents indicated that many
of them, particularly on tricycle-gear aircraft were second~type
accidents, following landing gear collapse, ground loop, or similar
accldent types. It was believed that such occurrences do not fall
within the purview of this analysis, in that the sccident was
induced by the prior accident type, rather than pllot error in
reletion to the design characteristics of the aircraft. Therefore,
‘only those accidents in which the nose-over was the first type were
included in the analysis.

Parametric Groups :

A review of the break-down by utilization groups indicated that
design parameters were more significant in the type of accldent then
type of utillzation; therefore, & complete parametric study was msde.
Single- and twin-engine sircraft were trested separately. In the
single-engine category, parametric groupings included tricycle and
tail-vheel landing gear; high wing and low wing aircraft; high wing
‘tricycle-gear and low-wing tricycle gear aireraft; alrcraft with
wing flaps and without wing flape, with sub-breakdowns of ‘high and
dow wing.' In the case of twine-engine aircraft, it was found that
there was only one first type nese-over accident to the elght air-
craft types included in the studies. This occurred to airplane 060,
the only airplane with a tgil-wheel landing gear.- In vieﬁ of_this
réeord, 1t was concluded that nose-over accidents are not a problem
with present-day twineengine aircraft, end no further andlysis was

mede,
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Consldering the single-engine alrplane, as would be expected, tail-
wheel gear airplanes had a gignificantly higher frequency of nose-over
accidents than did tricycle-gear alrplanes. Airplane 099 had by far
the highest frequency of nose-overs of the tail-wheel gear airplanes,
differing at a high level of significance fram other airplanes in this
parametric group. It ie believed, however, that the factors tending
to induce nose-over of tail-gear alrplanes are so well known that no
snalysie or discussion is necessary,

Among the tricycle-gear airplanes there was a highly significant
difference between high-wing and low-wing airplanes, The overall nose
over accident frequency for low-wing airplanes is 0,033 per 10,000
flying hours, or one such accident Per 300,000 hours, The frequency
for all types involved was too low to permit a statistically eignifi-
cant comparison of the individual aircraft in this category,

Multiple degree of freedom analysis of the high-wing tricycle
gear airplanes showed a variation within the group significant at the
0,05% level, as & result of the influence of ailrplanes 009 and QL2.
The first of these had a frequency above the mean for the group st
the 0.05% level of significance, the latter below the mean at 0.1%
level, There was no significant variation among the other airplanes
in this parametric group. The accident frequency of airplane OL2 was
comparéble to the mean of low-wing tricycle-gear airplanes, whereas the
frequency for airplane 009 was comparaeble to that of airplanes with

conventional landing gear.
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Comparison of Airplanes 009 and 042

In view of the foregoing, the analysis of nose-over accidents
was devoted primarily to the accldents to Airplane 009 and & compari-
son of the characteristics of this airplane with those of aireraft
O42, The accident files on airplane 009 were thoroughly reviewed
to determine the circumstances under which the nose-over accidents
occurred. It was found that 44% of the accidents occurred during
taxiing; 35% on landing (mostly during the landing roll); 11% during
take-off roll, and the remaining 11% during static operation on the
ramp. The accidents occurring during take-off and landing for the
most part involved hitting soft ground, snow, etec., with either the
nose wheel or one of the main wheels, whereas the acecidents which
occurred during taxiing or static operation invelved a quartering
tail wind, frequently with gusts. The majority of those in taxling
oceurred as the pllot started to turn into the wind after taxiing down-
wind.

Careful comparison was made of the design characteristics of air-
craft 009 and aircraft O42. The two alrcraft are of the same general |
size and class. The landing gear geometry was comparsble as regards
both lateral and longitudinal wheel base. On both aircraft, the main
landing-gear wheels are thé same size as the nose wheel. The
standard wheels on aircraft O42 are slightly smaller than those on
aircraft 009, but the aircraft 1e also offer;d with special wheels and
tires and of the same size as those on aircraft 009. The angle
between the centerline of the airplane and the grouhd line between

the nose wheel and one main wheel is of the same order of magnitude,
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vith less than a 5% difference in the value of the tangent of the
angle. The center of gravity of airplane 009, however, is appreciably
higher than that of airplane O42, and is also slightly further fore
ward, in terms of its location as & percentage of the longitudinal
vheel base. The static ground angle of airplane 009 ig 4L° nose-~-up,
while that of airplane OL2 is 5°; however, airplane 009 is equipped
with an adjustable stabilizer with T§° of travel. The accident
reports do not state the stabilizer setting, so no comparison can be
made of tall incldence or ites effect,

The criterion for overturning tendency presented in the
NACA ACR "Note on Factors Affecting Geometrical Arrangement of Tri-
cycle Type Landing Gears," by Carl J. Wenzinger and A. R. Kantrowitz,
dated April 1937, was computed for the two aircraft, The criterion
is the minimum value of the horizontal load factor at which the
resultant acceleration vector through the c.g. can intercept the
ground outside the line connecting the nosesheel and the main wheel
contact point. The over-turning tendency is shown to vary directly
with the height of the center of gravity, and inversely with the
distance of the c.g. aft of the nose wheel and the sine of the half
angle of the apex of the triangle formed by the landing gear. The
value was found to be approximately 0.64 for aircraft O42 and 0;61 for
aircraft 009. The difference of 0.03 does not appear to be great
enough to account for the comparative accident records of the two
alrplanes. The value for both alrplenes: appears to be low, compared
to the 0.80 in the example in the NACA report. o

One possible factor is the differe?ce in the type of main
landing gear. It may be that the characteristics of the spring type
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gear on mirpleme O42 result in greater lateral motion of the gear under

the influence of &n overturning moment than occurs on airplane 009. This

would incresse the lateral wheel-base under dynamic conditions and hence

effectively increase the value of the criterion given by the NACA. The

adata available are insufficient to permit quantitetive evaluation of this

. peossibility.

“The NACA criterion, of course, is applicable only to those accildents
4o sirplane 009 that resulted from hitting soft ground, ete.,
with one of the wheels; it does not epply to those accidents involving

& quartering tail wind, end no data were found by the Board which provide

.8 sound basis for & guantitative comparison of the two sirplanes’ for' this

condition.  It.would appear that the variables: involved would inelude 81l

‘length, horizontal tail area, including size of the elevator, angle of

i incidence of* the tall in static attitude, tail surface,wﬁiffoil-charactér-

idstlecs, and height of tall-sbove the ground,-and since the resultant force

. factor must hawe a lateral component, the characteristics of the up-wind

nwing,'1nclud1ﬁghspanwise location of center of 1ift.

In the absence of quantitative criteria for analyzing this condition,

no direct comparison can be made of the design characteristics of the

two airplanes.

" A comparison was slso made of the utilization of the two airplanes

~and the operating conditions under which the accidents to-airplane 009

-sirplane O42 was in instructional flyling; 10% in professional flying,

occurred,
‘It was noted that approximately 80% of the totel utilization of '

i

and only 10% in personal tranéportation, as compared to 40%, 10%, and
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50%, respectively, for airplane 009. It might, therefore, be that
stricter operational control of airplane Oh2 is a factor in the compara-
tive nose-over accident frequency of the two airplanes, especlally since
the review of reports of accidents to airplaﬁe 009 showed that the
majority of nose-overs with a quartering tail-wind occurred in winds of
25 mlles per hour or better, with gusts in the range of 35 to 50 mliles

per hour. It would eppear logical that in the cese of instructional
flying, operation of airplanes of this category under such wind conditions
would be minimal. Also, there would be little, if any, operation from
fields with soft spots, soft snow, etc.

On the other hand, it was found that approximately 25% of the
accidents to alrplane 009 occurred during instructional flying, and
approximately 10% in professional flying, including two in air-taxi
operations. It does not appear reascnable to assume that instructors
and commercial operatore who use airplane O42 uniformly have better judg-
ment and exercise greater caution than those using alrplane 009. It was
found, however, that the owners manual for airplane O42 until 1964 contained
a chart, "Taxiing Tips for Strong Crosswinds," showing recommended control
positions for winds from various quarters and a speclal note on strong
qparterigg tail winds. The‘chart in later manuals has been retitled,
"Taxiing Diagram,"” but is otherwise the same. No such data afe given in the
manuai for alrplane 009, and 1t may be that this is a factor in the situa-
tion. Nevertheless, it must be concluded that the data presently available
are not adequate to provide a full explanation of the significant difference
in the frequency of nose-cover accidents to these two airplane typés.
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It is recommended, however; that an investigation be.made: and:
quantitative criteris: be established for: the noseeover- tendemcy:of’ such-
eirplanes - under: quartering tail-wind conditions, and that: design reguires.
ments be established, both for this- condition snd. for: an allowable minimum:
value of the friction coefficient at a wheel, that will cause:the. air..

plane- to. nose~over.
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ACCIDENTS RESULTING FROM HARD LANDING

Accident Definition and Clrcumstances

The hard-landing accldent type is defined as one involving stalling
onto or flying into the runway or other intended landing area. The term
"stalling" as used in this context is intended to convey only that the
airplane was dropped from a height sufficlient to result in a hard landing.
As noted in the definition of accident types, the occurrences of such
stalls are not tabulated in the stall, spin, spiral, or mush accident-
type category. It should also be noted that whenever the landing gear
collapseé as the result of a hard landing, the sécident type "gear
collapse" is coded as a secondary type.

As in other accldent types the circumstances surrounding hard
landings vary widely. In a majJority of cases, however, those in which causal
elements are ascribed to the pilot include the description "improper level
off." Many of these accldents are precipitated by or related to the
following envirommental/operationsl factors or situations:

1. The myriad effects of gusts, crosswinds, downdrafts,
and turbulence,

2. "Dropping the alrplane in" at a height considersbly
above the runway surface,

3. Development of a relatively high rate of sink,
coupled with an improper or inadequate flare.

4, Bouncing or porposing coupled with an improper
or Inadequate recovery.

5. Contacting the landing surface nose wheel first.

6. Those unique perceptive factors in night landings .,
related to distance, speed and altitude.

T+ Inadequate or improper short field, approach.

- 111 -



Statistical Significance of* Herd-Ianding Accidents

The hard-landing accident frequency of airplanes O48 and 102 was
evaluated as being "much higher then average" as shown on Appendix (177 .
The ‘-&:Lrplane groups shown thereon are related to the airplane utuiliztion

baged on an exposure index (Groups I and II) and the complete study fleet

{Group ITI). Both airplanes are single engine, low-wing nose-geer conllgute-

| ations and an evaluation of both in parametric Group IV, Appendlx 18, with
respect %o all low-wing airplanes, all low-wing tricycle gear airplense;.

all tricyele gear airplenes and all single engine airplames results in the

same compltsion, i.e., & "much higher than aversge” mumber of hard-landing 3

sceidents on both a flight time and an sccident basis, The relatively

frequent occurrence of hard landings in théne-‘-air:pﬂsamm is spparent regard-

- less of the grouping, dbasis, or accldent sequence chom for evaluation.
Other single-emgine airplames with sa-frequency of first~type hard:
lendings considersd to be simply "higher then aversge" when evelusted
on & stuly fleet basis include: 084, 081; 054, and 036. The first two
of these are low-wing snd high-wing nose geer configamatians ’ regpactively,
vhile the latter two are high-wing tall-wheel ad.rpiane:s;. A similer
evaluation within the scope of the utilizetion groups yields the seme
result for airplanes 081 and 015. In sddition, a. Group IV evalustion
for all twin-engine airplanes discloged that the h,ardtlandi.ng freguency
of 096 was also significantly high.
Three -elrplanes having & relatively low iz'req:uenicy'oi first~type herd
landings besed on en evalustion of the study fleet includes. 045, ORl,.

030, 039, 051, and 060, These latter four are twin-emgine airplemes, ami

although they appear to have better them averege records within the scope
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of Group IIT, they are consldered to be only average when compared with
&ll other twins in the study group, and when evalusted within the utilization
group. The evaluation of first type hard landings in utilization Group I
also discloses that airplane 018, as well as 021 and 145, has a relatively
low frequency of occurrence.
| Airplane (21, a low-wing eingle engine tricycle configuration appears
to have had a frequency ofrhard landings considered to be "much lower than
average" when evaluated within Groups III and IV and "lower than average"
within Group I. The configurations evaluated in Group IV included all
low-wing airplanes, all low-wing tricycle gear airplanes, all tricycle
gear airplanes and all single-engine airplanes. With respect to pilot
proficiency, it was noted that less than 1% of the 1964 flight time of
this airplane was classified as "instructional",
Airplane O45, a high-wing single-engine tail-wheel configuration had
a frequency of hard landings that was considered to be "lower than
average" when evaluated in Groups I, III, and IV. The configurations
evaluated within this latter group included all high-wing, tail-wheel B
girplanes; all high-wing airplanes, all tail-wheel airplanes, and all
single-engine alrplanes. Again, it was noted that the instructional
activity in this airplane accounted for less than 1% of its total flight
time in 1964.
Although the hard-landing record of airplene 018 4id not appear
significant on the basis of a Group III evalumtion, it was consgidered
to be "lower than.average" within the scope of Groups I and IV. Theﬁ
Group IV configurations included all high-wing tricxcle gear airplanes,
all high-wing airplanes, all tricycle~gear airplanes, and all single-engine

airplanes. In contrast to airplanes 021 and Olk5, the instructional activity
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in this airplane (345,730 flight hours) accounted. for approximately 25%: of’
its total flight time in 1964k. It would appear, therefore, that this airs.
plane manifests a considersble tolerance to variations in 'pllot proficlency:
and technique as related to.this accident type.

A-Chi-Square comparison of hard-landing accidents involving all Ml ghi-
w-iﬁg, and all lowswing:aircraft within the: study fleet discloses: no- signi--

ficent difference between the two groups unless-airplanes. O48 and 102 are-

removed. The low-wing.group then appears to. be better-at the 2k level
of significance.. Similar comparisons.between teilwheel/nosewheel and flape//
no. flaps airplaenes (excluding O48 and 102) discloses. that those with-moses.-

‘vheel or flaps:are significantly better at the 5%:and 1%:levels,. respectivelyy.

Hard-Landing Accident Reports

A review of first-type hard-landing accidents ‘involving  airplane
OB discloses a-substantisl nmumber censed by or precipitated by the air-
plane contacting the landing surface nose wheel first. a.nd)for:bmmcing;:,or'
porpoising along the:landing surface. These are in.addition:-to several.
in which the pilot mey have landed with the nose-wheel in.e.crabbed.
attitude, or those wherein the pilot dropped the airplane in from-en.
excessive height. Relatively few of the accidents , however, resulted
from. the latter.

A review of the accident reports involvin&@irp;i.ane 102 discloses a.
number of occurrences or events similar to those.involved in the-hard
lendings.of airplane O48. The circumstances.or factors surrouniing. these:
agcidents appear.to include at least those numbered 1. t'proug,héftini“thnw

;.aeé,ti.on'.
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The conspicuous factor in most of these hard-landing accidents involving
either airplane is the damage pattern--the majority involve damaege confined
to the nose gear, the propeller, the engine mounts, the cowling and wing tips
Relatively few of these accidents involve damage to the main landing gears,
such as might be sustained if it had been subjected to severe vertical impabt
loads. The term "Hard ILanding", therefore at least in these caseg, appears
to be more properly or explieitly associated with damage of the nose gear or
related structure,

Relationship to Pilot-Experience lLewvel

Based on a sample of 16 first type hard-landing accidents involving air-
plane 102, eight involved students whose total flight-time ranged from 9 to
141 hours, and whose experience in this speéific alrplane varied from 2 to
25 hours. 8ix involved private pilots, with total flight times ranging from
103 to 310 hours and specific make/model times varying from 2 to 80 houfs.
The remaining two accidents involved flight instructors with total times of
1965 and 925 hours and corresponding make/model times of 61 and 8 hours,
respectively, who were with students when the hard landing occurred.

Based on & sample of 34 first type hard-landing accidents involving air-
plane 048, 19 included airplanes operated by student pilots, 13 were operated
by private pllots, and the remaining two involved instructor pilots with
students at the time of the asccident. Nineteen of the pilots involved had
less than 25 hours of flight time in this make/model airplane; nine had be-
tween 25 and 50 hours, and six had between 50 and 125 hours.,

Because s number of these accidents Bccurring to elther airplane involved
students or relatively low-time pilots, it might be rationalized-ihat a
relatively low-experience level was the determining factor. This may, as
g matter of fact, bé true, It is, however, in decided comparilson to
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: other makes and models where, apparently, this accldent type is not as
+eaeily influenced or precipitated by comparable skill-levels or teche
niques. For instance, only W% of the total 1964 flight time of airplane
.102 wes classified as instructional, but students were involved in 10 or 63%
;of all first type hard-landings in this airplane. For alrplane Ok8, ‘such
instructional time amounts to sbout 30% of its total and students were
Jinvolved in 21 or 62% of its first type hard-landing accidents.
‘'hese figures are in sharp contrast to those for airplanes 009
‘and Ok2, both high-wing tricycle configurations, which were not aignificaﬁt
.on elther a flight-time or an acecldent basis. This, despite instructional
. exposure smounting to 41% and T8% of their total times, respectively.
- ‘These latter two figures incidentally repfesent a total inetructional
. exposure of 1,153,820 hours, as opposed to a total of only 144,890 hours
"for eirplanes Oi8 and 102.
It would appear, therefore, that pllot-experience level alone should
.not have been solely responsible for these accidents in O48 and 102; i.e.,
;the relative ease of landing elther of these airplanes safely appesxs to
.contrast sharply with the same operation in airplane 009 and.Ok2 which
- appear less prone to this accident type in spite of a much greater

 exposure to relatively low-pllot experience levels,

“Relationship to "Gear Collapse"

"Gear Collapse" is an sccldent type defined to be the result of a
rmechanical fallure other than a malfunction of .a retraction mechanism
-and is closely related to the hard-landing type accident. When it occirs
.8 the result of a hard landing, for instance, it is coded as a second
- accident type. When it is coded as a first type of accident, 1t is, of
~gourse, on the basis of what actually heppened first -- a mechanical

‘fallure.
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An evaluation of the frequency of occurrences of first type "gear
collapse" accidents involving airplanes 081 and 084 discloses both to
have been significantly high. In addition, they both were considered
to have had a "much higher than average" frequency of these accidents
when compared agalnst the records of all other nose gear aircraft in the
study fleet. The same is true when these two are compared with all other
high-wing, nose gear and low-wing nose gear airplanes, regpectively.

Several gear collapse accidents involving sirplane 081 resulted
from a failure of the nose-wheel shimmy dampener and fork with evidence
of prior cracks in the fork. The significantly high occurrence of
both the "gear collapse" and "hard landing" type accidents suggests &
relative weakness of the nose gear itself.. Thg% is, failures of the
type mentioned could have been responsible for at least some of the
accidents in this airplane that were classifled as hard landings.

It is also interesting to note that none of ‘those airplanes having
a relafively low frequency of hard landings appears to have hed any
difficulty or problems with first type "gear collapse" accidents in any
of the study groups. The record of airplane 018, as a matter of fact,
indicates fhat the frequency of first-type gear collapse accidents was
consideréd to be relatively low on a study fleet basis and also when

compared with all other high-wing tricycle configurations in Group IV.

Landing Approach aml Flare

Two important factors influencing-an airplane's landing approach
and subsequent flare are the approach speed and the lift to dfag ratio

in the landing configuration. The approach speed divided by the
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stalling.speed, or the spproach speed . ratio, is a measure.of the excess
airspeed that'is-reqﬁiredgng;jaéz the airplane, The.lift to .drag.ratio

at a given approach speed determines the power setting.required-to meintain-
a._fixed descent angle. The two ratios can be uniquely related, but, in-
general, the lower the 1ift to dreg ratio, the higher: the.aepproach.speed.

should be.

Airplane Q48

The relatively high frequency of hard landings in.O48 which: eppears:
to invelve nose Tirst contacts and substantial damagexto"the-nosefgearr
are, as previously mentioned, related to anvimprcpgnvor#inadequatg~flaneﬁ.
While there is much general knowledge concerning the characteristics of -
the landing approach end landing flare, sufficient data are not:availeble:
to the Board to determine precisely how the OU8-design influences this:
eccident.type.

Airplane 102

This-airplene incorporates. s limited elevator control designed to
preclude stalls. This feature necessarily limits the elevator power in:
the landing_flare, the critical phase in which the airplane's -rate of
descent 1is checked Jjust prior to touchdown. This can result in an:
inadequate flare and consequently a hard impact: Since 1t may be impos«
sible to arrest the airplane's descent at relatively low .approach speeds,
it is imperative that an adequate excess speed margin be maintained
-

throughout the approach -- a requirement-that may be quite difficult-

and also quite critical in turbulent or gusty air. .
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It is also conceivable that the application of power in this airplane
might be more critical than in other airplanes in sifuations involving
relatively low airspeeds. Since elevator deflections required are inversely
proportional to airspeed, it may be necessary that power lead the airplane's
response by a considerably greater margin.

Also, since the flare capability may be enhanced by increased air-
speed, some pilots might prefer an unusually fast, flat approach. This
procedure, however, increases the likelihood of & nosewheel-first contact
because of the relatively flat attitude of the airplane upon landing.

It would appear that the pilot is faced with somewhat of a dilema.

If the approach speed is too high, he risks a nose-first contact; if too

low, it may be impossible to flare the airplane. TIn order to preclude the
nosewheel-first contacts, we understand that some owners limit full extension
of the nosewheel strut by attaching a cable about six inches long between
torque links on the nosewheel strut assembly. It would thus appear, based
simply on such modifications to prevent it, that the risk of a nosewheel-

first contact in this airplane was relatively high.
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OVERSHQOT ACCIDENTS

No highly significant variation 1s overshoot accident freguency
was found in the multiple degree of freedom analysis of the utlization .
groups. The highest significance level founcd was at the 2.5% level for
Groups IB and IC. Similarly, no alrplane model differed from the mean
of its own group at a very high level of a significance. The highest
value was for Alrplane (21 which was below the mean of Group 1C at
the 1% level.

Twin-Engine ve. Single-Engine Aireraft

The overshoot accident rate per 10,000 flying hours for twin-engine
aircraft was less than that for single-engine types at the 0.05 level of
significance. The twin-engine rates were of the order of 0.1 per 10,000
hours, so it can be concluded that this type of aceident is not a problen
for these aircraft. The reason for the difference between single and
twin-engine aircraft could not be established. It is believed, however,
that one or more of the following factors may be involved:

1. Improved glidepath control in the type of power-on
approach commonly made with multi-engine aircrafi;

2, The type of utilization involving operation primarily from
regular airports with adequate hard surface runways;

3. The level of pilot experience and proficiency.

Effect of Wing Position

A comparison was also made between low-wing and high-wing single
engine aircraft in each utilization group and for the fleet as 2 whole.
1t was found that there wag no significant difference in any case. It

was also observed that in Group IC the aireraft with the highest rate

and that with the lowest rate were both low-wing alreraft, It is,
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therefore, concluded that wing position is not a parameter affecting
frequency of overshoot accldents.

Analysis by Utilization Groups

In Group IA, airplane O84 had an overshoot frequency above the
group mean et the 2.5% level; no other airplane in the group differed
even at the 5% level., Review of the accldent files showed that approxi-
mately 45% of the overshoots to aircraft 084 occurred during attempted
downwind landings. A check of reports on accidents to other aircraft
showed that this is an abnormally high ratlo, and that downwind landings
are not an appreclable factor in overshoots generelly. Ailrcraft 087, in
Group IC, for example, had almost three times as many overshoot accidents
as aircraft OBL, but only one-quarter as many involving downwind landings.
There 1s no apparent explanation of the propensity of pilots of aircraft O8L
to land downwind, but this cgnnot be considered to be a design-induced
error. If the downwind landings are deleted, the overshoot a::ident
rate for alrplane O8L is approximately equal to the mean for the group.

In Group IB, airplane O48 is above the group mean at the 2.5% level
of significance, and airplane 075 is below the mean at the same level.
Analysis of the group with each of these airplanes deleted in turn shows
that nelther airplane differs significantly from the rest of the group;
the diffe?ence between the two ailrplanes, however, is significant at the
0.5% lével. The two airplanes involved are of such completely different
type that a parametric anelysis to account for the difference ic nul
feasible. One 1s a high-wing airplane without flaps, with tail-wheel
type landing gear; the other a low=-wlng tricycle-gear airplaﬁe with flaps.

Approach characteristics, speeds, and procedures are all dlfferent.

- 12] -




" Analysis of which factor or factors account for the difference in over-
shoot frequency between these alrcraft 1s consldered to be heyond the
scope of thisstudy, as it would require flight evaluation of the two
alrplanes.

In Group IC there are again two aircraft that difTer apprecisbly
from the mean -- airplane 021 being below the mean at the 1% level of
significance and airplane 087 being sbove the mean at the 2.5% level.

The difference between the two airplanes is significant at the 0.05%
level, but there 1s no significent difference between either sirplane, s
the remainder of the group with the other of the two alrplanes omitted.
Thus, it is concluded that nelther sirplane differs apprecisbly from the
‘general level and that the difference is between the two aircraft.

The two aircraft ilnvolved in this case are of the same general,
type and ere directly comparable. Recommended approsch speeds, stelling
speeds, etec., are similar so that a comperative analysis can be made.

Detailed anslysis of the reports of accidents to airplane 08T shows
that the msjority of cases occur during isndings on. grass or dirt strips,
frequently wet or slippery. Also in approximately half of the total
number of cases, availsble runways were short -- seversl being only 1,200
feet,_‘Altitude and temperature effects do not appeér to have been
involved. Of the cases in wihich these factors were reported, 85%
ocourred at altitudes of less then 1,500 feet, and 67% at temperastures
below 80°F., In some cases, the approach was ibng, with touchdown nea

3

the mid-point of the runway, but this was not the general rule.

’
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The accident reports in general contained no information on use of
flaps either during approach or after touchdown, although in two cases
it wes stated that flaps were not retracted during the landing roll.
Also, approach and landings speeds were not glven in most reports filed
by the FAA GADO, Therefore, no conclusions can be drawn as to the
extent to which misuse of flaps or excessive landing speed may have been
& factor. In two cases, in which speed iz given, the approach was
apparently at recommended speed, with touchdown at epproximately l.IVS.

Data in Owners' Manusls

The lending instructions and charts in the Owners' Manusl for
airplane 087 were studied carefully. It was found that an approach trim
speed 1s recommended, but not a touchdown speed, and the charts of land-
ing distance do not state the speeds on which théy are based. While it
can be.assumed that the approach was at recommended speed, there is no
way of estimeting the touchdown speed that was used. The tabulated
groundrroll distances were found to correspond to a mean effective
braking coefficient of as high as 0.36 at & landing speed of l.IVs and
cf 0.30 at 1.05VS.

In contrast to this, it was found that the landing performance
charts 1n.the Owners' Manuals for airplane 021 clearly state both the
approach'speeds and ground contact speeds on which they are based. For
normal landings the contact speed is approximately l.IVs, with values
as low as 1.05 used only in the short field landing charts. The corre-
sponding values of mean effective braking coefficient for normal landings
was found to range from approximately 0.1 to 0.2 for varioué models' of

this airplane. The ground-roll distances are as much as three times

2
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.4hose shown in the menuals for airplane 087. The higher values in the
- range was ueed in the Manual for 1964 models. The data did not provide
-a large enough sample on this version of the airplane to show whether the
use of the higher value of braking coefficlent in the published landing
distances had resulted in any increase in frequency of overshoot accldents.
The manuale for both alrplanes 087 and 021 state that landing
distances are for dry, hard surface runways. Nelther provides any
information on the inerease in landing roll to be expected on grass or
alrt, either dry or wet. The effective braking coefficient corresponding
40 the dlstances given for aireraft 021, however, can reasonbly be
-gxpected to be achieved under most circumstances with ordinary pro-
ficiency in use of brakes; those for airplane 087 cannot be.
Futhermore, the longer distances given for airplane 021 would tend
4o discourage pilots from utilizing extremely short fields, whereas the
.shorter distances given for airplane 087 would encourage such operation.
~The fagtfthat approximately 70% of the overshoots to airplane 087
‘pecurred on grass or gravel fields, over 30% on wet surfaces and approxi-
mately 50% on runways less than 2,000 feet would indicate that the
factors discussed dbove may be pertinent to the difference in the
“frecords of the two airplanes.
On a basis of the above analysis, it is recommended that published
lending roll disténces for other mekes and models be reviewed 1in terms
.6f the braking coefficient required. Since aircraft 021 had the lowest
ewershoot frequency, it can be used as a basis for comparison, If
‘mamuals for other aircraft were more conservative,.a generai'reduction )
in overshoot accident frequency might be possible. It is also recommended

: 4hat when landing distsnces are baged on dry paved Tunways, and the
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ailrcraft type is such phat operation from graess or dirt strips can
reasonably be expected, it be required that at least a general correcs=
tion factor be included in the manual.

As previously stated, in some cases at least, overshoot accidents
to airplane 087 involved landing long. Data available to the Board dc
not permit evaluation of the comparative characteristics of this airplane
and of airplane 021 that may be factors in this regard. Consideration
should be given to a comparative review of flight characteristics,
vision during the flare, etc., of the two elrplanes that might affect
the ability of_a pllot of airplene 08T to control the point of touch-
down precisely.,

¢« « o 000 L. .
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UNDERSHOOT

Analysis by Utilization Groups
There was no statistically significant difference in undershoot

accident frequency among the airplene models in Groups JA, IIA, or IXB,
nor was the frequency of such accidents high enough for.an& of the
airplanes in these groups to indicate that this accldent type is a
major problem. This was especlally true of twin-engine sirplanes,

the highest rate for any model belng 0.1l per 10,000 hours.

Airplane O48 in Group IB and asirplane 087 in Group IC both hed
rates significantly higher than the other airplanes in their respective
groups resulting in differences in the groups, besed on multiple degree
of freedom snalysis, at a significance levél of less than 0.05%. On
the basis of single degree of freedom snalysis, airplane O8T differed
from the other airplanes in Group IC at this same level of signifi-
cance, wﬁile eirplane O48 differed fram the other airplanes in Group
IB at the 0.5% level. Analysis of the two groups with these alrplanes
omitted showed no significant variation among the other airplanes, and
in these groups also, the rate was sufficlently low to indicate that
undershoots were not a major safety problem. Detsiled analysis of
undershoot accidents is therefore limited to consideration of alr-

planes OB87 and O48.

Airplane 087

This airplane is produced in several versions with different engine
sizes. In sddition, & production change was made in the wing-flap size
and configuration on the 1962 model of one version with a larger engine.

Three versione were involved in the undershoot accidents: one with &
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small engine, subsequently referred to as alrplane 087-SE; and larger
engine models with both the original and modified wing flaps, referred
to as airplanes OBT-FO and OBT-Fm, respectively.

Review of the reports of the undershoot accidents shows that of the
19 accidents, five occurred to airplane 087-SE, three to airplane OBT-Fm,
and 11 to sirplane OST-FO. The precise number of each configuration in
gservice in 196k is unknown, but was approximated based on the total number
of each model bullt and a prorated attrition rate. On this basis, the
number of undershcot accldents per active airplsne was the same for
airplane 087-SE and airplane OST-Fm. The frequency of such accldents
to alrplane OST-FO, on the same basis, was approximately 50% higher than
that of the other two models. When the tdtal number of undershoot accia-
dents for the airplane type is adjusted to correspond to the frequency of
the accidents to the 087-SE series, the multiple degree of freedom of
analysis of Group IC no longer shows a highly significant difference, It,
therefore, may be concluded that the characteristics of airplane OBT-FO
are responsible for the comparatively high undershoot accident frequency
of this type of alrcraft.

The stalling speed with flaps deflected i1s the same for aircraft
08"{-Fm as for airplane 087-SE, while that for airplane 08'T-FO standard
flaps is approximately 5% higher, corresponding to the increase in
gross welght. The approach speed recommended in the Owners Manusal,
however, ias the same for all three versions of the airplanes, resulting
in a reduced margin above stall for airpl;ne OBT-FO. This, in turn,

would make the maintaining of epproach speed more critical in this

2
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version of the airplene. Numeroua pilot statements related to under-
shoot accidents in this version indicate that "downdrafts or gusts" were.
encountered on final approach. It 1s believed improbable that this occurred,
particularly with this one version of this one airplane type. It appears
more probable that the pilot, instead, encountered a rapid increase in
rate of sink of the airplane and thought of the "down draft" as an explaps=--
tion of the phenomenon. The accident reports meke no reference to actua-
tion or nonactuation of the stall-warning light, so the amount of loss
of eirspeed cannot be Judged.

The modified flap installation was introduced in'producﬁion‘in
Novenber 1961, and no airplane of this series hag been produced with
the original flep configuration since.that.date. Therefore, the design
characteristic that appears to be the primary factor in. inducing under-.
ghoot accidents to this type of aircraft has bheen corrected. It is
recommended, however, thet the approach speed for theaexisting<087-FO
airplane be increased to meintain the margin above stall and that this
be covered'adequately in future cases where alternate versions of an.
airplene model have sppreciable dlfferences in stall speed. The problem-
of the margin between spproaech and stall speeds iz also discussed in the
section on Hard.Landings.

Airplane 08

The high relative frequency of undershoot accidents to airplane
048, as compared to the other alrplenes in Group IB, does not appear

to be related to the design of the sirpilane. There 1s no sppreciable
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difference between various versions cf thie model as there is in eirplane
087. The majority of the accidents occurred during instructional flying
and one-third of the total number was during short-field-landing practice
with an instructor on board. In ell cases the instructor pilot failed to
teke control in time to avert the accident. The other accidents occurred
under a wlde variety of conditions, ineluding such factors as obscured
vigion from buge on the windshield, inadequately marked runway, etec.,

which do not reflect eircraft design features.
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GEAR COLIAPEE

In considering this accident ty'pe , only those accidents in which
gear collapse was the first accident type were considered. In addition
accidents not involving pilot error were eliminated and these were further
soreened for design-induced errors.

The number of accidents remaining was found to be negligihle for
all models of airplane considered in this study. Some models 4id have
s significantly higher frequency of gear-collapse asccidents than the
mean of their groups, but these were primarily material failure with no

pilot involvement.

L1

- 130 -




FINDINGS

The following is & brief summary of the findings. Those for each
accident type are discussed in detall in the various sections of this
report, and reference to those sections should be made for more detalled
information.

I. Accidents involving Stall, Spin, Spiral, Mush

1. The frequency of accidents of this type to- airplanes
certificated under CAR lba is significantly higher than to airplanes
certificated under CAR 3 and FAR 23.

2. For single-engine airplanes certificated under CAR 3/FAR 23,
64% of all accidents of this type cccurred during initial climb on take-
off or go-around.

3., Cross-winds appeared to be a major factor in stalls on
take-off and go-around for at least one of the airplane types studied.

b, Take-off dets in owners manuals were found to be inadequate
in general, and this appears to be a factor in many stall accidents on
take-off that are charged to pilot error.

5. In general, stall accidente are not a problem on twin-
engine airplanes. One airplane model did have an accident frequency
appreciably higher than the others, primarily involving inadvertent
spins in single-engine operation.

II. Ground-Loop Accldents

1, Tricycle gear sirplanes in gemeral had a significantly

lower frequency of ground-loop accidents than airplanes with tail Wheels.
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2. Two sirplanes with tricycle gear had a ground-loop
accident frequency significantly higher than any other girplane of
this configuration, and comparsble to that of tall-wvheel airplanes.

3, Tt appears that the relatively high ground-1loop
frequency of the sbove two airplanes may have been influenced by

detail design of the nose-gear configuration.

TII, Powerplant Failure of Malfunetion

1. Separate selector switches for fuel tanks and the
fuel quantity gauges have resulted in the pilots having the gauge
selected to a tank other than that supplying the engine.

2. Location of the fuel-selector valve lever in a position
not readily accessible to the pilot has resulted in mispositioning
and/or faillure to reposition the selector lever.

| 3. Engine operation from one tank until the tank 15
completely empty, as recommended in some owner's manuals, and
féilure of the engine to recover quickly after a tank with fuel
is selected, have been factors in some accldents. It appears
thet the time required for recovery of full power in service
operation is appreciably greater than that demonstrated in
tests and required by FAR 23, especially on low-wing airplanes

with fuel injection systems. .
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L, ILack of standardization of fuel selector controls, and

especially the use of similar controls with opposite sensing is a factor

in inducing mispositioning of the selector.

IV. Nose~Over Accidents

1., First type nose-over accldents are not a problem on the
twin-engine airplanes or the single-engine, low-wing airplanes with tri-

cycle landing gear studied in thie report.

2. One high-wing tricycle gear airplane had a first type nose

over accident freguency that was significantly higher than that of any
cther airplane of this configuration, and comparable to the frequency
of airplanes with tall wheels. PFactors invqlved in the accidents to
this one airplane are discussed in the report.

V. Hard Landings

A review of the accidents involving two airplanes having the
highest frequency of hard landings (both tricycle configurations)} dis-
closes frequent occurrence of damage to the nose gear and related
structure. Relatively few involved main landing gear damage such
as might be sustained under severe vertical Impact lcads.

VI. Overshoot Accidents

"Some airplane owners manuals do not contoin information or
correction factors for landing distances on other than dry, hard
surface runways, nor do they specify the touchdown speeds upon which

such distances are based. In sddition, the landing distances given

- 133 -



in at least one manual ci'o not appear campatible with the proficiency
of General Avistion pilots as a whole and may influence: the- overshoot
by encouraging landings in relatively short fields..

VIT. Undershoot Accldents

Only two of the airplanes im the: study had & aigniflcant
frequency of undershoots. The causes of those lnvolving one. of’ thee
alrplanes eppeared related to inadequate approach speeds. widch mey heve

‘been based on informetion in the airplane flight manual..

VIII.. Accidents Involving Retractable Landing Geer:

1. The majority of accidents related to-. inadvertent retraction:
involved qualified plilots who inadvexrtently operated the landing-gesr
control instead of the wing-~flap control..

2. Pilots may be placing coneidsrably more reliance- on: landing.
gean safety switchea than is warranted. In any event the degree af pro=
tectian deserved: to preclude inadvertent retraction and that actually
afforded should be reviewed, resclved, and clarified at the next Annual
Airworthiness Review..

3. Automatic dimming of' the landing gear position. lighte,
when na.#iga,t:ion lights are turned on, can induce pilct error under-certain.
condlitions of light.

L. Pitlots are apparently relying meve on the sural warning
signal. rather than lights to detect an unsafé: gesr condition., In many:
instances, however, the: warning horns did not- function for various
reasons. In addition, power approaches have precluded the horn from being
heard until too late to prevent a wheels-up lending..
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5. Tripped landing.gear circuit breakers combined with mal-
 functioning landing-gear position lights or malfunctioning sural warning

systems tend to induce pilot error.
6. In practice, pllots experience some difficulty in dis-

tinguishing the intermittent regular landing gear aural signal from the

intermittent irregular stall warning.

e s e 000 & « &

=4
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...Code Number
m;‘of Ai}_'__pla,ne

003
006

009

012
015
018

ezl

o2k
0L
030
1033
036
039
ol
-0hs
oL8

051
osh
057
060

INDEX TO AIRPLANE REFERENCES

" Pages -to which Referred

35’ 67, 72’ 83’96

52, 53
18, 21, 25, 29-30; 32-33; 35, 52, 55, 58<59;. 105-108;

116

21"'235 25’ 29, 53, 6!4"65; 67, 73338‘1“"?979 112

18, 29, 31-32; 53, 56, 113, 117

20-21; 23, 25,29, 31-32; 38, L3-L6; 53, 6465

B7=T1; 76, 81-82; 95, (1121133 1R2-125

52-53; 64-65, 67, T3, 91, 97
21, 49-50; 6Lk-65, 68, 76, 89, 99, 101
35: ,'I'T: 53, '659 67; 71, 833"’%51?112

38,40
112

21, kL9, 6U4-65; 67, 75, 85,98, .100,.112

18, 53, 59, 105-109; 116
31-32; 52, 56, 112, 113

1k, 21, 23, 26, 29-30; 52, 55,:58«605 112, 11M4-116;

118, 121, 126, 128

L7, 53, 64-65; 67, 69, T2, 79,494, 112

52-53;. 112

53 )

35, b7, 64, 67, 80, 95, 10k, 112 | .
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(Index to Airplene References, Cont'd)

Code Number .

of Airplane Pages to which Referred
063 2k, 52, 53
066 29, 37, 38, 52, 53
069 31, 32, 35, Lo, 43, L6, 52, 56
072 2L, 65, 67, 71, 83, 9%
075 121
078 23, 65, 67, 71, 83, %

. 081 18, 31, 32, 53, 56, 112, 117
o8k 18, 20, 21, 23, 29, 65, 67, 75, 85, 97, 112, 117, 121
087 23, 29, 32, 53, 6h-65; 68, 75-76; 87, 98, 100, 122-129
090 23, 32, 38, L3, L4, L6, 65, 67, 69, 70, 76, 81
093 29, 35, 52
096 35, 6k, 65, 67, 72, 73, 83-84; 9%, 101, 112
099 20, 52, 105
102 112, 11k.116; 118
105 : 31, 32, 37, ko, L1, 43
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Chart 3

‘ AIRCRAFT DESIGN
INDUCED PILOT ERROR PROJECT

ACCIDENT CAUSES/FACTORS SUMMARY
TOTAL ACCIDENTS

Note: The above chart is based on 3732 total

accidents involving 35 make and model aircraft,

Since more than one cause or factor may be

assigned to a single accident, the total of causes

and factors assigned to these accidents is 6272,

The percentages were computed using this total, App(3)




Chart-4
'AIRCRAFT ﬁESIGN
mﬂﬂﬁiﬂ PILOT -ERROR PROIE!
SACCIDENT CAUSES /FACTORS .SUNM
"FATAL-ACCIDENTS

ST

29.8% —— "58:8%

Note: The abowve chart is based on 379 fatal accidents

inwolving 35 make and model aircraft, Since more

than one cause or factor may be agsigned to a single

agcident, the total of causes and factors assigned to
" these accidents iz 981, The percentages were com-

puted using thia total, - Appi4)
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TABLE 1

ATRCRAFT DESIGN INDUCEDR PILOT ERROR FROJECT
TOTAL ACCIDENTS
VE]
ACCIDENTS IN WHICH THE PILOT WAS CODED AS A CAUSE
BY MAKE AND MODEL

Percent, Pilot
Make & Model Total Total Accidents In Which The Involved Accidents
Desgignator Accidents Pilot Was Coded As A Cause of Total Accidents

003 6l 52 81%
006 Ly 4o 91
009 382 319 8L
012 23 21 91
015 142 118 83
018 272 2h5 90
021 255 212 83
o2k Ly 035 80
o027 41 35 85
030 15 12 80
033 51 L2 82
036 63 56 89
039 93 78 8L
oh2 170 148 87
OUs5 103 86 83
0hL8 177 160 0
051 Lo 23 55
o5k 182 159 87
057 20 17 85
060 48 3l 71 .
063 88 73 83
066 109 % 88
069 1Ly 129 90
072 2L 21 88
075 103 85 83 _
078 18 15 83
081 227 178 78
084 89 71 80
087 227 195 86
090 32 28 88
093 129 110 85
096 75 Lo 65
099 117 . 106 , 91
102 73 60 82
105 L6 39 # 85

TOTAL. ... 3732 3147 84%

App (6)




TABLE 2

'AIRCRAPT DESIGN INDUCED PILOT ERROR PROJECT
"FATAL, ACCIDENTS
. Vs
FATAT, ACCIDENTS IN WHICH THE PILOT WA CODED #S A CAUSE
BY MAKE AND MODEL

‘| Percent, Pilkot |
‘Make & Model Fatal Fatal Accidents Tn'Which The '} ‘Involwved Accidrenty
Degignator  Accidents [ Pilot Wes Coded ks:A Cause 1 of Fatal Acciderniy
003 3 ‘ 3 | 1O
006 ' 2 1 | 50
009 33 29 | 88
012 2 2 j 100
015 _ 16 12 | 75
018 30 - 26 ,_ 87
021 : 25 21 8k
o2 - 3 ) &7
027 ' 9 7 78
030 L 4 100
033 , N 2 50
036 10 9 D0
039 1 11 8 T3
oh2 1 s 19 &
oL5 8 7 88
oh8 17 15 88
051 ‘ 8 6 75
o5k _ 17 15 38
057 3 3 1e0
060 9 6 67
063 | 6 5 B3
066 13 13 100
069 11 11 100
072 | L 3 5
Q75 8 7 -88
078 3 2 (Y
081 26 22 -85
08l 7 i 7 100
087 25 22 88
090 b L 100
093 1T B T3
09 8 7 88
099 5 5 100
102 L 3 75
105 8 8 100
TOTAL..... 379 32L _ ; 85%

App (7) '

AIRCRAFT DESIGN INDUCED PILOT ERROR PROJECT
TOTAL OF TYPES OF ACCIDENTS

Tahle 3
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Airplane Utilization Groups

I.

IT,

Single-Engine Aircraft

A,

Persgonal Transportation

Airplanes in which at least 75% of the total usage
was in personal transportation, and not more than
20% in either of the other individual categories.

Personal Transportation Plus Instruction

Airplanes in which at least 75% of' the total flying
time was in personal transportation and instructional
flying combined, and not less than 20% in instruction.
The one exception in this group is airplanes 0k8, of
which only 70% of the total usage was in these two
catagories, but since 30% of the usage was in instruc-
tional flying, this was considered to Justify placing
the airplane in this group.

Personal Transportation Plus Professional Flying

Airplanes in which at least 75% of the total usage
was in personal transportation and professional fly-
ing, and not less than 25% of the total was profess-
ional flying.

Twin-Engine Aircraft

A,

Professional Flying

Airplanes in which 75% of the total usage was in
professional flying, and not more than 20% in either
of the other individual categories,

Professional Flying and Personal Transportation

Airplanes in which at least 75% of the flying time
was in these two categories and at least 25% in personal
flying.

In the case of twin-engine airplanes, it was found that personal
transportation did not represent more than 30% of the total usage

for any airplane model, so that no separate category for personal
transportation appeared justified. Similarly, the maximum instruc-
tional usage for any model airplane was approximately 5% of the total
flying time, so no grouping invelving instructional usage was warranted. *
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